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PREFACE |

The Association of Engineers has the credibility of publishing number of
rachnical books. The necessity of a comprehensive Civil Engineer’s hand book was
slt by the Association and the first dition was published In the year 1987, Later as
nere is a demand from the members & Department Engineers for a revised and
nlarged edition of Civil Engineer's Hand book, the revised edition of the Hand book
was published In the year 1997.

The book was devised and planned to be a practical guide and most valuable
ference book consisting of different chapters. The information was collected and
impiled by a team of Engineers with specialisation in respective fields from various
« books, BIS Codes and manuals. The Hand book got very much appreciation

¢ -m all the Departments and all the books were sold with in no time. Thereisa
\~mand from the members and particularly from the budding Engineers for the

With Best Commls
ith Best ( ompliments from -

(p |  PRASAD & COMPANY (PROJECT WORKS) LIMITED

__ (Engineers & Contractors)
- v -

"

d book.
|
The Association considering the demand for the Hand Book from all the

ineering sections, decided to bring a new edition duly incorporating additional
-mation on lift Schemes, list of 15 Codes required for the design of irrigation
[ components like spillway, No F dams, earth dams, L.I, Schemes, CM & CD works

and mechanical works. A new chapter on Quality control aspects (dos and don'ts) Is
aclo e for the benefit of Engineers in field.

: -3 .- AL
.I_“’I" [ )
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An Organisation s pre : com
ganisation that has proved its compet
on every occasion. R

. In construction fi
W , n field by set]
are in execution of Pushkara Lift Rgrl n:%;aggﬁgs.
me, a new

method of execution b idi I
:ﬂm}t;.l ﬁmwdmg EPg for the first time in

ra Prad !
We sef new fre;;ej': I We thank all the Engineers for their continuous support and encouragement
An ISO 9001 s ' I to 1= Association in bringing out this edition. The Association specially thank Sri
Raju, Chief Engineer, Central Designs Organisation, Hyderabad for the

: 2000 compan}r

g

Regd, Offica : 6-3-871/3, "'!‘;NEHALA'I'I-IA" G

Bagumpet, HYDERABAD - 500 01";'5: I;nnds Road,

215,
f | suggestions given in publishing the new edition of this book.
We except the same cooperation and encouragement from all the members
for publishing many more books in future relevant to the Department.
| EXECUTIVE COMMITTEE
ASSOCIATION OF ENGINEERS.




Project Salient Features :

* Concrete Dam involyi
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* Irrigotion Potential - 24,000 aeres

* Reservoir Copacity : 4.44
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and Many More
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rum Manzil, Hyderabad.

1 am very happy to know that the Association of Engineers is
nging out a new edition of the Civil Engineer's Hand Book published in the
.r 1998 with additions. The data and other relevant information as per IS

jes and manuals will certainly give guidance to our Engineers in their

ular work.

I wish all the young Engineers joined in the Department recently to
e a copy of this Hand Book and take advantage in performing their

ies,

| congratulate the Association of Engineers in bringing out this

sed edition
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M.K. RAHAMAN
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Plain & Reinforced Cement Concrete

SECTION |
PLAIN CEMENT CONCRETE

(,1.0.0 Concrete is one of the few building material that is manufactured at the site
of construction. It is the Resident Engineer wha is the sole manufacturer responsible for tuming
out the best quality concrete and redlise: its inherent worth as a field made product.

of Cement ;

1.1.1.0 'I'h:_ cement that is most familiar to builders and civil engineers is ordinary
portland cement. Special cements are used for special purposes. The properties of certain types of
cement are briefly described below:

Qrdinary Portland Cement (33 Grade conforming to 1S 269)

(43 Grade conforming to 15 8112)
(53 Grade conforming to 1S 12269)

110 This cement is the basic Portland cement and is commonly manufactured in
far larger quantities, It is admirably suited for use in general concrete construction when there
is no exposure to Sulphates in the soil or in ground water.

Rapid hardening Portland cement (15 8041/1990)

1,1.1.2 This cement is similar to ordinary portland cement but an adjustment of its
chemical composition to give a higher content of tricalcium silicate (C,S), and a finer grinding.
enable it to attain greater strengths at early ages; that is why it is known as high carly strength
cement in America, The 7 - day strength of portland cement with the same waer - cement ratio
is attained by 3 days using this cement.

Low heat Portland cement { 1S-12600/1989)

1.1.1.3 Whenamember is being concreted an increase in temperature occurs due to the chemical
reaction which takes place while cement is setting and hardening. In ordinary concrete
conetruction this evolution of heat is of little consequence, but in concrete dams and other
massive structures such as bridge abutments, piers, and retaining walls, it is of considerable
importance.

One of the ways to prevent this build-up of heat in structures and its consequential
shrinkage/cracking, is to use low heat portland cement, the chemical composition of whicn is so
. designed as to obtain reduced heat evolution. ts rate of development in strength is aboul one-

! 3is




Plain & Reinforced Cemeént Concrete

Plain & Reinforced Cement Cone
d be stored in a building or a shed which is

hafr:h:ﬂ

of concrete Ty
made of ording
Iy portland ce -
men o
tat 7-days rather more than two-third

~thirdg 3 ; .
The first requirement is that the bags shoul
proof and dry. The following points are important.

28 dave
ys and at Jeast
deteriorati ast equal at an gee of 3
on than ordin = months ;
ary portland ce and upwards, Iy
ment, . IS resistant th .
chemi
m.pietcly weather
The walls should be waterproof masonry construction

ortland -
nnd lana Cemeni (15 - 1489 / Part 2
1
' i) The roof should h.r-; leakproof - preferably of re inforced concrete construction

LL14 This
: cement is manufact
e u i .
S;:;ﬂ:: ﬂhur by intimately and lm:'fu:ndl:i]:lher by intergrinding portland
ing [ =
Shslits that the latter method shoyld b Eﬂ_ding Portland cement and o ement clinker g .
red through mechanical means € confined to places where ; 'ine pozzolana, IS code overiaid with a water proofing course.
! - Wtimate blendin
. g Can , ) }
The following table con iit) The windows should be few and small and kept tightly shut; this is to prevent
cement and portlang e mun:;j?;“;s [f:; strength at differen ages of P moisture from the outside atmosphere entering the building.
Clured by certain factor; s of Portland
actories, -pozzola .
3 iv] The best floor is 150 mm thick concrete slab laid on a dry course of soling and
i51.2 m above ground level. The ground should be drained away from the building to prevent
precution will ensure that the floor will be absolutely

secumulation of rain fall in its vicinity; this

Age in days -
&) (.-Din I'ES.‘ii'P'l: siren -,,Ih knfcmz
dry.
The plinth should be fairly high so that a truck can back conveniently to the
early at the same level, thus making loading and

Portland - A
pozzolana Ordinary v)
cement f;:ﬂ"d door and the chassis and building floors are n
" 2Nt .
3 unloading of bags very easy.
! H0230 190 E
2 ) B
28 :?{0'3"“ 270 :f" Having made sure of good weather proof building, certain precautions indicated below
370-480 .;ﬁ[l-:,;“ must then be observed in storing the bags with a view to prevent them from any possible contact
4 A_r:f.m.gh IS: 1489/1967 doe 520 with mioisture and 10 ensure systematic working of the warehouse.
i*? 2 certain factories like ACC er!s:hs Nt specify a minimum, co -
2 Tequirement for ordinary pu”r_md”f that jts Pnrtrnnrr-pozzma:na C"‘pregswe strength ai thre vi) If the warehouse is to be nearly put into service, make sure that sufficient uime
_ Aand cement (The Indian Conere ement meets the minim um has elapsed to allow the interior to dry thoroughly.
'—j-lﬂ-'l'ﬂLC.ﬂH_ﬂ! rete Journal - November 1974 )
e Nl vii) Do not pile bags against the wall. A space of 300 mm all round
th- 2.0 Modem cement is a very finel should be left between the exterior walls and the piles.
. Al
! it 510 say, it readily absorbs moist nely ground material ang as such it i
e air. I is therefore siceioary m. Ure not only i the form of free v itis highly hygroscopic viiiy  Similarly, bags should be piled off the floor on wooden planks If however, the
protect it from dampness durin water but also moisture from {leor is & well constructed dry concrete floor, the bags can be placed directly on it.
' £ Storage before i
15 used,
ix) Place bags close together in the pile to reduce any circulation of damp air as

Every yea -
rand par :
to neelic : particularly in
= eglizgence i keeping the Cl?me::; b't‘f Mmonsoon, large quantities of
storage of Portland cement will ther fi ags absolutely dry. The fb;ll;h' M eement get spoiled dye B much as possible.
efore merit carer ; mng point
eful consideration, S on the corr
eration. ect
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dnces urabsﬂl‘pﬁo - The longer jt
nof

moisture and Eement
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Plain & Reinforced Cement Concrete

-
TABLE - 1.1 TABLE - 1.2
Reduction in strength of Rate of hardening of concrete
contrete made with stored . made with fresh and stored cement
cement
Period of Minimum expected Test |:5 concrete 1:5 concrete
storage reductions in age made with made with
cemenl strength at cement stored fresh cement,
28 davs (%) in bags under %%
normal conditions
for 6 months, % -
Fresh 0 7 days 73 100
3 months 20 28 days 75 100
& months 30 06 months 84 100
| year 40
2 years 50

Note : The above values are approximate.
If cement is likely 1o have deteriorated during
storage, it should br sent to a laboratory for test,
AGGREGATES

1.1.3.0 “Aggregates” is a general term applied to those inert (that is, chemically in active)
materials which, when bonded together -by cement, form concrete.

i) Natural aggresates -Sand, crushed rock and gravel.

i) Artificial (processed) aggregates - Broken brick or crushed air-cooled blast-furnace
slag.

iti) Light Weight apgre .- Pumice; furnace clinker, coke breeze, sawdust, foamed slag,
expanded clays and shales, expanded slates, expanded vermiculite ete.

1-5



Plain & Rein forced Cement Concrete

Classification of Ageregites

LL31 A 2Uregates are commonly classified jnto IWo categories, fine angd coarse, the dividing
line being the 4. 75 mm IS sieve. Material which is mainly reained on this sieve is classed gs
“Coarse aggrepate”. whereas material mainly Passing it is classed as “fine dasregate”. For large
and important works it hag become usual 1o Separeate the coarge aggregate also into two or more

stees. and these fractions are Kept sepairete unril the proper quantity of each has been weizhed
out for a batch of concrete,

“All-in-aggregate”, thar 5 1o say, agaremate as iy comes from the pit or river bed, is
sometimes used for unimportant works.

Quality of aggregards

Natural dEgregate used for concrete Construction
latd down in |5 - 3&‘.‘5-iﬂ?ﬂ."'Spruéﬁudlion for coarse and the fine aggresate from natural SOlurce
for concrete. [t should be chemically inert, strong, hard, durable, of limited porosity, free from
adhereni coatings, clay lumps, coal and coal residues, and should contain no arganie or other

admixture that may cause corrasion of the reinforcement or imipair the strength or durability of

the concrete. The limits of the content of deleterioys materials jp aggregate are indicated in
Table | 3,

15 required 1o comply with the nomme

Particle shape

L.1.3.2 The particle shape of an Aggregate is generally classified as rounded, irrregular, angular,

or flaky. Experience indicates that angylar aggregates do not produce as smooth and workable g
mixture as malterials having more rounded ap

d smoother particles, the grading and other
conditions being similar. The sharp angular fragments of crushed rock require mare sand and
Mmore cement to produce workable concrete, whereas coarser gradings can be used with gravels,
With consequent decrease In mortar requiremen;. !

Any excess of thin. flat, elongated, Naky, or s
objectionable as i materially decreases the workabilit
NECessitates more highly sanded mixes and consequen;

plintering particles iy agpregate js
¥ for a given waler-cement ratio, and
use of more cement and water

panicle siZe

Cemic te
Plain & Reinforced Cement Concre
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. - fielc ’
f the two simple
134 Cuto e
tlhn cement has been contaminated 2 e
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5
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: t fails :
| f the cemen : . sidinictnd
extent to which its properties have bee
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Plain & Reinforced Cement Concrete

— o Pléin & bras
iii) —— 1 & Reinforced Cemeny Concret
| \"'ii:un:. fi ks —_—________ e - —
Bovously siir a sample of sand in 3 ofc n = TABLE - 1.3
i Fp. % ¥ - 5 -
=55 of warter ang allow jt Limits of the content of deleterious materials in aggregate (15 : 383-1970)

10 rese, Amnunmfcf

o y :
Y Or silt preseny i, it would sdttle
Coarse Ageregale

11"_] Sljr a 53 on {he Sand
ample of sand in o = : . = '
the bortle corked F;;djj : 3% solution of caustic sodg - Deletertous Fine Aggregate
bro <3 hour. If the ¢ Lradand kee substance . -
i Blenthe Prezeace.of organ Fc:n::::lr L]r[hu liquid furns Uncrushed Crushed Uncrushed Crushed
CF 15 indicated, p i
Coal and ignite 1.00 1.00 1.00 1.00
Clay lumps 1.00 1.0 1.00 1.00
Soft fragments - . 3.00 -
Deleterious F in:ﬂ.g_grcgate Coarse Aggregate
& M substance o
; E Uncrushed Crushed Uncrushed Crushed
w E il
- :'E Material finer than ‘ )
) 75 p -1S Sieve 3.00 15.00 3.00 3.00
¥ u Shale 1.00 - - .
5 IFJ' Tomal of percentages
y _of all deleterious
E j"; materials + 500 2.00 3.00 5.00
= o e
8 Percentage by weight of aggregate + Mica is excluded
L
%
& e 1.1.3.6 Maximum permissible limits for solids in water used for concreting :-
o Organic 200 mg/litre
N Inorganic 3000 mg/litre
: Sulphates (as SO,) 500 mg/litre

Chlorides (as Cl) 2000 mg/litre for plain concrete
Chlorides 1000 mg/litre for RCC work
Suspended marter 2000 mg/litre

1.1.3.7 Qualitv of water used in concreting :-

Under unavoidable circumstances sea waler may be used for mixing in plain

or R.C concrete which are premanently under sea water.
Potable water with pH. value not less than 6 & at other situations 6-.9.

1-9
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3. Presence of tannic acid or jrop compounds
{ Initial setting time 30 minutes for 5

J i} h = —— 'd C me CEIHLI"EI
15 “b £ I l:lll'l & REEH'&JIT.Q ement [+
3 i ( 1 el . d — LhIL_ :m;j
= e F 5 SET 'I.Il !|U|““Ed I'I“.EIIJIHHE ﬁ}ﬂl'l-ﬂld'- ‘}I = er

ang Supg]" lat[ci. E p ale I I

ate Work ability.
condesate, Naphthalene sulphonated

formal-dehyde condenstate, Modified
lignosulphonate.

1.1.3.8 Classification of Admixtures -

1.1.3.8 sification of Admistures

Admixtures are -

ADMIXTURES

: strenght and
Calcium chloride, other solube 1:I1]+:rrfdEs Irttriii:l:aii g
Accelerator Czrhun*.mrs,. Silicates, Alkali hydroxides, acce
. Air-cntr&iujng agents 2 Retarders 3. Accelerators e . Fsat
4, Waterproofers 3. Pozzolanas 6. Pigments and LAY x sugars, Tartaric SotRdarion o ses.
7. Workability agents Retarder Lignin, B“m‘1
acid and Salis. ‘
TABLE - 1.4 To dissipate excess air
. ibuty] phosphate an gas,
CONCRETE ADMIXTURES AND THEIR PROPERTIES, CLASSIFICATION OF Air detrainer Tributyl phosy other than gas
ADMIXTURES
Classification of toncrete admixtures base

d on their

purpose and chemical con s is tabulated below:

stitue,
YpPe ol admixmre

to reduce the flow of mortar
ic palvelec 1es " : o
Flocculating agent  Synthetic polyelectroly : and to increase cohesio
> rs
Pastes and morta
aterfals Sred elTec
Air Entrainer Salts of wood re

Sins, some synthetic

¢ handling of
Improves the han
. ida Polviliene oxide, Cellulose et
n gl umping ai s i
Increase durability if e £np derivatives, Alginates
detergents, salts of sulphonated lignins, Waler cement ratjg & ; To reduce heat of
: ’ . ? : e i alni jatomite, : z i
salis nrpetr[ﬂ::uiin ;lj:l!ftls. s:t:'ts nf prolein reduced, b Flyash, Volcanic alass, Dia liberation on hydration of
“dceous materials, Farty an resinou ales
acids and their salis G::ganic salts o; s6ma clays sod shalés iy inl
salls, : cing light weight
sulphonated hydrocarbons. - Alkyl- e mmking Tigh
- ing agents Sodium laury sulphate, Alk) concrete
' ; _ Foaming
Shrmkagu Caleiym sulphate plus caleium sulpho Cause expansion of aryl sulphonate. nts
compensator aluminate, finely divided iron plus setling, S To prevent passage of age
T te
oxidizing agent. Some soaps Bulyl stearate,
Water proofing
Gas former Aluminium powder

te.
troleum products. water through concre

1 pB

W:.‘.I:er r&du cer

Lignosulphonates and their derivatives

salts of hydroxylated carboxylic acids

Increase strength and
and their derivatives,

e d strenghit
) To increase bon
; sions.
Bonding agents  Organic polymer emulsi Between old and new
=
workabiliry.

concrete.




Corrosian
inhibitors

Fungicide and
germici-
germicides
Properties

pigments

— ain & Reinforced
Sodium benzogre Calcium Lizno
-sulphate, Sodivm nitrage, reinforei
Ainforcing steg],
Copper compounds, Dieldrin

emulsion, polyhal ogonated
Phenels,

To impar fungicidal,
dal or msecticidal
o cement concrete,

colour pigment
NOTE:
the effectiveness is of
lemporary natrye,

Grey - Black: Carban black,

oA ik l. Colour fastness when

expased to light,
Balek iron oxide,
e » i T
2. Chemical stability in
presence of alkalinjy
produced in set cement,
Blog Ultramaring bjye
phthalocyaniag biye
Red :Rediron oxide
Brown : Brown iran oxide, Riw
or bumt Umber
Cream : Yellow iron oxide.

Buff

Graasii ¢ : :
een  Chromium oxide phthalocyanine green

White : Titanium oxide,

1-12
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Corrosion protection of

It is understoog that

Plain & Reinforced Cement Concrete

TABLE- 1.5

PROPORTIONS FOR NORMAL MIX CONCRETE( By weights)

Dry aggregate by weights/ 50 kg~ Maximum Ramarks
(Bag) of cement.(Fine + coarse waler con-
aggregate in Kgs.) tent in litres
50 ki.(Bag)
of cement
1_» . w i d
Mﬂ|;5:|u} 800 Proportions of fine 0 When :1'.al|:hu.1c.m:x.mg is
M7.5(1:4:8) 625 and coarse agpregates 45 employed, mixing time
MI0(1:3:6) 480 (1:2) for 20 mm{ By mass) 34 may ba 1 /2102 to gel
sis124) 3500 (1.1 1/2) for 1O mm iz uniform consistency and
a20(1:! 112:3) 250 (1:2 1/2) for 40 mm 30 colour,
MIS(1:1:2)) and coarse agpregales
M30 H To be worked out
M35 }

S|7ZE OF AGGREGATE : For heavily reinforced concrete Members, the aggregate should
usually be restricted to 5 mm less than the minimum clear distance between the main bars
OR 5 mm less than the minimum cover to the reinforcement whicever is smaller.
TABLE 1.6
Minimum Cement Content, Maximum Water-Cement Ratio and Minimum Grade of Concrete
for Different Exposures with Normal Weight Aggregates of 20 mm Nominal Maximum Size
{Clausey §.1.2, 8.2.4.1 and 9.1.2}

Reinforced Concrete

8. Exposure Plain Concrete

No. Fa i ~ - A N
Minimum Maximum Minimum Minimum Maximum Minimum
Cement Free Water- Grade of Cement Free Water- Cirade of
Content Cement Ratio Concrete Content  Cement Ratio Congrete

Kgm’ Kgm’

1} . {2) (3 (4) (5) (&) (7} (£)

] Mitd 220 .60 = 00 (.55 M 20

iy Moderpte 240 0.60 M 15 po .50 M 25

i}y Severc 250 0.50 M 20 320 045 M 30

W) Very severs 260 0.45 M 20 340 045 M 35

V)  Extreme 280 .40 M 25 ind 0.40 M 40

NOTES

|. Cement content prescribed in this table is irespeciive of the grades of cement and it ix inclisive of additions mentioned in
5.2, The additions sisch aa fly aah or groimd gramslates blas fumace skag may be tiken B accour in the concrele comparition
with regpoct to the coment content end water-cement tio if the suitnbility &5 estabhished snd as bong as the maximum mounts
tnken into pocownt do not exceed the limit of pozenlons md slag specified i 1S 1489 (Part 1) and 15 455 respectively.

2. Minmmuwm grade for plain ccncrete under mild exposare condition is ot specified.

1-13




Flain & Heinforced Cement

Exposure Plain Conhcrete RCC
Minimum . imum Minimum  Mavir im
cemant wal r comant cemeanl Walor cemeng
cantent Ratic content Ralio

1 2 4 5

Severe - Fore le, 310 0.5 360 0.45

lo seq water, alternatiyve

wetling and drying and to
freezing whilst wet sub-
ject to heavy condensa-
tion or corrosive fumes.
(Maring Structures)

Note : 1, When the maximum wa
in the above tabje ma

Note : 2, The minimum cemen
it should be reduced
about 109

Mole : 3,

Where the concrele is ex
Ppm in ground water L Th

ter-cement ratip ca
y be reduced by 13

I content id based on 20mm
by 10%; For 12.5 mm aggre.

Concrete of grades lower than
concrete constructions, lean con

Pased lo sulphate att

JABLE 1.7

X PROPORTIONS ANDAGGREGATES FOR "ORDINARY CONCRETE" {by volumne)
Grade of Gnrrespnndlng Sand + Coarge "waler per Approximate
Concrets Nominal Mix

N be strictly con lrolied,

the cement Content
%, [

aggregals. For 40mm

aggregala
gale, it should be

increased | i

those given in the

table may be useq | -
crete, simple

foundations for masonry walls

ack (as S0, ... h0.2 10 1%
may vary between 180 to
loSie., near neuira
| acids down the pH 35
&nt shall not be used in

plai

330 kg/m? with waler
I conditions. Super sulphated
or use portland slag cement
acld conditions with pH valye

in soil or as 30 lo 2508

Plain & Reinforced Cement Concrele

ESWI INESS MODULES
TONS OF SAND & AGGREGATE,\}"- I_[I]{FihNEbSM
Bz o “ORDINARY CONCRETE

Propormion of Sand : toial apgrepates

aggregale per bag of cement Cement consump

bag of cement tion per M3 of

(50 Kg by volume) concreta
M-7.5 1:4:8 500 L 36 L 314 BAGSM,
M-10 1:3:6 300 L 34 L 41/4 BAGSM,
M-15 1:2:4 220 | 321 6172 EHGSM,
M-20 1:11/2:3 180 L 30L B12BAGSM
M-25 1:1:2 100 L

2
L = LITRES (1000 cc)

7L 11 BAGS/M,

i 3 Coarse Sand
G S sand’ Medium Sand ‘
. g Flj'n;i.‘:'“;d'? 6) H"LM 26-29) (FMIY-316)
{ 222
3 40 - 45 %
0-35% ?;;-ili;z.:- Hﬁ_du';

o 0% 30-: ‘;‘n 4 - 40 %
;;:W“ i :;E'"f J-35% 10_35 iy
aol‘ﬂm E‘:".H] II:': 25_3“% 15'30%%
o 2025 % 25-30 % 2

= & (L]
- COHCRETE MiX DE3IGH
-}
Examples of concrete MIX DESIGN
A :
14,1, Husteative Example on concrete 5o \
'l'_lx DESIGN_(ISI Method) ) \
. example illustrating “':. mix design for "E ;s N
An eof M20 grade is given below E \
Pesign Stipulations . -
i f 20 N fmm? 9 \
teristic compressive 2 . i o
i {ij::::l;u-u required in the feld (200 kg/em®) £
n
o 28 days .
1]
bl Maximum size of aggregates 20 mm (angular) 8 1o
: ility 0.9 compacting
¢) Degree of workability 4k : | | |
aa o5 ; 5
| WATER /CEMENT RATIO -r;
¢ of equal control Good P /ey wavo
d) Degree of equ 17 v -
STREHGTH AME IWATER [CRMENT
ild
| &) Type of expostire Mi




'l;e:; data for maieriafs
4} Lement used-ording
. ry portland
b) Spec_:ﬁc gravily of cemeny e
c) Specific Eravity
)} Corase aggregate
2) Fine aggregate
d) Water absarption
NCoarse aggregare
2)Fine ageregate
e} Free (surface) moisture
1) {.‘ﬂarse ageregate
Moisture alsp NJL)

2 Fine aggregate
f) Sieve Anaj ysis

1) Coarse aggregate

15 si
“Z:SI:; Analysis of Coarse
aggregate fractian
B 1]
12:: 190 100 :m
4.75 U 71.20 0
23 3—40 i
0
2) Fine aggregate
15 siew
Sizes mﬁn Fine ageregate
(%sof passing)
4.75 mm 100
118 mm ';;HI
600 J"Iljcmn; 60
3'0'” J'I'Il.crnn5 ] "
150 microns b

mnf’onuing to
3.15

2.60
2.60

0.50 %
1.00 %

Nil (absorbed

2.00 9

% of different

fractions
(% passing)

B COMBINED
100

285 2%

.5
370 17
0 0

Plain & Reinforced Ce

Cﬂnﬂ;ming o
0

IS - 269/1974

Remarks

L‘i’ﬂ’ﬂl’lﬂlngm
IS 383 . 1970
(See tahle FJS]

{See table 1.135)

grading zope 11 of

ment Cop

Plain & Reinforced Cement Concrete

.

Girength For Mix Design :
Tarpet ===

i order that not more then the specified portion of test results are likely to fall below the charscterstic
h . the concrete mix has (o be designed for a some what higher target average compressive sirength
The margin over the characteristic strength depends upon the quality of concrete (expressed by standard

(£,)

deviation) and the accepied proportion ofiresults of strength tests below the characteristic strength ((F, Lgiven
the relations. ’
7 (= *t.s ()
where f, = target average compressive strength al 28days in MN/mm?
(kg/em’)

A, = Characterisitic compressive strength at 28 days
S = Standard deviation
{ = a stalistical constant given in table 1.9

Calculntion of Aggregate Content - With the quaniities of nggregates and cement/ unit volume nf.
ancrete and the ratio of fine to total nggregate already determined . the total sggregate content/unit

c 5

volume of concrete may be calculaied from the following equations

Ve w+i:.-'ﬂ: +H 1P} [I'.m’ﬁ“} % 111000, and Ry |
3

V=[W+C/H8 +(VI-PY(Ca/B ) x I e

Where V = Absolute volume of fresh concrete, wheh is equal to gross volume (m”) minus the volume

of entrapped air,

W = mass of water in Kg / m' ol concrete,

C = mass of cement in Kg/ m® of concrete

5, = Sp.gr ol cement

P = ratio of Nne nggregate ot 1ol pgeregate by absolute volume

fh, ca = Total masses of fine aggregate and coarse aggregale in

Ke/m® of concrele.
5.5 = spgr. of saturated surface dry fine and coarse aggregates,

respectively.

Mo | Tarpet mean strength of concrete :-

For a tolerance factor of 1.65 and using table 1-9 and 1-10, the target near strength for the

specified characteristic strength is

=20+ 4.6 x 1.65 from equation (1]
= 27.6 Nfmm? (276 kplem® )
1-17




Mo 2 Selection of waler-cenient rutio :-
===l mler-cement rufio :

From Fig 1.1, the free Waler co
15050, This is lower than the

muximum val
correction

=TIeEn! ko

N witler conlent and sand g per Tahje

Plain & Rejn forced Cement ¢

Tequired for the targ

ue of .65 proseribed for
1-13

Bl mesin strenpth of 274

No 3 Selection of water - and Sang content
= ——=r=and Sand content
From Table 1-16, for 20 min nomingl maximum size Regregate and sand conforming o
zome il and synd conforming o erading sonell, water

conteit 89% of 1otal aggre
Forchange in values jn W
adjustment is required,

Lhanpe in condition
{From inhle 1.1.3)

For devrease in Wie ratio
by (0L65-0. 50)thar is 0 15

For increase in Compacting
actor (0.9-0,%0hat is i

For sand eon forming to zone
I of Table 1,1.2

Toml

Therefore, fequired sand content gs 94 o lotal ap

Required water contens = 186+ | 86x7

i)
No.g Determination of Cement Content
a8 o Lement Conteng

Water cement ratia
Water

Cement

=

This cemen content is ade
mare than 200 Ke/m!

$s

ite by absolute volume 35%,
/C ratio, tompocting factar

quate for mild EXposure condij
Jand Table ( |,}.} ) 310 Kgim?)

aurvd sand belonging to zone I,

Adjustmeny reduired in waper
Lvtent and sind in 1aqg)
=LA s in o)

depregite %
i -3
+1 i
i <3
+ 3% - 4.5%

fegate by absolute vilgn: » 3545 = 0 sug

= 186 « 558186

= = |94 |/n

.50
216 Litpe

1916 =383 Kp/m?
s

tion according to Table | 6 (ie it is

18

"Mild"* exposure in table {-g;

the o) _

[ “ement Concrete
Plain & Reinforced Cement Cone

3 r ¢ eanient
ination of eoprse and fine aggrepate co
-_._-__,_.-——'—'_ nf-r”.m‘n :

e . ot
— iny gamount of entrappe
Sty No-S he specified maximum size uFugg;-ug;m ol 11: [::m: ,;:::nmns (2 20d 3)
[ 13, fprihe Specii i pccotnt and apply =
able 1-12. 205 Taking this into ace
From T4 onCreEle 1 &2, 1RRILS | , . 000
it i the et cons = ¢ (191,6+383/3.15+1/0.305% Fa/2 60)x1/1C
: ( 1-0.02) . My
. = 529 kg/m a2, 60 1/1000
h 2y = (191.6 + 383/3.15+1/0.695xCal2.60)x
) . b Ke/m'
ca

ion then becomes
ropoTtion
The MIx p

Ca
Fi y
= Cement '1-‘-:1'? ke 1205 kg
; e 4
:1.& Lirs ?33 kgs 1381 i
.50

¢ hae of Cement: rhals

co | for the max. per_ba ty of materia

Step No 6 Actuul quaniihcs :e:[:::r;:} mass), For 50 kg. of cement, the quantity
Epid - 4 g b1+ ] st -

The MIX

. fow:
i ed out as be
e work

4) Cement = S0kg

: A0 %5y = 942 kas
preaale = 157 H.L?- l:fn'l.ﬂ"ﬂ” ! ”!ﬂn—u}
¢) Coarse asgreg

(fraction 1] (40 %) = 628 kes

Watel ity of water = 25 “"Fﬁ i pprpegate at 005% by
{. For W/C ratio of 0.50 Quar;:t;;:iﬂ for absorplion incase of coarse ageres
2. Extra quantity of water to = (4)0.77
' =(-1.42)
Ay or to be deducted for L
antity of water to i e
?' 01:” isture present in sand at 2% by mass
S = 2435 litres.
= 154+0.77- 1.42 =243
Actual guantify of water to be addf:‘j B E.::HLI 42
clual quantii ) g = A3
41 r‘m:mm quantity of sand required afte 70.42 kes.
ri] ywine for mass of free moisture —
B al_quantity of coarse aggrigate 7 =04 0.47=93.73 kes
e 4 2.0.57100 X M2 T AT kes:
3 Fmﬂf““ = 623:03M00x 623 = 22 -T-; required for the Mix are =
Dl i al q antities of different constitutant: 3, Gikd =042 kEx
e Woter - 24.35 hgsfres. 2. Cement = 50 kes 3. S = Fraction (2) = 6249 ks
|. Warer = 24,35 Kgs — Fraction (1) =93.73 kgs = Fn
Coarse aperegate = o mix M 20
Thi ll_:i?ir:a the design of the concrete mix
% Co Liks
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TABLE 19
VALUES OF

Accepred Proportion of feg results

lins

Lin 10

Linis

l'in 20

lin4p

Lin 1o
(I1S: 10263 . 1982 )

TABLE | 1

Assumpd Standard Deviaginy,
(Clanse 9242 and Table 1] ]

Grade af

Assumed Standgrg
Deviation
Nimimy?

M0 35
Mis |

M 20 }
M 25

M 30
M 35

M 40 5.0
M 45

M 50

4.0

NOTE - e above valyes correspond (o (he site contro
weigh bntching of all Materials; cantrolled
dEgTegnie Eradings ang moisturg conten|:
Where there 18 deviation f; rom the aboye

the valyes given j
by | Nimm?

{STA TISTICAL CONSTA NTS)

1§

0.84
1.28
.50
.65
1.86
2.33

having Proper Slorage
addition of Waler, regular checking of g
and periodicy] checking of Workability an

Plain & Reinforced Cement Concrele

TABLE L1

"RETE UPTO
i ' OF CONCRETE
T AND SAND CONTENTS PER M’ O
APPROXIMATE CEMEN SAND CONTEN]

Sand as percent

1
p . tent per M e
' r M Water con . skl
Mominal max. size Cen:n:lle;:*‘ il oud o e
4 CONCr
e (mm)
of aggregab
40
208 s
N ;T; 186 3
o+ 245 165
: | : the following
based on
Tab be used for concretes prade upto M,, and is
istobeu
Table 1.11is
conditions:-

: 2.7 191 f Table 1.15
ing to IS 38 : TR
%) Crestiotl (Angulaly c?atl'r:; S?zﬁun;! sand conforming to grading
: e, consisti
b) Fine aggregate,

d r
I Wi ing factor of (.80
. WTCEE;?“I;TB”HMMEHQ to compacting fa
d) Worka

- JI"MJ

. ND CONTENTS

: CEMENT AND SA

§ ilpﬂ%ﬁﬁaﬁgimva M35 (1S: 10262 - 1982 )
OF C :

/ Sand as % 00
nt/m’ of water content/m’ Gl st
i =
[ o C:::"“ﬂmﬂ “rclﬂgﬂﬂt by absolute volume
of aggregates s
b
mm = ij
* i {50
= d on the following
d for concretes of grade above M and is base
I i b used for
Table 1-12is10
conditions

i IS 383 - 1970. . 1,18
i (Eog t_-:r erading Z one 11 of table "
a) crushed (angular) m'm;[:;ﬁ:ng;m[ i cinfansiing o Brading
: te consis
b} Fine aggregn

nd
 ratio of 0.35 ( By mass ), a cting factor of 0.80
c) Wa’(,kr::‘li:;: corresponding (o compacting
d) worka

1 - 21




For athe

Plain & Reinforced Cement
r conditions of workability, W/
d2pregates, certain adjustments in the
“Crtain adjustments in the quantity

Table 1.10 and 1.1 and are (o be

Concrete

—

«and for rounded
ne wtotal apgrepsates .
FERAIes ralrio 5 given in

C ratio; grading of fine agereste
quantity of mixing water and fi
of mixing water and fine 10 total agg
made, according to Table | {2

TABLE 1-13
Adjustment of values in water content and sand % for other condtions,
T
Change in conditions stipulated for Adjustment required in
table 1- 1l and | -2 Water content % sand in total [
aggregate |
I. For sand conforming to grading 0 + 1.5 % for zone |
zone |, zone | 11 or zone 1V, of - L5% forzone | )|
table | 2 || - 3.0% for zone |V
2. Increase or decrease in the vitlue 3% 0 |
of compacting factor by 0.] |
3. Each 0.05 increase or decrease |
in free W/C ratio 0 1%
4 For rounded aggregate -15kg/m! -T% 1

TABLE 1.14

Approximate entrapped &ir conte

nt (depends on max. size of aggregate)
-

—_——
3

Nominal Max. size of agoregat

- T T———
e Approximate amount of entrapped air, as %
mm of volume of wel concrete in non - air
entrapped concrete
| 10 3.00 !
20 2.00 |
40 1.00
The specific gravity bulk densuty and voids of different 1ypes of aggregates are givnn_in Table
.15

1-22
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e e

TABLE 1.15 ; R—
- itv. bulk density and voids of different types ol a
§pecific gravity, bul ol
Voids ()
B i Bulk density (kg/tr) £
: River sand :
Spﬂmc 3 B i 4 Fine 43
G 2 0 oy ::1 Coarse . i5
el 232 i I.frﬂ Mixed moist 38
Gnvel 2.6 s ;
30
Mixed and dry
‘ i hingle 1.60 i
e o ey W;:;:S 1.60 Broken smn:ii -
a = s nings 1.44 25mm m_nw.. Si.n‘ s
o & i 1,68 S0mm max. ! :
Broken Granie Sl a
Stone screenings
TABLE 1.16
Fine Apgregates
[ .
Percentage passing for
18 sieve . -
i i i Grading
o Gmdllnﬁ (:;:S 1:1:3 zemel 11 zone 1V
TOne
|00
100 100 N i
e ;g:{l{m 90 -100 %-:?}g g
S Aot 60- 95 75100 85100 95100
Lismn A g Eg l?'? &0 -100
s 15 -34 15 -59 035 * |10
600 mfcmn 5', £ N [I}' . -3
Elﬂig Imizg: 0-10 0-10
m

—_— 2t
150 micron 15 Sieve is increased to 20

w kot . g
| For crushed stone sands, the permissible limit on applying to other sieve size
NOTE :- 1.

nl . do o a." lh: 5 'P:Jl:ﬁl" SI W nace Pt“ ““(.‘-d ir 5‘ 3
Flﬂ hlS c5 ] ect
T

pl} wilh !h: Iﬂql.ll.ll 1enis I:[ ar adin one 1n [} e 155 e
F. ““5 ﬂh 5 suili
¥ g d" R"E
l“g

s including
mber of factors incly
NOTE :-2. Fine ageregale co d will depend upon & nUmMBE

i Y OTET [1=
r concrete hl..l.l ‘h: quill” ':lr COnC ele '|:I:I'I:Hi
or

i-23
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—

Propastions,

NOTE - 3. w
conforming o ap
Properly desipne
Grading zones 1 1
'Teduced, Th
depend upan the
aggregates,

1.1.5)

Faciors
j'F'In: factors which

1
11,
v
v

== Plain & .
_____——hf'—&—R_eTE’“d Cement Concrage
_—-_—_——_‘—-—__

- As the fi
¢ fine agpregnte grading becom
es p

IV, the rasi
L ratio of fi
€ most gy ne aggre
Sultable fine to cogrge i f*:;ebm codrse g
€ used for

ty is required, f;

. y fine g
u:ilhnrﬂ Concrele miy shgnf;?dga bt:
rogressively finer that is, from

Egregate should pe Progressively

actual grading :
Practicle shy 4ny particular mix wi
P and surface ¢ Ar mix will, how
Xture of both fine n, o
n

© and coarse

ung to gradin
£ zone [V sh
1 i
made to ascertain the sui{ahﬂiiu‘df"m
¥ o

PERME

ARILIT

Y AND DURABILITY OF CONCRETE
Affecting Permeability | e
. afTe .
Cement ang wﬂ:—;’ o
Aggrepnte. I
Curing ,
Admixtures, apg
Ah ;

Sorptions and unifarmity of congrgy
ele

ity of conerege are

My,

Kex 10’

CO-AFFICIRNT OF pgp.

i

d-q. o. 5 ﬂ = [ =] :
3 o -
r WATER CENENT RATIo BY ik
5. 17 EFFECT oF WATER/CEMENT RATIO
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-

CURING CONCRETE : The object of curing is to prevent or replenish the loss of

.).6.0 , : .
;ﬂmnry moisture during the (early) rapid stage of hydration .

es are kept moist by sparying ponding, covering with

a) Moist curing : The ex pnsed: surface:
sarth,sand etc... precast works or works in cold weather are steam cured .Early drying must be
Ily the exposed edges/comers by suitable coverings. Pozzelane cements require

prevented gspecia : : : go-F
71 days curingperiod. The optimum temparature dring cunng period is 15° to 38°C.
b) MMEL An approved curing compound may be applied as soon as the concrete
has initially set . This restricts the evaporation of thewater used in mixing. White prigmented
sealing compound for curing in slopes of canal linings and related structures is being practised.

on/ 150 sqft ) 1 litre/sq. Metre of a rea s onably smooth

It can be applied at the rate of (1 gall
surface. The coating shall be protected for atleast 28 days by a 25mm thick cover of sand or

carth. )
¢) Steam curing : By steam curing al temperatures between
74°C maximum strengths in precast members may be attained by 72 hours,

(1307 - 160°F) 54° -
which helps remova
pressure curing at 175%¢ sa
Certainchemical reactions take place
normally cured concrete. This precess with the chemic

following advantages.

| of forms much earlier in low pressure ( atmospheric ) curing. In high
turated steam at pressures of 8 atmospheres is employed.
and the strength of concrete is improved by 15% than the
al reactions taking place therein have the

a) About 50% of cement is saved .

b} Leaching and efflorescene is minimised .

¢) Sulphate resistance is buwilt up
“d) Initial drying shrinkage is minimised.

¢) No harmful side effects on strength in this rapid build up of

lemperature.
Accelerarted curing methods such as infra-red radiation (USSR) and elecirical curing

for 3 days are also rarely employed in precast products.

1.1.7.0. Forms - Stripping time of forms-

Where ordinary portland cement is used ( and the

may be struck after the expiry of the following periods,
a)Walls, columns and vertical sides of beams

b) Slabs (props. left under)

temperature is above 20°C ) forms

24 to 28 hours
3 days
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¢) Beam soffiis {pr-:r;
d) Remoya of props

—

5. left up r_fer—}—_

o Plain_& Reinforceq Cer

s OPs. under slahs Tdays
4 Pﬂ-!:lmrlg up to 4.5 m
e) Rt‘mu::;l Sj:annmg over 4.5m days
i) “'ﬂ Pf‘ﬂ_ps under beamsg and g : 14 days
1) Spanning upto 6m rehes
i) SPannr'ng over 6m 14 days
2] da}rs

dead loads with

1-286
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TABLE 117
RECOMMENDED MIXES FOR VARIOUS TYPES OF CONSTRUCTION

| S
T].peﬂr Work

Recomm
. . mitx | by wal)

Max Water in its
size ol  perbag ol
aggr cement *

Best Shump
COnNSIS in cms
lency

Long 5pan arches heavily kaded column 112

Heavily stressed members;small precast workssuch 10 22
a5 posts and pales lor lencing, telegraphs, signals

gariden furmniture . and decomtive and other itams

ol work of very thin seclions;watertight construct-

jon lor high heads; long phes.

Columns and members subjecied to medum, 123
loads swalls and Noors of reservoirs and tanks; o
catoms: sewars;well kerbs, platorms and olher
waterticht consiructions lor moderale heads;
non surfaced ool slabs;concrele deposiled under
water

General bullding work subpected 1o ordinary 1:2:4
elrestes such as beams, slabs, columns panel walls,
biasemant and retaming walls, slairs lintels and sils; |
roads, pavements, driveways and sidewalks lloors;steps;

bunkers and  silos;bridges, dams, piers glc. exposed 1o

11213313

action ol water and frost; machine loundations
subjected to vibrations;loctings, pies

Mass concrele work in culverts, refaining walls
compound walls and ordinary machine bases:
foundaticn walls which need nol be walertight

Mass concrete for heavy wills;koundationsunder

column footings ond under heavy duty floors,

1:3:6

1:4:8

121020 161018

2wz 2023

12040 27030
as required

Stes0 34

401075 451048

medium

medium

2510
10 mm

medium

Siffto

25105

stift 1o
medium
medium

25w 10
mim

* The exact quantity will depend on the mathod of compaction, L.e., whether the concrete is 1o be compacted
by hand or vibrated, and also on the absorplion of water by aggregate.
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SECTION -1y

REINFORCED CEMENT CONCRETE
= ————=uENT CONCRETE

1.2.00 SYMBOLS

have the meaning indicated agamst each; where oth
they are explained

lef
lex

In
In'

For the purpose of this standard, the following leter symbols shal|

er symbaols are used

at the dppropriate place:
Area
Breadth of beam, of shorter
Effective width of sigh
Effective width of flange
Breadth of web or rib
overall depth of beam or sjab or diamets
rectangular column in the direction
Thickness of Mange

Dead load

Effective depth of bean or slahb
Depth of compression reinforcement from the hi

Modulus of elasticity of concrete

Modulus of elasticity of stee

Eccentricity

dimension of a rectangular column

r of column; dimension of y
under consideration.

ghly compressed face

concrete
ral tensile strength)

Characteristic compressive strength of
Modulus of rupture of concrete ( flexy
Design strength
Characteristic strength of steel
Constant OR coefficient OR factor
Development length
Live load or imposed load
Length of a column or beam between adequate |
unsupported length of a column
Effective span of beam or slab or effective length of column
Effective length about x-x axis
Effective length about Y-y axis
Clear span , face 1o face of supporis
In for shorter of the rwo Spans at right angles

ateral restraints or the

1-28
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Plain & Reinforced Cement Congcrete

Length of shorter side of slab
i lab
Length of longer side of s ) §
Dist%nl:e between points of zero moments in a I:u..iml P ——
Span in the direction in which moments are determined ,
pan in

of supports - '
Span i:ri?lsvcrse to |, centre to centre of supports

1, for the shorter of the continuous spans
T =
Bending moment

Modular ratio . -
Axial load on a compression member

Calculated maximum bearing pressure of soil
E;::::g of stirrups or standard deviation
Torsional moment
Shear force
Total load
Wind load _
Distributed load per unit area
Distributed dead load per unit area
Distributed imposed load per unit area
Depth of neutral axis
Modulus of section
Lever arm

Angle or ratio . : o
Fcr%nissihle stress in concrete in bending compres

Permissible stress in concrete in dir:cl_cumprtssmn
Permissible stress in steel En compression
Permissible stress in steel in tension -
Permissible tensile stress in shear reinforcem
Design bond stress

i e _
Shear stress in concre : . iy
Maximum shear stress in concrete with shear reinforce

Nominal shear stress
Diameter of bar

1-29



L2.0.1 Gene
H: Dﬁ]gn R= '
Assumptions made : Jeementy

i) Tensile stresses are t
s ’ aken up b t
i) Strédsstra: ; i ¥ remforce
ii;} h;:f slram.re!ntmn.shrp of stee| and cu:.l;fﬂl ﬂfld |:-nm:r by concrete
ular ratip m= 280/ 3 che where Vet is 2 straight line
Uﬂbﬁe = hc"diﬂgca;n x -
Teasil IE'" = S700vick Ny Pressive stress in concrete in N{mmy?
‘;:g‘;j;ihe :_f'}.‘zugtratje in flexure Fer = 0.7VFek N/may? ||
- el LOnCrete weipht o ol
Estee] = JW{JII‘E;?;&M" (IRC specifies 2400 kg/m") 1
= 2x10"kg/eny®

Tota shrinkage strajy = 0.0003

1.2.0.2 Stability of
i th
5 Dvenum;“g eSstructire

to D.L. and o ent not |
b) Sliding A i {:;Ef Tuming Momen di?:: ?:1;025:';;.::5 over tuming moment dyg
F;:r ces  with 0.9 D1, nimum facior nfsuﬁ:ty > 1.4 under n::::i ady
) Durability . ) erse combination of
: Main nf] : "

strong dense concres ntluencing factore is fow ol
d) A 1 ) cement ), npaction, pro

nalysiy - By lincar & Elastic proper curing

I.Z.IJL_J. Effective Span |
2} Simply Sipported beams ar slghy -
Supports, |

j'ﬁf= cffﬂr
whichever i dess: span (In) +

!:;} Continuoys Beam or Slah -.
- widih of support is Jess than |/12

The member i not buil integrally with its

Effective depth of beam/ slab or c/c of Support
s

For spa

Plain & Reinforced Cement Concrele

ith rocker or roller bearing, lef = ¢/c of bearings, only. - ,
iy . The effective length of cantilever is length to its face + half to effective

depth except where it forms the end of a continugus beam where the
length to'the centre of support shall be inken.

c/le of supports (for analysis of continuous frames). : _
Relative stiffness = Momeal of Tneratia of the transformed section, taking

into consideration. the ¢oncrete section + area of reinforcemen

transfarmed on the hasis of modular ratio; m. .
When the design live load does not exceed three fourths of the desigr

dead load, the load arrangement may be for design dead load and live
load on all the spans simultangously.

Cantilever

Frumes :
Stiffness :

Sructural Frames

12.04. BM and SF_Coefficients for " Continuous Beams or Slabs " _
Uniform cross sections are assumed for all members and U.D.L. is almost uniform

for all spans
Individual span kengths do nol differ by more than 15 % of the longest span .

For moments at supports where the unequal spans meet or in case where the

NOTE: . : :
spans are not equally loaded, the average of the two values for the negative moment
at the support may be taken for design.

2} Beam and slabs over free end supports - .
When a member is built into a masonry wall which develops only partial restrant,
the member shall be designed for a negative moment at the face of support = W24
where W = the total design load and |= effective span (eg. Slab under parapet walls
of roofs, et ).
a) B.M. Cocfficients for continuous Beams (or Slabs | -
(Multiply by WL) Total design load x Effective span to get M
Type of load Span Moments End span Support Moments (<)
{+) suppart Al support Al mil'u:r
Middle of Middle of (=) next Lo interior
End span Interior spa *) end support supports
Dead load 1/12 1116 -MM6or 1710 -1410 -1/12
and Imported
load fixed
Imported 1/10 112 110 o 16 -1/9 119
load fixed
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v_

: : ment Concrete
Plain & Reinforced Cement Concregs | Phiin & Reibforced
-
b) SF Coefficients -
At End Al support Next 1o At all other interior
support end support supports L
Quter side  Inner side ! >
Ly . l ‘: A
Dead load 0.40 0.60 0.55 0.50 |'=— 1 EDGE STRIP L.m_‘ﬂ_
Live load 0.45 0.60 0.60 0.60 -3 | 1 o e e it LT
B
= LE STRIP "
Shear Force = Coefficient x Total Design Load o | MIDDLE STRIP l ff MIDD 2
Note : For framed sections T Beam or L Beam will be designed as doubly rein forced rectangular o : =
beam at the SUpports to resist the designed SUpport moments Lx i | e e e ! I
z| R o zZ
c) Slabs spaning in two directions at right angles - BM Cﬂcﬁ]ci&nlg - = l ]
4 | . FOR SPAN Ly
1) Restrained slabs :- When the comers of the slabs are prevented from lifting, the slab FOR SPAN Lx I l;*'
may be designed for the Moments of - B INTO MIDDLE AND EDGE STRIPS
FIGURE 12,1 :- DIVISIONOFASLA
Mx= ax x WL
My= ay x wiL
ii) Simply supported slabs - When simply sy pported

slabs do not have adequate provision TABLE 1.2:1
to resist torsion at corners and to prevent the comers from lifting, the maximum moments per
unit width at mig Span are given by

IR SIDES
. PORTEDON FOL
FFICIENTS FORRECTANGULAR PA ;uféwm%ﬂﬁ- 1978
BENDING MOMENT C{ﬁmws:ﬂﬁ FOR TORSION AT COR
WITE
Mx= ax x wix

Long span
an Co efficient ax Co efficients
My= ay x wix Case Typeof mdﬂ:md :?':JT':?]{ i e ﬁfﬁt‘
enls COns walues o
where Mx, My, W, Lx and Ly are the same those in C(i) and a x and oy are moment ;e
coeflicients 1o be read from the table below. !
iii) BM Coefficients for slabs spanning in two directions at right angles, simply
supported on four sides -

l+n . ..2 .4 i . i 2--
2 ! "

(o N
H @ ¢ ©® o @ 0
14 15 175 20 g5 3.0 n @ ¢
%X 0062 0074 0084 0093 0099 104 0.113 0.118 0122 24 _ 060 0.065 0.032
@ 0062 0061 0059 0055 g0s) 0.046 0.037 0.029 0020 0,014 | Interior Panels :
| Generally the main reinforcement bars are continued u

(1}
47 0051 0053
0.037 0.043 00

P to end of the supports without curtailment. Negative moment  0.032

at continuous edge
positive moment at
mid-span

2 ® =
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2,

1.0 1.1

@ (B) @

One short edge Discontinuoys ¥

Nagavite moment at 0.037 0,043 0.048 0.05]

continuous edge
Pasilive moment at
mid-span

- One long edge Discontinuoys

0.028 0.032 0.036 0.039 0.04]

12 13 14 s 175
(5) (8 7 @ (9

0.05 0.057 0.064

0.044 0,048

2.0

(o) (1)

0.068 0.037

0.052 0.028

Negivite moment at 0.037 0,044 0.052 0.057 0.063 0.067 0.077 0.085 0.037

continuous edge
Positive moment at
mid-span

- Two adjecen; Edges Discontinuous
0..047 0.053 0.060 0.065 0.071

Negatjve moment at
continuous edge
POSitive moment ar
mid-span

Two shor edgs Discontinuoys

0.028 0.033 0.039 0,044 0.047 005

0.059

0.075 0.084

0.065 0.028

0.091 0.047

0.035 0.040 0.045 0.049 0.053 00356 0.063 0.069 0.035

Negative moment at 0.045 0.049 0.052 0.056 0.059 0.060 0,055 0.069

continuous edge
Positive moment ar
mid-span

Two long edgs Discontinuoys
Nagetive moment at - .
continuous edge
Positive moment at
continuous

Three edges Discontinugus
(One long edpe continuous)
Negative mament at 0,057
continuoys edge

0.035 0.043 0.05]

0.064 0.07)

0.057 0.063 0.068 0.080

0.076 0.080 0.084 0.09)
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= 0.045

0.088 0.035

0.097 -

Plain & Reinforced Cement Concrete

+ 0.073 0.043
060 0.064 0.069 0.
positive moment al 0.043 0.048 0053 0.057 0.06

mid-span

. . ;

‘dges Dtscontlmuou

4 T:::;irf edge continuous)

ichatlve moment at v 2 "

ntinuous edge - A Bralynzse ool
:";)Sili"-'c momentat 0043 Q.

mid - span

=E - 0.057
;}_D?l 0.076 0.087 0.096 0.043

9 'Fgul" E-dg-Es
Disﬂﬂnti‘nuGUS:
Positive
moment at

id-span
e d Widths of - Beams(or Slabs)
n

Depths : : d
i [ tensile reinforcement an
. " he entroid of area o _ ko
Efotve dept . twccbnmthe S ishings such as tiles, mossaic finish
l.].'ﬂ'-s ive depth d= Distance uding finishing
Effective dep o

ion fi
(top of slab) Maximum compression 11
the (1o

- ive width of flanger - distance
T-Beams and L BWE'ES:TEE f (not more than bw + 1/2 clear
5 - bf = Lo/
a) T-Beams .

between adjacent ribs(beams).
~Do--)
L-Beams : bf = Lo /12 + bw + 3Df(
b) L- -

i i n two
bf = effective width of flange moments in the beam l[d!stfa}nc-: betwee
Lo= Distance betwesn mr.: _“ 0.7 times effective span, lef).

traflexure = 0.

7 0.056
64 0072 0079 0.085 0.089 0.100 o0.10

0.056 0.0 ;

elc.,

; ints of con ;
ey =2 i?tdm of weborrtib of slab itself
i thickness of flange = thickness
'D[' = 1c

Ratios ich ever is less
12.0.6 Deflection - span / Depth than .span / 350 or 20 mm whi

ion : P including
a) Deflection :- Ent;;l:; ilt and finishes completed i
rtitions elc.,
{af::::;:mmft effects etc.) !
ios - (Beams
tive depth ratios beams & slabs )
Maximu"; fPﬂ-'-'l&':: Zf:cﬂcctinn lilmit upto 10m  spans (
1. Satisfying
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latera| restrai;

1. Span not Ereater than 1o,

Cantilever )
Simply supported 20
Continuous 26

Note :

L. For spans above 10

m, the ahove vgl
of cantilevers, actua

ues may be mulg

plied by 10/ span
I deflection may be calculated )
2. For tension reinforcement yged further modify the ahoye vitlue
modification factor as perfig..1,2.2
3. For compression reinforcemen used modily the aboye values
4,

For flanged beams the values of (a) or (b) be modified as perFig. 1.2 4
b) Solid slab - It
{ Flat slabs are sla
columns), Genera]

15 a slab in roofs or flog
bs supported by colum

IS Or in irrigation structur
ns but not by beams with
ly we come accross soli

€) Maximum Span / overall d
Fi

epth ratios for sm
or loadings Upto 300 kgs / m

all, shorter ¢

Two way slabs

with M §
Simply supported slabs 35 0.8x 35=28 30
Continuoys slabs 40 0.8x 40=32 35
Cantilever - 12
d) Slendemess limits for beams o ensure latera| stability -- A simp
beam shall pe ¢ Proportioned

nts, d = effective depth of beam),

1-38

Plain & Reinforced Cement

o

in metres ( in case

e
ha

by multiplying wil the

o
wm

MODIFICATION FACTOR

Sarab arm g5 per fig.,1.2.3

=
=

€5 as distinet from flat slahs,
or without flareg heads of
id slabs only,

Pans upto 3.5 m lengths .- slabs :
* (3000 N/m? = 60 Ibs / sfr)

slabs Spanning in one direction
with MS with HYSD

ly supported feontinuoys
ateral restrajngs does not
ion face midway between
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f \\\ .\\ ]
_i e = -"“'“--..___ i
-\. ™ . S P 1. =420
\\ ““-._ _“—--..|-___________ T — o
e — 1,145
| — \\ "'H-.\\ Pt —----__-___,.___ £ =180
“---—-_-._.______________ 1,=740
s —r {, =290
2.8 3.0
08 12 18 20 24
0 04 ;

MENT

3 104 REJNF{ERCE .
FESRS?'FQF;FRTEE&S{JF SERVICE LOADS IN Nimm
Mote : 11

Aseq of cross-seation of steel required
Asea .

Areaof cross-section of steel provided
L

OR FOR
; DIFICATION FACT
& 1’%‘5&5’& REINFORCEMENT

f=0358 1

1.00

0.65

< #
G 090 i
g #
E 0.85 4
= Z
g o080
&
v 075
0,70

0 02 04 06 08 1.0

WIDTH
RATIO OF WEB WIDTH TO FAL$¥SEEFFECTWE
o T ON FACTORS FOR RATIOS SP 5T

REDUCTION DEFTH FOR FLANGED BEA
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in tension

in Tension

F
ABLE 1.2.2

Grade of O neTere M-10

Characteristic strength of
15 em® after 28 days
= h

10
Bending o che 30
Direet o ce

Tension
Diirect ot
fFI-"."‘H:.+.-"|.5[,'I 12

Bearing pressyre

(Conerete} g ya, 20
Bond : Average hond g
for plain M § bars

20

in compression 50

ForHYSD (T40) bars

| 56
In compression 7.0 ?645

Modulus of rupture by
Beam test after (7 days 17

21

Modular Ratig, m

(comected 1o T
integer)

30 I8

30
25 B

M-15
(L36) (124 (111723 (1:1:2)

70
50

40

11.2
14.0

M-25

85
&4}

50

m Sq]h‘ L
st S5 [ ncret T W Li]
III" I C Slre SC5 1IN Coy :C{k"if(l ks
.I t 0 k]nn 5

100}
80

36

()

10
12.50

4.00

lain f Reinforced Cement Conerets
_‘_‘_‘_-_‘_\—\_\_-_-_‘_-

tress method)

M-30 M.3s

Types of stress in steel
% onttension  15:432/1966

Plain & Reinforced Cement Concrete

TABLE 1.2.3

Permissible stresses in steel reinforcement (in N/mm?)

In Working Stress Method

Mild steel grade1

HYSD

Tor 40 Tor 50
Fe 415 Fe 500

column bars ( 'sc)

Compression in bars in 2 beam
or slabwhen the compressive
resistance of concrete is

i) taken into account

ii) not taken into account

upto and including 20 mm

over 20 mm

© .
(1S:1786/1979)
Bars upto 20mm 250 =
Bars over 20mm =
Compression in
180

The calculated compressive stress in the
surrounding concrete multiplied by 1.5 times
the modular ratio = (1.5 mo cbc) or osc

180

180
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_-_-_‘_‘_-—|_
R — —— PIﬂin & Hﬂiﬂrﬂmcd b
A C _——
i TABLE |, 2, 4 — — —Thent Conorely
gn -‘nlﬂ.'sse_ls of Tor stee) Toy ——— : ; bef = kx (1-x/lef) +2
= (in different contexts) s ¥ |
Type of stress TR '
IRC Bridge IS 3370 L= where
:nu'# by vt = 456 General i bef = effective width of slah,
Wistry of refaini o buildings
ng - Ings . - i
ransport structures load design  (elastic ! k - constant having the values given in Table 1.2.5 depending
design) upon the ratio of the width of the slab (1") to the effective
span.lef,

a)Tension 190

150 425

190

{_Gln face away from
I:c_gu:'d for members
thicker than 225mm)

b) C“mprEssIun

16
| i) 175 370
c) Fr.fnsion in shear 30 N
reinforcemeny e )
(thin member) —
lesser than 225 |
o mm
d]rT:n?mn in spiral 150 1
inforcement i ?
(members thicker & I b}
L than 225 mm )
1.0 Slahs carrying concentrated load
c)

If a solid slab
: Supported on t :
hﬂndl{!g moment caused by m‘-:o Opposite edges, carries ¢ ——
effective width of slab (. me concentrated loads shall be i oads, the maximum
asured parallel to the suppporting edugmid mr be resisted by an
€5) as follows -

a) For SmE]c co
ncentrated load :
the followin ; oad, the effective wi
E equatio ' : width shall ;
q n provided that it shaj] not excesd m:"a‘:arict:iamd In accordance with
Clual width of the slab -

1-.40

lef =

distance of the centroid of the concentrated load from nearer
support,
= effective span and ,

width of the contact area of the concentrated load measured
parallel to the supported edge.

And provided further that in case of a load near the unsupported edge of a slab, the effective
widths shall not exceed the above value nor half the above value plus the distance of the load

from the unsupported edge.

For two or more concentrated loads placed in a line in the direction of the span, the
bending moment per metre width of slab shall be calculated separately for each load
according to its appropriate effective width of slab calculated as in (a) above and added

together for design calculations.

For two or more loads not in & line in the direction of the span, if the effective width of
slab for one does not overlap the effective width of slab for another load, both calculated

as in (a) above, then the slab for each load can be designed separately. If the effective
width of slab for one load overlaps the effective width of slab for an adjacent load, the
overlapping portion of the slab shall be designed for the combined effect of the two

loads.




Plain & Reinforced Cement Cop,

TABLE 1.2.5

Val
Ue ol k for concentrated loads in slabs

for h!

1/ lef '

;:n;piy Supported continuou
abs ;
) slabs . slabs E
g:_zl 0.4
0 P 0.4 J
U_4 116 5
{,-5 1.48 o
u-ﬁ g .44
u‘? s .68 I
; 2.12 4 |
rII).I; 2.24 o8
s fA 2.08
A an 248 o |
above 3

1.2.2.0

%evelagment length of Bars ;-

1e calculated tension in an ‘b

tion b " ¥ bar at any section shal be

seg Y an appropriate development length or end aﬂfhor;g £ ;E:;Ilﬁpcd cI;n cach side of the
a combij

Ld y y & y nation thereof

L, = Devel i

' clopment length includin
% = Nominal diameter of bar i
T = Design bond stress

9, = Stress j i '
55 In bar af section considered gt design load

mlsaaly E E ! E !! 2 I E!

. In flexural tensi
. on - 5
2. In direct tension - Z’Tt:']ijﬁjlfﬂim} e

3. in i
compession - shall be equal 1o 1.4 but

. 3 h i
The straight length of shall not be fe:.ss\:h:nm :LSd [l (‘;‘::ﬂgﬂmfﬂ
cm,

ﬂ.nchurage value of Hooks - - U - Hook = 15 &
L—{ar}45"bcnd=4¢- l

£¢ value of Hooks in tension,

which ever is greater.
whichever is greather.

not less than 24 &

t length as described inl. 2.2 .ﬂ.-

a2 |

Plain & Reinforced Cement Concrele

TABLE 1.2.6
Effective length of compression members 1S : 456 - 78

Recommended
value of effective

length

Theoretical
value of
effective length

Degree of End Restraint Symbaol

of Compression Member
0 @ @ i

Effectively held in position &
Restrained against rotation
poth ends.

0.5L 0.65L

0.7L G0k

Effectively held in position at
both ends restrained against
rotation at one end,

LOOL 1.00L

Effectively held in position at
both ends, but not restrained

o ——

against rotation

1.00L 1.20L

Effectively held in position &
restrained against rotation @
one end, and at the other rest-
rained against rotation but not

held in position,

-
-4

\‘4{

Effectively held in position and t;:," il 1.50L

restrained against rolation at F
one end , and at the other v
partially restrained against

rotation but not held in position.

1-43
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Contretg

0 Emmm_nlﬂmmmmm

-, 10 6% in W.S.
(1) [23 (3) (4) 125 A} Baams. - ) minimum A, = 0 BEM.'I'wilh HYﬁﬂba:s{lr—EﬂDU]' (0.6%
a) Tensio
Effectively held in position 2.00L 2.00L Meinod. B ™
: i 1 ; D i
o dbunotrcmined L] iy g w0000 e
agamst rotation at one end, and / rastricled to 4% in all cases)

& . # - tonal area = Agj but Maxirmum
at the other end restrained against Minimum 0.8%; Maximum 5% of Ag ( Tolal sec

Wt::h.mhm?m lataral restrainits, ——=

: : iz e mﬂﬁnhm si'llebemn"-;:t less than

& provided along the two faces, The total area o bensetsianbimpabiy
Jﬁ-ﬂ:ﬂ aree and shall be distributed equally on two faces at a spacing not

rotation but not held in position.

01 percent whichever is lass,
Effectively held in positi 2 wab thicknass :
I‘:{: IUL%]I; in pﬂbﬂmﬂ- ” 2.00L 2.00L A . 4y thafotim of TIPS
and restrained against rotation s Mo ;
; Arsa of stirup legs effective in shear
atone end but not held in position Ay 5 04 A S ﬂmﬂlm

= e i the langth
bs, - T, Stimup spacing along T 40 and 250 N/mm*
nor restrained against rofation X f. =415 N/mm? in LSM or WSM for

with MS - MS rods
at the other end. as 4 kglem® in WSM; { = 4150 with T 40 or 2500 with

I shear 5ires < half the missibla H this ]
m- o

; %
. : of total C.5. Arsa with M.5. or 0.1
MNote: L is the unsupported length of compression member. 1 ® - Minimum steel in either diraction not less than 0.15%

&5 ith HYSD,

150 /8 =
oo Therekxre eg., for 2 15cm slab, ¢ (umcommon) 4
Minimum dia of e bar 4 1/80 of the slab,

18.75 mm)

1.2.4.0. Permissible loads in compression Members:
Pedastals/ shortcolumns with lateral ties

o~ 0.8% 1o 6% but imited io 4% due to compaction
Permissible axial load : P= acc Ac + osc Asc

& i circular
4 in rectangular of square columns and

[(RITIOMCEHTREL = COTILH

C) Columns Longitudinal of bass
i ko iacement and lapping difficulties, Minimum number
Note: The minimum eccentricity of { (L/500 +(D or b)/30)) subject to a minimum of 20 mm columns, E:'\:Efﬂﬂﬂ‘l be less than 12 mm in dia.
may be deemed to be incorporated in the above equation, In Hatical reinforcamant - minimum Bh.;honm
Spacing of main bars along pefiphery > s ot el RO
) . length is within three times
Long columns : lef / least Iateral dimension > 12(15 as per CP.110,117 Pedastals; Compression members whose effect ~
] } Stesi ares = 0.15% of cross section area.
a) Correction factor for C, =1.25 - ef/48b , b = least lateral dimension; permisible stress Traverse Reinforcemant ©
b) More precisely, lef/ least lateral radius of gyration > 40 T it
Caorrection factor for permissible stressesC = | .25 (12160 r min) Inﬂ'tI ugﬁ.. fobiowing.
r min = least radius of gyration = VI/A ] uﬂtm*"‘“““‘mﬂmﬂmui
WD-1 15 2 135 w0 4 5 e Remarks W) 484, (4§, =cia o waverse fonioroemen
a)Cr. - 1.0 0.83 066 050 . - - - Using 15 as limit 5 mm in any casa.
: mein /4 { 1/4 medmum main bar), < in fexural mambers.
b)Cr. 10 094 084 073 063 042 o325 . . Using 12 as limit Not. Shoar Sengh may be taken e 1.5 imes e akowabia volus
€) Cr 10 094 o087 Using 40 as Limit
1- 44
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1.2.5.1 D Members subj

ect to combined axial Joad and be
lateral forces ect)

a2) occ.cal /g ce + o cbe. cal / o che.
or

PIA+ M7 < r=

= )

o che. allowahle

(calculated) Direct {axial) compressive Caleulated bending compressive Stress in
stresses in concrete

concrete

—....-.-._,.—.-._._,,.__......_....._...._..._....._. = _,,___L‘_,“__,‘__“,__._,___,_______,_,___“_ ——

= |
Permissible axial com pressive

Permissilble bending compressive
SIress in concrete

siress in concrete

b) The resultant tension in conerete 359 and 259%;
uniaxial bending respectively,

75% of the 7 day modulus of rupture of concrete

((75x21=1575 kg/em® for M 15 grade, say)
Mote:- |, T cc.cal = P

of the resultant tompression for biaxial ang

— Axp

Ac+]. 5m

2 ocbe.Cal = M/Z where M equals the moment and
=

Transformed Modulys section consideri
separately with application of modular ratio of
In case of sections subject to moments in two
calculatgd separately and added algebraically,

NE concrete and steel areas

m to the appropriate grade.
directions, the stress shall be

3.

1.2.5.2 Detailing Rules for Slabs » Beams and Columps -
Right type of detail ing of reinforcemnts in an essential requisite in the design
and execution of RC members. Some of the factors of importance in detailing
like quantum of reinforcement, range of diameter and spacing of the
remforcements are dealt with in brief in what follows,
A, Slabs

Based on the regulations in 1S - 456 . 1978 and standard construction practice,
the guidelines for slabs are summarised as below,

1 - 46

Plain & Reinforced Cement C

oncrege
R . o
nding ( due to eccentricity of !tbadjl

infi te
Plain & Reinforced Cement Concre

0 and Tor 50)
- Slab reinforcements (Torsteel) (Common for Tor 40 a
I o i - th of slab
W Vs Leastof - i) One eighth the over-all dep
i i} 16 mm
B o [ 0.12% of gross sectional arc? c:f Iiiah
fuan o/ :-'11[“ ! 2% of gross sectional area of sla
ax
Reinforcement
T i the maximum
i j st of : 1) 1.5 times !
Nk s e size of coarse aggregale
B ii) Diameter of the needle
where needle vibrators are
used.
ity 5 cm )
E;il;ﬂg Ma Lesserof: i)45cm :;} Thhn.cf
! i flective depth o
times the e
ween
E slab
i Lesserof: i)45cm
Listribution ke
i effective depth of slab.
B. Columns

i ctice, the
d on the regulations 1S : 456-1978 and slandarld construction pra
o - ised i OW.
Eijclizcs for columns are summarised in tables be




|
Congimy

Plain & Reinforced Cement

Lungiludinai Reinforcement in columns (Common for Tor 40 and Tor 50)

Area of reinf Min
Max

area of columnps®

area of columns

Diameter Min 12 mm
of bars Max 40 mm
Number Min i) 4 bars for Rectangular
of barg columns
ii) 6 bars for circulap]
columns '
Spacing Max |
of bars

30 em when measured |
along the perphery of the
column
3|
* In columns that have lar above should?
be based upon the acty load acting on the
column ; but in no case the rei 4% of the gross sectiong)
area of the column.

Guidelines for column Tigs
|

Max._diameter Max.spacing of ties
Greatest of

)6 mm

ii) One fourth the
dia of the largest
longitudinal bar

16 mm Least of :

i) Least lateral dimension of column |

i) 16 times the dia of smallest long- ‘
fudinal bar.

iii) 48 times the dia of the ties,
L—-_._____.____.—__.______ ——— -
SOME DETAILING RULES FOR R.C.BEAMS

Right type of detajlin
execution of R.C, members;

g of reinforcements is an essential

requisite in the design and
Some of the factors of importance in d

1 - 48

0.8% of the gross sr:crinnui (i) Quan
b m_mfurg;f
4.0% of the gross sectiongl

el

etailing are \

Plain & Reinforced Cement Concrete

i{b! FELr force ; : LH |- I 4]

-
Ir.i-- o

tion practice, the

: - and standard construc : !

i dfg)?uhere d is effective depth and D is n:*:.;:ld
face reinforcement which should be pro

tions i
sed on the regula :
E.:.s are furnished for various valucspdr
hrg‘?he table also gives int'unnan;n_fusn side
: ion exceeds 75 cm.
tal depth of section
when the 10

Min. & Max. Reinforcement (Torsteel) in Beams =

Side face reinforcement

Tension or com- : R od
R e et pression reinfor- w:l?i ;::Ta"a
e cement with res- Sec s
| iy pect to gross sec- (pere
{F‘“““mgﬁ} tional area
{percenlage] |
IN.
N MAX M
Ml
alues
80 For all values For all v
095 0.90 0.85 0. i
i | | 0.1
Tord0 0.195 0.185 0.174 0.164 4.0 I
| 0.
0
Tor50 0.162 0.153 0.145 0.136 4

B. Shear Reinforcement :

l I 1 -H - 45 = arc ﬁlmiﬁh:d ’tﬂ'ﬂw,

i ams
Minimuim Shear Reinforcement (Torsteel) in Be

Breadth of beam (cm)

30 35 40
20 25 3.89
I o S - Rt
Tor4dd 1 45 1.93 2.41 2.9 2.
Tor 50 :

(cm¥m length of beam)

1 - 49

#
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Plain & Reinforced Cement Concra
The requirements in Tables abo ! ~ {he larger bar of moment is consi-  the larger bar
below. This simplification b o 0¢ Simplified f ion ; = iffere svetion f here in diff
15 simplification s easy 1o ad or adoption in normal ks wherein differant deration from the where in different
values of /0. adopt and remember and s applicable ﬁ:-rmﬁm dismetersare section themodified  diameters are used
% psed valuesare : For T or.
Simplification : M; 40:12¢m Tor 50:10.5¢m
Tension [Ei:‘:_ Tcn‘;i;':’(;:‘c:‘ Max (Torsteel) Reinforcement
forcement ssion rcinfurcmPrr: Side face rein- She A iii) 1.5 times the iii) 2/3 max.size of
W.T.L. gross WL griis “::'_"““'I forcement w.r.t :‘.;r.::-r oy max size of the course aggregate
i iy ioni R me
seclional area (Max) = Bross sectional w.r.tol o colurse aggregate
area (Min.) area (D 75¢m) ar;z e
(min) aof Web i =~ dle if iv) 1.5 em
Tordd (.200 (Min) jy) Dia of nee
Tﬂr 50 DI ﬂ‘/u 4-0% nﬂdh’.‘ vibrators
3 16% 4.0% g:g:é 0.10% are used.
L10% :
D. Spac ! 0.10%
bpac_mg of longitudinal Bars and Shear Rei T : 1.2.5.3, Cover to Reinforcement : :
considerations, certain Siile lings ear Reinforcement from construction and _ 12.5.3 (i) Reinforcement shall have concrete-cover and the thickness of such cover
clear spa cing 10 be provided g Ve bgen arrived-at for the milisiui dad craFH:ng (exclusive of plaster or other decorative finish) shall be as follows 3
design considerations the minimﬁ: bars in the beams. Sim ilarly from mn:mflalxmzum a) At each end of reinforcing bar not less than 23 mm nor less than twice the
. o : i cl .
armived at. These are tabulated in I:.afﬂm:l mix:mu.m Spacing of the stirrups h;\:unband diameter of such bar,
ow for the different grades of Torsteel v el b) For a longitudinal reinforcing bar in a column, not less than 40 mm nor
Spacing to b - less than the diameter of such bar. In the case of columns of mimmum
Foos ars (Tor steel) in beam 5 dimension of 200 mm or under whose reinforcing bars do not exceed 12mm
ongitudinal reinforcement a cover of 25 mm may be used.
Min Hori Shear reinforcement c) For longitudinal reinforcing bar in a beam, not less than 25 mm nor less,
ek orizontal Max. Horizontal Mi | than the diameter of such bar. .
bP Cing between spacing between in. Vertica Min. ik d) For tensile, compressive, shear or other reinforcement in a slab not less
ars{Clear) bars(Clear) Spacing between spacing ; e than 15 mm nor less than the diameter of such bar; and .
. bar layers(clear) Pacing &) For any other reinforcement, not less than | Smm nor less than the diameter
Ommon for
of such bar.
I;’r:g}ﬂnd gﬂt‘ummun for (Common  (Co 1.253 (i)  Special exposures-harmful chemicals, acid, saline atmosphere,Sulphurous
r or 40 and f ~0mmon oty :
7 orTord0  forT smoke : 15 mm P )
Greatest H50) i and Tor 50) Tor 53; B b) Sea water - 40 mm more than specified in the 2.5.3 (1)
i) Di > G ' NOTE : Maximum cover: 75 mm.
lameter of For Ter 40: | Greatest of: 1.2.5.4 Curtailment of Tension Reinforcement in Flexural Members -
the bar - 18.em i) Diame Lesser of: PR . . e s
Tor 50 ; 15 cm meter of 8 cm i) 0.75 ” Roads to extend upto d or 12 & whichever is greater from Mo tension Zone
iiDi et ii) 4'5' ¢ | except at supports. Where @ is diameter of bar.
1
ameter of (If the redistribution & Di: cms Positive moment reinforcement at supports .- o :
W)Diameter of At least 173 of + Ve moment reinforcement in simple members and 1/4 of the reinforcement in
1- 51
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£

;untin_unus beams shall extend into thesy
_q:igmmi moment reinforcement at supports

east /3 of i ! \
el mﬂ:::: ;:;!;‘:;c;r:::am Eiven ﬁ:u-_v Ve reinforcement at Support shall extend b
£ Bos islance effective depth (d) or 12 or 116 clr..'llr span ichen

PPort to a length Ld/3.

Ikhll::hevcr w
1-21 5-5. Sh ear ( (1] Ejﬂn}
I I Furct - Nﬂm]‘l]ﬂ]‘ I L+ [ = TV, | ]I AMs O 5 ~] I [}]

: Y\ 'We come across beams/s|

T abs of uniform depth,

it ma 1551
y be seen, the permussible  shear 5
section along

e revised code, 15.456- 1978,

: TESS varis with
with the grade of mjx.

method are similar io the limiji

Wnrking stress method :-
Shear- Permissible

_ shear stress j
reinforcement. -y

h ams usin -
E .c

iy BEAMS - Permissible shear slresstoin s H)

100 Ast kg/em? in congrete without shear rein forcement.
bd M5 Grades of congrete
M I .
(% of steel) M20 M25 M30 MBS Milb
<0.15
0.20 ig 1.8 19 50 ,o  (andabove)
0.25 59 i 2.1 i 2 20
0.40 29 A 25 25 = 23
0.50 35 27 238 23 2 25
0.60 3] 4 3.1 - % 28
ﬂ,'.-"t] 1 "3 3'2 3.3 i3 ;'4 32
0.75 14 34 35 36 o 34
0.80 34 3 3.6 37 i 37
0.90 15 o6 37 it 3 3.8
‘ 37 3.9 10 ;‘ﬁ 3.9
1-52 ' 41

1.00
1.10
1.20
125
1.30
|.40
1.50
.60
1.70
175
1.80
1.90
2.00
2:.10
220
225
2.30
2.40
2.50
2.60
2.70
2.75
2,80
290
= 3.00

Note ; Ast = Area of that steel in longitudinal tension reinforcement which ¢
and the section being considered except at support .
1o d. 12 times dia of bar, or upto the point
the permissible value. .

cement for each mix.

one effective depth (d) bey ( :
of tension reinforcement of a steel requirements i.e., Up
where the actual shear stress is not exceeded by 23 of
Maximum T ¢ (shear stress) in N/ mm?® allowable,

3.7
3.8
40
4.0
4,1
42
42
4.3
44
4.4
44
44
44
44
44
4.4
44
44
44
44
44
44
44
44
44

3l

4.0
42
43
44
4.4
4.5
4.6
4.1
48
49
49
50
5.1
52
53
53
53
5.4
55
5.6
56
5.6
5.7
5.7
5.7

Plain & Reinforced Cement Conerete

4.1
43
44
4.5
4.5
4.6
4.8
49
5.0
50
5.1
52
53
54
54
55
55
56
5.7
5.7
5.8
5.8
59
5.9
6.0

even with transverse reinfor

TABLE-127(B)

42
43
4.5
45
4.6
4.7
4.9
5.0
5.1
52
52
53
54
5.5
5.6
5.6
5.7
5.7
58
59
6.0
6.0
6.0
6.1
62

42
44
45
46
41
438
49
5.1
5.2
52
53
5.4
55
56
57
5.7
58
5.9
6.0
6.0
6.1
62
62
6.3
63

ontinues to atleast
where the full area

Concrete Mix M15 M25 M 30 hj;:‘-
1 Max 1.6 1.9 22 ; >
1 ¢ allowable in slabs 08 095 1.1 R
in ™/mm’
1-53
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ii) Solid Slabs : K times 1 ¢ given above where K is as given below :-

() Overall depth of slabinmm  300& 275 250 25 200 175 150
above or less
k 1.0 1.05 L.10 L5 120 125 13

Maximum t ¢ allowable in slabs = Half the maximum value given above for
each mix in beams:
MI15 M20 M25  M30 M35 M40
T.¢ Max 08 09 (.95 Ll LIS 125
Note :
I For the remaining half of the shear, shear reinforcement is to be designed for beams.
2 For compressive Members in axial compression, permissible shear stree . may be upto nearly
1.5 times the values given above for beams,
3. Ifthey do not come under the above limits, better redesign the section with changed parameters, I
4. For slabs, shear reinforcement is noi usual, so the slab thickness will ba madified accordingly

Table 1.2.7(c) 1
Design Shear strength of Concrete, t o N/mm?® ( 1S : 456, 2000 ) ( Limits State )
100 Ast Concrete Grade
bd M 15 M20 M25 M30 M35 M40
(% of steel) (and above)
(1) (2) (3) {4) (3} (6) (n
=015 028 0.28 029 0.29 0.29 (.30
0.25 0.35 0.36 0.36 0.37 0.37 .38
0.50, 0.46 0.48 0.49 0.50 0.50 0.51
0.75 0.54 0.56 0.57 0.59 0.59 0.60
1.00 0.60 0.62 0.64 0.6 0.67 0.68
1.25 0.64 0.67 0.70 0.71 0.73 0.74
1.30 0.68 0.72 0.74 0.76 0.78 0.79
.75 0.71 0.75 0.78 0.80 0.82 0.84
2.00 0,71 0.79 (.82 0.84 0.56 (.58
225 0.7] 0.81 0.85 0.88 0.90 0.92
2.50 0.71 0.82 0.88 0.9] 0.93 0.95
275 0.71 0.82 0.90 0.94 0,96 0.98
3.00 Q.71 0.82 0.92 0.96 0.99 1.01
and
ibove

NOTE - The term A is the area of longitudinal tension reinforcement which continues at least one
effective depth beyond the section being considered EXCEpL at support where the full area of
tension reinforcement may be used provided the detailing conforms to 26.2.2 and 26.2.3
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i i t one
2 i =nt which continuesat leas
sl inforcement
he area of long udinal tension re ) i i
e e“'ng considered except al supports where the full area of
i

The term As is t

b ond the section b
ive depth bey
:f;n;::: reinforcement may be used.
1=
Table 1.2.7 (D) )
jmum Shear Stress, T ¢ MAx N/mm2 (Limit State) ==
Maximum a . -
i M 15 M20 M 25 w; 3;,1 43 L4
Conmwﬂi;m:}; it 3 3515 | :H 5 R
,N/mn r I
T c;‘:iﬁ:l:r:bh in slabs 1.25 1.4

. ¢ i
Critige1 SeCHA e Sk Iy occurs at the face of the suppart

. =8 ; n the reaction
g) Maximui e Ef:nn d from the face of tlhe h'lPPﬂ.“d"‘Tifim Ry ambar
ii)ALa dnsmnc: e introduces compression nto l:‘nc th wﬁicul S vos b i3
1 il ished throug
applied shear lis

¢ ent is accomp ith the stirrups.
Sy :!htﬁr ::11&:::22 intensity and bent up bars along Wi
to 4 legs) dependi

in the direction of the

i . throu h
ore than 50% of the total shear resistance g
rﬂ\'ided, not m

it e phare:l by such bent bars.

shear reinforcement, be s S ichd
Ly =—x—

forcement :- for vertical stirmups.

+a) Strength of shear rein e A

i (more than one also Jall bent

i llel bars
b) for single bar or single group of paralle

ection :
up at the same cross s Vs: asv. Asv ri::i Tcgs of the stirrups ( for tor
i of two : ; .
B b ?:r?bcnl up bars withina distance Sv. x sina

% BE = M5
") ‘ r for :
1:;131[} ;i:u: = 1142 = 0.707, for a =45°
imitati { inal shear reforcement are ;- 1
Wi T s tll:lrmrmlﬂ] i".n = 91 whichever is less as stated earlier.
1y 0.75d, 11) 450mm of B :
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1.2.5.6. Shear and Torsion »

Equivalent shear = equivalent

shear, Ve shall be calculated from the formula -
Ve=V+16 Tuh
where,
Ve = equivalent shear
v = shear
Tu = torsional moment, ang
b = Breadth of beam

The equivalent nominal shear stress tye s inth
V= Vihd except for substituting v by Ve je.
(substituting v by Ve). the values of twve
given in Table 1.2.7(B)

is case shal] be calcutated as
™VE = Velbd = ( 1/bd), if"r"'*'!.ﬁﬂb}
shall not exceed the value of ¢ max

IT the equivaleny

nominal shear siriess
shear reinforcem

T ve does not exceed e
ent shall be provided

» Biven in Tabje i.Z.?ﬁ.minmm
a5 specified in | 255 (B)

If T ve excesds ¢c given in table 1 2 Waboth longitudina)
provided in

and transverse
accordance with para below:

reinforcement shall be
Reinﬁ}r-:{:mc

ntin Member Subjected g Torsion
Rcinl’nrccmtm

for torsion, when required, shall consisy of longitudinal ang ransverse
reinforcement.

Lon

itludinal Rcin!hrcemenl -

The longitudinal reinforcement shal| be designed 1o
Fesist an equivalen bending moment, M_ givenhy
M, = M+
where

M= bending moment at the cross section, and

M=T01+ D/b) where T isthe torsional moment, D is the o

verall depth of the beam
and b is the breadth of the beam,

If the numerical valye gf M, as defined in Previous para exceeds the numerical vajye of the
moment M, longitudinal reinforcement shal] be Provided on the flexurg) Compression face,
that the beam can also with stand an equivaleni

moment M, given by M, = M-M, the mo

ment

Plain & Reinforced Cement Concrete

nt M.
=TT ite sense to the mome
mktn as acting in the opposite

Me2

I g bals-
rse R:ll!i(}tl:E[IIE[lt I Wi Egg Ed I!-DD cn mng t ormcer 1*.“1 1

tion Asv given by S
shall have an area:fcruss sec_!;; it (TR a5
sy = !
55 than
| transverse reinforcement 5'!13" not be less
g (tve-tc) .bS, [ osv

torsional moment
ar force, 4 1 The
> ing of the stirrup reinforcemen - i T O e G
= spacing ire distance between com
centre to cen e
i i i i
the width, distance between corner bars in the direction o
tre
d = centre to cen
the depth,
b= eanh o e me_mbr'l:h reinforcement
v = permissible tensile stress in § ?;;d 1256
b ivalent shear stress as spec ified in Table 1.2.7 (C)
Tve = equ stength of the concrete as speci
T shear

where

T e~
]

i low :
reinforcement shall be provided as below

ar closed stirrups placed
inforcement for tension shall be 'rﬂm:fll:;ll not exceed the least of
a) The uansv“{rscfrf;: :«.cmhﬂ- The spacing of the :I:;Ert aid Toag dimheiitions of the
icular to the axis o are respectively the
perpendicu where x, and
¥ kg Shdum, . : icable to the comers of
l!r {x|+}r| ]"II d close as is pm{;’llca
irrup. : . hall be placed as L in each comer of the
stirrup b) Longitudinal rcunfnl'ﬂ';"“'::[,;ail be at least one ]nngiludlna:nb:j ditional longitudinal
pecryaaptho a8 a'" Hﬁ;?. n:sicm of the member exc'fe'!js 4iurrl:2i|{furc:emem and spacing
ties. When the cmﬁ-seﬂmnalf:f;i the require -ments of minimu
' ided to sati
bars shall be provi

siven in side face reinforcement.

i in-2.52.
¢ the requlmmfn.lﬁ n 2z,

and L Stk PR distnibuted over

Reinfnrcﬂnﬁﬂ:m'l . ﬂa.ngp:sﬂ Di;".lrhe main tension reinfnrcﬂmen;::;-::l:f:r:is smaller. If the

where flanges arc in tension, a 'dll? equal to one tenth of a span, “;!Ier Ifthe eflective flangs
the effective flange width 'i“t' “;:; tenth of the span, whichever is smaller.

L idth equal to
«ffective flange wid
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M, "z.l If I i 0 d ”
Il

L Il'lﬁ]rl:l!m i
; “]C ICII!rDICEI]II.‘IJ L“ e.-

Maximum diameter -

thi The diam ; :
ickness of the slab. eler of reinforcing bars shall not exceed
one cighm of

the total

1.2.6.0 1
Design constants for critical sections

(t: 1400 kg/om?
cm’ for bars u
plo 20 mm and 1300
kg/em2 for

Grade of
concrete Permissib)e
*stress in i ' H{m“fﬂeel
bending _'h_d_ﬂ

in kg}m:

M 10 (1:3:6)

MI1s (12
M 20 :il:iE?JJQBJ -iﬂ

!:!25 (1:1:2) ﬁ“ 13 0.40 nﬂ':: 870 072

M 30 100 11 - o040 0‘8? 1210 099

Pt 15 9 040 o081 1700 12

8 ; * 17.00 140

M40
130

-1-58
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These Tables 1.2.8 and 1.2.9 are only for the general guidance in design.

Table 1,2.9 : Design constants for critical section with Tor Steel (Fe 415)

e
o che K j Q
+ M 10 30 0.289 t=2300 kg/em? for all sizes
M 15 50 T 0289 0904 6.50
M 20 T0 0289 0904 9.10
M 25 85 0.289 0904 11.10
M 30 100 (.289 0004 13.00
b 35 115 0.289 -
w40 130 0.289 .
L =

Table 1.2.10 : Design constants for balanced sections using torsteel 40 used in
ension (b) compression (c) water retzining structures elc.,

different contexts such as (a) t
for M 15/ M 20 mixes.

Mix M 15 Mix M 20
C t m n j Rbd C t m n ] Rbd2
a)50 2300 18 0.281 0.906 6.365 70 "2300 13 0.283 0.905 B.964
b)S0 1900 18 0321 0.892 7.158 70 1900 13 0.324 0.892 10.115
)50 1500 18 0.375 0.875 8.203 70 1500 13 0.378 0.874 11.563*
* 3.06 for uncreacked section

1.2.7.0 EXPANSION JOINTS :
For the purpose of general guidance, however,
by one or more expansion joints.

1.2.7.1 WATER RETAINING STRUCTURES - General Rules

structures exceeding 45m in length may be divided

|, Water relaining structures must be built with impermeable Walls which will not creack under

storage or due to shrinkage and temperature SIESSES.
3. Since tensile stress in the surrounding concrete must be kapt under control high strength steel
may not prove to be economical, except in rectangular tanks and mild steel reinforcement is
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3. Minimum reinfor
i ' cement for temperature and shyi '
2}1: f-;;:.:fﬁ::;c?t of expansion due to lemperature :n;;rnxg::ksjl:ilr Ibe ETTE{L
en i »
Of shrinkage may be taken as 450 x 10°* for initial sh:inkagfs:nd 200
x 10

drying shrinkage. When :
. allowan :
33 113 pesoant ce is made for shrinkageallowable stresses may be increased by

4. Special attention sh .
ould be given to flexible ini
lemporary construction joints, exible joints,

3. The concrete mix .
A generally used
Eood mix design. + is M200, preferably of the controlled concrete based on a

6. Drop ir_:, water level in underground water tanke 40mm in seven d
ays.

confraction joints,expansion Joints and

8. The minimum rej :

Sl havean ml‘z?;n;cﬂ?z:t :n ;v:;lus, floors and roofs in each of twodirections at righ

10 em. thickness. Fc,;-r P:_"_c&n ofthe concrete cross section in that difection for mf tangles

reinforcement in each of th ness greater than 10 cm and less than 45  tie ions upto

e thickness 10.0.2 per “m!.' rtwu directions shall be linearly reduced from 0.3 per "‘lﬂ;mum

sections of 225 mm thfclmcgsw thickness greater than or equal 1o 45 cm ﬂ&ickneﬂs f:m sl

the section to make up the mi{:"lri;I ore two layers of steel shall be placed, one nr.ar- :ﬂncretc
um reinforcement specified. each face of

1.2.7.2 GENERAL REQUIREMENTS

Design and construction i
: of reinforced co - =
the requirements of IS - 3370 ( Part 1. !gﬁjl';i‘:::ﬂc liquid retaining structures shall comply with

1.2.7.3 DESIGN

dssessement of bending moment and shear.

L ]

Code of Practice for ¢,
Sdsts Jor concrete structures Jor the storage of liquids Part-|- Generaf
+

Code of practice Jor Plain and Reinforces Concrete { Fourth Revisi,
an }
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rmng up the detailed design, the designer should satisfy himself on the correct
;tima!i'url of loads and on the adequate statiscal equilibrium ol the structure particularly n
m;d,llﬁ.j to safety against overturning of over hanging members; in the latter case the y,cn;mi
arrangement should be such that statical equilibrium shouid be satisfied even when the overturning
moment is doubled.
j274 BASISOF DESIGN

{. General Basis or design shall be
gxcept where otherwise specified in this code. The parls of the structure neither in contact with
the liquid on any face nor enclosing the space above the liguid, as in case of stating of a water
rower, shall be designed in accordance with the requirements of 1S : 456-2000 +

in line with the recommendations of 15:456- 2000+

2. Design of members other than those excluded by 3.2.1 shail be based on consideration
of adequate resistance to cracking as well as adequate strength Caleulation of stresses shall be
based on the following assumptions in addition to the general assumptions given in 15 :456-

1978 +
a In calcutations for both flexure and direct tensions (or combination of both) relating

to resistance to cracking, the concrete is capable of sustaining limited tensile stress, thewhole
concrete including the cover, together with the remforcement being taken info account.

-gection of
the following equation shall not exceed the value

b, The total shear stress given by
given in 2.8.10 whatever the reinforcement provided ;
Total shear stress = Q/ bjd
where Q = Total shear
b = breadih, and
jd = lever arm,
¢ In strength calculations the concrete has no tensile strength.

3. Plain concrete structures : Plain concrete members of reinforced concrete liquid,
retaining structures may be designed against structural failure by allowing tension in plain
soncrete as per the permissible limits for tension in bending specified in 15:456 + 1978. This
will automatically take care in accordance with the requirement of 18:456 = 1978 shall be

provided for plain concrete structural members.

1.2.7.5 PERMISSIBLE STRESSES IN CONCRETE
|. For resistance to cracking :- For calculations relating to the resistance of members to

cracking, the permissible stresses in tension (direct and due to bending) and shear shall
conform to the value specified in Table 1.2.11. The permissible tensile stresses due to bending
apply to the face of the member in contact with the liquid. In members less than 225 mm thick

1 - 61
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and in contact with the liqu; i
quid on one side, th I55i
face remote form the liquid. e

Table 1.2.11 : Permissible Concrete Stress in Ca
Resistances (g Cracking

Grade of concrete Permisible stress

Ke/em?

Direct tension Tension due to bendin

ﬁ;j 1 15

= 0 12 17
25 13 8

M30 15 20

M35 16

Mo 7 20

L For strength caleulations - In strength calculations

shall be in accordance with IS: 456-
exceeds the permissible value, reinfo
in the concrete shal provided 1o take the whole of the shear

1978. Where the calculate

1.2.8.11 PERMISSIBLE STRESS IN STEEL

1} For resistance 1o cracking :-

checking the tensile stress in concrete

be limited by (h . Vol
So the tensili © requirement that thepermissible tensile stres §
and the Con'ﬂ's?undmg allowance
'a. For strength calculations
reinforcement shall be as given in

When steel and concret

= For strength caleulations th
Table 1.2.12,

Feement acting in conjunction with

€ are assumed to act ogether

Plain & Reinforced Cement Cun-cmq
le stresses in bending apply also 1o u‘

leslations Relating to

Shear

(Qbjd)
g

15

17 |

19
22
25
27

» the permissible concrete stressey

d shear stress in concrete alone
diagonal compression P
L

for

» the tensile stress in the stee| will

the concrete is not exceeded:
ular ratio of stee] and concrete

e permissible stresses in steel

Plain & Reinforced Cement Concrete

~— TABLE 1.2.12 PERMISSIBLE STRESSES IN STEEL
REINFORCEMENT FOR STRENGTH CALCULATIONS.
§.No. Type of stress in steel  Permissible stresses in kg/em2

reinforcement.

High yeild
strengzth deformed
bars conforming

Plain round mild
“steel bars comforming
to Gr.l.of 15:432

(part.l 1966 } to 1S: 1786 or
1S:1139-1966.
| 2 3 4
| Tensile stress in members under )
direct tension 1150 {300
{I  Tensile stress in members bending !
a) O liquid retaining face of members 1150 1500
b) On faceway from liquid for
members less than 225mm 1150 1500
¢} On face away from liguie for
members 225mm or more in
thickness 1250 1900
Il tensile stress in shear reinforcement
a) For members less than 225mm thick 1150 | 500
b) For members 225mm or more in \
thickness 1250 1730
iv  Compressive siress in columns
1250 1750

subjected to direct load

NOTE :
Stress limitations for liquid retaining faces shal! also apply to the following,
a) Other faces within 225mm of the liquid retaining force. .
b) Outside or external faces of strectures away from the liquid but placed in
water logged soils upto the level of the highest subsoil water level,
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SL OCCUPANCY
Mo CLASSIFICATION
1 2
RESIDENTIAL BUILDINGS

a) Dwelling houses:

1Al rooms and kitchen
2)Toilet and bath rooms
3)Corridors,passages,stair

-cases including fire escapes
4) Baiconies

b) Dwelling units planned and
executed in accordance with 1S:
#888-1979% only,
1) Habitable rooms, kitchens,
toilets and bathrooms
2) .Corridors,passngcs,and
starrcases including fire
escapes
3) Balconies

_N Plain & Reinforced Cement Concroge
SECTION III - DESIGN TABLES

TABLE 1.3.1 IMPOSED FL
1.3, s OOR LOA
(CLAUSES 3.1, 3.1 'a

—

FOR DIFFERENT OCCUPANCIES
. N
JAND 4.1.1) [ As per IS : 875 ( Part 2 ) - 1987 | 5

UNIFORMLY CONCENTRATED
] JONCEMN
DISTRBUTEED [RATED
LOAD (UDL)
3
kN2 I?N
20
2.0 I_'_E
3
3. 4.5
3.0 L5 per
meter run
concentrated
at the
outer edge.
1.5 1.4
; 1.4
1.5 per
meter run
concentrated
at the
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¢) Hotels, hostels, bording houses
Lodging houses, dormitories,
residential clubs:

1) Living rooms, bed
rooms,and dormitories

73 Kitchens,and laundries

33 Billiards room and

public lounges

4) Store rooms

5)Dining rooms,cafeterias
and restanrants

6) Office rooms

7} Rooms for Indoor games

%) Bath rooms and toilets 2.0
9y Corridors, passages,stair
cases, fire escapes, lobbies

- as per the floor serviced
{excluding stores and the like)
but not less than

|0)Balconies

d) Boiler rooms and plant rooms--
to he calculated but not less than

e) Garages:

1/Garage floors{inluding
parking area and repair
workshops) for passengers
cars and vehicles not exc
-e¢ ding 2.5 tonnes gross
wieght, including access
ways and ramps - to be

2.0
3.0
3.0

50
4.0

3.0

Same as rooms
to which they
give access but

with a minirFum

of 4.0

50

4.5
21
4.5
2.7

27
1.8

45

1.5 per meter
run concent-
rated at the
outer edge.

6.7

5.0




calculated but not less than

2) Garage floors for vehicles
not exceeding 4.0 tonnes

gross weight (including aceess
ways and ramps) - to be cal-
culated but not less than

ii. EDUCATIONAL BUILDINGS

a )Class rooms and Lecture rooms
( not used for Assembly purposes) +
b)Dining rooms, caleterias, and
restaurants
c)Offices, lounges staff rooms
d) Dormitories
e)Prajection rooms
NkKitchens
g)Toilets and bathrooms
h)5tore rooms
J Libraries and Archieves -
17 Stack room / stack area

2) Reading rooms (without
separale storage)
J)Reading rooms (with
stparale  storage)
k) Boiler rooms and plant rooms-to
be calculated but not less than
m) Corridors passages, lobbjes |
staircases including fire escapes
as per the Noor serviced (withou
accounting for storage and
prejection rooms ) but not less
than

T —

9 9.0
3.0 -
3.0 2.7
2.5

. 2.7
2.0 o
a0 j
3.0
2.0 o
2 45

6.1? kN/m* for a minimum 4.5
height of 2.2 + 2.0 kN/m?
per melre height beyond 2.2 m,

4 45
3.0 45
4.9 45
4.0 45
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Same as rooms which |.5 per mir run

n) Balconies
they give access but with a concentrated at

minimum of 4.0 the outer edge

NSTITUTIONAL BUILDINGS

a) Bad rooms, wards, drus:,;ing TOOIMS,
dormitories and lounges 2.0 1.8
b) Kitchens, laundries and laboratories 3.0 4.5
¢) Dining rooms cafeterias and : .
restaurants 3.0+ 2.7
d) Toilets and bathrooms 2.0
e) X-ray rooms,operating rooms,
general storage areas-to be
caleulated but not less than 3.0 4.5
f) Office rooms and OPD rooms 2.5 .7
4.0 4.5

g) Corridors, passages, lobbies
and staircases including fire
escapes- as per the floor ser-
vised but not less than

h) Boiler rooks and plant rooms- 5.0 4.5

to be calculated but not less than

Same as rooms which 1.5 per mir run

they give access but with a concentrated al

i) Balconies
the outer edge

minimum of 4.0

(iv) ASSEMBLY BUILDINGS

a) Assembly areas :

1) With fixed seats # 4.0
2 With out fixed seats 5.0 3.6
b) Restaurants (subject 1o assembly) 4.0 4.5
museums and ari gallaries
and gymnasia
1-87
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Plain & Reinforced Cement Concrete — - St 27
__; — “m; = __—it'l_—.__ D T b ) Cafeterias and dining rooms M 5%
&) Frajection rooms : - - =
d) Stages 3.0 4.5 lichians 30
£} Office rooms. kitchens and laundries 3.9 4.5 h) Khcnen: 4.5
f) Dressine rpoms 2.0 .4 I 4.0
= - ; as i, lobbies :
] 2) Lounges and billiards rooms 2.0 2.7 1) urr:dt:rs, Pazzages, o o
h) I'oilets and bathrooms 2.0 S etinkuling lffi':S"'v!-_P
] < i aua - S 3 'cx CLuain
I} Carridors, passages, slaircases 4.0 4.5 ik i ;h..,ﬁr'im};' %EWE::-:'KH .
including fire escapes Btkes) biftriot ess t
k) Balconies Same as rooms which 1.5 per mir run | _ th and toilet tooms 20
they give access but with concentrated a J) Bath = hich 1.5 per mir run
minimum of 4,0 the outer edge I Biletiies Sanie ds rooms :ﬂl witha concentrated al
= alea g . -
| k) Balcon they give ﬂ‘f‘f; the outer edge
i) Boiler rooms and plant rooms 7.5 4.5 minimum of 4
including weight of machinery i 9.0
o
) : 4.0 foreach metre
m)Corridors, passages subject 1o 5.0 4.5 li Stationary stores ;era:'c height
loads greater than from crowds, 6.7
such as wheeled vehicles : ; 5.0
trolleys and the like, corridors m)Boster zoems and plang rluu.mx
Staircases and passages in to be caleulated but not less
grandstands —
| =T See S1.No.(ii)
(V) BUSINESS AND OFFICE BUILDINGS (Seq also 3.1 2 BN
) = TILE BUILDINS
i) Rooms for general use with 2.5 2.7 (V1) MERCANTII 36
Seperate storape ; 4.0 4.5
7 : :tail shops i
b} Rooms without separare st irage 1.0 2) e .
K00 Hout Separate storage ’ ® | br) Wholesale shops - to be cal- 6.0
2
¢) Banking halls 10 27 culated but not less than - ;.?
d} Business computing machine 33 4.5 €) (_‘J.fﬁ.l:e I-tm:.ums_ estaurants and 3.0
rooms (with fixed compulters or d) D"”"g_ Npioii L -
similar equipmnet) | "’_ﬂmms 2.0 4.5
e) Talléts 3.0 6.7
T L f) Kitchens and laundries 4 :
€) Records/files store and 5.0 B i 5
’I' 5:;:::‘_5:;1]::2 T RoomE A ! %3 | g) Boiler rooms and plant rooms 5.0
LT ) culated but not les than
) Vaults and sirong room - 1o pe 5.0 4.5 i0:be cuiculate

calculated but nog less than
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h) C‘ orridors, passages, staircases

_ including fire escapes and lobbies

i} f‘fnrrrdms, passages, staircases suh-
Ject to |oads greater than from crowds

4.0
4.5

3.0 4.5

such as wheeled vehicles, trolleys and

the like
i) Balcanies

(vii) INDUSTRIAL BUILDINGS

a) Work areas without machinery/
equipmner ++
b} wuri-:; areas with macinery/
equipment
|} Light duty  } To be cal-
2) Medium duty} culated but
3) Heavy duty } not less than

c) Boiler rooms and plant rooms
1o be calculated but not less than

d) Cafeteries and dining rooms

&)} Corridors, passages and 4.0

staircases including fire escapes
f) Cur_ndnm passages, staircases
subject to machine loads, wheeled

vehicles - to be calculated but
2) Kitchens i e

same as rooms which 1.5 per mir run
|t11:3,-. give access but with a  concentrated at
minimum of 4.0 the outer edge

5.0
4
7.0 4?

10.0 4%

3.0 6.7

3.0+

I3
=

o

h} Toilets and bathrooms 2.0 =

(VII) STORAGE BUILDINGS §

a) Storage rooms (other than cold 2
storage Jwarehouses- to be

1-70

4 Knfm* per each 7.0

meter of storage
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PR

r+

height with @ min,
of 7.5 kNim'

calculated based on the bulk
density of materials stored but
not less than

5,0 kN/m? per each 9.0
metre of storage
of 15 kN/m?

b} Celd storage- to be calculated
but not less than '
height with a min.

¢} Corridors, passages and staircases 4.0 4.5

including fire escapes- as per the

floor serviced but not less than

d) Corridors, passages subject o 5.0
loads greater than from crowds
such as wheeled vehicles,
trolleys and the hike

¢) Boiler rooms and plant reoms T.5 4.5

Guide for requirements of low income housing.

Where unrestricted assembly of persons is enticipated, the value of UDL should be increased
to 4.0 kKN/m?

With fixed seats implies that the removal of the seating and the use of the space for other
purposes is improbable. The max imum likely load in this case is, therefore, closely

controlled,

The loading in industrial buildings (workshops and factories) varies considerably and so
three loadings under the terms "light”, "medium” and "heavy" are introduced in order to
Aliow for more economical designs but the terms have no special meaning in themselves
othter than the imposed load for which the relevant floor is designed. It is, however,
important particularly in the case of heavy weight loads, to assess the actual loads to
ensure that they are not in excess of 10 kN/m?2; in case where they are ine xcess, the design

shall be based on the actual loadings.

For various mechanical handling equipment wich are used to transport goods, as in
warchouses, workshops, store roomds, efc the actual load coming fromthe use of such
equipment shall be ascerained and design should cater to such loads.
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For Floar supporting Structural

imposed loads an floors may be made in designing

supports énd foundations,

li_NﬁhTruf Floors (Including

the Roof) to be Carried by
Member under consideration

= =N PR N -

Sto 10
Over |0

Ta hILTE e |

STAIRCASE LOADING
FOR DIFFERENT SPA

a) Live |oad = 300 kg/m?

Plain & Remnforced Coment Concrege
REDUCTION IN IMPOSED LOADS ON FLOORS >

Members © The ;}:Huu'.'éug, reductions in

columns, load bearig

Reduction in Total Distributed |
Imposed Load on all Floors
to be carried by the Member
under consideration (Percent)
U
10
20
30
40 '
50 '

e —

OVER FLIGHT AND LANDING
NS AND CLASS OF LOADING

assimed o)
2 walls, piers, their

|

Span  Slab Landing FLIGHT LOAD IN kg/m®
Thickness load in
incm, kg/m?
Tread= 30 em, rise - 15em Tread= 23em, rise= [7.5cm
Brick " RCC  Brick Steps  Rec Steps
—— e ——— e |
2.50 10 625 830 868 £90 934
3.00 12 675 886 924 931 el
3.50 13 700 914 952 981 1025
4.00 15 750 970 1008 1042 1083
4.50 17.5 Bi3 1040 1078 1119 1163
5.00 20 875 1110 1148 1195 [239
5.50 22.5 938 1180 1218 1272 1316
6.00 25 1000 1249 1287 1347 1391

- — -
_'_‘—'—-—._________—
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SN
) Live load = S00 kg/m® )
- : FLIGHT LOAD IN kg/m?®
Slab Landing
il Thickness load in -
a e o TL:e:ad? 30 cm, rise- |3 ecm Tread =25¢cm, risg= 17.5¢cm
Brick RCC  Brick Steps  Rec Steps
825 1030 1068 1090 1 ;;:
= > 75 1086 1124 1151 155
o i EE{} 1114 1152 1181 28
350 5 3-:: 1170 1028 1242 1286
e - u;n 1240 1278 1319 363
i i 1075 1310 1348 1395 1439
o = 138 1380 1418 1472 S1e
o 325 1200 1450 1488 1547 :
6.00 25 _

i cen as 90 Kg/m?
M Weight of finish and hand rails has been taken as L
ote : Weig

1.3.2 DESIGN OF BEAMS
G BEAMS
1.3.2.1 SINGLY REINFORCED RECTANGULAR

F I ﬁ!h Encoy II]“HE(I mn l.i e O i L |. I
i | = 'd SIg.n ﬂrb‘-dm‘t |.|-"d their analytica
Our )l!;l (k] IP lElTlS

solutions:

Typel:To design a beam 10 resist a given B.M:-

Treating it as a halanced section, work out

for gk able es
¢ i ‘en allowable siresses |
: nts k, j and Q@ for giv TS
5 ;m'm;uvem:d by supporting column or aesthetic sense
b) B )

b/d ratio is 1/2 to 1/4



Plain &

M=Q bd* threrfore, d is known

c) calculate the amount of tensile steel required from Ag = Mitid
d) provide Necessary cover for tensile stee] and arnve at D, (over alj depih)
Tvpe Il : To determine permiissible BM or loading an beams ;-

{Ziven, the section of beam and maximum allowah|e stresses)

a) Find out position of hte NA from n= (-mas o /(mA42bm Atd )b

b} For the given stresses det

ermine the critical neutral axis, ne
|
i xd = kg
| + t'em
Where k

= eritical neutral axjs depth constant and js given by

|

| + tem

) i) Ifthe depth of critical NA is maore thanthe

depth of actual N.A., the section is
under reinforced and the stress in siepl will reach maximum value,

MR =1 At {(d-n/3)

i) Ifthe depth of critical NA js less thanthe depth of the actual N
will be over - reinforced an

A, the section
d the stress
reach the maximum value

i concrete will reach the maximum

MR=hncCn (d-n/3)

d) Dq:pendl'ng on

the nature of loading and sp
beam can also

an, the permissible ioading on the
be worked out.
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i ESSES al i it
e ine the stress developed in concret
et tion, Area of steel, m to determine
iven- the section, o : b
{g:‘r:ﬂ:ﬂ when the section subjected to given )

i vaue
e d-n/3 '
LA (d=2a) he actual stresses in
b) Evaluate = bn ca(a2) ,wheret
= fa. Ata= b b
¢) MR

are' € 4 respectively
gteel and concrete are 'a and

; sile reinforcement - : stresses)
Type IV:- To detemine the amﬁﬁm 1o be resisted and maximum allowable s
. o '
{given the section

a) For the given stresses determine k, j and Q

1 1
O
k'=  sem—mmeas
foo i |+ta/meca 1+t'mc

n=kd,j=dn3,Q=12ckj bd

: = Qbd’
- itical section, Mc = Q
f resistance or cntica : oried 35
: X : ind out the mumﬂﬂf o T ion is to be desien
b For the given %meqm]il;; ; the M R of critical section and the sectio
; tual B M is an
c) i) If the actual :
a::1 under- reinforced section

for MR = t. At [d-n/3]

Taking moments about NA
bn /2 = mAt [d-n2]

thn?
el S )
2m (d-n)

At=bn¥ 2m(d-n) or
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|

it) If the actual BM is more than the motmnent of re

b . SISTATICE OF anip: A
© designed as an over reinforced section. Of critical section, the section has G
" pt x bd and Ac= _Pc_ xbd, (cn’)
MR = / e L = —_
bn C12 (d-n/3) from which, n, can be found out and A 3_ 100 100
Al cin be found F
rOom
bn . /2 = m At (dom) Type |- To Determine the BM or permissible loading on beams :
Y [ (given size or section, area of steel and max.allowable stresses)

i) Determine the depth of actual NA by tuking moments of concrete and equivalent

Altenatively puting M=Q'bd? , value of Q' can be easily ey,
steel areas about NLA.

for giv . . alupte
Biven stresses % of steel (P) can be found i alugted. From the graph or tables,

At=phd /100 em?
ii) For given permissible stresses, determine the critical value nc.

iiiy Compare deptli of actual na to critical nc and determine whether conerele reaches

g .
1.3.2.2. Doubly reinforced Rectangular beam ced o

|
miaximum stress or steel (over - reinforced or under- reinforced) first.

Three types of problems encountered with thels
ie., na > ne, or ma<nc

analytica) solutions -

Type I : Design of D.R. ¢ -
. 1 L D2 5 . m
Ay LENMS (Piven Bﬁddh.d_ﬂgm stresses . . Rz " _
beams). _ ~——=—=22t5, m_and restricted section of a) If na > ne, concrele reaches maximum siress first, then
i) nc, Lk and Q can be found for given siresses for a sip I MR =bn C ( d-n/3) + (m-1) Ac.C n-f (d-f)
’ alngly 2 n

reinforced beam.
b) If na < nc, steel reaches maximum stress first, corresponding to, maximurm stress

in steel, stress in concrete will be

i} A be povar fan p .
) Assume , i.e., cover for compressive stee! as 4 ¢ms :

5 5ay Ca= t + (n} .
fom d-n

1

1il) Moment of resistance of singly reinforced beam M1 = Qb

bal : ?
ance of Moment qu which compressive stee| is o be ; ; e
M2 = M-M1 = M-Qbd? Provided M and R can be found iaking moments about tensile steel
MR =b.n. Ca (d-n/3) + (m-1) Ac.Ca n-f (d-)
2 n

iv) Moment resisted by com :
pressive sieg] =
Tvpe 111 :- To check design of a beam for stresses developed =~

{m-1) Ac.en-f(d-f)/n = M-M1 = M2
M2 from this, Ac can be found QRS o i 05 Biawi, rca 6l e 800 5 R

v) At= Ar + At "
I y ] M I T M_MJ
tjd _Hf-_d‘:_f_] e = m-1 Ac. f-f . i) Equating equivalent areas of steel and concrete determine N.A
or by using graphs the section can be designed i) If Ca is compressive stress in top fibre of concem,

stress in compressive steel = mea [ n-f
n

e~ 3 "
Q"= M/bd* Take some value of £=say 410 5 cme
iii) Taking moments of compressive forces about tensile steel and equating to

Choose » mix, M 15 or so, and from Fdetermine pt
external BM

fi ile
steel from graph Or tensile steel and pe for compressive
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M=(m-1)Ac x n-f Ca (d-f +bn. Ca (d-n/3)
n

. . 2
from which actual stress in top fibre of concrete Ca can be found

Iv) Stress in tensile steel, ta=m Ca {d-n) /n

v) Stress in compressive steel m Ca x (n-f) /n

1.3.23 T AND L BEAMS

Three types of problems enco
_ untered and thej i i
Type-| :- To check the section for stresses -- " et ke o

1) Assume NA 1o lie in flan 71 o
2 . Find .
SOPRVALASt Bisas £¢. Find the position of NA by equaling moments of

B.n*22 = mAt (d-n)

i) LI.FL Ca be actual stress in concrete
N.A lies in flange, MR = B.n.Ca (d-n/3) 2 = M, the given moment

i) If N.A does not lie in flange but lies in the web
B ds (n-ds/2) = m At {d-n) and ;

MR =B.ds Ca [( |+ds/n YI[ (dds) + de 1
4 gd-ds .
2 2 6(2n-ds)

_ From this, value Ca can be found
iv) Stress in steel, ta=m Ca, {d-n) /n I

T_‘i_g:: =11 :- To find MR of a given T-Beam
(given, the section and allowable stresses) :-

1) By taking moments of equi
; equivalent -
cither , (as in I (ii) and (iii) aboye. areas about NA, find the position of NA from

Plain & Reinforced Cement Concrele

n}_Bn".-’E =m Al (d-n) or
b) Buds % [n-ds] /2 = m.At(d-n)
i) From the permissible (allowable) stresses given, determine critical N A depth constant,
K=1/(i+em) from whfl‘th depthrof critical N.A = nc = kd= | I/ {1+t/Cm) | x d
{ii) 1§ the depth of actual NA is greater than n c, section is over-reinforced and concrete reaches

its maximum stress first.

The compressive stress in top fibre of concrete = C {nllowable)

a) If the NA lies in the flange:
MR = Bn C/2 [d - n/3] as for rectangular section

b) 1f MA lies in the web, lever arm is given by
d-ds/2 +ds*/6(2n-ds)

MR =Bds.(c+c')2.a
MR=B.ds.c2.(1 + (n-dsyim )[(d-ds2} + ds?/6(2n-ds ) ]

iv) If the actual NA is above the critical NA, the section is under reinforced and steel
reaches its maximum stress first. The corresponding maximum stress in concrete in

the top fibre
Ca=tm.[n/(d-n)]

a) If MA is found to lie in the flange
MR = Bn Ca/2 (d-n/3)

b) If NA found to be in web:
MR = B.ds. Ca/2 {1+ n-ds }/n [{d - ds) + ds® / 6(2n-ds)]
n 2

Type 11l - - Desien of T-beam (given the thickness of slab and the Mix),

1YAssume breadth of rib such that it cén accomaodate the steel
7) Determine width of flange from the ISI code of practices
bf=La/6 + bw + 6Df
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3) Determine effective depth of beam for balanced section from graph or from

MR=B.Cds [d - (ds(1+k) + da ]
2k 3kd
when k = 0.4 for all mixes with t = 1400 kg/em2
M/Bc = ds[(1-1.75ds+ds* /12d)] or Bds.C (2kd-ds ) kd x LA

This is on the assumptin that NA lies in rib a

is neglected. M/BC graphs are available ag

nd the compression taken by the concrete in the iy
ranging from 8 to 20 ¢m s. or LA lever arm

ainst effective depth d for various slab thicknes

can be safely assumed to lie between .88 to {}.95‘:5
or (d-ds2) ]
or M =045 Bds, C(2kd-ds), whenk = 0.4
kd

|
M = 1.125 Bds. C(0.8d-ds) - 1.125 Bds C (2n-ds)

For Tor sieel apply value of k = 0.2
Alternatively, knowing flan

89 (approximate ) for M15 mix
d can be found for a given

ge width, moment to be resisted.

Mix used, vaue of M/BC, vlaue of
slab thickness of ds, from the

graph.
Also determine the effective depth so that shear stress is with
cffective depth. Maximum depth of ebeam from the abov

in the permissible limits for assumed
beam. cover to it, to get D i.e. Total Depth.

¢, will be the effective depth of the

4) Calculate steel area from M/t a where a is LA (Lever arm)
Can be assumed as d-ds/2 and provide steel reinforcement

3) Check the section-for stresses in
(a) Steel
(b) Concrete
{c}) Shear

(d) development length at supports

and critical sections and provide shear reinforcement
as per code through bent up bevs and

vertical stirrups.

1-80

Plain & Reinforeed Cement Concrete

-

TABLE: 1.3.3 MINIMUM

DEPTH-OF SLABS FOR DEFLECTION

{mm} Rc_marks

of Slab
Span (m) Dg’;';l? Continuous
— .
75
75
250 50 % )
275 100 0 Depth/ Span =
3' 00 100 100 1730 for Simply
325 ltlguu 100 supported
EI e |
; 140
4.00 20
4.25 140 :
4.50 150

o)

L

TABLE 13.4 RECT ANGULAR B

T
EAMS WITH ONLY TENSION REINFORCEMEN

e

!

Width (cm.) REMARKS
Depth
( o ), B S
M As M
M15
- 54 1.6 Concrete
20 a1 12 Steel HYSD Bars " i
25 B 5 T%E ?J]j M = Max moment capacity at working
30 106 20 4 load .
35, 10 230 33 As Comesponding Aera of Steel mm
0 200 27 > ' Notes 2 gt
b Sl 3;{2 :g . Clear cover to main mnf_u—.ai-fhim
50 326 34 423 A 2. For design moments k:s; e
@ e 4-; gﬁ!i ﬁ.i tabulated value, the area ol ste
70 666 4. '

reduced in direct proportion.
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Cont
TABLE 1.3.5 ONE WAY SLABS (working stress design)

STEEL = HYSD BARS

_—
Overall Main Steel istribuati
/ Distribution ~ Sreel isti ' g
Depth  Diamm spacing  Dia.mm Spacing rI:z:::Sr:l::g REMARES
mim mm Kgm
3{5]{} 8 165 [ 230 200
8
e : ;?gg & 190 420 Stress
s 375 : 170 530 och= 50kg/cm?
120 5 ast= Equ I
s ;gg 2 160 650 m= |; ¥
- 5 e 0 Constnats
pe 3 =t b 140 790 K" =029
:g ;!ég 6 130 940 3 T:E
150 10 19 o s
0 6 120 1100 Cover= |5.;ﬁ.
NOTE:

For two way slabs, calculate mao
. m
from the Table for moment in each directi

ents in
en and provi

both directions and read the main s

TABLE 1.3.6 T-BEAMS WITH TENSION REINFORCEMENT

M = Maximum moment capacity of T-
Corresponding area of steel (5q mm)

beam in | m width of flange(Tonnes)

Flange thickness (cm) '

As=
Overall
depth (cm)
M
20
M
25
As

177

5.2

301

6.8

=2 o

177 177 177 177 177
3.2 52 3.2 52 52
301 301 301 01 301 '
y
6.8 6.8 6.8 68 68

= r O\qgrﬂ."

depth
cm

30

35

40

45

50

70

Plain & Reinforced Cement Conerete

A%

As

AS

AS

As

As

As

458
8.4
647 -
9.9
869
1.5
1100
12.7
1337
13.7
1815
15.1
2297

16.1

Flange thickness (cm)

458

84

647~

9.9

869

11.5

1121

13.0

1376

14.2

1897

15.9

2427

17.1

458

8.4

647

99

869

11.5

1124

13.1

1402

14.5

1964

16.5

2538

18.0

458

84

47

0.9

869

11.5

1124

13.1

1410

14.7

2017

17.4

2632

18.7

647 647

99 99

869 869

115 115
1124 1124
13.1 131
1410 1410
14.7 147
2054 2078
174 177
2712 2117

194 199
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TABLE 1.3,7 Shear Carryi i
; rying capacity for 2 legped verti i
(WORKING STRESS ."n-'lgEgTH(.IEIZ!|.,1n":ﬁlr i (Comeet

mmil
beam ]

6 mm dia ( Mild stee] ) -
8m 5

dpth 6 8 10 15 20 25 3 D ARLHYED) bare
(em ) 8 10 15 29 35
oo L |
20 21 16 |
25 28 21 17 :g 47 1
30 35 26 21 14 G 62 49 ||
ER R

8 36 29 il = 4.8
45 54 41 33 ;; :; 140 105 84 54 43 '
S0 6.1 46 36 24 |g | 159 119 95 64 43 ‘
© 7455 44 3o 23 1S . V8 B4 w0770 554 M
PRI 6552 35 26 21 w25 g5y 20 81652

191 153 102 76 61 syl

N - : TR
OTE : Maximum spacing is limited to 0.5 x depth of beam |

TABLE 1.3.8 RECTANGULAR COLUMNS Worki
Concrete = M- |5 : Steel = HYSD BARS: l

ng Stress Method

Size Gross Lo
ad Load on Bars i
mm x mm A.n:a Concrete  Min 0.085¢ al;.? I:T'I::=I ;L:Z?mw v
omn (T Max : 0.04 S¢ Ac Rn:m:m-i
: -men
Min Max Min Max. ties
230 x230 530 21 !
8 q
x300-  gop 28 10 52 323 :l; [
350 800 32
12 60
400 G20 9 i >
s’ 37 14 70 51 107 ol
1030 4] 15 78 56 119 Sl
300 x300 200
. 36 13 6
350 1050 42 16 3: ;: :g;
4
423 :;{:E 48 1% 91 i 139 8
54 20 102 74150 @n;;rnuq:-.:c
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TABLE -1.3.9

Working Stress Design
Steel : HYSD BARS

LOAD CARRYING CAPACITY OF LONGITUDINAL

STEEL IN COLUMNS (TONNES)

== — |
Bar Area Load on Mp.of Bars
Dia each Bar
Cm?
Vil 4 6 8 0 12 14
) 21 26 30
12 1.13 21 8.6 13 1
16 2.01 3.8 15 23 31 38 46 53
20 3.14 59 24 36 43 60 71 &3
22 380 T2 29 43 58 72 87 101
25 491 9.3 37 56 75 93 112 131
TABLE 13,10
SQUARE FOOTING
Safe bearing capacity of soils = 5 Vm’
Footing Total a D As
Width (A) load .
(m) (Tonnes) cm cm cm
1.0 4.5 23 25 0.80
1.2 6.5 23 25 1.50
14 89 23 25 2.60
1.6 1.6 23 30 3.3
1.8 14.7 23 35 39
2.0 18.1 23 40 4.9
22 220 23 45 5.8
2.4 26.2 23 50 6.8
2.6 30.7 23 60 7.2
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3.3 356 23 65 8.4
3.0 40.9 23 5] '9-{'.'
32 46.6 23 Bl'.'l H]: i
34 52.640 23 o0 IIIIEH]
; g 58.9 23 95 12,40
: .U 65.60 23 103 13.20
,.1-1: 7270 23 115 14,10
.-;-.‘1_ 8020 23 120 15.70
4.{3 838.00 23 130 16.70
: .3 96.20 23 140 17.80
: 104.70 23 150 18.90
30 113.60 23 160 lﬂ-lﬂ'
The steel (As)isto be provided in each direction |
TABLE 1.3.11
= SQUARE FOOTING
afe bearing capaci ils = :
Fpming_ Total ga = ﬂrﬁfgﬁ ::Ir:: of 5
Vidth (A load i
{m) (Tonnes) cm ¢m As(em?)
:E 9.10 23 25 210
2 13.10 23 25 2.90
14 17.81 23 30 3.50
1.6 23.30 23 40 4-'}3
1.8 29.45 23 45 5.“!5
2.0 3635 2 55 6.84
22 44.00 23 60 7.98
24 52.36 23 70 8.18
;.ﬁ G61.45 23 B0 10:45
:.H 71.30 23 90 11,75
J.E 81.80 23 100 13,10
3.2 03.10 23 110 14.52
1.4 105.10 23 120 1597
36 117.80 23 130 17.47
38 131.30 23 145 !9.02
1.0 145.45 23 155 Zﬂlﬁl
1.2 160.35 23 165 2223

Plain & Reinforced Cement Conerete

SQUARE FOOTING :
Safe bearing capacity of soil = 20 Vm*

TABLE 1.3.12
SOUARE FOOTING
Safe bearing capacity of soil = 15 tUm”®

" Fooling Total a D  Arcas of Steel T

fi load . (=
\’bldt'l:]iﬁl {Tonnes) cm cm As(em®)

1.0 13.70 23 25 2.69

1.2 19,30 3 30 3.55

1.4 26.70 23 35 39

1.6 34.90 23 45 5.80

1.8 44.20 23 55 7.05

2.0 54.50 23 65 8.37

2.2 66,00 23 15 0.77

24 78.55 23 gs 112l

Sﬁ 92.20 23 a3 12.79

2.8 106.90 23 110 14.39

3.0 127272 23 120 16.06

3.2 139.60 23 135 17.78
i 3.4 157.60 23 150 19.56

TABLE 1.3.13

[~ Fooling Tuotal a D Arcas of Steel
Width (A) load ihy
(m) (Tonnes) cm cm Aslem®)
1.0 18.20 23 25 .97
1.2 26.20 23 35 Jf i)

1.4 35.63 23 45 5.35
1.6 46.54 2 53 6.69
1.8 58.90 23 65 §.14
2.0 72.70 23 75 9.67
22 88.00 23 85 11.29
2.; 104.70 23 | 12.99
2.6 122.90 23 10 14,77
2.3 142.50 23 125 16.62
30.0 163.60 23 140 18.54
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1.3.2 DESIGN oF STAIR CAsES
1.3.2.1 Desired width of stajr
a) Reside

ntial buildings : minimy

€ases and balconjes
m 85 cms (75 - 95 cm)

No.of users

Width of stair in cims
1o 110
11-20 125
21100 140
b) Public buildings wire houses upto 200 - 155
Industria) buildings 200 - 300 - 185
public houses

Note : Increase by

reached,

c) Tread (width of step )
Residences
23 ¢ms

25 mm for every additiona)

d) Rise (vertical distance betw
Residences
15 - I8 (20) cms !

£en two steps)

2 - 15 cms
Thumb ryle - - 2R+T =5 cms, Tr =
Tread 23 25
Rise 19 17 16

Total number of Seps in a single flighy »
Minimum clear head room over stairs
Maximum heights of flight withoyt landings of

&) Winders . Provided jf unavoidable, Tread should
the (inner small end

of the tread) handra
on the top of the stajrs. For quarter space

1-88

le—residential buildin

Nnrl—l‘r:sida:minl buildin

il, generally Jocated jp the
landing, not more than thre

15 persons unij) 4 maximum of 2,75 metres jg

5

8 ; factories / cinema theatres
27 - 30 ems

25 <27 eme

S8 | factories / cinema theatres

19 - 25 cms

400 --450 (500)
8

30 i3 35 38
15 14 i2 il

12

210
winders 24 m

be at least 23 €ms, at about 45 ems from

lower reaches but not
€ winders sha]| be usad,

Plain & Reinforced Cement O, Oncrege
___—'————___________
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S

1.3.2.2 Design aspects

i / inger beamsor at one
i lly :- Stairs supported at each side by walls, string
irs spanning horizonta y -
S'tj:s‘r;}rpx:aﬂ and the other side by a beam.
5k

Itecl ¥ - Liv W Iringer h‘ﬂd.“ls- ﬁ-hﬂ."
; 7 . i t i g
13,2.3' E |

p i i E v H b a
| i

: Il be
fant] stairs, they sha
landing slab spans in the same direction E_:-: ;:;iﬁnud e sticcs
e s mtf: :tnhcr to form a single slab and the S:;:Emd horizontally.
considered as m:t;r:ﬁe sEpPO rting beams or walls, the going m
centre to centre o
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|
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EFFECTIVE SPAN FOR STAIRS SU
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SERS.
SPANNING PARALLEL WITH THE RI
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E!JLC] ;I = =1 Sia i

SPANNING paA RALLEL WITH THE RISERS

1.3.2.4 Distributio i
n of laoding on Stairs .. |
e : = In the case of stairs with o ells wi
Sl mwhhgﬂ E‘Ij:ihl ia.r:jg]es oceur, the laod on areas common to any riin-:bins it
ek s ofn?; ;E Fl‘tl.‘;llﬂl'l as shown in fig, Where Rights or randfngs_arz :pba HdS ey %
i s ::uc:u:i | rm mr;: a?d are designed to span in the direction Llf EIJ'ldaf’:Tl' ”rlm
p ed from the loaded ares ; ; i ot
b ea and J :
sty e o e S G e the effective breadih of the section

r” LTI
o 7
: g
7 /
3 E 4 :
- =u :
G H ) S
= 7
Y
d, 4

- [FeerEa

FHE LoWp ou SREAS COmups

o ™0 vy rgiug oM T
AR g MALF g Bagwm lti::!lillﬂﬁ
-
=i
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EFFECTVE !
L e Fig.

Stairs spanning Jongitudinally : - Staire span between supports and the ,bottom and top of flight

LOADING ON STAIRS BUILT INTOWALLS

and remain unsupported at sides.

Bending Moment : Coefficients WL/ 8 if simply supported

and WL* /10 if continugus
Loading : See Table 1.3.1 LS 875 - 1964 (Revised)
300 kg/m? for residences

00 Kg/m? for offices and balconies
Mix M 15
To arrive at teh corresponding load on plan, for waiste slab multiply L by a factor

=(R24T9)
T

1.3.3.0 SMALL WATERTANKS

1.3.3.1 Nlustrative Example .
Let us consider a water tank with a storage capacity of 7,000 liters. From Tablel.3.14 and

1.3.15 the following particulars may be set out.

Capacity of tank =~ ... 7.000 Litres
Inside diameter ... 25
Depth (including free board) ...... 1.6 m
Wall thickness OO [
Floar thickness e 10 €My
(Reinforcement in wall, e 10 mm diaat 20 cm cfe
hoop bars conforming to
bars ¢ in figl.3.1)
1-9



————

Vertical bars(aand b

fig.3.11)

Reinforcement in floor
{bars d in Fig.3.1)

TABLE 1.3.14 RECOMMENDED SIZES OF CIRCULAR T
CAPACITIES

e

Capacity of tank
Litres

2,500
5,000
7,000
10,000
20,000
30,000
40,000
50,000

e

Internal diameter
m

.75
2.25
2.50
2.75
3.50
4.00

4.50
5.00

10 mm dia at 20 ¢m clc

10 mm dia at 20 em o/c
mesh at top and bottom

ANKS WITH DIFFERENT

Depth including free
board of |5 em

m

1.20
1.40
1.60
1.85
225
255
2.65
2,70
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TABLE 1.3.15 STRUCTURAL DETAILS OF CIRCULAR REINFORCED
CONCRETE WATER TANKS OF DIFFERENT CAPACITIES (Figure 1.3-1)

{On ground / level platfom)

Capacity Thickness of Reinforcement in wall Mesh rclnﬁ':trccd
litres concrete in . Hoop bars® Vertical bars** cement in
{loor
at top and
bottom ++
Wall Floor
1} 10 10 10 mm dia 10 mm dia 10 mm dia
3 (@20 em cle (@20 em cfc @2:.{} cm f;-"n
5000 10 10 10 mm dia 10 mm dia 10°'mm dia
@20 em c/e @20 em cle @20 cm cfc
7,000 10 10 10 mm dia 10 mm dia 10 mm dia
@20 cm cfc @20 cm cfc (@20 cm E:.fc
10,000 13 13 10 mm dia 10 mm dia 10 mm dia
(@20 em cfc @20 cm clc @20 em F.l'c
20,000 15 15 10 mm dia 10 mm dia 12 mm dia
@18emec  @IBem cle @I18 cm c/c
30,000 15 15 10 mm dia 10 mm dia 12 mm dha
@18 cm cfc @18 cm cfc IEcmFJc
40,000 18 18 12 mm dia 12 mm dia 12 mm dia
@20cmcle  @20cmclc @20 cm cle
50,000 18 18 12 mm dia 12 mm dia 12 mm dia
@19 em clc @19 cm cfc @19 cm clc

Shape conforming to bars ¢
Shape conforming to bars aand b
Shape conforming to bars d

Grade of concrete = M 20

NOTE :

1. This table applies only to these tanks, the sizes of which conform to those
given in table 3-16 for the respective capacities,

2. Only hydrostatic pressure is considered in the design.

3. Wind pressure resistance has to be separately designed.

1
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RECOMMENDED TABLE 1.3.16
: SIZES OF SQUARE TANKS WITH DIFFERENT CAPACITIRg
Bpacity of tanks . : .
of 15cm Internal dimensions Depth includi
litres " uding free board. :
2,500 —_— m |
i 15 x ) .
5,000 5 ||
7,000 20 x 20 P |
26,006 26 x 26 50
30,000 33 x 33 .65 |
20605 38 x  3g 2.00 |
Sﬂinﬂﬂ 47 x 42 3.25
J 45 x 45 ;-;55 ‘
l 4+t "ﬂﬂndu'qp i
b+a
Dlameter
+b T—
g z
- g
a v I
. - l!hr

Every

alternate bar
| Stopped here

Fig -
£:1.3.1 DETAILS OF RE!NFCIRCEMENT
IN A CIRCULAR TANK

Plain & Reinforced Cement Concrete

TABLE 1.3.17 STRUCTURAL DETAILS OF SQUARE REINFORCED CONCRETE

WATER TANKS OF DIFFERENT CAPACITIES (FIG 1.3-2)

——— P .
apacity ~ Thickness  Reinforcement in wall Mesh rein
forcement
Wwall, floor, Vertical Vertical Vertical Vertical Horizontal  in floor,

barsin  barsin bars+ bars in bars alternate

bottom  botiom Tophalf++ bars bent

lires cm cm  half*® half ** up ends
2500 10 10 10mmdia (0mmdia I0mmdia — 10 mm dia 10 mm dia
@20 cm or @20 cm oc i 20 em oo @20cmoc (@20 cmoc
000 10 10 10mmdia 10 mm dia I0mmdia — 10 mm dia 10 mm dia
@20 emoc @20 emoc (@20 cm oc @20cmoc @20 emoc
000 10 10 12mmdia 10 mm dia 10mmdin — 10 mun dia 10 mm dia
@W0emoc  @20cmoc @20 emoc @20 cm oc (@20 cmoc
o000 13 13 16 mm dia I2mmdia 12mm dia 12 mmdia 10 mm dia 10 mm dia
@0cmoc @Wemoc @40emoc @40cmoc @Wemoc  @20cmoc
20000 15 15 16 mm dia 12 mmdia IZmmdia 12mmdia 12 mm dia 12 mm dia
@20emoc  @Wemoc @ A4Democ @i0cmoc @20cmoc @20 cmoc
0000 18 18 16mmdia 12 mm dia 12Zmmdiz 12 mmdia 12 mm dia 10 mm dia
@20cmoc @0ecmoc @40emoc  @4lcmoc @20emec @20 emoc
40000 18 18 20 mm dia I2mmdia I[2mm dia 12 mmdia 12mm dia 10mim dia
@20cmoc @20emoc  @40cmoc (@40cmoc @20cm oc {@20emoc
500000 20 20 22 mmdia 12 mmdia 1Zmmdia  12Zmmdia 12 mm dia 10mm dia
@20cmoc @Wcmoc @40cmoc (@dlemoc @0 emoc  {@lcmoc

+

** Shape conforming to bars b

Shape conforming to bars a
Shape conforming to bars d

Shape conforming to bars ¢
Grade of concrete  M20

++
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NOTE : This

table applies only 1o those tanks, the size of
1-3-16 for

the respective capacities,

1.3.3.2 Usesof Accoproof
To make the concrete used
% of Accoproof integrally
of clean graded sand 4.75

in building water storage tanks
with the toncrete, which should
mm down, and 3 pars of brok

water tight, it

ater tght, their walls 5
o three caots, each of cement

Where repairs for stopping leakage have 1o be carried put to an
the base of finishing coats of plaster,

each 12.5 mm thick, should be made
admixing 2 % of Accoproof

Water proof by
with the cement mortar 1:2 1/2 mix.

Number of Coats - If the surface of newly built wal)
- the backing coat being 1010 12
wall is rough and uneven, three
mm thick being applied to true up the surface,

to be renderd js faj rly even, two coats
.5 mm thick and the finishing coat Feyuired.
coats should be used, the first coar about |0

TABLE 1318 ESTIMATED QUANTITIES O
FOR 100 M* OF CEMENT MORTAR
Accoprool assumed ar 2 % by weight of Cement

Acco proof in Kg for 100 M? of cement mortar for thickness in mm of

F ACCOPROOF REQUIRED
FOR VARIOUS THICKNESsS

10 2.5 15 20 25 30
1.8 14.7 178 236 294 354
10.] 126 15.2 202 252 303

It is desirable w provide a roof over concrete tanks 1o prevent pollution of water. By
referring to Tsble 1.3.19 and 1.3.20 the thickness i

. enl required for
circular and square water tanks, respectively, for capacities varying from 2,500 1p 30,000 litres

can be obiained,

1-96
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which conform to those given in Tapj - —

I$ necessary 1o iy 3
consist of | part of cement, 1% page

en stone graded from 20 1o 4.75 mm.

nd floors shoy id,

roof and 3 parts of clean gradeq sand|

existing concrete masonry tank,

Plam & Reinforced Cement Concrete

I w=ri B o Ll - = - {U{:I -
I, [ D 4 AI 0 R I:I
i"ﬂ

R TANKS e -
FOR CIRCULAR WATER 1 Grade . M-15

¢ T ent 1
. nternal- diametce Thi’:km:;? Fm-’;'lﬁﬁh FEH:ET: e{Thcmam bars bent up at ends]
ity of tank, —
tl-f:; v . = 20 cm ¢lc
e 10 10 mm dia @ ED oo
2,500 34 10 10 mm dia @ 20 em ¢/c
5.000 225 0 10 mm dia @ ;{l £m %
7,000 %0 10 10 mm dia f& ;ﬁ m: ele
10,000 275 10 10 mm dia & ‘]’ X ;" m' ol
20,000 3.50 10 10 mm dia @ l- '5 ':m cle
30,000 4.00 10 10 mm dia @: i'. el
0000 430 o 10 mm dia s
50,000 .

Note - Design live load assumed as 150 kg / m*

E ROOFS
sTRUCTURAL DETAILS OF REIHI—"ORCFD CONCRET
o i FOR SQUARE WATER TANKS

[ esh reinforcement in .
s :11?# T:tfdiz?:-? himr (alternate bars bent up at ends
Capacity of an Je:
— - i 20 cm cfc
10 10 mm d!a @ 3{: e
oo il 10 10 mm dia @ : : : ‘;k
5.000 20 x 20 o s a -E > »
7,000 23 x 23 % e di G anem "
30008 e I-E‘ 10 10 mm dia @ 20 irm b2
20,000 33 x 33 ¢ g g :?_‘r Ei ’
30,000 3.8 x 3.8 6 L+ @ h e
by &5 :i 10 10 mm dia (@ 14.0 e
50,000 45 % it

Iqﬁlﬂ n hﬁ'c u“lﬁd 5 i{} L I I:ad.ﬂ ﬂ‘l concrele E'II l:-}
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8

J ,aond b
4 .

l.‘“

Yol

aond b b %l J

a
,_e tamm al 20em sc

both ways . altsmate
bars bant up

SECTION O
F SQUARE TANKS SHOWING DETAILS OF REINFORCEMENT

FIG 1.3-2

Plain & Reinforced Cement Concreps
—-—-———_________——.______h__é

torom ¢ ak zocm o€
bothwag s, alternate
o bara bent up

b

Plain & Reinforced Cement Conerele

—

134 DESIGN AIDS FOR WORKING STRESS METHOD :

13.4.1 Flexural Members :

msinglv reinforced rectangular members :-
Modular ratio

m= 2800 = _933.33
3oche o che
Therefore, for all values of m, ocbe = 933.33
Balanced section . gst . mache{ Ik - 1)
(1k - 1) = —ast = ol

mao che 933.33

o 5l gst + 933.33
I--Irk- = e e . © | = i ——
93333 931.33

k = 933133 /( ost + 93333)

Note - Value of K for balanced section depends on ost only and it is independent of
g cbe

MR for balanced section. M bal = (bd’/2). ocbc k (1 - k/3)

The values of Mbal / bd® for different values of ocbc and o stare given below.

Concrete a cbe a st in kglem?
grade kg/cm?
MS Fe 415- Tord0 Fe.500-Tor350
4500 2300 2750
M35 50 8.7 6.50 5.80
M20 70 12.10 9.1 B.10
M25 85 14.70 11.10 9.90
M30 100 17.30 13.0 11.60
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Percentage of steel (pt) for balanced section :-
Compressive force C - Tensile force=T
ocbe khd =
—kbd =  _Pihal x bd as
2 100 o=
Pt bal = S0K gche

a st

Pr.of steel (tensiie reinforcement) for 31»3

—

lanced Singly reinforced section

B

o5t in Ke/cm?
Concrete o che
M.S
grade kp/em? )
2/cm 1400 Tor40=Fe415 Tors0=Fe 500
Mis
s ;I;] 0.71% 0.31 0.23
i 1.00% 0.44 :
i s 1.21% 0.53 gii
1.43% 0.63 0.46

Under reinforced section : Singly reinforced sectio
n

Equating moments - N A=

bkd.kd =
kd Bt bd m(d-
- B (d-kd) or gzgl_ = Astm(d-n)
bd* k2 = byt ptm_ (1-k)
2 100

k' = pim (1-k)
50

k' + ptmk - ptm =10
50 50

1-100
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-ptm pt m’ P
k= et T

100 (100)2 50

R for under reinforced section :
M:bd pt. ost(1-k3)/100 or Ast ost {d-nf3)

Table 1.3.2 1 MI15 Mix - MR [actors
Working stress Method
Flexure - Moment of resistance factor for a singly reinforced Reinforced Rectangular section
with different % of steel for different grades of steel and concrete (unbalancedSection)

o Cbc= 350Kg/em’, grade = M=13
Moment of Resistance factor = M/bd*(in kgfem?)

ast kglem?

pt Ms/1400 Tor.40 Tor.30 st in Kg/em®

%% of steel Fed415 Fe3500

(100 Ast)bd 2300 2750 Pt. M5 T40 T30
D.12 1.57 2.58 3.09 0.47 5.83
0.13 1.70 2.79 3.34 0.48 5.95
0.14 1.83 3.00 3.59 0.49 6.07
0.15 1.95 3.2 3.84 0.50 6.19
0.16 2,08 341 4,08 0.51 6.30
0.17 220 3.62 4.33 0.52 642
0.18 230 3.83 4.57 0.53 6.54
0.19 245 4.03 4.82 0.54 6.65
0.20 2.58 4.23 5.06 0.55 677
0.21 2.70 4.44 5.31 0.56 6.39
022 2.82 4.64 555 0.57 7.00
0.23 295 4,84 5.79 058 7.2
0.24 3.07 5.05 0.59 7.24
0.25 3.19 525 0.60 7.35
0.26 332 545 0.61 747
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ost kg/em? — Sl S
| t e e = - ———
| W uj:' el Ms/1400 Tor.40 Tor. 50 ost in Kg/ Table 1.3.22 M.20 - MR Factor Working Stress Method
_ Fedls F cm’
(100 A b es00 —
st)'bd 2300 2750 P. MS§ - T T Flexure: Moment of Resistance factor M/bd®/ in kglem®  for singly reinforced Rectangular
0.27 3.44 . I ;T30 section using different % steel for different grades of steel and concrete ( Unbalanced section)
% 3. 5.65
0.28 = 0.62
0.29 j'i: 283 0.63 ;'33 ost kg/em?
: | s :
0.30 (.64
g§| 33:{: 6.23 0.65 ;:: pt Ms/1400 T40 T 50 ost in Kg/em’
) 2 6.45 ' g ip
: 0.66 8.04 {?sc?f;i;:bd 50 Pt MS. T40 TS50
0.32 e
2 4.05
0.33 0.67
0.34 prld 0.68 :!5 0.20 2.81 4.28 512 0.71 8.78
0.35 429 069 B 0.22 286 470 562 072 890
0.36 s 070 8 2 0.24 311 Sl 6L 073 901
%3 e 0.26 336 552 660 074 9.13
0.37 . e 0.28 361 593 709 075 925
0.38 i 0.72
035 4.77 i 0.30 386 633 757 076 936
0.40 pd 0.74 0.32 410 674 808  0.77 9.48
0.4 o 0.75 034 435 7.4 0.78 9.60
—— 576 036 459 155 0.79 9.71
0.42 $94 ‘ 0.38 484 795 0.80 9.83
0.43 % 0.77
0.44 28 b7 0.40 508 835 0.81 9.94
0.45 e 0.7 0.42 532 875 0.82 10.06
0.46 o i 0.43 545 895 0.83 10.18
2 : 0.44 5.57 0.84 10.29
0.45 5.69 0.85 10.41
0.46 5.81 0.86 10.52
0.47 5.93 0.87 10.64
0.48 6.05 0.88 10.75
0.49 6.17 0.89 10.87
0.50 6.29 0.90 10.99
0.51 6.41 0.91 11.10
0.52 6.53 092 11.22
1-102 0.53 6.65 093 11.3

I
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ast kg/em?
pt Ms/1400 T 40 T 50 ast in Kg/em!
%o of stee| 2300 2750 —_— —_—
(100 Ast)bd Pt MS. T40 Tso
0.54 6.77 0.94 11.45
0.55 6.89 095 11,58
.56 7.0] 0.96 11.68
0.57 7.13 0.97 11.79
0.58 1.24 098 11.90
0.59 1.36 0.99 12,02
0.60 7.48 1.00
0.61 7.60 1.0
.62 .72 .02
0.63 7.84 1.03
0.64 7.95 1.04
0.65 3.07 1.05
0.66 g.19 1.06
0.67 8.31 1.07
0.68 843 1.08
0.69 8.54 1.09
0.70 8.66 1.10
.11
.12
113

1.3.4.2 Flexrual Members - Doubly reinforced rectangular section

Working design

When the Moment to be resisted
exceeds the balancing moment, these
section are used Uplo certain extent:
Afterwards, they will be replaced by
T & L Beams or the sections will be
redesigend changing the parameters
if permissible,
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e

e o
s be taken by compressive steel and additional tensile
to be ta

. -

= lanced section + M ;

otal = M for ba _ sl
:Ti:'nfmccment over the steel used in balanced se

. I:CIuE' SIress 1+
Th-c {ress

surrounding concrete.
Pc bd (1.5m-1) acbe x (kd-d"} (d-d")

Additional RM M' = “

e v - & b@)
= Pe (1.5m-1) ocbe x (1 - d_ &
100 kd |
. ntroid of tensile steel)

K oul
Ll A ten g IDIEE b* i.l[uﬂ DI addl. SIEC! pfﬂrldl!d i
Eq B“ng .

the section)
hd (Total pt) - e
(Pt bal ) ost =Pc.bd (1.5m-1) oc L__.E.d.._

- 100 100 "
or (pt - pt, bal)ost = pe (1.5m-1) ocbe (1-d'kd)

Where M bal = k bd® ocbe (1-k/3)

or ptbal . _bd® . ost (1-k/3)
100

bd + M .

A, = (Astl + Ast2) = Pt, bal x s

io of
also be expressed as a ralio 0
To simplify matters, the compression reinforcement, Asc can
o si ?
the additional tensile steel Ast as
1
s s SRR ==y
i%z {Pt-Pt,bal) ache {1.5m-1) (1 )
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Values of ratios Asc/As2 for orced Cement Concrege |

four different alues ofd'/d (

Plain & Reinforced Cement Concrete

depth) for four grades of con -

cover to compressive steel/Effec
crete and two grades of steel pressive steel/Effectjye

ost kglem®*  ache kg/em?

Value of the Rati M? ' /d=0.05 ' 1d=0.10
grade of and 2 ue of the Ratios Asc/Ast2 bd ? Pt Pc Pt P
Steel aindé of it ations of cover/depth = d'/ d
o s % 0.15 0.20 120 0965 0207 0979 0366
1400 M15= 50 1.19 1250 1.003 0342 1019 0421
M.S M20= 70 1.20 :jg .66 2.07 130 1.040 0386 1058 0476
= g5 ' ; 168 2.1
M25= 85

M30= 100 :zzi $o7 170 2.13 13.50 1.078 0431 1098 0.530
' 4 L72 215 1400 1.115 0475 1138 0.585
2300 MI5= 50 2 1450 1.153 0520 1.177 0.640
T-40 M20= 70 ;33 i:; 335 5.54 150 1190 0564 1217 0.695
M25= g5 212 seg ;2: :2; 1550 1228 0.609 1257 0.750

M30= | ; : :
- £t am 3.68 576 16,00 1226 0.653 1296 0805
1650 1303 0698 1336 0.860
TABLE- 1323 170 1341 0743 1376 0914
; 969
Mis MIX - DOUBLY REINFORCED SECTIONS - M.R FACTORS R . 1 140

Flexure - doubi y
bd’, kg/em® and

|‘ 18.00 1416 0832 1455 1.024
and steel,

reinforc o ; .
Cﬂmp;e::::ir:;; ':/d ol steel in tension (pt) ﬂ!']l.:f compression {Pc:l for EEYEI'I M/ 18.5 1.454 0.876 1.495 1.079
overfbeam dﬂﬂ[h ratios using different grades of concrete 19.0 1491 0921 1.534 1.134
19.50 1529 0965 1.574 1.189
200 1.566 1.010 1.614 1244
20,50 1.604 1.054 1.653 1.299

MIS (1:2:4) Mix, ocbe : 50 kg/em?, Ms,(ost)= 1400 bt
M2 d' /d=0.05 d'id
'WE ! =0.10 d'/d=0 |5 i
bd Pt Pe Pt P¢ Pt pe 5: fd=0.20

870 0717  0.003 0.717 0.004
9.00 0.739 0.030 0.741 0.037
950 0777 0070 0.780 0.09)

210 1642 1099 1.693 1353
Pe 215 1679 1144 1733 1408

2200 1717 1.188 1.772 1463
0.717 0.005 0.717 0.006

2750 1754 0233 1812 1518
072 0046 0.744 0.062 230 1792 1277 1852 1573

0.784 0.116 |
100 0815 0419 0820 o %5, sa5 S
; : 146 0.826 0.186 083 3 2 a3
1050 0852 0.163 0860 0201 038 0256 u_'s?; gi:g | up lar 13 190

240 1867 1366 1931 1683

2450 1905 1411 1971 1738

3‘3‘“ 0325 0923 0432 250 1942 1455 2011 1792
792 03950967 0.525 2550 1980 1.500 2050 1.847

1.0 089 o208 0.899 02356
11.50 0.927 0252 0.939 03|
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d'fd=0.15
Pt Pec

0.994 0.465
1.036 0.534
1.078 0.604

1.120 0.674
1.162 0.744
1.204 0.813
1.247 0.883
1.289 0.953

1.331 1.023
1.373 1.092
1.415 1.162
1.457 1.232
1.499 L1301

1.541 1371
1.583 1.441
1.625 1511
1.667 1.580
1.702 1.650

1.751 1720
1.793 1.78%
1.835 1.859
1.877 1.929
1919 1.99%

1.961 2.068
2.003 2.138
2045 2.208
2.087 2.2M
2.129 2347
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M15 (1:2:4) Mix, gcbe : 50 kefem?, Ms,(ost)= 1400 kg/om?

d'/d=020

P

1.042
1.057
1101

1146
1.190
1.235
1.280
1.324

1.369
1.414
1.458
1.503
1.548

1:592
1.637
|1.682
1.726
1.771

1.815
1.860
1.905
1.949
1.9%4

2.039
2.083
2,128
217

2217

Pe

0.617
0.710
0.802

0,895
0.988
1.080
1.173
1.265

1.358
1.451
1.543
1.636
1.728

1.821
1.914
2.006
2.099
2.9

2284
2377
2.469
2.562
2.654

2,747

2.840

2.932
3.025

37
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26.00 2.018
26.50 2.055
27.00 2.093
27.50 2,130
280 2.168

28.50 2.206
29.00 2.243
29.50 2281
30.00 2318
30.50 2356

1.545
1.589
1.634
1.678
1.723

2.090
2.130
2.169 2.012
2209 2.067
2249 2122

1.902
1.957

1.767
1.812
1.857
1.901
1.946

2288 2477
2328 223
2368 2286
2407 2341
2447 2396

2.171 2417
2213 2.487
2.255 2.556
2297 2.626
2.339 2696

2381 2.765
2423 2.835
2.465 2905
2507 2975
2.549 3.044

2262 3210
2307 3.302
2351 3395
2396 3.488
2440 3.580

2485 3.673
2530 3,765
2514 3.858
2619 395
2664 4.043

MNote- Pi=
Pc =

TABLE 1.3.24

M20 x Mix - Doubly Reinforced Section - MR Factar Flexu
steel in tension(Pt) and compression (Pc) for given M/bd?

“ Total Tensile Steel ( 100 At / bd)
% Compressive Steel ( 1000 Acibe)

beam depth ratios using different grades of concrete and

M20 ( 1:%:3 ) Mix, ache : 70 kg/em?,

M?  d/d-0.05

bd ? Pt Pc
1220 1.005 0.006
12.50 1.028 0.033
13.0  1.065 0.078
13.50 1.203 0.124
140  1.140 0.169
1450 1.178 0214
1500 1216 0259
15.50 1.253 0305
16.00 1.291 0350
16.50 1.328 0.395
17.00 1.366 0.440

d'/d=0.10
Pt Pc

1.005 0.007
1.029 0.041
1.06% 0.097
1.108 0.152
1.148 0.208

1188 0.264
1.228 0.319
1267 0.375
1307 0431

1341 0.486

1.386 0.542

d'd=0.15 d'fd=020
Pt Pc Pt Pc
L.O06 0.08% 1.006 0.013
1031 0.052 1.033 0.069
LO73 0.123 1.077 0.163
L1IS 0093 1122 0257
LI57 0264 1.167 0.351
1199 0.335 1211 0.445
1241 0406 1256 0.539
1.283 0476 1301 0.633
1L.325 0547 1345 0.727
1.367 0618 139 0521
1.409 0.689 1435 0915
- 108

MS,(ost)= 1400 kg/cm?

re - Doubly Reinforced Beams - % of

s (kg/cm?) and compressive sieel cover
steel.

Plain & Reinforced Cement Concrete

W:S ) Mix, oebe : 70 kglem?, MS,(ost)= 1400 kg/em?

___r'd;:
bd*

17.50
18.00
{8.50
19.00

19.50
20.00
20.50
2100
21.50

22.00
22.50
23.00
23.50
24.00

24 50
25.00
25.50
26.00
26.50

27.00
27.50
28.00
28.50
29.00

29.50
30.00
30.50
31.00

d' /1d=0.05

Pt

.404
1444
1.429
1.516

1.554
1.581
1.629
1.667
1.704

1.742
1.779
1.817
1.855
1.892

1.930
1.967
2.005
2.043
2.080

2.118
2.155
2.193
2.231
2.268

2.306
2343
2381
2.149

Pc

0.485
0.531
0.576
0.621

0.666
0.712
0.757
0.802
0.847

0.892
0.938
0.983
1.028
1.073

1.119
1.164
1.209
1.254
1.299

1.345
1.3%0
1.435
1.480
1.526

1.571
1.616
1.661
1.707

d'/d=

Pt

1.426
1.465
1.305
1.545

1.585
1.824
1.664
1.704
1.743

1.783
1.823
1.862
1.962
1.942

1.981
2.021
2.061
2.101
2.140

2.180
2.220
2259
2299
2.339

2378
2418
2.458
2.497

0.10
Pc

0,598
0.653
0.709
0.765

0.821
0.876
0.932
0.988
1.043

1.099
1.155
1.210
1.266
1322

1.378
1.433
1.489
1.545
1.600

1.656
1.712
1.767
1.823
1.879

1.934
1.9%0
2.046
2.102

d'/d=0.15
Pt Pc

1.451 0.760
|.493 0.830
1.535 0901
1.577 0972

1.619 1.043
1.661 1.113
1.703 1.184
1.745 1.255
1.787 1.326

1.829 1.396
1.871 |.467
1.913 1.538
1,955 1.609
1.977 1.680

2.039 1.750
2.081 1.821
2.123 1.892
2.165 1.963
2.207 2.033

2.249 2.104
2291 2.175
2.333 2.246
2.375 2.316
2417 2,387

2.459 2.458
2501 2.529
2.543 2.599
2.585 2,670
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d'/d=020
M Pc

1.479 1.009
1.240 1.103
1.568 1.197
1.613 1291

1,658 1.385
1,702 1.479
|.747 1.573
1.792 1.667
1.876 1.761

1.881 1.855
1.926 1.949
1.970 2.043
2015 2.137
2.060 2.231

2.104 2325
2,145 2419
2,193 2313
2.238 2.608
2,283 2.701

2.327 2,795
2372 2.888
2417 2.982
2.461 3.076
2.506 3.170

2.554 3264
2.595 3.358
2,640 3.452
2,685 3.546



———

3150 2456 1752 2537 2.157
32.00 2494 1.797 2577 2213
32.50 2531 1.842 2616 2.269
313.00 2569 1.887 2.656 2.324

33.50 2607 1933 2696 2.380
34.00 2644 1978 2.735 2,436

2.627 2.741

2.669 2.812
2.711 2.883
2,754 2.953
2796 3.024
2.838 3.097

Plain & Reinforced Cement Cog o

2.729 3.640

2774 3.734
2818 3.828
2,863 3922
2908 4.016
2952 4.120

MI5 - Mix - 8 Steel required
Doubly reinforced Rectangulars:
given M/bd? « (kg/em®) and com

concrete and steel.

MI15 ( 1:2:4 ) Mix, acbe - 50 kgfem?, Fe 415 ot T-40 Aost)= 2300 kg/cm?

M? @ /d=0.05 d ' /d=0.10
bd 2 Pt Pc Pt Pe
6.60 0317 0.007 0318 0.010
7.00 0336 0.045 0.337 0.060
750 0350 0.092 0361 0.173
B.00 0381 0.139 0.385 0,186
B30 D404 0,187 0409 0249
9.00 0427 0234 0433 0312
9.50 0450 o023 0.458 0.37s
10,00 0473 328 0.482 0.438
10.50 0496 0.375 0.506 0.501
11.00 0519 0422 0,530 0.564
11.50 0542 (0.469 0.554 0.627
1200 03584 0577 0.578 0.690
12.50 0.587 0.564 0603 0,753
13.00 0610 0611 0.627 0816
13.50 0633 0.658 0.657 0.879
14.00 0.655 0705 0675 0942

1

TABLE 1.3.25
in Dubly reinforced Beam
echions - % of stee| in
presive steel cover/beam

d*/d=0.15
P Pc

P Pc

0318 0.014 0318 0.023
0.338 0.087 0340 0.144
0.364 0.177 0367 0295
0389 0268 0,394 0.446
0415 0.359 0421 0598

0.441 0450 0.448 0.747
0.466 0.540 0.476 0.898

0492 0.63)
0.517 0.722
0.543 0.812

0.568 0.903
0.594 0.994
0.620 1.085
0.645 1.175
0.671 1.266

0.696 1.357
- 110

0.503 1.048
0.530 1.199
0.557 1.350

0.584 1.501
0.611 1.651
0.639 1.802
0.666 1.953
0.693 2.104

0.720 2.254

d' fd=020

sWorking stress method - flexume
tension (pt) and compression (pe) fy
depth ratios using didfferent erades o

Plain & Reinforced Cement Conerete

- = 2300 kg/em’
= %) Mix. acbe : S0 kegfem?, Fe 415 o TI:fn (o) d‘sm__ ol
MIS{ < ¢ =.{15 d*fd=0.10 d=).1: n
M ;M 3 Be B Pe Pt B
HI
2.405
0722 1447 0747
752 0699 1.005 47 2405
94 gg;: g.snu 0723 1068 0.747 1;3}; E;u; 2556
e 0725 0847 0747 LI31 077 L 0 e
li'f:g 0748 0894 0722 1194 0799 1712 082
16,00 0. .
3008
0824 1.810 0.856
0941 0796 1257 56 3008
= g;:g 0988 0820 1319 0850 I_?}gl g.gm 319
S 0816 1035 0844 1382 0875 I 2 1418 30
Fen 0839 1082 0868 1445 0901 ;.n?; 0938 344
ll'g?} 0862 1130 0892 1508 0826 2173 0.
1850 0862 1. _
3.762
0052 2264 0992
1177 0917 1.571 2 2 3362
lq.ug Eﬁﬁ; 1224 0941 1.634 0978 1;3: 1019 38
;tg:-g-n 0031 1271 0965 1.679 |ggq 2_53}1 :
2050 0953 1318 0989 1.760 o2 2% - -
2100 0976 1365 1013 1823 1054 262
a7 - h
3150 0999 1413 1.037 1.386 :?32 E';-:m :
2200 1022 1460 1061 1949 105 2808 - -
5250 1045 1507 1,086 2012 131 289 -
2300 1068 1.554 1.110 2,075 :':sz 2989 - -
2150 1091 1601 1134 2138  1.182 3.
2400 1114 1648 1.158 2201 lligg izlg
2450 1137 1695 1.182 2.264 1233 3262
2500 1159 1743 1206 2327 1259 332
2550 1182 1790 1231 2390 1284 3443
26.00 1205 1837 1255 2453 1.
4
2650 1228 1884 1279 2516 |§§? :;?;;
2700 1251 1931 1303 2.579 Lm 118
2750 1274 1978 1327 2.642 I'm 3806
28.00 1297 2.026 1351 2.705 :'4;33 3457
2850 1320 2073 1375 2768 1438 3.
1-111
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TABLE 1.3.26

Plain & Reinforced Cement Concreg
—— e 5

2 i B Iﬂl DD bl ]’:3' J C EE?’H]I lllk 4] k{ !“}g S“ELS ““‘-“Iod 1':.“““ w
dgub]:’ Ie“ljujccd RLEEM'EUIBI Secto 5 L, :i Sice n “‘“" 1o FI i c I casion ‘:pﬂ] rm

given M/bd?, (kg/em®) and com i
bl . pressive steel cover/beam depth ratios using different grades of

MZ20 ( 1:1%:3 ) Mix, acbe - 70 kg/em®, Fe 415 ot T-40 Losty= 2300 kg/cm?

- § "
f: ;!ﬂ.ﬂ: d'/d=0.10  d'/d=005 d'/g=0.20
ool S LB B B
2
3;3 3.:;5 gun;:; g:gg g.(}:}? 0.443 0.013 0443 0.2
: . ; . 047 0.458 0.068 0459 011
:ggg g:;g 0.083 0481 0.411 0484 0,160 0:453 321;;
g0 ooz 031 0505 0075 0509 0252 0514 0419
00 0525 0179 0530 0239 0535 0344 0541 0,579
|
1200 0591 o3 uast 0303 0560 0436 0set 07
: : . . 0.586 0.528
1250 0593 0323 0600 & oary o
; 602 0431 0612 0.620
13.00 0.616 0370 0.626 cesleys s
i 626 0495 0.637 0712 0630
1350 0.639 0418 0650 0558 0663 0805 0.677 :ei.g;
::gg 32:? g_;:ﬁ; 3:;; 0622 0.688 0.897 0704 |.490
50 0. : 699 0.686 0714 0.980 (73] 1.
l::gg 3;2:: 3;?3 3.?23 0.750 0739 | 08 9'33; :'5:49;
50 0, : 747 0.814 0765 1173 0785 1
765 1173 0.7
1600 0.754 0658 0771 0878 0.79] | 268 u,sfi ;:g
16,
mgg g;r;; ﬂn.ms 0795 0.942 0816 1357 0,840 2255
179 0795 {;.';3? 0819 1.006 0.842 1449 0867 2408
7% 082 o 0844 1.070 0867 1.541 0894 2 56}
1890 0145 ﬂ.:zm 0868 1134 0893 1633 092 2714
] #97 0892 1198 0919 1725 g.o4g 2 gcr
19
00 0891 0945 0916 1262 0944 1817 0076 3.020
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d' /d=0
bd i Pt
19.50 0.914
20.00 0.937
30.50 0960 .
21.00 0982

1.005
1.028
1.051
1.074
1.0%7

21.50
22.00
22.50
23.00
23.50

1.120
l.143
1.166
1.188
1.211

24.00
24.50
25.00
25,50
26.00

1.234
1.257
1.280
1.330
1.326

26.50
27.00
27.50
28.00
28.50

1.349
1.371
1.394
1.417
1.440

29.00
29.50
30.00
30.50
31.00

35

Pc

0.993
1.040
|88
1.136

1.184
1.232
1.280
1.328
1.376

1.423
1.471
1.519
1.567
1.615

|.663
1.711
1.758
1.806
1.854

1.502
1.950
1.998
2.046
2.093

d'/d=0.10
Pt Pc

0.940 1325
0.964 1389
0.988 1453
1.013 1.517

1.581

1.643
1.709
1.773
1.837

1.037
1.061
1.085
L1109
1133

1.158 1.901
1.182 1.965
1.206 2.028
1.230 2.092
1.254 2.156

1278 2.220
1303 2.284
1.327 2.348
1351 2412
1,375 2.476

1.399 2.540
1.423 2.604
1.447 2.668
1472 2731
1,496 2.795

d* fd=0.15
Pt Pc

0.970 1.909
0.995 2.002
1.021 2.094
1.046 2.186

1.072 2278
1.098 2370
1.123 2.462
1.149 2.554
1.174 2.646

1.200 2.738
1.225 2.830
2251 2922
1.277 3014
1.302 3.106

1.328 3.198
1.353 3.291
1.379 3.383
1.404 3.475
1.430 3.567

1.456 3.659
1.481 3.751
1.507 3.843
1.532 3.935
1.55% 4.027
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WG ) Mix, acbe : 70 kgfom?, Fe 415 ot T-40 (ost)= 2300 kgfem?

d*fd=0.20
Pt Pc

1.003 3.173
1.030 3.326
1.057 3.479
1.084 3.632

111t 3.785
|.139 3.978
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Plain & Reinforced Cement Concrets |
1.3.4.2 Shear-Design of vertical stirrups - values of Vs/d = for two legged stirrups

Sv 2 (M. 3V, = fem® (Tor 40)
[y oSy = 1400 kglom’ (M.S)  Sv=2300 ke/em’ (Tor 40).
Chrru o

for bars of all sized

<20 mm ¢ and 1300

5paci:1}:'.

Shear reinforcement through stirrups/depth in kg/cm? for two grades of steel (M.S and T-40) {Sv)in cms REE?M bars > 20 mm &
Shear reinforcement shall be \ i 6 8 10 12
provided to carry a shear equal 6 8 1 : o
— . 28.
2 Y= —— .0 182 1222 1759 723 1285 2041200
i A i 67 650 121 v ¥
Vs= oSv Asv.dlsy  Asv. Total area of C.5 of stirrup 19 417 T4l 11.57 1*: 23 605 1156 18.06 2601
legs in the spacing Sv. 20 396 704 1100 15
oSy. allowable tensile stress in z 12.67 520 925 1445 2081
shear reinforcement 25 317 563 880 1056 432 771 12.04 1734
1400 kg/em® (OR) 2300 Kg/cm? 30 264 469 11? 905 372 661 1032 143{;
4.02 26 032 . 903 13
15 226 92 325 5.8
TABLE3-27 values of Vs/d for two legged stirrups is T/meire 40 1.9%8 %:i iiﬁ ;{}4 289 514 803 1136 |
— df‘ |. _?{1 2. '
Stirrup aSv = 1400 kg/em* (M.S)  Sv = 2300 kgfem? (Tor 40) .
. ; 1343 Shear design of Bent up bars
(Sv)in cms For bars < 20 mm ¢ and 1300 for bars of all sized

provided to carry shear equal 1o

1l be calculated as _ -
h;:cnt up at different (intervals) cross section

Kg/em2 for bars > 20 mm & Shear reinforement shall be

V- tc.bd. The strength of Vs s

6 8 {1] 12 6 8 10 12 For inclined stirmups or 8 series of bars
Sine + Cosa )
5 I583 2815 4398 6333 260) 4624 7226 104.05 Vs= @ sv. Afv.. d(Sina
6 I3.14 2346 3665 52.78 21.68 3854 60.2] 8671 2
7 LL3D 20011 3742 4524 18.58 33.03 5161 7437 bent up bars within a spacing Sv.
3 990  17.59 2749 39.58 1626 2890 4516 65.03 Asv = total sectional area Olf 1“n Plhc length of member the 45°.
9 B.80 1564 2443 3519 1445 3560 40 14 57.81 Sy = spacing of bent up bar along bar and axis of member, not Jess
10 792 1407 2199 3167 13.01 23.12 36.13 52.02 a = angle between inclined bent up h cross section.
; bars, all bent up at the same
1T 720 1279 1999 2879 1182 2102 3284 47.30 For a single bar or a single group of parallel
12 660 1173 1833 2639 1084 1927 30,12 43.35 Ase... Singi
I3 609 1083 1692 2436 1000 1779 2779 40,02 Va= i
4565 1005 1571 2262 920 1652 25.80 37.16.
I5° 528 938 1466 2111 867 |54 24.09 34.68
i6 495 880 1374 1979 813 445 22,58 32.52
17 466 826 1294 1863 765 1360 21.25 30.60
1-115
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Plain & Reinfarceg Ce

S ment Cog
e _ TABLE 1328 Shear - Bent up Bars —
=5 iV |
Values of Vs. for g single bar in kgs
——ne e L RS L1 B gy v e
Bar dia os. [400 k i
: ; g cm 23 :
in mm (@) upto 20 mmaé ? S?Ih[m e
(or Fe 415) and 1300 kg/em? i
for MS. bars - (0)
beyond 20 mme
a=45° I-:: =60"°
10 778
12 1120
16 1990
18 2519
20 3110
2 3494
25 4512
28 5660
:12 7393
36 } 9357
_— ] [
1.3.4 I

A Development Length and Anchorage:

The method of calculating the

_ development length i
difference is only in the values e

ame as given limit s
of the bond stresses applica o

design, Th
ble for each method. . :

Development length for plain bars (in Cms)

[a 4 }4mkg;‘cm2 ’.‘ar bﬂr upto ']{;. .
oSt 1300kgiem? beyond 20 mug | " CSion)
osi |]mkgrm1

for all diameters (in compression),
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TABLE 1.3.29 DEVELOPMENT LENGTH FOR PLAIN BARS

Dia (b ) of Tension bars Grade of concrele Compression bars
par in mm  Grade of concrete Srade of concrete
M15  M20 M25 M30 MI15 M20 M25 M0
6 350 263 23.3 210 26.0 19.5 17.3 J}E:
] 46.7 350 3l 28.0 34.7 260 231 Eﬁ.ﬂ
10 583 43.8 389 350 43.3 32.5 28.9 31.2
2 700 525 46.7 42.0 52.0 39.0 34.7 ;
16 933 700 622 56.0 69.3 52 13 :ﬁ.(l} -: ;g
18 105.0 78.2 70.0 63.0 78.0 58.5 _i-g i}-ﬂ
20 1167 875 118 70.0 B6.7 65.0 :3-5 '_5'1-1
22 1192 894 794 71.5 953 71.5 : ;
108.3 81.3 722 65.0
25 1354 10L.6 90.3 1.3
28 151.7 1138 1011 91.0 121.3 91.0 Ei}.!; El;
32 1733 1300 1156 104.0 138.7 104.0 ‘.:34 6 g_‘_.ﬁ
36 1950 1463 130.0 117.0 156.0 117.0 . i
(The above values are in cms)
1
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Plain & Reinfarced Coment Concrete

1 TABLE - 1.3.30
DEVELOPMENT LENGTH FOR DEFORMED BARS
( Tabulated Values are in cms)

Development length for deformed Bar {in cms) for Fe 415
ost : 2300 kg/ cm® } for all diameters
ost : 1900 kg/ cm? )

E-._a: Tension bars/ Compression bars  in mm
Dia Grade of concrete Grade of concrete
Ik M20 M25  M30  MIS  M20 M25 Mso |
6 411 30.8 274 246 27, 204 181 163
8 54.8 41.] 365 329 362 270 241 217
10 685 513 456 411 452 339 3102 274
12 82 61.6 S48 493 s43 807 362 16
6 1095 821 730 657 724 543 483 434
18 1222 924 821 739 814 6101  s43 489
0 1365 127 913 w1 905 79 603 sas
221506 1129 1004 904 995 746 663  s94
25 I7L1 1283 140 1027 130 848 754 679
28 1911 1433 1278 1150 1267 950 844 760 |
2. 2190 1643 1460 1314 (448 1086 965 865
6 2464 IB48 1643 1479 1629 1221 (086 97

1-118

TABLE -13.3DBA
ANCHORAGE VALUES OF HOOKS AND BENDS
(Tabulated values are in cms)

Bar dia 6 8 10 12 16 18 20 22 2

in
mm

i

LN
J
b=
[ %)
b

40 44.8 312 576

e

[
[
d

Anchorage 9.6 128 160 192 256 288 3

value of hook

Anchorage 4.8 6.4 £.0 9.6 128 144 16 17.6
value of 907

bend

17

con
i

‘ £ \ &

u..qu { ...gmml-— *

STANDARD HOOK STANDARD gﬂln BEND
STANDARD HOOK AND BEND
Type of steel Minimum value of K

2

Mild steel
4

Cold worked steel

Table is applicable for all grades of reinforcement bars.

Mote : |
2. Hookes and bends shall conform to the details given above.
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1.3.5 DESIGN TABLES (LIMIT STATE

: METHOD)

Extract of SP 16 (Design Aid to IS 456 - 1978)

0-0035

| S

v man

——ta 1

L
——
0-87f,
€, 2
STRAIN
DIAGRAM

0:4461,,

0-418 Xy, max

i
0-87f,

STRESS
DIAGRAM

SINGLY REINFORCED SECTION
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Plain & Reinforced Cement Concrete

TABLE A -VALUES OF X, max/d FOR DIFFERENT GRADES OF

STEEL
f,,, N/mm? 250 415 500
X, max /d 0.531 0.479 0.456

TABLE B - LIMITING MOMENT OF RESISTANCE AND REINFORCEMENT INDEX FOR
SINGLY REINFORCED RECTANGULAR SECTIONS

fy N/mm? 250 415 500
M., lim 0.149  0.138 0.133
f ! bd’

P, limf 21.97 19.82 18.87

TABLE C - LIMITING MOMENT OF RESISTANCE FACTOR Mullim/bd?, N/mm® FOR
SINGLY REINFORCED RECTANGULAR SECTIONS

fck fy M/mm*
MN/mm?

250 415 500
15 2.24 2.07 2.00
20 2.98 2.76 2.66
25 3.73 3.45 3.33
30 4.47 4.14 3.99

TABLE D - MAXIMUM PERCENTAGE OF TENSILE REINFORCEMENT Pt lim FOR
SINGLY REINFORCED RECTANGULAR SECTIONS

fck y N/mm*
MN/mm?

250 415 500
5 1.32 0.72 0.57
20 1.76 0.96 0.76
25 2.20 1.19 0.94
30 2.64 1.43 1.13
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————

Example I Singly Reinforced Beam
Determine the main tension reinforcement required for a rectangular beam section with
the following data -

Size of beam 30 x 60 em

Concrete mix M5

Characteristic strength 415 Nfmm?

of reinforcement
* Factored moment 170 k M.m I
Assuming 25 mm dia bars with 25 mm clear cover, ||
Effective depth = 60 - 25-25 = 5625¢m

2 |

From table C, for fy =415 N/mm? and fck = 15 Nimm?

Mulimbd* =207 Nmm?
= 207 x  (1000)
1000
=2.07 x 10" kN/m*
Therefore Mu,lim = 2.07 « 1Pbd?
=2.07 x 10" x 30/100 x (56.25/100F = 196.5 kN.m
Factored moment means the moment due to characteristic loads multiplied by the
appropriate value of partial safety factor ( usually 1.50 )

e

Plain & Reinforced Cemant Concrete

] aclor Ed Mo Ilﬂ'a - ISIIC DBdS I u]“ E“-'rd b'ﬂ tl“-

Mu, = MU-My Lim

T e
i i 0- 0035

Actual moment of 170 kN.m 15 less than Mu,lim. The section is therefore 1o he designed
as a singly reinforced {under reinforced) rectangular section.

METHOD OQF REFERRING TO TABLES
For referring to tables, we need the value of Mu/hg:

Mu = 170 x 100
bd? 30 x 56.25 x 56.25x |0
= L79 N/mm?
From Table 1.3.3]
Percentage of reinforcement, pt = 0,594
Therefore As = 0,594 x 30 x 56.25 = 10.02 cm? = 10.02 ¢m?
100
For designing of slabs alsa similar procedure may be adopted, dssuming appropriate
value of d (depth of slab) and width b as 100 cim.
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Xy, max

0-87% , 0.002

STRAIN DIAGRAM
DovsLy REINFORCED Szcnu#hgm 4

IBLY
MENT f_Nimm?® I[N DOL
PRESSION REINFORCE - 5
i ;r;ifﬂ?’gRCED BEAMS WITH COLD WORKED BAR

f d'/d

= ]
o 003 Qo Ll 020
415 355 353 142 329
500 424 412 395

Example 2 Doubly Reinforced Beam

Dietermine the main reinforcement require

followingdata: e
Size of bearp ek
Concrete mix ‘ -
Characteristic strength of 415N
Reinforcement

1-123

d for a rectangular beam section with the




Factored moment Plain & Reinforced Cem

320 kM.m

Assuming 25 mm diz [
i H ba d
o) 5 i =5¢§.._';; :n-:lh 25 mm clear cover,
From table C f
: rfy =415 Nfmm?
Mulim/bd:= 2 07 N/mim? P
therefore, Mulim

and fck = |5 Nimm:?
=2.07 x 10’ kN/m? G
=2.07 x 10" bg® t

=207 x 10" x 30/100 x 36.2

= 196.5 kN.m 3/100 x 56,25/100

Actual moment of 320

; kN.m i
Therefore, the section e Al ML

Is to be designed as a doubly reinforced section
Reinforcement from Tables :-
;-:ufhd* =320/ 0.3x(0.5625)x | 0
d = (2.5+1.25) = 0.07
(56.25)
o ;
d=0.1 will be used for referring to Tables

Referring 10 Tahl mespo
e 1.3.33 co i 1
pt = 1117, pc= ﬂ.dII:I i
st=18.85 cm?, Asc =705 cm?

= 3-3? Nl."mm'."

Next higher value of d

337and d'/d =
Therefore A d'id=0.1,
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SXAMPLE

a) Reinforcement on two sides,

Plain & Reinforeed Cement Concrete

3 Square Column with Uniaxial Bending |
Determine the reinforcement to be provided in a square column
subjected to uniaxial bending, with the following data : |

Size of column 45 x 45 cm

Concrete mix M 25

Characteristic strength 415 N/mm?

of reinforcement

Factored load(characteristic 2300 kN |
joad multiplied by )

Factored moment 200 kN.m

Arrangement of {a) On two sides

reinforcement {b) On four sides

(Assume moment due to minimum eccentricity to be less than the
actual moment). ,
Assuming 25 mm bars with 40 mm cover,

d' =40+ 12,5 =52.5 mm = 5.25 em

d'/D=525/45 =0.12

Charts for d'/D = 0.15 will be used

Pu / fck bD = 2500 x 10" /25 x 45 x 45 x 10°= 0.494
Mu / fck. bD* = 200 x 10% 25x45x45x45%10'= 0.088

Referring to Chart 3

pif =0.09

Percentage of reinforcement, p=0.09 x 25=2125
As=p bD/100 = 2.25x45x45/100 = 45.56 cm’

b) Reinforcement on four sides from Chart 7,

pf =0.10
p=010x25=25
As=72.5x 45 x 45/100 = 50.63 cm?

Example 4 Circular Column with Uniaxial Bending

Determine the reinforcement to be provided in a circular column with the following data:

Diameter of column 50 em
Grade of concrete M 20
Characteristic strength 250 M/mm? for bars upto
of reinforcement 20 mmd
1-125
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Plain & Reinforced Cement Concrete

240 N'mm? for bars over
yien above.

2“ - . P % H
bz ‘ minimum eccentricity are less than the values gl

ibuted equally on four sides.
the reinforcement percentage, p=12

N nmei‘lts due 1o
Reinforce ment is distr
As a first trial assume
ek = 1.2/15 = 0.08
-Un';axinl moment cap:
4'mn= 525160 = 0.0875
Chart for d'/0 = 0.1 will be used.
pu/fck wD = 1600x10" / [Sxd0x60x10*= 0.444

Factored load
1600
Factored moment 125 R:IN
Lateral reinforcement : K
a) Hoop reinforcement
Ei Helical reinforcement
ssume moment due to minimum eg i
: ir
,q,'mmmg ST mc:; icity to be less than  the actual
d‘=4ﬂ+lli=52.5mm=5,25cm '
d'/D=3525/50=0.105
Charts for _d‘.l"l} =10.10 will be used.
Column with hoop reinforcement
ﬁfﬁ:k D= 16004107 / 20%50%50% 107 = 0.32
R.:::ii:t l:li‘t =Clﬁjx 10%/ 20x50x50%50% 10" = 0.05
ng to Chart 15, fo =2 -
p/fck = 0.87 1y =250 Nimm
p=0.87x20=1.74
As = pr DY400= |.74x x50x50/400 = 34.16 cm?

acity of the section ahout xx-axis .

mum’“'tj.:.

Referring to Chart 6, Mu/fck b D* = 0.09

= Moxi= ﬂ.{ﬂxihdﬂx&ﬂ’xm’ P10t = 1944 k Nom
Uniaxial moment capacity of the section about yy-axis :
d'/D = 5.25/40 = 0.131
Chart for d'/D = 0.15 will be used.

Referring to Chart 7, Mu/fck b D* = 0,083
Muyl = 0.083x15%60x40™x 10" / 10t = 119.52 kN.m

Caleculation of Puz :

For fy=240 N/mm?,
As =34.16 x 2501240 =35.58 cm? ' Referring to Chart 13 corresponding 1o p=1.2, fy=413 and
E‘.ﬂnmph 5R fck =13,
ectangular Column with Biaxial Bendin | Puz | Ag = 10.3 N/mm’
§ Puz= 103 Ag= 10.3x40x60x10% / 10 ki

=2472 kN

Determine the rei :
reinforcement to be provided in a short column subjected to biaxial bending,
el PP ™ 1600 /2472 = 0.647

with the following data:

Size of column
. 40 x 60 ¢

E“““‘m s Mis I M, My = 120/ 194.4 = 0617

Paf_:c;msuc strength 415 N/mm?
of rein - -
Factmﬁf;ﬂ'gf;; My, My, =90/119.52= 07353

» 1600 kN r

Factored moment acting Referring to Chart 14, the permissible value of Mux/Mux! corresponding to the
2:"3““!, o the larger above values of Muy/Muy| and Pu/Puz is equal to 0.58.

mension, Mux

120 kN
Factored moment acting The actual value of 0.617 is only slightly higher than the value read from the
p?m"ﬂ_ to the shorter Chart. This can be made up by slight increase in reinforcement.
dimension, Muy 90 kN
As = 1.2x40x60 /100 = 28.8 cm’

12 bars of 18 mm will give As = 30.53 em’
1-126 Reinforcement percentage provided, |
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lain & Reinforced Cement Concrele

Plain & Reinforced
"~ orced Cement = '
From Table 1.2.7(D}) for M15, Tc.max = 2.5 Mimm?

£ v is less than  TCmax
From Table 1.2.7(C) for P1= 0.8 tc= 055 Nmm'
Shear capacity of conerete section = tcbd
=055x30x5625x10°/100=928 kM

Shear to be carried by stirrups, Vus = Vs- tebd

pf?ﬂ.ﬂx 100 /60 x 40 = | 27
With this percentage, the secti.nn
pifck = 1.27 /15 = 0.0847
Referring to Chan 6

Mu/ fek b Di = G.D‘)IS

M =
uxl = 0.095 x 15x 40x 607 x 107/ 10*

may be rechecked as follows

= 205.2 kN.m
Referring 1o Chant 7 =180 -92.8 =872 kN
Mu / fck bD?= DDES‘
Vus /d = 87.2/56.25 = 1.55 kN/em

Referring to Table 1.3.37 for steel fy = 250 Nfmm?

Muyl = 0.085 x 15 60 x 407 x 10° /100
ical stirrups at 14 em spacing.

Referring to Chart |3 = 1224 kN.m
PuziAg = 10.4 N/imm? Provide 8 mm diameter two legged vert
grample 7 Torsion
i Determine the reinforcements required for a rectangular beam

< Puz = ]ﬂ‘lﬂﬁﬂ
AXOUXA0x 107 /10" = 2
= 2496 kN
section with the following data -

PI.H' P!.Iz; lflﬂﬂf}:gﬁ ={]'_|5.:”

Mux f Mux] = |2ﬂf2ﬂ5 2=0

Muy Muyl =90/ 127 4 - ;%35 Size of the beam 30 x 60 cm

gﬁrﬂrrfng to Chart i‘;- =0.735 Concrele _T_”_T:!lii'."'- M IS

orresponding 1o the abg Characteristic strength
VE Vi , 2 A

| value of Mux / Mux | isl]; values of Muy /Muyl and Pu/Puz. the perrmice: of sieel 413 Nimm

Hence the section is 0.k permissible Factored shear force 95 kN

' Factored torsional moment 45 kN.m
115 kN.m

Factored bending moment
Assuming 25 mm dia bars with 25 mm cover,

d=60-25-252=5625¢cm
Equivalent shear, Ve= V+1.6(T/b)

E.!l::lmplg 6 Sl'll::-lr

[ rmine [h
8
fil i TCEr {V Cal s T st
I:ﬁ L - ] i ]E e ]jﬂ Cement ety J firru 1'E|-._|UJ Cd ﬁl.l"

with the followin
£ data; a be !
Beam size 4 beam section
Depth of beam 30 % 60 cm —05 + 1.6 x 45/0.3 = 95+240 = 335 kN
Concrete grade 60 cm Equivalent shear stress,  tve = Ve/bd
M I5 =335 x 10¥/30x56.25x10°
= 1.99 N/mm’

Characteristic strength
Faor Table 1.2.7(D) for M15, te,max = 2.5 Nimm?

Dfmr"”? reinforce
. et ¥ .
Tensile reinfi 250 Nimm?

Orceme ila
percentage =08 tve is less than  Tc,max; hence the section does nol require revision.

0.8 From Table 1.2.7(C) for an assumed value of pt= 0.5
Factored shear fi e =046 Wimm2 < TV
orce, el : .
e 180k N Hence longitudinal and transverse reintorcements are to be designed

Hssuming 25'm
<3 mm dia bars w;j
Shear stress, e N

Longitudinal reinforcement

Equivalent bending moment, Mel = Mu + Mt
= Mu + Tu(1+D/b) / 1.7

| = Vu/bd= !Eﬂxlﬁ‘a’jﬂxﬁﬁ.?ﬁxl{}:
| = 1.07 Nfmm?
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Plain & Reinforced Cem L

= 115 +45(1+60/30) /1.7
=I5+ 79.4

Mel/bd* = 194.4 x 10¢ = 194.4 kN.m

. /130
R r = 2'05 memi K{SﬁESJI X H‘]I
eferring to table 1.3.3 .
pt = 0,708 ! corresponding to Mu/bd? = 2.0

Ast = 0.708 x 30 x 56.25/100 = 11.95 em?

Provi
de 4 bars of 20 mm dia (Ast= 12,56 em

hﬂu.yg 2 2
€ need not consider Me?2 ) on the flexural tensile face. As Mt is Jess than
i

1
05% on each side
“by=2 FLEXUR
[ e e ’,/-Tmsmﬂu |

FACE
d |

[T ,_v J
20 mm @ I

As the de
} pth of the b :
is to be provid eam is more than 45 cm, side

0 45 face reinforcement of 0.

—_— ]

7
¥,=56cm L 60 cm
| e
2% mm

}/F-lllhﬂti‘
Jf_ Mp

-----—:.,.2uI € i

Fig,
1-130
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—— e

providing One bar at the middle of each side,

of bar = 53.4/2=26.7Tcm

.@Eiﬂg .
"_a required for each bar = 0.05x30x26.7 /100 = 0.40 cm®

w,ﬂg one bar of 12 mm dia en each side.

Transverse reinforcement

4 ven of two legs of the stirrup should satisfy the following :
Asu = Tu Sv /bid1(0.87 fy) + Vu Sy /2.5 d1 (0.87 fy)

Assuming Diameter of stirrups as 10mm
= 60 - (2.5+1.0) - (2.5+0.6) = 53.4 cm
30 -2(2.5+1.0)=23 cm
Asy (0.87 fy) [ SV = 45x 10°/23 x 534 x 1O
+95%x 107 /25x 534 10
= 366.4 + 71.2 = 437.6 N'mm
= 4,38 kN/ecm

Area of all the legs ‘of the stirrup should satisfy the condition that Asv/Sv should not be less
( tve-1c)b/0.87 fy
From Table 1.2.7(C) for tensile reinforcement percentage of 0.71 the value of T is 0.53 M/
m.'!
Asv (0.87 fy) [/ Sv = ( wve-tcib
=(1.99-0.53) 3010
= 438 Nimm = 4.38 kN/cm

Note :- It is only a coincidence that the values of Asv(D.87fy)/Sv calculated by the two

equations are the same.

Referring Table 1.3.37 (for fy =415 N/mm’).

Provide 10mm ¢ two legged stirmups at 12.5 cm spacing.

According to 1S 456-1978 the spacing of stirrups shall not exceed x, , (x,*Y,
where x, and y, are the short and long dimensions of the stirrup.

x, =30 - 2(2.5-0.5) = 26 cm

y, = 60- 2(2.5 0.5) = 56 cm

(xty Y4 =(26+ 56)/4 =20.5 cm

10mm & two legged stirrups at 12.5 cm spacing will satisfy allthe codal requirements.

y/4 and 300 mm,
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e o T
';L-'c;:“[,L XURE - REINFORCEMENT pEJ;BLE 233
i CENTAGE, PI FOR SINGLY REINFOR
N/mm? s ok = 15N 7r C D 1.24 0.665 0639 0385 03313 0319
¥ Nimm / mm? |26 0678 0650 0392 0339 0.325
0.30 240 250 AL3 28 0690 0662 0399 0345 0.331
0.35 0.147 0141  qogs 20 500 130 0702 0674 0406 0351 0.337
- 0.40 g‘l’f 0.166  0.100 3'3;"’ 0.071 ° |32 0715 068 0413 0357 0343
: 8 0.190 ; 6 0. 4 0727 0698 0420 0364 0.349
| 2 :,; 0224 0255 g,' : ;; 0.099 ﬂ.ggi :'_iﬁ 0740 0710 0428 0370 0.355
i 0.55 0250 0240 144 0.112 0.107 1.38 0752 0722 0435 0376 0361
|| ' 0.60 3'”‘5 0265 0159 gin 0.120 1.40 0765 0734 0442 0382 0367
| 0.65 0 302 0200 175 ﬂ-]'—"ﬁ 0.132 1.42 0778 0747 0450 0389 0.373
| 0.70 9329 0316 0190 o 3 0.145 1.4 0790 0759 0457 0395 0.379
0.75 < 356 0342 p2pg ﬂ'““* 0.158 .46 0803 0771 0465 0402 0.386
| 0 80 g 383 0368 29 u':;“ 0.171 1.48 0.816 0784 0472  0.408 0.392
'. 0.82 bt 0384 0237 o 0.184 150 0820 0796 0480 0415 0398
0.84 21 0405 g 0.197 1.52 0.842 0809 0487 0421 0.404
0.86 g--m 0415 I].Zj; 0211 0.202 1.54 0856 0821 0495 0.428 0411
| 0.88 0:;; a6 0257 3231',; 0.208 1.56 0869 0834 0503 0434 0.417
' 0.90 A37 0.263 0.213 1.58 0.882  0.847 0.510 D.441 0.423
0.92 3-45'5 0.448 0270 322? 0.218 ! 1.60 0.896 0860 0518 0448 0.430
| | 0.94 477 0458 27 e 0.224 1.62 0909 0873 0526 0455 0.436
| 0.96 3 189 0469 o5y oo 0.229 1.64 0023 0886 0534 0461 0.443
|| . 0.98 0';““ 0480  (.2g9 ﬂ;"” 0.235 |66 0936 0899 0542 0468 0.449
1.00 ”’2 0.491 0.296 925“ 0.240 ' 1.68 0,950 0912 0.550 0475 0.456
| 1.02 o323 0502 0303 36 0.246 1,70 0.064 0925 0558 0482 0.463
1.04 8535 0513 0309 sa 0.25] |1 0978 0939  0.566  0.489 0.469
1.06 5 ;"‘5 0524 0315 ;‘ o 0.257 1.74 0992 0952 0574 0496 0.476
1.08 ; 33 0536 0323 233 0.262 1.76 1006 0966  0.582 0503 0,483
1.10 0570 0547 039 O3 0.268 1.78 1020 0980 059 0510 0.490
1.12 0593! 0.558 0.336 0'295 0.273 1.80 1035 099 0.598 0.517 0.497
.14 vecs 9570 0343 g3 : 0.279 .82 1.049 1007 0607 0523 0.504
116 D'Eﬁ g-isi 0.350 ﬂ-su; 0.285 .84 1064 1021 0615 0532 0.511
1.18 392 0357 0.290 1.86 1.078 1.035  0.624 0.539 0.518
1.20 {t]};j 9 0604 0364 g'i f';' 0.296 1.88 1093 1049 0632 0546 0.525
.22 b L 0615 037 o 0.302 1.90 1108 1.063  0.641 0.554 0.532
30627 03 o309 0.308
a2 0.314 1.92 1123 1078 0649 0561 0.539
1.94 1138 1092 0658  0.569 0.546
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1.96 Plai :
198 : : :; 1107 0.667 0.576 :;“5& Relnforeod Cement Concrote S Plain & Reinforced Cement Concrete
. ¥ . —_— e ————— e ———
g-uﬂg 1184 ::;g g:gg 0.584 ulsﬁ‘:' 004 0138 0.196 0254 0312 0370 0429 0487 0545  0.603 0.661
% 58 AV egn. o Ols 0138 0200 0262 0324 0386 0448 0505 0571 0633 0695
55 1215 1166 0703 08¢ 0138 0204 0269 0.335 0401 0466 0332 0508 0663 0729
2'{}3 1.231 1181 ﬂ-?lz 0.17 0.138 0.207 0277 0346 0.416 0.485 0.554 0.624 0.693 0762
| . B¢ 1247 1197 Ols 0138 0211 0284 0357 0.430 0503 037 0640 0723 079
- 2 1263 1212 | 019 0138 0215 0291 0.368 0445 0522 0% 0675 0752 0828
o 1279 1228 I 030 0138 0218 0299 0379 0459 0340 0638 0700 0.780 0.86
ks 1295 1243 031 0138 0221 0305 0388 0471 0554 0.638 0721 0804 0887
' 1312 1.
g;g syl 022 0138 0224 0309 0395 0:480 0.566 065 0737 0822 0908
e 1345 120 0y 0138 0226 0314 0402 0489 0577 0.66° 0753 0.841 0928
2-24 1.362 1.308 0.24 0138 .0228 0313 0408 0,498 0.588 0.678 0.768 0.859 0.949
’ 1.379 025 0.138 0230 0.323 0415 0.507 0.600 0.692 0,744 0876 0.969 |
026  0.138 0233 0327 0422 0516 0611 0705 0.800 0894 0989 |
Note : Bl TR : ; |
| | anks indicate inadmissible reinforcement 027 0138 0235 0331 0428 0525 0622 0718 0815 0912 1.008
percentage. 028 0138 0237 03360435 0534 0632 073 0830 0929 1028
I | s 050 0138 0239 0340 0.441 0542 0643 074 0845 0946 1.047
LE 1.3.32 030 0138 0241 0344 0.448 0551 0654 0757 0860 0963 1.066
| FLEXURE - LIMITING MOMENT OF RE 031 0138 0243 0349 0454 0559 0664 0.770 0875 00980 1.085
(G MOMENT OF RESISTANCE FACTOR Mu fim /bwe" ek O 0138 0245 0353 0460 0.568 0675 0.782 98 0097 1.104
‘ EINFORCED T-BEAMS, Nimm o ok FOR 033 0138 0248 0357 0.466 0576 0685 0795 0004 1014 1123
il | T — ' 034 0138 0250 0361 0.473 0584 069 0807 0919 1030 1142
i mm O 0138 0252 0365 0479 0.592 0706 0819 072 1046 1.160
' - a6 0138 0254 0369 0485 0.600 0716 083 0947 1063 1.178
nos 10 20 30 4 o O G138 0256 0373 0491 0608 0726 0843 0I5 1079 1.196
‘ : 0138, 0.168 0.198 0216 0285 aoex t o, 20 90 0138 0258 03770497 0616 0736 0855 02 1094 1214
o 216 0242 0268 0294 0320 0346 O 030 0138 0260 0381 0.503 0624 0746 03¢7 0989 1110 1232
207 0138 0168 0.198 0228 0259 372 os0 138 0262 0385 0.508 0632 0755 087 1002 1.126 1249
|2 0138 017 0207 024 0259 0289 0319 0349 0379 04 041 0138 0263 0389 0514 0.640 0765 0.890 1016 1141 1267
| 00 0138 017 0215 0253 0275 0309 0344 0378 0412 409 042 0138 0265 0393 0520 0647 0775 0.902 1029 1156 1284
| : 0138 0,480 0233 Coss ooke, SN 10.368 Ok s oo 043 0138 0267 0396 0526 0655 0784 0973 o4z 1172 1301
L 013 o Gyl o ok 0350 l0 3%,  adas pecll 04 0138 0269 0400 0.531 0662 0793 0924 A% 1187 1318
N e 0138 0.188 0239 0289 0.3 0310, 0418 i il O 003 0271 0404 0.537 0670 0803 0936 1068 1201 1334
‘ 8 0.192 0247 0301 0355 0409 5‘?2? s 0541 0591
' ; 572 0.626
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|
Plain & Reinforced Cement Concrete
m@

REINFORCED
- GES FOR DOUBLY
FLEXURE - REINFORCEMNT PERCENTA |
FLE z *MNT PERC y SECTIONS fck = 15 N/mm?
FLEXURE - REINFORCEMNT PERCENTAGES FOR DOUBLY REINFORCED A1 Nl
SECTIONS | '3.;..;;. s d/d=020
s My Mubd® &' /d=005 d'/d=0.10 ~
fy =415 Nimm:? ; Py Pc
Mulbd®  d'/d=0.05 dd=0.10 d'/d=0.15 d'td=0.20 jmm2 Pt Pc Pt P Pt P
N/mm2 _ 5
851 1558 0.94
Nmm2 Pt pc  p pe Pt Pe p Pe 450 1425 0734 1465 0.781 :gg‘i‘ gg;ﬁ 1593  0.980
' 455 0.764 1495 0814 1. ; 627 1.019
I 2.08 0719 0003 0720 0.003 0720 0003 0720 0003 4.60 1:;4 0794 1526 0846 1.574 g‘;ﬁ:} :_ﬁﬁ'?. 1.058
i 210 0725 0009 0726 0009 0726 0019 0727 001 ' T80 1513 0824 1ss7 0878 1.692 a1 1497 1007
i 220 0754 0039 0757 0.041 0759 0.045 0761 0050 To0 1542 0855 1588 0910 1639 0.
i 230 0.784 0069 0787 0.073 079 0.080 079 0089 ol ' 67 1026 1731 1136
il 240 0813 0099 0318 0106 0824 0.115 0831 0,27 500 1571 0.885 1619 c-_q;tg :-m; Lo6l 1766 1174
' : " 0.9 . s I13
600 0915 1.649 ; 96 1801 12
250 0842 0129 0849 0138 0857 050 0.865  0.166 SN e 0045 1680 Y007 1757 1.01l N e
260 0871 0160 0880 0.170 0389 g5 0.900 0.205 320 159 0975 1711 19039 1769 Lige 1810 1290
270 0900 0.190 0510 0202 0922 29 0.935  0.244 g 1'6'3 1006 1742 1071 1802 Ll :
>80 0929 0220 0941 0234 0951 gss 0.969 028 B e 835 1201 1905 1.329
290 0959 0250 0972 0267 0987 0299 1.004 032 550 1717 1036 1773 Hﬂ; :-w 1236 1939 1368
3 ' 803 1136 1. = 407
290 0988 0280 1003 0299 1020 0325 1039 0360 3.60 Hﬁ :Eﬁﬂ :.334 1168 1.900 :izé ;3;; :.d-uﬁ
3101017 0311 1034 0331 1052 360 1073 0399 Ay 1308 1126 1865 1200 1932 s
720 1046 0341 1064 0363 1085 0305 1108 0438 280 qu 1157 1.896 1232 1965 1341 2
3301075 0371 1095 0395 1417 0430 1942 0476 - AR 08 1376 2078 1523
340 1104 0401 1126 0427 150 "oges 1177 0515 600 1863 1187 1927 1264 ::w 1411 ali2 1862
; : 217 1957 12% 2.0: ; 47  1.601
330 LI34 0432 1157 0460 1183 0500 1212 0.554 6.19 "ﬁgf :?.:; 1988 1329 2,063 '-4‘;? ::sz 1.640
JS0 1163 0462 1188 0492 1215 0535 | ou 0.593 195 1278 2019 1361 2095 i i
370 1192 0492 1218 0524 1248 gs7; 1281 0631 oy 1930 13082050 1393 228 1.
380 1221 0522 1249 0556 1280 g0 1316 0.670 640, 1280
390 1250 0552 1280 0588 1313 ogqr 1350 0709
700 1279 0583 1311 0621 1345 gg76 1.385  0.748
+10 1309 0613 1342 0653 1373 g7y 1420 0787
720 1338 0643 1372 0685 141 0746 1454 0.825
430 1367 0673 1403 0717 1443 .18 1489 0.864
440 139 0703 1434 0749 147 o316 1.524 0,903
1-136
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TABLE 1.3.34
MINIMUM SHEAR REINFGRCEMENT (STIRRUPS) 1N BE

AMS FOR DIFFERENT
WIDTHS
Dig Areaof 230 250 300 350 380 4 450
mm 2 legs
mm?
Steel : Fe 250 Maximum spacing of stirrups in mm
6 56 150 140 225 100
b 100 270 250 200 175 la5 155 135
10 157 425 90 325 280 255 945 213
12, 226 450 450 430 400 30 3s5p 310
Steel : Fe 415
6 56 250 230 190 165 150 145 125
8 100 450 415 345 205 270 280 230
10 157 4350 450 450 430 425 405 360
12 226 450 450 450 450 450 450 450
BLE 1.3.35
ULTIMATE SHEAR RESISTANCE OF

Depth in mm

Width of Beam in mm
Tota| Effec- 239

250 300 350 g0 400 450
-live
300 250 20.12  21.87 26.25 30.62 3325 350 3937
350 300 2415 2625 3150 3675 3990 429 47.25
380 330 26.56 2887 3465 4042 43.89 462 5197
400 350 28.17 30462 36.75

42.87 46.55 49.0 5592
450 400 3220  35.00 42,00 4900 5320 s 63.00
500 450 3622 3937

47.25 5512 3985 630 7p.a7
330 480 3864 42.00 5040 sgs0 63.84 472 75.60
350 300 4025 4375 5250 6125

66.50 70.0 7875
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86.62
37 7315 770

550 4427 4812 5775 673

600

840 94.50
4830 5250 63.00 73.50 :g:_;}-g 4o 9450
A s071 5512 66.15 7717 B 2 6
080 B0 o s647 6825 1962 s645 910 10237
L ggg 5635 6125 73.50 8575 93.
750

F LaImin h[‘;ﬂr resistance concre Iade h.-” Hlulllilv e ab“'ﬂﬂ 'uﬂl'I.IES b}r 3'&!"‘35
I O T D I}‘ th
I. (4]

" r 1 I
i y i k I- I
2.- oro {=]

TABLE 1.3.36 o
DESIGN FOR SHEAR - LIMIT STATE MET

" # & - N
} D "i[gh (4] bC:IIIH ars i k

E[ \'IIJ l'l_l:l i I) F 5
o | 5“ u I] 5 2
m
.f_ - ir 5 J Eﬂ.{]i 24.5‘
1 ﬂ.ﬁ ﬂ. ﬂ El-..- l| I
I- & ﬂ ﬁa _'6; ﬂ.?s Iﬁ 3[}.9- 3‘."-3; 5]-33 62 E]

3
ﬁ 1 {]. l 5 I- .1
U.S "

8021 98.23
4832 S9.18 I
‘ o 7160 97.05 _
om 05 g;}i :gg o It ff:jg 9246 12532 153.;:
o0 035 05 2 TR : 11598 15720 192.
om 137 0@ 210 071 00 28 T 15149 20532 25147
0 e T o ol |m 123.69 151,
: 220 071 0.
100 060 0.62

is of the member
30 071 0.82 | 8 =angle between bar &axis 0
2, . :
1,10 062 0.64
120 063 066 240 071 02
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Plain & Reinforced Cement C 38 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
Oncregp TABLE1.3
TABLE 1.3.37 PER METRE WIDTH
= 1% pfmm?
SHEAR - VERTICAL STIRRUPS B2 st N
Values of Vus/d for two legged stirrups, kN/cm. Thickness = 100 cm
Slil'rup fy = 25 7 ) Ban DiaMETIE, G Han [IAI-IH-\F‘T'-. mm I
spacing f}jm,::l:q ;T“m f}""- 415 N'mm? ;,"ﬂ:;m — IR TN i -z g 10 T
P 000 000 000 1 yED 42 g3 1M
3 1012 000 gl 000 fia) 364 &15 503 1 s
92 000 oo -0 b | 343 591 L) 1
6 8 10 12 6 g } Bl 1320 rix 000 2 oo 58 gy | i h
; - wE RN ITE R |
2460 43 1 5 ' : ¢ : : : |
2 Yo% o135 6833 9339 4083 7259 1134 jg334 2o g8 g ol oS ;M Sm |
7 - 3644 5694 | 8200 3403 6049 9457 13k TR aR L Rl B B e B |
L757  3.124 4.881 | 7.028 297 5I l : 13.611 5 s (T 1237 & 0 w 000 462 &7 ¥k
8 1.537 2.733 -185 §.102 1 1.667 '{. m 419 1175 000 5 o 159 597 Eis
. 4271 | 6.150 2,552 ] e ™m 1120 000 i 000 351 528 726
9 1367 2429 3796 e 4337 7089 10208 moof8 i e 0w :
10 1.230 2100 ]'41 3466 2769 4.033 6.302 9.074 19 418 703 1022 s :
11 1.118 | .988 3. fﬂ: 4.920 2.042 3.630 5.671 8.1567 Nerre | — Zeros indicate inadmbible reinforczment perceniage. :
12 1.028 !-8‘?2 . 4472 1.886 3.299 5150 7424 Mote 3 — Bar spacings below the dividing line exceed 34
5 loee 182 2847|4100 1700 3026 4720 6306
4 |os79 :?32 2628 | 3784 1571 2702 4363 .86
15 (0820 1yes 0| 3514 1458 2503 4051 g3
16 lo7ss 130 28| 3280 1361 2420 3781 s5.445 - '
17 55 1366 2135 2075 1276 2269 3545 s TABLE 1.3.39 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
7 723 1286 2010 | 2894 1201 2135 333 104 PER METRE WIDTH
0.683 1215 1898 | 273 2. 20 ) 4804 L= 15 Njmant
19 0.647 1.1 | 2733 1134 2016 3151 4537 2 4% Niow
2 : AL 1798 | 2589 1075 |9 : Thickness = 110cm
20 0.615 1.093 1708 910 2985 42908 |
| . 25 10492 0875 1367 f:m 1020 1815 2836 4083 Bar Bax Dusarres, Bax Pax Dunsres, meg _
| 30 A Ml i.ﬁ:g gg;:r 1452 2269 3287 seacing, — e TR 8 10 2
35 ' : . 1210 1.8 . : 1495
> 10351 0625 0976 | 1.406 0583 | o 2 3o s om g | X W8 I8 R u»
40 0307 0547 0854 037 1620 2333 S Um 000 300 000 n 000 ggk  om  Ibe
L : 759 [ 1093 0454 0807 1260 |15 S T oy P AN
Lo oo BN 0% e | HO0R Sw osw _ pw
| = 8 ip BB M aE | wl e sm m T
:: E‘T.'HI 10-50 1506 o0 % gﬁ gg; :& :1.1!}'43
15 590 488 14:26 000 _ i b S
: s BB M oem | p o o %
i il 5 i 1558 43 000 000 536 T

Mote | — Feros lndicate inadmissible remfomoement perceniags.
paerre 2 — Bar spacings below the dividing fine exceed J3d
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TABLE 1.3 40 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m

, —
‘ PER METRE WIDTH

=y
f

fek = 15 Nimm
By = 445 Nimimg TABLE 1.3.42

Thickness — 130 om

NCE OF SLABS, kN.m
LEXURE — MOMENT OF RESISTA
FLERURS ?"lER METRE WIDTH

Buan Ban Diasorres, mes Erm' Ban DrasErn, érim g = 15 Njmm? il
- —te — MCIMO, o e : =
3':3"5‘ & ] 10 12 &m & L] o ' k = 411‘5 ;“i::’“ |
. hickness =
5 {761 000 aon 000 w 000 551 1262 16945 : ¥ l
6 1%2 000 0 000 1 000 513 1209 16y,
S N U BT
£ 178 I8 2 : ' 1
7 ||:||-3.? 70 000 000 b1 o0 19 10:73 M;- Bk Har DiaseTER, mm =5
0w {579 o0 700 28 00 §92 10-35 1914 Ban Diasamix, mm  |Seacin, . 10 12
1 530 1458 2064 006G 2 000 667 559 1164 e - 12 16 | cm i o
12 42 1351 1912 0 b nop 44 965 13239/ SrACING & ] e 15:46 2 200
E - Br] 7 I Gk ] . 7 o 0 [gy) i & a2
13 7:33 1349 181 a0 b 000 6 913 124 00 o0 00 8 1479 o000
| 4 To2 178 108 ao0 2 oag 501 04 124 bs ne 0w i 000 oo | 21 o 345 1408 :3_:_; a00
15 6= 1109 1614 000 i 000 583 236 [ Tek § 183 ik oo o0 000 T 000 i S 000
T 1048 1530 24 3 0 0 =59 o B 5L e 000 000 Rl = 000 BTl -
I 554 D90 1431 1933 48 o0 000 &7 '”’g E- I T 000 oo b 37 e 113 '
| 18 553 940 1384 1848 5 000 600 f99 - g 12 oo | 25 0-00 83 1217 1678 2837
19t Y 1320 177 ho 1res 194 ﬂ:ﬁ g% 000 | 25 g'gg ‘.}9,; s 163 ﬁg;
: Bh ! h ; H 15
|I Neme 1 — Zeton ldicane inadmissible reinforcement percentage. H lgﬁ };:3 2405 g% gﬁ ﬂ 0 ;if; :{',;3 1522 2430
Iy NaTe 2 — Har spacings below the dividing line caceed 32, "l 13 9‘1‘: H%g' %{ig 814 000 e | 0-00 1065 1476 2355
" ¥ 0-00 0-00 . 074
— | o000 30 3 1183 =hr e
o1 uR OEROBE 88| moeea g R o
|I I 26 ey a1 21 o0 | W o G
| 17 O00 Fllﬁ? 1699 2300 (i 45 000
| B0 be Wk B ow .
3 arcement perosatage. |
! - ABLE 1.341 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.s — Zeros indicate insdmissible reinf :
| = PER METRE WIDTH : T ar spacings below the dividing lioe 3
|
fix = 13INjmm
fr = 415 N/mmt
| | Thickness = 1390 gn I .
| | Bux Ban Deasarren, mm Hax Ban Disertam, mm I
| Sraciwa, . =y { ' BPACTNG, o
an 3 B 0 iz 16 en ' 0 12 18
|
' 5 1968 000 000 oo 00 I om 941 4 o o
& 1682 00 000 oo 000 FT 0 TR &P S 8 000
T WS % om0 000 o o 8l 1289 j3m 000
[ B E T ol g0 00 PR o ST S T
L T T 000 000 o0 oo b N T S o0
10 106 1780 2499 g roo 3 oo L= T LT ST = 000
1L %71 &l 1311 g 000 % g0 LT - R ()
12 B9 s s o o0 T oo T @R e
3 F2  13m a3 000 000 FL I o LA -5 S T S
i MO e 1901 000 000 % o &6 0l i 3
% o e o am 000 643 970 j3ap  apq
g ¥ 1 1 K- P
§ gk BE omh BR o oMe) Z O 0B te nw v
| LI T 1465 1986 gom Wi e 6w ¥ e
I NoTe | — Zeros lndleate fradmisuble reinforcement Pefcenitage.
| MoTe 2 — Bar spacings below the dividing line sxceed 3d
|
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1
TABLE ——
1343 FLEXURE — MOMENT OF RESISTANCE OF TABLE 1.3.44 FLEXURE— MOMENT OF &%5&15‘?;AN¢E OF SLABS, kNm |
PER METRE WIDTH SLABS, kN.m PER METRE WID |
fao= M Hfomd
7y = 413 N |
j A Thickness = 10Ren |
e}t - 15 Njge
L 15 i |
“H‘.n:s: = 150 r. y flan Hap Daasmres, man Han Ban DiAMETER, WM | |
Bar £m -51‘-'-”"""_"_'____ i . emmm— Spacindl, — e Lo | "
SractG Eax Dy s @ ) 1 2 em & L o L 1
em P AMETIR. rom a 00 000 i) 0 403 &l 1016 e I|
g L) 1431 i
: 3 . 2 owp s B 4o o B |
3 X Tk o'na 1) s 5
4 0 g0 000 s T 7w 1% 000 000 2 ¥s2 601 598 1220
P I7-60 :'!5,'3._'5 000 m 00 i 33 1398 o-od 000 M, o ¥m W@ L
’ H:g‘g i gﬁ oo o o 10 m 174 o0 0oa 25 o0 57 Fo ] 1)
327 1 0-00 000 ﬂﬂg i Il 1179 1678 000 3% o00 337 e e
10 26 +30 000 000 ' O i3 1547 100 31 900 1H 76 1062
i1 1267 3023 o-00 m B 08 10°18 14710 000 ag 00 Fhe 251 1018
12 g 1951 ] 000 . A 1) 552 1143 000 T 000 484 et 297
i: F83 }:.'?“ 364 410 000 oy IS 531 B9 jyas (22 0 000 68 T4 g6
2l s 2468 e 000 - 1 i Bds 113 128 ELl 008 404 610 B4l I
15 e iris o ] Y ¢ 1 LI Le4 40 000 ¥55 538 1 '
i 3% 1o 218 & 0% ] TR B G |
17 : 1386 ) 9
18 g_m 13°10 m:"" 2TB9 ﬂ'llll P sote | = dzron imbloate iraadiniisaibe reinfoncenent perceniage. |
1% 00 i 1933 000 : : :
| 0-00 ”_41 18:56 2653 00 | slore 1— Bar spacinke elow ihe dividing line saoved 3d. |
20 0-00 » e ﬁ'ﬁ o g\f‘ﬁ | |
. 000 : =
| 8 000 Y 1688 % 000 il
n o 1028 ol 218 000 o - |
71 o 955 g Ii28 000 I | — |
000 : 1435 000 00
‘ 25 e 1428 193] 3208 oon TABLE1.845  FLEXURE— MOMENT OF RESISTANCE OF SLABS, kN.m |
ﬁ gﬁ 910 S 1108 000 FER METRE WIDTH |
: B76 3 1901
| 1326 _ 3008 w10 pfoad
25 0-00 B:45 1280 IEI:!,,'I 3918 000 t.;-u!-Nmm: |
] 000 000 12 1774 000 iy I
e 1197 K7 ﬁ” 0-00 Thiickines «= 110 em
ﬂ 000 o0 I s 000
0 1=
b g'% 0o :ég; 1612 25 LB Bian Edrasiepen, i Wi llan [NAMETER, MAL
45 000 000 e 14-00 i 043 SPACTNG, —— —_— — | Sracans. o~ - -—
0D O'O'ﬂz 1236 g‘_gi 259 e & i 10 12 emn & £ 10. i
NeTE Zaos it inndisive reinfoceament o = i ;owp ogw o cm o t® | R4 IR B
' * & B 1990 00 000 pi3 o0 Tl 1064 1432
§ 107 1766 00 it 0 000 681 1021 1397
| Y -t 1549 i) 060 24 @00 B3§ a2 1346
Ll W BT 146 ey 000 25 ) &30 g j19
1§ w4 IRECE! 1938 ano £ o0 607 il 1255
| I e
] . i 2 3
R 182 1545 204 2 e " £ t
i3 580 M ] L 1 < k
16 56 957 1913 104 3 e i I e
L e AL L e a0 000 000 609 §48
4 . 3 -+ . . . :
A& £16 {314 1645 e "0 o I #58
MorE | — Zeros indicats aadiniaaible reliforcemenl porccnlage L
peore T — Dar spocingy below the dividing Tine exceed Jal.
|
: 1445 - -




e
TABLE1.346 FLEXURE —MOMENT OF RESISTANCE OF SLAHS, kN.m

PER METRE WIDTH

o l-zumind‘-ﬂﬂiﬂlrmbhr&nrn e;n:ndid. i
TABLE 1347 FLEXURE —MOMENT OF RESISTANCE OF SLABS. KN.m oms ings below the dividing line
PER METRE WIDTH [

LARS, EM.m
fa= 2 Ninal MOMENT OF RESISTANCE OF §
7 omr 348 FLEXURE — WIDTH
3 = 415 Mg TABLE 1.3. PER. METRE Njmm?
Thickoes == 120 oy o= 20 |
f, =415 Njmm? I
Thickness = 140 cm
Bar Han [HAMETER, mim Ban Ham Dyaares, mm |
Sracoia, - v | SPacmg, r — |
em) [3 [ 10 I em & [ 10
5 18w 000 000 000 20 0og 60 1301 Ban DUAMETER, Tm e
& 1567 2525 000 000 1 000 820 1244 | Ban . . 16 |
7 1364 129 oD 000 iz 000 753 1192 Tk DIAMETER, TOI l Snm'“-*? 8 10 1 |
B 1207 1991 000 000 b 000 761 1145 - Wl em ) 3648 |
*  Irm 1801 2576 o0 24 0:00 T 11-00 ™ 3§ 10 12 / goo 100 15ES %‘]_gg 3318 |
" ¥ |
0 e 16:42 P2 000 25 000 T2 10-59 _— 00 000 gﬁ %‘; 000 109 E; w08 1131 |
11 §96 1508 1153 000 26 000 677 03] 5 2 £ 000 000 o 5 000 ' Her 190 ® |
12 526 1355 2699 7 000 b5z o8E N pes 3130 009 000 o 3 000 LI Tt B |
13 765 1297 1906 2539 28 000 630 o33 T 0-00 0o | B G5 B2
1 713 1242 1768 2193 L 000 609 53] A 11;.':14 b 000 oo E e 1286 1789 %ﬁ .
i 1309 l ] " 716 i
15 667 1137 1683 2166 » 000 o o ¥ 1 apa7 3894 000 A& R e 1661 2100 l
16 §:27 1071 1590 2149 - | s 2O I Setn oo | 2 b0 747 135 1612 2618 ,
oM S omm o ES | 3 om s W ohn B IR 3R el § MR w WE ek B I
T £ 11 12 1361 1860 bre 000 000 607 996 183 Ha e 0o0 | 29 o000 T3 I
: ' B e Hal e T 000 i goo 108 1512 M8 '
Motz | — Zeros indicate insdmisible rinforcement percentage. " o000 | 30 000 1309 | 21736
Note 2 — Bar spaciogs below the dividing line excesd 34, A 1379 '{gﬂ ;E,m n-.gg [ 35 o00 00 :':‘: o 1914
Borioum oG Bu o otm Tw we s hn Bl |
Qe e 1 20l SO0 1 G o000 '
| 00 1103 1661 2290 |
99 o000
|
|

fou = 20 N2
| | Sy = 413 Njmmd =
Thickness = [10cm 1
| |
I | Bar Han Duaserron, mm Ban Hak DHAMETER, mim v
| SracinG, , - — | SEACING, — — -
cm B 0 13 16 om & B je] 12 16
L 5 2r4s 32466 L] 00 0O an i) 5 144§ 1784 ENE T
6 1738 2828 LB 00 R i o0 U] 1379 19400 ma
T 1510 24ER L5 oo g il F 000 87 132) 18723 2867
oI .} AT R 000 23 o0 B39 1268 1752 21ds
| ¥ 1195 200z B9 000 Lk 24 a0 EDi 118 16757 25 TT
LLUN [ 5 1823 2654 L] 00 25 gyl ] mn 1625 2550
11 953 1673 2451 1249 000 i o00 46 1h3g 1569 2508
2 il 1546 2276 filegl 000 27 LR T -9 1516 2431
13 B4 14736 2I'n 2853 (] B g ed LE ] 10°5% 1466 rn
14 780 1341 1950 58T aon el 00 72 10-20 1420 250
| 13 T35 125 bl St 2538 00 - . ’ -
| 15 91 1754 1763 Tais 000 N ooh 50 945 1376 1328
| 17 651 11-1%9 1673 ALE4 000 35 000 oD 553 11482 1949
18 616 ] 1589 174 000 40 [ gled L) 750 19-52 171
1% L] oo 1¥12 073 0o 45 00 L] 670 41 158

MOTE | — Zeros indicale iradrminible reinforcement pefceninge,
MoTe 2 — BHar spaciaps below the dividing line exceed 34,
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PRISMATIC BEAMS

TaBLE1as50 FIXED END MOMENTS FOR

. Men
TABLE 1.3.49 FLEXURE—MOMENT OF RESISTANCE OF SLABS, kN.m e —— ¥ T
PER METRE WIDTH LOAD TYPE |
f N o P 3 ,_,F_n:-.b.— I
ex = 20 Nimg, | Fab ¢ |
Lo=dls mm' 3 ’_%E . "Ti“ i
Thickness = 150 ey | 2 |
—={ a p—20 el |
s..Bau Ban D:.:umn. mm p — Pt .
am 3 8 10 12 16 my 4 l EB . fa—" 5 |
AY z
5 2453 3992 000 000 | 3
& 2078 432 000 000 000 o<y, r— 12 etz
7 1801 3007 4316 000 000 o0
g 1590 2673 3880 000 000 ooy
] 1422 1406 35:21 000 00 ooy ws 1 - 3all |
— = h-"- " ' (k=351 -==li2a'bes
10 12487 2186 3220 4303 000 0w 1 Mo Un |« 22 (12ab% 87 1= 1t
1 11-75 2003 2065 399] 000 (] 23 7l ETYL
12 10-8] 1548 274§ ET] 000 o0 B
5] 1000 1715 2560 3480 000 000 o |
14 931 1600 2395 1270 000 0 ‘ il |
13 871 1500 1350 a2 o0 000 _wst il-33) |
16 000 1411 21z 2915 000 000 w w121 (31-45)e387] 2! ,
17 000 1132 2007 2764 4325 o0l ¢ g|-2i12
IE 600 1261 1904 2528 41°40 000 A R IRTT
19 000 1198 1811 2504 1969 rop s ___L.,_ bad]
2 000 1141 1726 3pe2 IE1 000 e
b 000 1084 1645 Irge 3664 o0 "
2 o000 1041 1579 2194 hee] 4127 i _ Wl
ET] 000 997 1514 2107 3400 1990 wl? (F] t
24 000 257 155 2027 3zgl 3860 8| 4% |
A : £
25 000 530 1400 19:52 370 3738 |
26 000 #-86 1348 18463 3066 3624 pa—1=
27 000 §34 1301 1841k 2 3515
28 L%} 000 12:57 1758 77 M-13 T
3 000 000 12:15 170] 2791 316 w 5 - 2wl } |
i
30 000 000 1T 1645 27:09 3324 gl 'r—’g"‘;',-— " i
33 000 000 10448 142 3144 2529 A
0 000 _ 000 B I T a5 519 1 el 17—
45 000 000 000 1121 1541 369 ndtll !
NOTE ) — Zeros indicate inadmissible reinforcement percentage. W ] wd
Nowe 2 — Bar spacings below the dividing line exceed 3, mtf_‘zg_gu . "-‘—’-é 0
A
bomeaa} =]
pre=—=rr) || M8z 38,
| mbiz-12) [ -
Bl= 1 1 |
8 o0 L b= it length o
£
Mote:- w is the load perun
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TABLE1.3.51 DEFLECTION FORMULAE FOR PRISMATIC BEAMS

! Chart 1 ¢OMPRESSION WITH BENDING —Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Note:- W Is total distribuled load
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NDING— Rectangular

Distributed Equally on Four Sides

Chart 5 COMPRESSION WITH BE

Saction — Reinforcement

Ch_Eﬂ 4 EQMPHESSIHH WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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SECTION 1

SOIL MECHANICS AND FOUNDATION ENGINEERING

2.0.0 Intraduction : Soilis a complex material farmed of the weathering pro-
tess in solid rocks containing solid particles, water, air and other gases including organic
Matter. lts properties cannol be predicted with the same accuracy as other building
Materials due 1o its heterogeneous nature and varying characleristics, Besides theoreti-
tal concepts, it is essential to explore the soils, test them well betore adequate design
and canstruction conirols are exercised for best results.

Boulders, gravels, sands clays and cjjts extending upto 75 microns in size are
termed soils. Formation of soils is the result of geologic cycle continuously taking place,
the cycle being weathering or denudation, transportation, deposifion and upheaval etc.,
Weatherlng by physical agencies such as periodical temperature changes, impact and
Splitting action of flawing water or ice, wind, plants and animals etc., results in formation
of cohesionless soils and residual soils of shallow depth formed a the parent rock, chermical
Weathering may be due to oxidation, hydrotion,carbonation and leaching by organic acids
and water. Transported soils may be homogeneous or heterogeneous depending on the
Manner of transportation and deposition and will be of considerable depth; agencies of
transport being water, ice, wind and gravity etc.,

Alluvial, marine or locustrine scils are of watar transport. Glacial drift or simply
drift is due to flow of molten ice and the components being of various kinds. Glacial
Streams contribute to stratified depths. Loess or aeoline is due to wind blown dunned
Sands or silty clays with no stralifications. Soils transported by gravitation forces are
lermed colluvial soils such as Talus (below pick up Weirs),

21.0 Definitions: Soil mass consists of solid particles, water and air, the voids being
Occupied parlly both by water and air in @ saturated soil. In a fully saturated soil only
Water occupies the voids. Ina dry soil mass the voids arc filled with air only.

Moisture content shall be expressed as w generally as a Percentage and equal to

Spil Mechanics

S Where W = total weight of soil sample In grams

il solids | le (oven dry)
W 4= Dry weight of soil solids in the sample |

=) f -]

I I r = W ﬂl Ilh" -

v Density
[_}LE’_D' le = Wuf ‘IJ . | W
i ity of soil in its moist state.
i is the bulk Density ©
Saturated Density  Year

! -
Submerged Density Y buoyant ( ¥ )= ¥ sa Tw |
il solids in ai ven
i i olume of sail solids inairat a gl |
i el io of the weight of a given s
SDEQLLM_'W_E%ECT ll:EuI:treight of an equivalent volume of water (distilled)
temperalure
o [ leand |
ds ratio the ratio of volume of voids to the volume of soil solids in a samp
ids ratio:- & Is the rall
Vo ooV, IV, i :
total volumie of a given soil mass an

' ids 1o the
Porosity n | ratio of volume of vol o
| nnr I':' t?s" generally expressed as a percentag
=W

=V, IV, =n/1-n
=g (1+e where e=V,/'Vg
. }:E{‘lvn';grﬂ-n]:‘ih-ra_

h CI!UIHE o Wale FEE I I Dt e
4 1sthera

egree of saturation S, . .
Etal volume of voids (including air) In it.

Also n=V
n=ve.F{1+E

mage.
i v expressed as a perce
S, =V /V, and is usually exp

% m = d 5. =1,
ample, V=V, and 3,
For a fully (100%) saluramc:: 5 . ;:; ; aﬁd e
d in a perfectly dry sampie, V,, B s e > s
?: and V. can be represented by e, an w W
W L

g i [ i.Iul

Density Index 1, =
2-2




Soil Mechanics

Soll Mechanjcg

— —_—
compaciness of the natural soil Deposit and is given by

: (Wse)
Iy = / Y1+ Yw -®)  GCYuw* Tw® L
p =(€nay-2) (@ max ~ € min ) s i B
Where & max = Yoid ratio in the loosest state of the soil ysat = ——— """ - 1+e) 1+8
® min = V0id ratio in the densest state of the soil (1+e) L1+
& = natural void ratio of the deposit
It is generally used for cohesionless soils only and it varies between 0 and 1 d) W =Ww/ wd,
22.0 Certain important relationships: Ww + Wd
alew=eS_, (for a fully saturated sample,ea=0, eW =e and 3,=1) {4W = meoememmme = W/wd
w=Ww/Wd=ew-v,/ 7, wd
= 1+W )
butG=vy_/vy,or Ys=G7, W/ (14w): Tzw¢fﬂ=Wff_1+w}V or Yo=Y/ (1*
Wd = ]
= 1+W )
Therefore, Y=Yl
ew Y
W ommmeee e = ew /G or ew = water void ratio = Gw = a. Sn, ore=0Gw/ 8,
G Y., Table 2-1
3.3.2 of 1498-1970)
b) Y= Wd/v= Ts Vs/V butVs=1, V= (i+e) BASIC SOIL COMPONENTS {Clause
ticle-Size Range
GY. - Soil Com- Symbol  Part iption
- si- Saoil and Descrip
OF €5 —oreermere -1 3 AlsoVs=(1-u) andV =1 No ponent
Td H] {5}
m @ ¢ t ular, bulky, hard, rock
Yd=G..y,, (iu)/1 =(1-u)G. e  Rounded toanguian B
| -, s i) Coarse-grained Boulder et particle; average diameter more than
Component 300 mm
c) ; Total weight. of saturated soil W sat Wd -+ Ww Ak - Rounded to angular, bulky, hard, rock
| At e T T Q =]
Total Volume of soil v v

i 2 di ter smaller
rticle; averaga dlan:\e
It::an 300 mm but retained on 80-mm
Ts 1""5 i "u"w

IS Sieve
= e S BUt VS = 1, V=g, V= 14e
Vv

| G Rounded to angular, bulky, hard, rock
Grave

particle; passing g0-mm IS Sieve bul




Sand
i)' Fine-grained Silt
Clay c

Organic 9]
maiter

Note—aA comparison ba

identification of soils for

in Appendix A,

Soil Mechanics

tween the size classifications of
general engineering pu fPoses'a

retained on 4,75 mm IS Sieve

Coarse : 80 mm to 20-mm IS Sieve
Fine : 20-mm to 4.75-mm IS Sieva

Rounded to angular, bulky, hard, rock
particle; passing 4.75-mm IS Sieve
but retained on 75-micron IS Sieve

Coarse: 4.75-mm 1o 2.0-mm IS Sieve
Medium:2.0-mm to 425-micron
IS Sigva

Fine:425-micron to 75-micron
IS Sieve

Particles smaller than 75-micron 1S
Sieve; identified by behaviour, that s,
slightly plastic or non plastic
regardless of moisture and exhibits
little or no strength when air dried,

Particles smaller than 75-micron IS
Sieve; identified by behaviour, that is,
it can be made to exhibit plastic
Properties within a certain range of
moisture and exhibits considerable
strength when air dried

Organic matter in varioys sizes and
stages of decomposition,

15:1498-1959 ‘Classification and
nd the present revision is shown

DESONIFTION §
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Soil Mechanics

]1 Sl Mecharies j
550 FIELD IDENTIFICATION AND CLASSIFICATION OF soILS

i P p
-g =% a2 ® j i
=& ¢ £ 4 3
| 3 ;E g jr @ Ei‘ 2313 244 e e
= E 5 ] E - Field classification is based on:
| . E 2 E b
g - | a) Particle size distribution discerned by the eye, and
| P e FoITHIg pqe B ‘
5; * 4 4 35 3 g °3 g f f = b Plastic properties of the fine mater.al
I =g 3 s f i ' i H[Z f i : : £ 08 ( P
2y A5 3 g h
I E ! 3! i & 3 5 b 5 3 jj % d I The general procedure is to make accurate visual observation and a few simple
| i gh & % ,g g i} lests as described below and compare the results with description set out in the table.
Z 5 : 8 8 ¥ 58
E;' - - e 7 a 3 # a2 . n
' g N 3@ id i £ 3 g E E T EE 2 Classify a representative sample as coarse or fine grained by observing whether
j % -2 T F £ B E g i 50 per cent or more of the sample consisis of particles that can be individually seen by
E s - j the naked eye; if the sample is coarse grained, observe if 50 per cent or more of the
1 - £ i { b coarse grains are larger than 1/4 inch in diameter, in which case the soil belongs to the
u 2 i 1 é 1 §§ 5 i i3 : 3 gravel group; and if otherwise, to the send groups; classily this further into one ol the
e E 5 .E ; E;E i 'i i L i ? many gravel or sand groups described in the table by tests on the fraction smaller than 1/
ol | | g ; =§ * 4 i E } i i g inch.
. i3 3 3 i i E ¥
. H g
i £ g 5 ?’E £ E . :% i E'g 3 i ? - 5 13 When the sample consists of particles more than 50 per cent which cannot be
| g i é £ 8 i} j‘ ,E I ' : ‘g L seen individually, the soil is fine grained Classily the sample by performing the shaking,
I ‘ ! * 3 & i o5 3t 3 ; ; - i E g breaking and thread tests on the minus 1/8 inch material and nating the colour and odour.
[ i 5 ;
| LI
\ ' = 1 . | - i -t If the characteristics are 50-50 give the two identification symbols, the sample
iI | éﬁ - % %% f';% % & 53 11 L1 11 11 11 11 1 & _5 § g may be classified as under. In addition to mentioning the group symbols, always furnish
. o % % ox ow T M2ls 2 0% ha N3 ts 3 g iF other pertinent data like colour, maximum grain size shape and hardness of the grains,
- i35 " <00 ATt ‘; § 3 § surface condition, friability, quality and quantity of extraneous material, etc. Do not attempt
g 3 - i'; -E : i ;g ; g 3 { 1 _E _E ta classily on the result of any one {est; complete all the lests and then compare with the
- i : 5 4 5 & description in the table to determine the grou ing.
iR R F L gl il groupin
. i i 'E IE E H ;.% %? P oia 3 g’ ! | } ? g _'! The following describes the procedure for the different tests:
A i s : ¥ B - _F x E E -5 | E -
| e = i i § 58 2 8l * 3 P 53¢ : N
| H E ;! 251 :IE EE i 8 aliEs T 3 i; g 3 ¢l - 1. Visual inspection:
st s d jicd dmgisi f sz bl
| E‘ 3‘:’ izﬁ it gf gf ?53 ?E ’éf % _i_: E'E ﬂ 3 5 | E £ ‘E (a) Grain shape:- Observe the sand and gravel particles and describe whether
= LA 2 B e d 454 " ihey are angular, sub-angular, rounded or sub-rounded.
it ol L I . i Eﬂ i3 ! 52 { Y
E 3 F_:" I
g . 33
§ S8 53 83 ¥ a3 = aa g ‘
5 ¥ 3§44 55 3 il 212
g g 222§




. (b) Grading:- The naked eye
sieve. Spraad a representative sampl
u_rufnrmny of grain size, see if all sizes
size predominates, poarly graded.

Za{:l rdefnt'rly only particles retained on 200
n a flat surface and ebserve the distribution

i wj.ﬁhakmg test:- This helps identification
e L hsaiurale a small sample. Form inta
el the hapd;ubserve whether there iz a

etween fingers and see whether water

Rapid reaction (Water
; 7
reaction shows clay or e b,

a small pat and shake it horizon

. tally iy
watery Fﬂm onthe surface, then squ ~ :
seen disappears leaving a dull surface.

; rapid e
organic matter with high F*f:m::j}t:hm plastic silt or silty clay.

3. Breaking Test:- The breaki 3
the soil and form it | - he breaking test is a measure of the ; : _
resistance is sﬁght'”r:?ezl pal. Dry the pat and break it hihsen ti:hff:mn of the soil. Wey
shows inorganic silf, v m;n or high. Slight dry strength (very easil g;rs il
clay. Medium sm‘-.-ngih :f?; ll::z y:?nd Or rock flour or combination of t:es?r:ztnht:r hngmli
if the powdered soil feels qr; 0 medium plastic inerganic clay, silty-ci b
with the fingers, the soil i %‘_ﬂtg; the material is sandy, If it is imp;ossipc E:‘.-r‘ r;r sandy clay:

‘ Il is hi - § iDle to break 1 k.
Carbonate or Iron Oxide. ghly plastic clay or contains cementing material fike C:Iziﬁf: |

4. Plasticity or Thread Tes :
Remove the : t- The test indicates the o :
Roll the wet :gﬁﬁ:[::;?mgmm the sample, wet the fines and E:igr?ha;;f iisngltykg i soil
8inch in diameter. The moi Ipaims of the hands or on smooth surface tg fr'llr ; h ol
Note the toughness of the threag o .- | Stage is called the o
indicated by a tough thread :‘ad and see if it can be lumped again ]:[-'mﬂ o H:'E_sc'”‘
medium toughness which C\;{:ﬁgtcba; ﬁ? lumped again: Medium plasl}mt}:gg;g]ﬁ:::; clz-sr
la ] ed : 1 1 i
piasticily by a weak thread breaking eas;::fandar?;l?e;::g?steﬁglgg Il:rumblerj: SHeh fow
umped.

2. Odour and Colour T
. esf:- WEI o " . v
heated. Organic matter is generally dﬂrkrgﬂm:. soils have a bad odour felt more wiien

roitenEd. In colour, clays smell ‘earthy’ when slightly
6. Acid Test:- This i i
. is i
TRAar vt a Ga g mainly intended far showing up Calcium Carbonate

solution of Hydro Chioric Acid will e

visibly.
¢ ause the material to react

are proportionately seen, say well graded, |

of a fine grained sail as fine sand, Siltee

\

Soil Mechanics

7. Shine Test- This enables quick detection of the presence of clay in a soil.
through a lump of the sample and see if the surface is shining. A shiny

Cleave or cul
surtace shows silt, sandy clay or clay of low plasticily.

syriace indicates clay while a dull

Sedimentation Test:- This test helps approximate gradation of fine-grained soil,
ke a small quantity of the sample in a jar of water and letit settle. Grading is indicated
in the different layers of the suspension. Sand settles in less than a
te lo sixty minutes; clays take comparatively a lang time, sinking
Observe setllements in a period of ten

8.
Sha
by the materials
minute, silts from one minu
approximately about six inches in one hour.

minutes.

231 Procedure for collecting and sending disturbed soil samples from borrow
areas for embankment construction.

(1} Exploration for borrow areas is performed fo locate comparativaly large guantities

of sails in which accessibility, uniformity and workability are very important. Generally it
is prelerable on the upstream side of the proposed earth dam and within the allowable
leads as for as possible. These areas so selected should not be within 100m from the toe

of the embankment proposed. This type of borrow areas is first located on the basis ol
surface indication,

(2) In each area, three or four pits of dimensions 1 x 1 x 1.5m should be excavaled al
well distributed location so as to fix the stretch of each type of the soil available.

Different layers of soil exposed in each pit should be examined excluding the top

(3)
layer. Thickness of each layer of soil should be noted so as to establish the

15cm.
valume of soil available.

(4) About 25 to 30 Kgs. of sail of each type should be scraped and securely packed
in gunny bags.

With each soil sample sent, a slip containing following information should be

(5)
enclosed and the same details should also be written on the oulside of the gunny bags.
i) Name of the scheme or projecl.
i) Pit No, .
iii) Sample No.
iv) Depth at which sample is taken.
v) Survey No, and Chainage No.

2-14
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(6) The soil sample should be sent (o Director, A.PEngineering Research Labs,,

Himayatsagar, Hyderabad - 500 030 AP. If the Sojl samples are to be sent by (rain, they

should be sent by Passenger train and freight paid. Samples canbe sent, by lorry transport
by paying freight charges.

{7) Alengwith the samples the lallowing information angd drawings should be sent

i) A short note regarding the location and history of the Project.,

ii) A contoured site plan showing the borrow areas and borrow pits and the
alignment of the Proposed embankment,

iii) The L.S, and Cross Section of the Preposed embankment showing the
position of the sluices, weir elc,

iv) Profile of each borrow pit.

232 mﬂﬂmﬂuﬂmmmwmjmw
Foundation St udies of Earth Dams,

The main purpose of the Foundation Investigations s to study the strength and
permeability characteristics of the Sub-Soil Strata along the axis line by testing the
undisturbed sall samples in the laboratory. The depth to which these studies are confined
i5 governed by the height of water column at every chainage under M.W.L conditions.
Normaily the trial pits are opened at intervais of four or five chains (closer if justified) to
the maximum depth of water, which is going to be stored. As open trial pits may not he
practicable beyond, 4.5 1o 6 m feet depth, hand boring set or mechanical rotary type of
boring machines may be used [or obtaining undisturbed saoil samples. For taking
undisturbed soil samples from open pits lollowing procedure is recommended:

1. Soil samples to be made out of thin walled seamless tube either 38mm dia. and
20 te 25¢m. long or 10cm. dia. and 45¢cm. long. Each sampler should be provided with a
cutling edge at one end bevelled on the outside. The ather end be provided with holes 1.,
pit the adopter of the sampling rod shown in the drawing. 10cm dia. samplers are preferred.

2. After scraping the exposed layer of the soil 5em. to 8em. the sampler well ciled
inside, should be driven in vertically or horizontally by giving light blows on the head of the
rod with 5 kg, hammer. Care should however be taken not to over drive the sampler and

disturb the density. of the soil. To remove the sampler, the soil core should be sheared by
rotating the sampler and then screwed out withowt giving a jerk.

2-15
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i ffin about
The sampler is detached from the adopter and is sealed by melted paraffina

. m hih I ti i the moisture
i 5 thick al both the ends. The ubject of the paratfin plugs is to conserve the
2.5¢C

;;antem of the sample during transil.

. , d
Undisturbed samples have to be taken for each distinctive l?w;:;lh?:g g;fnﬂ:ig
S : !45 f 3 ta 5 leet if the profile shows uniform stmtuml. At ??:I e
e eeryoam ling point should be taken to give an average idea of den sEh‘icient o
Sl e SETEP . Egarﬁw les are used. Otherwise one 10cm. dia. sampllar *;5 o se’;t i
il T::'-sturbgd soil samples of each type should also be collec e o e
Ieas: ?:.-5 I.;?;: in 1ther gunny bags. Every sample should bear the tollowing p
the labor

written legibly:

i} Name of Scheme or Praject.
it) Pit No.
Sample No.
::]:: Depth of sampling and reduced level.
5 Along with the samples following drawings be sent:
i i he dam.
' i ing the trial pits along the axis of t m.
E;Ijl ?“Se pa:‘a&:magnkmant s?mwing_ the profile of the trial pits and other
n =

relev

| f , extension
E}GTE‘ Sampling Equipment: Sampling tubes, adopter, Auger rods, turning rods, e

mad i M.S. or G.I.
ods are reguired. Sampling tubes shall be e of thin waﬁei ieﬂahm:;jt.ﬁng o et
: bes of 10cm dia. and 45 cm. in length. They shall be provi Eided ekt foy’ o
:::uneeside and bevelled out side. The other end sh?II b:?_; gamsvha" ) infoee L e

Il thickness of the sampling
adopter of the rods. The wa

i.
ralio (Ar) given by the following does not exceed 10 to 15 percen

D? - ¢?
At = e % 100
de
gzeer:iarna! dia. of sampling tube, d = internal ﬁial. 01 s.l?]n;p;mmg tube
Generally the internal dia. = 10 cm and external dia = 10. :

2-16
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1 24.0

@

‘ 10.

PROCEDURE FOR THE DETERMINATION OF PERMEA
(JAPANESE METHOD) BILITY {INSITU)

Scrape all the top loose material at the desired area for an extent of 6' X &'

:;l::: a trench of bottom dimensions 4' X 2* and 1' - g* deep with sides. 1/4-1

tren:h can calibrated in 1/10 gallons from which water can be fed into the

Fill uﬂ_lhe trench with water to a depth of 2" from the top and go on feeding
‘water into the trench from the top calibrated can, sothat water level is main
tained constant at a depth of 3" from the top surface.

Record the water in-take every one hour,

The experiment shouid be continued tll ' '
: the in-take readin
T o ings are steady say tor

Ef:tend the pit to the dimensions of 4' X 4' at the bottom by cutting an extra
width of 1 foot on either side of the shorter sides of the trench.

Mea?ura the in-tak ~ svery one hour for a period of 2 hours or more till the in-
take is constant,

Determine the extra arnount of ' intai
walter required to maintain the level in the pi
after it has been extended. e

It the extra amount of waler is 11100 gallon per hour permeability is 1 ftiyear.

Ifthe exira amount of water is 1/10 gallon per hour, the permeability is 10 ft/year.

2-19
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S

MNote:

= 1100 G.PH. Then K = 1 ftlyear.

Suppose :
- 1/100 G.PH.10 110 G.PH.is in the limits of 1-10 ft/year.
—1/10 G.PH.t0 1 GPH. K is in the limits of 10-100 ftyear.
1 Gallon = 4.536 litres
1/10 Gallon = 453600 C.C.
1/100 Gallon = 453860 C.C.

1. Atter excavating the pil, the bottom and sides may be searified with an iron nail

belore water is fed into the pit.

2 The boitemn of the trench should not be allowed 1o be tramplad under the fest
and after dewatering the pit and before extending the width from 2' to 4' it shall be
covered by palyethylene cloth or tarpaulin or emply gunny bags.” Only one man
should be allotted to work in the pit.

3. While extending the width ol bottomn of trench from 2-0" to 4'-0" all precautions

shall be taken 1o remove the excavation material with minimum disturbance to

the foundation sail in the trench.

2-20
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P = _ _——
‘ FRNeoi T 7 "*FJF T
I" i ﬁ- = TABLE 2-6 SUITABILITY FOR CANAL SECTIONS, COMPRESSIBILITY,
| WORKABILITY AS A CONSTRUCTION MATERIAL AND SHEAR STRENGTH
- | (Clause 3.8 of IS 1498-1970)
3 i W i T . =
| -.Ia-q - | - & r Relative suitability for canal sections
=d - =
‘ 4 *ir" 40 0 : = o goil Group  Erosion Compacted Comprassibility Workabilily as a  Snearing strength
| u 1 = ] -t Resistance earth lining when compacted construction  when compaciad
; A . +4-—-F—- -4 & -4 = |5 w— T =z and salurated Material and saturated
o bt (D
‘ K2 : :11-* ‘: Il:] GW 1 : Megligibles Excallant . Excellent
‘ | - 2o | :..‘ ; GP 2 Negligibie Good Good
|‘ | pee | aM 4 4 Megligible Good Good '
i % osgt | == GG 3 1 Very low Good Good to fair
= 2N o,
| | L S | X _‘.’: i SwW 6 - Megiginle Exceflent Exceflent
1 T_m * } 5P 7.l gravally . Vary low Fair Cood
| | A i Z . A S84 8l gravelly  5{Erosion criical) Low Fair Good
= ], o
| ‘ | g i-———1.'-n=&_..; AT - sC 5 2 Low Good Good o fair
1]
| | | \l ] '-L WATER o LEVEL [Ja— _jf/l‘\';“ﬂantz“mw i ML G(Erosion critical) Medium Fair Fair
- P L], S e, g A | ThERE DE .
' | ‘-.‘+ < CL.Cl 9 3 Madium Good to Fair Fasir
i 1". Yol "'-4 e j. rr’ ﬁ A THeites o TR OL.0l - 7(Erosion critical) Medium Fair Poor
) ! i M High Poos Fair or Poor
Poor Poar

% ;I
L ¢ -L ‘ .L . i CH ‘I.ﬂ E{Uduﬂ-l-!dm;;la High
& A — — e
= @ e (crtical
Pogr

L} U
| o SECTion OWAX oH , ; High Poor
Pt - B

SOE popts of TBL T ¥ DEPLD 0w TRE BOIL waT WITH
| BT AR TR TOVELLY MR wu.l:hﬂnhlﬂﬂ'll
R ATED W TRRTICAL. BicES I Tvel SOIL PERWITS

o FIG-ZZI N-SITU PERMEABILITY TEST(TRENCH MET
' Hop) ;
|| (3 A PANES E ME THOD) scn e LefS Number 1 is th bast.
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TABLE 2-6(a)
q (£33 T2 98 | woo
Soll Type 3 |88 235202 288
State of Porosit C & 2 4= g
' Soil Y, Yol atio Bulk unit weight, glec | o | &g |352ze 9 al gt
oy natural  saturated buoyant e| E 2ETE 2 By e
Sandy gravel  loose AR-47 = ‘—E-ﬂj": o lb R it o g @
Koes. e 0.61-0.72 142173 181203 193213 0.91 £ |a % SlETicas] e
022033 183213 203234 213242 11313 | € |ESSE FEZSLE| =328
Coarse sand  loose 4045 ; S o| B 68
-— - - (1]
| Medium sand  dense 2530 g'g‘g':f;’ :i‘}:g: 1.61-1.83 1.81-1.83  0.61-0.90 i E EOE = Z0%®
.33-0. 31 1.81-213 203213 1.01-11 @ w T s W B e
o - 01-1.12 E © g L i 863
Uniform fine  loose 45-48 0.82 = i1 _EEE@ E ggﬁmg cE:EEU
| ' sand denss 33-36 82082 142151 151193 181193 0.81-0 & - z-2s |8 cEn%3 o . &
|| 0.49-056 173181 181-213 203213 1.01 1'?; s e "’_"g & Gu=®F
Coarse siit loosa i PR . ﬂ_ __?;: . Emm:h
1! e St b1z 131151 151183 181100 081091 3 5 495 |3 =Ecss
| 54-067 161-1.73 173213 203213 1.01-1. F~ | = |BwEF oo oy “as=e
Il 3 S 4550 0.82-1.00 N s E 8 |acis |5E|ae
' slightt ; B2-1.00 1314151 161203 1.81-2.08 ! £33 | *|e55E |2E[22
ightly plastic 35-40  0.54-0.67 1.61-1.73  1,73-2.13 ; 0.81-1.01 8 2 w9 EE|2c
hEIl'd m.as n_d_a‘ E.m-zLﬂ 1.01-1 12 L (= ] i = = o D
| 43049  1.81-1.93  1.61-1.83 1.81-223  1,12-1.21 08w 52 52 |23/5%
Lean clay soft 5 ' " 0 C Ea® ool g o
50-55 1.00-1.22 1.3 ﬁ - 0e @
- -Oh. 142 1.51-1.81 2 o L] 5 2
I slightly plastic 3545  0.54-082 151-1.81 1 N oeeedn 0410 T P8 o 22128 |2 |3
hard 30-35 73213 183213 091-1.12 ag 2 = = = T
043054 1.81-1.83 1.81- ; : ﬁE = o9l e g A o
o B1-223 213223 112121 BF E 29| kD =
4ol e 23| 5@ s
Sty st ﬁ;g ;-243-2.30 905151 121181 142181 0.40.0.81 Lo E " g5 £5 g5 |. |#o 5 Go
. hard 67-1.22 151181 1.51-203 173213  0.70-1. cm = G = E3|26 |3 |38 n OO
30-40 043-0,67 181203 173223 JI2. 0.70-1.12 & O o g o £ L T E
: 732, 1.83-232 091131 o W =5 E o o E )
TABLE 2-6(b) TEXTURAL CLASSIFICATION OF SOIL = T E: 50 2 AR -
i BASED ON GRADING 3 o E EE °3 | |§ @ & =B
ex ﬂm - L — o
Sand Composition in per cent g 3 €8 |8 |o8 E =3
Silt-siz E Co 3 = a = { ==
-size =4 ®Ex .2 o |a @ o @
@ = 3 = o= g ol = E— IS bl
o = O w E b 1 = g S|l 8 a b
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Table 2-6(D) Soil Mechanics
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Sail Mechanics
TABLE 2-8
Coefficient of Friction of Rocks and Minerals
( Laeger & Cook, 1969 )
Minerals Coefficient (West) Rocks Coetflicient
of friction of friction
Nacl 0.70 = Sand Stone 0.51-0.68
Pbs 0.6 - Granite 0,60-0.64
2 0.50 - Quartzite 0.48-0.67
Al203 0.40 - Dolarite 0.64-0.95
Colomite 0.40
Glass 0.70 - Tracyte 0.56-0.68
Diamond 0.10-0.30 - Marble 0.62-0.75
Quartz 0.11-2.19 0.42-0.65 Porphyry 0.88
Feldspar 0.1 0.46 Gneiss 0.61-0.M1
Calcite 0.14 0.68 Gabbro 0.18-0.66
Muscovite 0.43 0.23
Biotite 0.31 0.13
Serpentine 0.62 0.29
Tale 0.36 0.16
Classification of Explosives
Class 1  Gun Powder
Class 2  Nitrate mixtures{All slurry explosives manufactured by IDLChemical Limited)
Class 3  Nitro Compounds
Division 1 : Nitro - Glycerine based Explosives
Division 2 : PETN, TNT and Pentolite Boosters
Class 4 Chlorate Mixtures
Class 5 Initiators ( Lead Azide, Fulminate elc. )
Class 6  Ammunilion
Division 1 : Safety Fuse, Ignitor Cord, Conneclors
Division 2 : Plastic Ignitor cord, Detonating Fuse, ( D-Cord I-Cord & S-Cord)
Division 3 : Detonators, Detonating Relays
Class 7  Fire Works
Class 8 Lox

Soil Mechani
o a”.“!“!'?".“’,“‘i“!‘?“i“’!“!“!q
3 . = D el I o u3
- PR . T L L. ol [, e ool ST .~ .|
5 ‘:nmamﬂmcmsmgmdm
w g - - o &N @ @ T i (r R R
ey i o K % - W < - @ oo omonoy
4 . S T o o M~ o uy
[ o I~ wrﬁnnwvgfﬁggmﬁ
o Nmﬂ_"‘.ﬂéﬂ!“!‘qﬂ!ﬂ.“?ﬂ!".“‘m
-] ™ | @O & om — W = ~ — W 9 =T
%Ehghmwrmwgmﬁ?d‘mmgﬁ
=
8| o8 O o L T T T R .
2|2 @ R - N = B - R~ O
BEW.U 0w e~ = = o ™ 0 m =+ W Ay W
0
5 % 48l 6 c 2t 2@ 8 @ qa e w32
o8BS o= — o W o 3
E§m£ mhﬁpﬂuﬂﬁmmnggﬂﬁ
E’ "
@ G N i e e g D @ e e
ESTE‘!“‘{":mdmniuimwmdwmd
@ ‘G o
e | HleBR] s R Yyagaesan 95X S8
1 O o+ P~ O 0O ~ o
o8 |G| 5 R escErgliEgeEsIsen
;g.n ~ W@ = @9 9 @ o P o @ o0 o|
L] NQQQthﬂﬁmhﬂgmh
=% o o W P = = = = o o N @ M o
=]
@ - e e we B mo@ @ e BT R TN
L —3 u ,.,-ﬂﬂ P — M o @
[=] [ 5] ﬁvmm—ﬂﬂwgﬂﬂﬂﬂgg
o
T
m @ o+ Moo @ @ <+ g
< o @ = o y o o - T T
2| |lglgsspgeeeegagdqB
L]
1 - 0 O = W@ Mmoo~ o @
= <+ ¢ O O @ N O G . oo e @O =
[&] o NN‘“‘F‘“FF"FT"FI—FNN
o o o O — o
=« L VR T - S T S~ R S S . -
- — o M o W 0 K~ o e e = e
o
& T I R -
Lo FrNNﬁﬂ'Lﬂlﬂﬂhhmﬂv—-ﬂ
2 o8N ® T o © o @ T O 8 NG T O
%— - = = N 00 @ W 2w W & O M~ ~ ©° ®
3 O N4 @ ¢ 0O @ o W W O @ N Q%
m - - = 0 ¢ 0 W o W W W M~ M~ @@ @
2-28




Soil Mechanics

Table 2-10

Loading Densities in Kgs/ Metre of Bore Hole

Sail Mmhan&:s

TABLE - 2-11

TESTS FOR DIFFERENT PHASES OF EXPLORATION
(Clause 8.1 of IS 1892-79)

Phase of Exploration

Tests Necessary on a Sample

Type of Test

Detailed Tesls

Bore Density of Explosives in gm/cc

Hole

diain 09 095 100 105 110 115 1.20 125 130 1.35 140
mm

a2 072 076 080 084 088 092 oo 1.00 104 108 1.2
40 113 119 126 1.33 139 145 150 156 162 168 175
50 176 1.86 186 205 215 2295 235 245 254 264 274
75 996 4.18 441 463 485 507 529 551 573 595 617
100 - 7.06 7.45 725 B8.24 863 902 942 981 102 106 110
125 11.04 11.85 1227 12.88 1350 14.11 14.72 15.34 1595 16.56 177
150 16.86 17.76 18,65 19.55 20.589 21.49 22.38 23.28 24.32 2522 26,11
175 21.64 22.84 24.05 25.25 26.45 27.65 2B.86 30.36 31.26 32.46 33.67
200 2827 29.85 31.42 32.99 34,56 3B6.13 37.70 39.27 40.84 42.42 43.89
250 44,18 46.63 49.09 51.54 54.00 56.45 58.91 61.36 63.82 63.27 6872

i) Reconnaissance
exploration

i} Detailed exploration

Physical Tests

2-30

Visual classification
(see 1S:1498-1870)

Liquid and plastic limits

(see 15:2720 (Pan V) -1970)
Grain size analysis

(see 15:2720 (Part IV) - 1875)
Specific Gravity

{see 15:2720 (Part 1Il) - 1980)
Matural meisture content

(see 1S:2720 (Part Il) - 1973)
Unit weight

(see 15:2720 (Part 1) - 1980)
Consclidation tes! (including
pre-consclidation pressure)
(see 15:2720 (Part XV) - 1973)
Shear strength: unconfined
comprassion

{see 1S:2720 (Part X) - 1973)
Triaxial Compression

(see 19:2720 (Part XI) - 1971)
Direct Shear Test

(see 15:2720 (Part XIlI} - 1986)
Parmeability Test

(see 15:2720 ( Part XVII} - 1386)
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Chr mical tesls

Ground water

Rock drilling

2-3

Soiuble sail content:
Chlorides and sulphates
(see 152720 (Part XXVII) -1 a77)

Calcium Carbonate content
(it warranted)
(see 15:2720 (Part Xlll} - 1978)

Organic matter content
(if warranted)
(see 1S:2720 (Part XXVI) - 1972)

Chemical analysis including P
determination
(see 15:2720 (Fart XXVI) - 1973)

Bacteriological analysis
(if necessary)

(a) Visual examination
unit weight
Water absorption
porosily.

(b) Petro-graphic analysis
compressive strength.
shear strength.

Soil Mechanics

TABLE 2-12
(Clause 3.1.2 of 15:1892-1979)

CURRENT METHODS OF SUBSOIL EXPLORATION

METHOQD
1) Electrical
resistivity method
{ac or dc)

2) Seismic refraction
method

3) a) Standard
penetration test (see
15:2131-1963")

b) Static cone
penetrometer test
(see 1S:4968 (Part
1) - 1976)

¢) Dynamic cone
penetromeler lesl
(see 1S:4968 (Part
Il) - 1976) '

A, RECONNAISSANCE METHODS
1) Geophysical
MODE OF OPERATION TYPE OF FORMATION
Measurement of variations in the - Alluvial deposits

apparent resistivity as measured on
the ground

Measurement of wvelocities of
compressional waves from the travel
time curves of seismic waves

I} Sounding

Variations in the stratification is
correlated with the number of blows
required for unit penetration of
slandard penetrometer by a drive
hammer,

The cone penetrometer is advanced
by pushing and the static force
required for unit penetration is
correlated to the engineering
properties like density, bearing
capacity, settlerment, stratification,
elc.

The cone is driven by a slandard
hammer and the rest is as in (b)
above

‘weathered and fissured

rock, buried channels and
ground waler

do

Mon-cohesive soils
without boulders

Primarily wused in
cohesive soils

Primarily used in
cohesive soils



Spil Mechanics

n ol

4) Shell and auger

5) Hand auger

6) Simplified mud
boring

7) Wash boring

B)Percussion drilling

g9) Rotary drilling

EXPLO Y METHODS
1) Drilling

Using auger for soft clays and shell
far firm to stift clays; in sand 10 be
used with casing for hmng and with
bentonite; for boring at depths it more
than 25m power operator winches
are used

The auger is power ar hand operated
with periodic removal of the cuttings

Manual rotation of cutter fixad with
drill rods by means of pipe wrench;
simultaneously pumping of bentonite
slurry by manually gperating a double
piston pump. Chisel and gravel trap
used for hard bed, gravel and
kankars

Light chopping, strong jetting and
removal of cuttings by circulating
waler. Change of stratification could
be guessed [rom the rate of progress
and colour of the wash waler

Power chopping. hammering and
periodic removal of the slurry with
bailers. The strata could be identified
from the slurry

Power rotation of the coring bit which
may vary from metal bits to tungsten
carbide or diamond bits depending
upon the hardness of tormation (see
15:6926-1973 and 15:5313-1 980)

2-33

All types of soils spacially
salls of mixed lype

All scils excepl sands and

(gravels above water table

Silts and sands or mixed
soils specially below water
lable

Solt to stiff cohesive soils
and fine sand except gravel
and boulders

Rocks and soils with
boulders, excep! clay or
loose sand

Rocks. fissured rock and all
soils except cobbles and
boulders

Sail Mechanics

10) Open lube
sampler and split
tube sampler

11) Double tube
core barrels

12) Thin walled
tubes 50 to 125 mm

13} Piston lype
sampler

14) Samlers with
special core
refainers

15) Sand sampler

16) Solidification
methods

17) Open cuts and
trenches

Driving standard sampler by a
hammer weighing 65.0 kg through a
drop of 750 mm (see 15:2131-1963)

Used with a rotary machine; non
rotating inner barrel of swivel type
slips over the sample and retains it
as the outer bit advances (see
1S:6926-1973)

C. DETAILED INVESTIGATIONS
i) Undisturbed Sampling

The tubes are jacked into a cleaned
hole under a stalic lorce (see
15:2132-1972)

The tubes are jacked into a cleaned
hole under a static force

do

The tubes are jacked into a cleaned
hole under a static force (see
IS:8763-1978)

Solidification at the bottom of the
sampler after jacking the sampler into
soils

The sample is cut from the sides and
bottom of a trench and gealed in a
wonden box

2-34

Cohesive solls and silts

Coarse sand and gravels;
most suitable for soft rocks
like shale and any
weathered rock formation

Soils of medium strength

Clays and silts

do

Sand without boulders

All types of formations




18) Plate load test
(soils)

19) Load test (rocks)

<0) Vane shear test

21) Elegtrical
Logging

22) Neutron Logging

23) Gamma ray
Logging.

ii) Bearina Capacity Tests

Loading a steel plate at desired
elevation and measuring the
seltlement under each load, until a
desired settlerment takes place or
failure occurs (see 1S:1888-1971)

Loading two dises placed
diametrically opposite each other on
Iwo-sides of a trench, by means of a
jack and measuring the deflection
near the sides

Advancing a four-winged vane into a
fresh soil at desired elevation and
measuring the torque developed in
rotating the vane (see |S:4434-1978)

iii) Logging of Bore Holes by
Geophysical Methods

Measuring the potential and
resistances of formation by an
electrode system at various
elevations

Measuring the intensity of scattered
radiation from a system al desired
elevation

Measuring the intensity of scattered
gamma radiation from a system at
desired elevation.

Soil Mechanigs
Clay and sandy
formations

Rocks

Soft and sensitive clays

2.4.1 OUTLINE OF SEISMIC AND ELECTRICAL RESISTIVIT: METHODS

The varic l
Materials Ve locity, m/s
Sand and top soll 180 to 365
1o 580
Sandy clay 385
Gravel 490 to 790
I
135
Glacial fill 55010 2
0o 760
Rock talus 40
i 400 to 1830
Waier in loose materials 1
Shale 730 to 3350
Sandstone G15 o 2740
art
Granite 3050 to 6100
Limestone 1830 to 6100
l

Soil Mechanics

[ ide: ismic Method.
us velocities for different materiais i5 given below as a guide: for Seismic M

2.5.0 FIELD TESTS TO MEASURE PROPERTIES OF SOIL

VERTICAL LOADING TESTS

' i her the proposed loadings on
Loading tests may be used to determine whet e O e atalions, 10

j subgrades are within safe limits, and subj _ i .
ﬁr;d;“;r:ng satﬁgmaﬂl of a structure. The greatqf. the uniformity of the strala les
the more reliance may be placed on the results obtained.

Ll b . d
Tabie gives guidance regarding the methods of estimating bearing capacity an

settiement of structurés for various types of soils.

2-36
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25 Soil Mechanics

METHODS OF ESTIMATION OF BEARING CAPACITY AND SETTLEMENT

S.N Type of Strata Methods of Estimation

Ultimate bearing Settlement of

Capacity Structures
1) a) Hard rocks L L
b) Soft rocks, such as shales, weak FL L
limestones and sand stones
¢} Non-cohesive soils FL F
d) Soft compressible soils LF LF
) Stiff, fissured clays LF LF
2) Soft, compressible stratum overlying
hard stratum LF L
3) Hard stratum overlying compressible stratum LF* L

4) Very variable strata varying in type, thickness
and arrangement

Each case to be deall with
on its merils.

* Tests should be made on each stratum.
Note :  Methods are given in order of preference

F = Field Load Test

L = Laboratory te sts : Compression and shear tests on undisturbed samples.
Consolidation test on undisturbed samples. Elastic modules tests on undisturbed samples.

26.0 FOUNDATIONS ON BLACK COTTON SQIL

1. The exact depth where cracks in Black Cotton Soil disappear can be ascertained
only by proper observation in driest months by excavating trail pits. In other period trail
pits should be excavated and left for some time to sun to obtain the d ry weather conditons
and the depth of cracks carefully observed. The water table during driest months should
also be observed. The bottom of concrete should be taken to 2 ft. 0" below this point

where cracks in soil disappear. The concrete should rest on a sand cushion of atleast 2'-
Q" depth.
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2 The sides of the foundation trench should be siuped' of consistent with the
city of the suil lo retain slopes. Refilling foundations should never be done 1by; I:'e:
vated Black Cotton soil but with sand right ta the ground leveloutside. No par Sc: : {;
: ndation concrete or masonry should be aliowed to be exposed to Black Ci_:ttnn 1::
E;id lateral pressures on the MASONMY due to shrinkage and expansion of side eart

3. A sloping ramp 10'-0" wide all-round the buik‘iﬁr_ng with the impen_rmus pa;.vernen:
hould be laid and surface finished with asphalt so that this forms an effeclive sea agalTsl
= in water soaking into the foundations and {hus eliminating a possible cause for differentia
;ﬁnmge of soils under foundations.

4. Inside the building all filing should be done with sam;! or other ncn-amwf
material (whichever is cheaper) uplo the cracking depth and noi with the e_xcavated sail,
0 that flooring is laid on non-active soil filing and not on Black Cotton Soll base.

All these operations should be done in dry weather well ahead ol monsoons and
the aim should be that the foundations are fully loaded before the onset of monsoons,

1. PENETROMETER TEST : It consists of driving a sampling spogn of 2 i,
diameter with a 140 Ib weight falling through 30 in and noting the number of _b1_uws reqmrzg
for 1 1t penetration. Generally if the number of blows is less than ten, the soil is consider

o be in a loose stale.

2. THE LOAD TEST: For this a test pit is dug 5 to & ft. square to the deswe_d
slevation, and al the bottom of the pit a bearing plate 1 ft square is placed a_nd Iiafrljed Pl:
increments of 200 Ib till 1 1/2 times the estimated allowable s0il pressure is .e_wlai ed. an
average value of six or more tests is laken. The allowable bearing pressurﬁ: E evs?ués
sandy Is taken as halif the load corresponding to half an inch settiement. These va
are halved if the water-table is néar the base of the footing.

i i direct proportion 1o the width of

On clayey soils, the settiement is found to vary in :
the footing, and the ultimate bearing capacily is dependent on the compressive strength
of the sail. For rectangular footing the ultimate bearing capacity is equal 1o.

g=285C (1+0.3B/L)+YD :

Where q is the unconfined compressive strength of the soil and B and L are the
breadth and length of the footing. An excellent treatment on the allm-_rable pressures D‘E
soil is found in soil Mechanics in Engineering Practice, by Karl Terzaghi and Ralph B.Pec

(1948).
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; : i itrari follows:
27.0 COMPUTATION OF BEARING CAPACITY OF SOILS -TERZAGHI the values of C'and ¢' be obtained arbitrarily as follows

| 1. a8) Continuous Foolings: B
| q.=[C.N_+ YD,(N -1)+05 YBN ]/F tan §' = 2/3 tan §

. The N. N. N_ values corresponding to C' and ¢' can be obtained from firm
| | Where c Mg Ny

qc : 22:1&&:;?“9 POPACEE curves of Fig or alternatively C and ¢ values can be directly use_d to getN,_ N_q N ¥
| Y = unit waigllﬂ of the soil; from the dotted curves of Fig. In either case, the bearing capacity can be obtained by
I ’ i i iven in 1.
D, = the distance from the level of the ground surlace 1o the base of the | Using the equations given |
B f—{}::iigi{:ﬁfgifg!wndaﬁml ;1 3, Coarse Grained Cohesionless Sails, Sands and Gravels
: -0
F = factor of safety; and | In this case C
N. N, N = non-dimensional bearing capacity factors depending on the angle
c''q e g capacily p g g therefore, q,=(Y /F)[D(N-1)+05 BN 1+ 7,
Values of N. Ng N may be obtained from curves in the annexed Fig. . a) for strip footing o= (y /F)[D,(N1)+0.4 BN, 1+ Y.
b) Square Footing: 'l b} for square footing q,=(Y /F)[D(N;1)+06 BN 1+ : 7
Sale bearing capacity c) for circular foating
_ 3 I
%= LS 'C‘N“ % D'IN“ 1)+0.4 YBN, 1+ 7, I 4. Fine Grained Cohesive Soils
B
e / In this case @ is nearly equal to zero and therefore.
B = Side of square N, =5.7 and N q =1
£) GNGUnE Foulmg: . a) for strip footing=gc S5.7C/F + Y 4
i i =[(1/F)*1.3 .C.N_ +p(N-1)+06YBN ]+
Safe bearing capacity q, =[ (1/F) o * PINS1) VBN, I+'73 b) for circular or square footing g, or g, = 7.4C/F + ¥ 4
B = Radius of Feoting ¢) for rectangular footing q =5.7C/F [1+0.3 BiL] + T 4
2. Fairly Loose or Soft Soil (Local Shear Failure) — In the case of fairly loose or soft soil where,
L is length of footing.
2-39 2-40
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280 EARTHPRESSURE
COULOMB'S THEORY
According to Coulomb's Theory, earth Pressure Pa is given by the formula:

=4
-

sin{c—p)
sin'ee sin(a+8) [ 1 - V(sin($+3) sin(§—p Vsin(c+5) sinfa+P)J° WiLZ=IWii2 Y
Where, o = Angle of the back wall,
¢ = Angle of friction of the back fill,
8= Angle of wall friction between back fill and wall,
P = Angle of surcharge or the angle ol the stoping fill
h = Height of back fill, |
W = Unit weight of back fill
Note: For Values “K”, see the table below:
COULOMB'S THEORY - PRESSURE CONSTANTS
SNo lear k P/h2
Battor M a PH/W2 Pv/h? | Remarks
1 1:2 0.5018 27.61 444 1982 1921
2 1:2.25 0.4674 2571 4128 1926 17.02 | w A,
3 125 0.4402 2421 398 1874 1534 | o : 3
‘ - = s P 2
4 1:2.75 0.4183 2302 3724' 1828 1398 | § = & 2
S8~ ES¢&E
5 14 04024 2213 3556 1702 1299 |g R L 4 £ 5 B
o =i = 3
E I = g S B =
6  .1:325 03884 2136 3436 1758 1213 _;‘_,Ea T2 g £
I & Z w = =
2-41
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e
7 1:3.5 0.3770 20.74 3327 17.30 11.43
B 1:3.75 0.3642 20.14 3226 17.00 10.80
g 1:4 0.3583 19.71 3132 1680 10.30
10 .1:4.25 0.3526 19.39 3045 1669 992
11 1:4.5 0.3446 18.94 3002 1636 046
12 1:4.75 0.3386 1862 2923 1622 9.14
13 15 0.3337 18.35 2849 16.08 B8.847
14 1:6 0.3177 17.48 2658 1558 7.925
15 1:10 0.2875 15.81 2313 1453 6.233
16 1112 0.2803 15.42 2216 14.27 5.842
17 Zerog{Vertical) 0.2460 1353 1730 1291 4.089
18 1:12(Reverse) 0.2124 1169 1248 11.40 2.58
19 1:10(Reversa) 0.2088 11.49 1145 11.25 234

Structures designed to retain earth fills shall be proportioned to withstand pressure
calculated in accordance with any rational theary. Coulomb's theory shall be accepiable
subject to the modification that the centre of pressure exerted by the back fill when
considered dry is located at an elevation of 0.42 of the height of the wall above the base
instead of 0.33 of the height. Mo structure shall, however, be designed to withstand a
pressure less than that exerted by a fluid weighing 30 Ib/cit.
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I 5 Table 2-13
I-._“ “\“ — . SAFE LOAD FOR VERTICAL UMDER - REAMED PILES 1M SANDY
. = 1. . % * : ANO CLAYEY SOILS INCLUDING BLACK COTTON SOLS
I BN e Clauses B3, 6.3.1, 6.6 and 8.3.2.215 =g1} (Part M) - 1973
‘ g ad "--..___‘-_- --.__1_:- \\_! T\LJ‘ / 4 —— - -
] - i, . e
4 \ j‘j 8 REINFORCEMENT SAFE LOADING
o e \.\\\ 1 b Lomltudinal | ing Baaring Resistance Up lift Resistance AR
L] Falinl
x\ n“ ‘i\ = = 4q MyaZgo Bis- | Unser i I‘:ﬂ—l Single | Doule | Troe- l Berr- | Sirale Dopile | Ircr- | Cecres- | Simale izl
N N / P= 48 ur=TBnm"‘- swiar | Tomed} ool | e | orter | e sase | e wder | wasm | ae por | under |
. ¥ 4 S : | of | D af Bis | emtge | P | Pee- | g par o | Rud | Musmet | pur 30| 30 on. | Rasmms | Rusms
wl \ i \ Plie | webes | o legs | ™ medt o o . | Length
E A [ n : Lergth | Length Longth
| y T =
\
1 \II g o 1 2 3 ‘ 5 6 7 8 5 10 4] 1?2 13 " 15
| u‘n L = o o L - = t t L L [ t E - L L
0
il VALUES OF Mo b hy N w0 i’ E 1) 20 = =8 | o | 2 3 w| . 8 w | os | @ | s B nas | ouss | 1D ) A
BEARWNG CAPACITY FACTONS VALUES oF My ! 5 | 628 ) 0 ] 12 L 145 0.5 B 8 0.5 0.7 Fit 1.8
Drtring sspasily Fustars as e =0 ™ A 12 L L] £ 1k 1.1 B 2 105 [/l R T4
Vig. 1514, | | 5 2l m ]l =] =] 12| s l W " 1 | e | oo | e
1). Civcular Fso . ly Rl 6 (3 b1 ] & 1.8 1.5 14 Fij 140% .15 Juk w
Frgs @ Fu= 1-5CHe+0-BroNy + v by (-1 o |wes| 7 " = w | =s | 28 | 47 s | mas | vee | e | b | el
4
w | =l 8 2| x: a2 & ga | 1va | @ EVICT R L L) I L5 | T4

2} Huave fpokings

i I'3CM‘ ﬂ~ !-Hf‘ h'E
| ‘ - +* .‘l H‘-'t)
| i} 51:"" H‘t‘ﬂ‘

Gu= CN +LV BN+ Dy (Ny-1)

Z2-44




Soil Mechanijs

Mote:  1.The value of bearing resistance, uplifl resistance and lateral thrust given in thy
table are for a minimum pile length of 3.5 m. except in double under-reamed piles,
double under-reamed piles the minimum rececmmended lengths for 37.5m, 40 cm,
¢m, and 50 cm, piles will normally be 3.75 m, 4.0 m="m,and50m respeclively so as
to suitably accommodale the bulbs at specified distance. '

2. Langitudinal bars should normally be provided with a clear covar of 4 cm

may be curtailed or eliminated lowards the toe depending upon the slresses in pile
section,

3. For under-reamed piles subjected to a pull and/or lateral thrust. the requisite
amount of steel should be provided.

4. Values given in column 14 & 15 for lateral thrusts may not be reduced
changes in pile lengths and are lairly conservative. Higher values may be adopted alter
conducting lateral load tests on single or group of piles 1

3.1n 25 and 30 em dia. normal under-reamed piles when concreting is done by

a tremie, equivalent reinforcement in shape of single iron piece placed centrally may ba
used. |

6. When a pile designed for a certain safe load is found to be just short of the
load required to be carried by it, an averload of 10 percent should be allowed an it.

7. For working out the safe load for a group of piles the safe load on individual
piles is multiplied with the number of piles in the group.

B. Only 75 pecent of the above safe loads should be laken for piles in which the
bore holes are full of subsoll water during concreting. When water is confined to the
bottom portion only, no such reduction need be made. For boerd compaction piles safe

loads upto 85 percent of the values given in the table may be taken before applying the
multiplying factor specified in 6.6

9. In sandy solls when boring and under-reaming under water, minimum size of
pile rescommended is 25 cm.

10, I multi under-reamed piles the depth of the centre of upper bulb below ground
level shall be kept at a minimum of two times the diameter of the under-ream bulb.
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11, The values given should be increased by 50 percent for broken wire condition in the
design of transmission line tower loltings.

12. Safe loads for multi under-reamed piles may ba waorked out from thsf table:g:tallsr:tg
Eﬂ‘percem of the loads as per col.6 for each additional bulb. Increase in capacily

increase inlengthwill be as per col 8.

. & h 5 | -

IFFERENTIAL FREE SWELLTEST . : :
7 Two samples of the dried soil weighing 10g elar:.h and passing thrﬂugr_a,iﬁc ”::;F:E::
sieve should be taken. One sample should be put in a 150 r;:; ggg:asligi lg; :"lnj puivin i

i i iquid). ther sample shou i

aving kerosene oil (2 nonpolar liquid). The o
:y!incfger having water (preferably distilled water). Both the samples should be left
undistribed for 24 hours and then their velume noted.

The differential free swell, DFS, shall be expressed as,
Soil volume in water
DFS = Soil volume in Kerosene /

Soil Volume in

The degree for expansivenessand conseguent damage 1o the structures with
light loading may be qualitatively judged by the following lable.

Degree of DFS
expansiveness  percen!
Low <20
Maoderate 201035
High 3510 50
Very High = 50

In areas of soil showing high or very high DFS, concentional shallow foundations
will not be adequate,

Reference: Hand book on under-reamed and Bored Compaction Pile Foundations CBRI,
Roorkee.
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Tabile 2-14

SAFE BEARING PRESSURES ON CONSTRUCTIONAL MATERIALS

] Miax, bEaring

Miax, Dearing pressure under pccentric load

ructionsl matarial presmra under «1,25% that under uniform Ioel
— uniform: load
28-day mtJ strength Ma tad toad
Description 1 3 3 X, DEaring pressure under concentra
e fmm? it (| /i - 15w (nat under uniform ioad
148 BB 1,250 1.7 450 It slerserness ration HaGuse pabulated values of
4 man. DeEring pressure dirsotlys 11 Baki2] mbti=
e 1A HB50 24 350 ply tabulsied valug by o 11165-D.2 Fak+0.060
Slain [B-k) where esecCentricity of vertical loaging
o as proportion of Lhilchness.
concrate 1:2:4 210 300 ) oL (Expresaion valid only when l#ﬂ.ﬂ}
1143 255 3,750 6.5 a50 For member having & crus:_-se:lmt afea A of
- jess  than 0.am® or 500in%. the max. bearing
iR AR ) Y t pressure calculated must be multiplied by the
reduction tactor (Be 1oa) 12 (metric units] of
{1,500+A1/2,000 | imperial wnits)
20.5 3,000 1.65 a0
i i e o o Il siende tio kK o« 15 tabulated value
b ickwork 34.5 5,000 2.50 60 rress-ratlo ko« 15, use phed ¥
l.unmm!ndtuu] 520 7,500 .50 510 ol max bearing pressufe directly
i
::":ml m:'tlr &a.0 0,000 ASE 6O il 15:k=24, multiply abulated value Oy {45~k /30
f8.5 4,000 5.85 B50
of mofe B more
] S
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Soil Mechanics =
= iv) Soft Rock
(b) Non-cohesive Soils 440 (4.5) 45 —

TABLE -2.15
PILE CAP DEPTH:

v) Gravel, sand and gravel com-
pect and offering high resis-
tance to penetration when

File caps provide the medium through which the load is transmitted from the
column 1o the piles. T_hey are consirucled deep, usually not less than 630mm and with
general recommendaltion that the depth be related to the pile size used, as detailed below:

excavated by tools. 440 (4.5) 45 (See Note 2)
Pile Size
s 300 350 400 450 500 550 600 750 vi)  Coarse sand, compact and Dry means that the
dry 440 (4.5) 45 ground water level is

Pile Cap D
pDepth(mm) 700 800 900 1000 1100 1200 1400 1800 at a depth not less

; \ i f faun-
| Ref : Reinforced Concrete foundation by Bell P 258 thian the Wi o foult

dation below the base
‘ . of the foundation,
TABLE 2.16 - |
i Medium sand, compacl
SAFE BEARING CAPACITY i and ::Ir',r ; 245 (2.5) 25 =
ﬁ:a T}l’j‘]E‘ ol Rocks/Soils Safe B.garing Tonnes Remarks 'VIH} Fine sand, sit [dﬁ' |UITIF5
‘ ;1“;:"‘-” easily pulverised by the
| | , (kgiffms) fingers) 150 (1.5) 15 —
1, 2,
3. 4. ix) Loose gravel or sand gravel
a) Rock mixiure loose coarse to
Vieok medium sand, dry 245 (2.5) 25 (See Nole 2)
i) Rocks-hard without lamina- \
tion and defects, for example, ) Fine sand, Innsr_a :and dry
granite, trap and diorite. 3,240 (33) 130 § (c) Cohisive Soils 100 (1.0) 10
%}  Soft shale, hard or stiff clay 3 ;

W) Laminated rocks for example, in deep bed, dry 440 (4.5) 45 This gn:;izelfu L
sandstone and lime-stone in ts:nscn‘f:insmidaiiur?
sound conditon 1.620(16.5) 165 SE sattiemnent.

iif) Residual deposits of shatte- . ; b
red and broken bed rock and xii) Medu_:m clay, readily inden-
hard shale, cemented material 880 (9.0) ap = badwitha it ngll BEE i i)

2-50
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| xiii) Moist clay and sand clay, TARE2Y
mixture which can be indented "
| with strong thumb pressure 150 (1.5) i5 — SAFE BEARING CAPACITY AND FOUNDATION BASED ON N-VALUE
xiv)  Silt clay indented with mode- | ) . t Comatation for Nons ive Soi
| rate thumb pressure 100 (1.0} 10 — I n
| xv)  Very soft clay which can be Penetration  Approx. DensityDescription = dﬁrﬂ'.;z::;:;r:;e
‘ penetrated several inches Resistance  (degree) Inclec (%) el
with the thumb 50 (0.5) 5 = N (Blows)
Very Loose 1.12-1.60
| xvi)  Black cotton soil of other See Note 3. To be ¥ 2?'33 1{]5 ngse 1.44-1.84
shrinkable or €xpansive clay determined after 4 35-35 as Medium 1.76-2.08
in dry condition {50 percent investigation, ;g S0 et Dense 1.76-2.24
saturation) 0 BE: 43 100 Very dense 2.08-2.40

d) Made-up Ground

xvii)  Fills or made-up ground » See Note 2 and Note 4. , _ N o .
To be determined after 2. Penetration Resistance and Empirical Correlation for Cohesive Soil.

investigation Panatution. .+ liveonfined Saturated Consistency
Note:- resistance compressive density
1. Values listed in the table are from shear consideration only. (Blows) strength (Vm )
2. Values are very much rough due to the following reasons:
a) Effect of characteistics of foundations (that is, elfect of depth, width, shape, 0 0 — Very soft
roughness, etc.) has not been considered
b) Effectol rang}e of soil properties (that is, angle of frictional resistance, cohesion, 2 2.5 1.60-1.92 Soft
waler table, density, etc) has not been considered. 4 5 Medium
c) Effect of eccenticity and inclination of loads has not been considered ;
3. Fornon-cohesive soils, the values listed in the table shall be reduced by 50 percent 8 10 1.76-2.08 Stift
| if the water table is above on near the base of footing. Very stiff
4. Compaciness or looseness of non-cohesive soils may be determined by driving 16 20

the cone of 65 mm dia and 60 apex angle by a hammer of 65 kg falling from 75 cm. 32 40 1.92-2.24 Hard
If corrected number of blows (N) (see 15:6403-1971%) for 30 cm penelration are
less than 10, the soil is called loose, if N lies between 10 and 30, it is medium, if
maore than 30, the soils is called as dense.

* Code of practice for determination of allowable bearing pressure on shallow foundations.
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3. Type of Soil and Proper Soil Test to be done - 2 Sand Wet 15-30 110-125 1760-2000
| ;
| | Type of Test Lab, Testfor C-¢  Standard Load Static Class Maist K45 wae 1600
Class Mechanical Penetration Test Hesislance
Analysis Test Test Dry 25-35 90-100 1440-1600
| 3. Earth Loose 30-45 100-110 1600-1760
Type of soil for C-¢ Soil when Gravelly Fine sand i
| which the tesl is undisturbed Sandy soils  Soil and with varying Rivermud 50-65 120 1920
| recommended for sample Sandy density 0.4
i good results can be taken Soils Dry 9 1o -
‘ 4. Sandy Clay 300
I Type of soil for which Gravally Gravelly Wet 1820 125 .
l‘ the test is not recom- Gravelly Soil soil and Clayey soils and G |
mended for better fine sand soils Clayey soils g orave
| ‘ I‘ results Dry 40-45 20 1440
- | | Wet 27 125 2000
| Type of scil particularty C-¢ Soil Sandy soil Gravelly  Fine sand with Gravelly
suited for the test i
| ] and sandy varying clay wet 18 127 2000
| soil density
‘ _ Gravelly sand
TABLE -2.18 and clay wel 19 130 2080
| Approximate weights of soils and Angles of Repose
f v 1600-1760
| Gravelly sand 25-30 100-110
. Material Angle of Repose Weight of soil Kgsim 6. Shinale
| Degrees in Ibs/cit - grjw 30-40 90 1440
1. Clay Wet 15-20 140-160 2240-2560 {S,:I ;r;grlt?-,
I Damp, Well moist 40 140 2240
| drained 30-45 125-160 2000-2560
Dry 25-30 110-130 1760-2080 - “;,:0”5 30 90-100 1440-1600
I Moislt 45-50 100-110 1600-1760
Very wet 17 110-120 1760-1920
2.59 2-54
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] e ——
8. Silt Wet 10-20 11.[] 1760 @_ﬁk_iﬂi'ﬁ Cosfficients Table 2-20
Dry 20 100 1600
Slope Angle (Degrees) 1-Sin ¢ 1+5in ¢
p(1-sing }? $ 1+5in & 1-Sind
Minimum Depth of foundations:d = ————ermermerreemareees {Active state) (Passive stale)
w(1+sing )
1.6 go 0.84 1.19
d = Depth in feet or meter: P=intensity of pressure in Ibs/sft or kg/m™ L 0.704 142
W = Weight of soil in lbs/cit or Kgs.#rrE 0= Angle of repose in degrees.
15 o2y 0.672 1.49
TABLE 2.18
Coefficients used in Rankines Earth pressure calculations 14 149 0.610 1.64
152 0.589 1.70
¢ in 1-siné (1-sin¢y L+sing (1+sing)*
rees + 1:3 18230 0518 1.83
deg 1+sing (1+sin) 1-sin (1-sin¢ ) i e e
15 055 0.35 1.70 2.68
17 0.55 0.30 1.82 3.33 12 26930 0.383 261
18 0.53 0.28 1.89 3.59 307 0.333 3.00
20 0.49 0.24 2.04 4.16
‘ 225 0.45 0.20 2.24 5.02 A 33040 0287 349
. 25 0.41 0.16 2.46 6.07 4 0217 480
26 0.35 0.15 2.56 6.56 -
28 0.36 0.13 277 7.67 L3 45° 0.172 5.83
| 29 0.35 012 2.88 8.30
| 30 0.32 0.11 3.00 9.00
f N 0.32 0.10 3.12 9.76
32 0.31 0.08 3.25 10.59
33 0.29 0.09 3.40 11.50
34 0.28 0.68 3.83 12.57
35 0.27 0.07 3.69 13.62
40 0.22 0.05 4.60 21.16
45 017 0.03 5.83 33.94
50 0.13 0.02 7.54 56.85
2-55
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Table 2-21 .
Soil Particle Fractions ! Soil Mechanics
Designation U.S.Dept of ﬂtﬂﬂz&lﬁ[!&}éﬁﬂﬁﬁm : fiieil Foundations
eyl aﬁm Aves unf: Sm? can Internationg ess of staining 4 450 mm ( 181in ) or less than that given by the following equation
fractions EE:::au ﬂrie e : ch'ew for sociely of sgf = oy circular shaped wells of cement concrete : '
o estingmalerials science I hickness for wells in sandy strata = 1.0 [ (H/100) + (D/10) ]
1951 1958 s Thickness for wells in soft clay strata = 1.1 [ (H/100) + (D/10) ]
'» Thickness for wells in Hard clay strata = 1.25 [ (H/100) + (D/10) ]
1. Fine I z . Thickness for wells in strata where boulders, kankar, shale or laterite or such hard
2. C gmnd g ; =9 " materials are met with = 1.25 [ (H/100) + (D/8) ]
S Me bt ol e-fe rere D = external dia of the well, .
4. Fine sand 0.25.0.10 oABE T 6445 : H :nIu_H depth to whui:h thﬁinwelj is designed to be sunk below the bed.
g' gﬁ? fine sand g;g_ggg E;D? 4.0-0.005 = | Vertical bond rods in the steining 4 9 kg per m? ( 56 ib/100 cft. ). This should be
7. Clay 0.002 e 0o - D008 avided on both faces of the well adequately tied up with hoop steel not less than 3.25 kg/
8. Colloids J 0.0001 i ‘m ( 20 ib/100 cft. ). The cover over the bond rods shall not be less than 75 mm ( 3 in. )
' ; - \well curb : Minimum reinforcement shall be 72 kg/m? 4.5 ib/cft. ).
Wall Friction and Adhesion o | DETERMINATION OF THE MAXIMUM DEPTH OF SCOUR

| (as per clause 110.1.2 of |.R.C. code-section. i)
| The following theoretical method may be used when dealing with natural channels in

The angle of friction between the back of a wall and the backfill is often assumetl . e ust _
to 2/3¢, or between 1/2¢, and 3/49,. In general it is suggested that the anglu'. regime in alluvia! beds and where the effective linear waterway provided is nol less than

: B} e regime width d = 1,34 ( Q¥ ) .
SSUS0 RG24, wext it wall adhesion be assumed to be equal to 2/3 Cf} where d = normal depth of scour in metres below the flood level corresponding to the
retaining wall design where ¢, = angle if internal friction of the backfill soil and ¢ = il «

cohesi ot value of Q adopted.
e e Sronpe oo . G:: The discharge adopted for the design, in cubic metre per second; per meter width
T Loeh P arid Rl W?I!Ii‘:m't"'!" Clark Huntington | |=The slit factor fora representative sample of the bed material;
able 2-22

. - =176 /m where, m isthemeandia in millimetre.
Co-efficient of friction of concrete on soils ( average values ) The values of ‘' normally recommended for various grades are as under :

| Type of bed material Mean dia of Value of 'f'

' to which applicable particle in mm.
Type of soil Co-efficient of friction Fine silt . 0.081 0.500
| Fine silt H 0.120 0.600
Dry Clay Gravel Loam or Sand ———— 0.5100.6 1 Finesilt . 0.158 0.700
Moist Clay or Moist Sand e 0.33 ‘ Medium silt . 0.233 0.850
Wet Clay et 0.6100.7 Standard silt - 0.323 1.000
Dry rock ——— 0.6100.7 Medium sand I 0.505 1.250
Wet rock -en e 0.5 Coarse sand - 0.725 1.500
2.-57 Fine bajri and sand i 0.988 1.750
Heavy sand 2 1.290 2.000
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Maximum scour depth below H.F.L shall be taken as follows -
1. Ina straight reach 1.27 X [ Normal depth of scour |

2. At a moderate bend 150 X [ do ] \
3.  Ataserve bend .78 X [ do |

4. At aright angled bend 200X [ do ]

When the bridge causes contraction i.e. L< W

The normal scour depth D' = D ( W/L )°% ( metric )

Where L = Linear waterway of the bridge and W is the regime width in the case of alluvigl

streams and unobstructed natural width in the case of quasialluvial streams.

RULES FOR FINDING MAXIMUM SCOUR DEPTH

RAule (1) : Foraverageconditionsona straight reach of stream and when the bridge
is a single span siructure, i.e, it has no piers obstructing the flow, the
maximum scour depth should be taken as 1.5 times the normal scouf
depth, modified for the effect of contraction where necessary,
(L=065W)

Rule (2) : Forbad sites on curves or where diagonal currents exist or the bridge is
a multi-span structure, the maximum scour depth should be taken as 3
times, the normal scour depth modified for the effect of contraction where:
necessary. (L_0.47 W <0.67W)

Rule (3) - Forbridges causing contraction, scour depth obtained by rule (1) or (2},
should be compared with that given by the following equation and the
greater of the two values adopted.

D, =D{W/L)*(Fps)
Where D_ = the maximum scour depth and D,L,W being as defined above.
2.10.0 Scour Depth Calculations
Lacey's water way L : 4.75 ( Q ) 1/2 ( Metric )

1) When Actual water way is less than the Legace’s water way L, as above the maximum
scour depth,

R= . 1.346( g¥) ¥ ( metric )
A Probable normal scour depth in metres
q : |Intensity of discharge/in cumecs per metric
I

Lacey's slit factor = 1.76fm

:md : mean dia of spheres : oblate spherical particles of bed in mm
particles of bed in mm,
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.
f r t

U/s of pucca of piers 1.50R
D/s of pucea floor of piers 2.0 R

Guide Bunds

MNoses 225R

Transition from nose to straight 1.50R

Straight reaches of guide banks 1.25R

Tvpe of materials Grain size jn mm ilt 1

Silt Fine 012 G:gg
Medium 0.233 ?.m
Standard 0.323 .

Sand Medium 0.505 1.25
Coarse 0.725 1.50

Bajra Fine 0.988 ;g
Medium 1.29 .?5
Coarse 2.422 2.

Gravel Medium 7.28 4.7
Heavy 26.1 9.0

Boulders Small 501 iz.x
Medium 721 15.
Large 188.8 24.00
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|

Rule 1 : Erodible beds : HFL 1'° calculated maximum scour depth subject to a minimum |
of 1.2 em below scour fine ( like sand ) '|
|

Rule 2 :Hard beds : ( Solid rocks etc., ) : The foundation shall be securely anchored intg.
that material ie., 0.30m or so into rock and 0.6 m or so into other hard material,
Rule 3 : All beds : The pressure on foundations must be well within the safe bearing
capacity of the materials. In case of small culverts ( Structures ) keep the top of
floor at about 0.30m below bed level; take abutment foundations 1.2m deep below
the top of floar level. U/s and D/s curtain walls 0.9m to 1.5 m and 1.5m to 2.4m

deep from top of floor depending on the velocity of flow, through structure and
erodibility of bed material,

{ in the absence of scour depth. data )
ii. When actual water way is not equal to or more than the Legacey's linear water, L
R=0.4774 [QA]* ( Metric )

Where @ = Total discharge in cumecs.
A :H.M.D or normal scour depth in meters.

Earth canal : Approximate HMD 0.75 Q: 0.25 (FRS.)

: in in
Decayed rock Gravel 10

Alluvial or red soil B
Black cotton soil 5
Rock 3
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2.11.0 IMPERVIOUS ZONE AND CUT OFF TRENCH

i bund exceeds 3m then impervi-
Whenever the depth of water upto ET.L. in a particular cross section of the F
mshauidhﬂm‘u‘lahwpmmd.mmpﬂfﬂtimm_mmmhuﬂ.mmmemmum
rﬁummummpmmumwlumummmpwﬁnnufmm,

slopes wi i bottom width of the iImpervious
i be 1/2 0 1 (12 horizontal to 1 vertical) and hence the
mﬁmuhmmmymmmmwmmmmﬁwmmmmx
e mmmdmuﬁmhﬁllmhﬂrmwmmwwl:mmd
MET.memmmummmnummmm#mmm

jmpervious Zone.

KEY TRENCHES:

enches ided i to centre from the upstream
will be ded in the upsiream half of the bund at 4.5m centre \
:Efmfadgenfwmpp;\mmm Inﬂmmsﬂmﬁehemﬁ:ﬂ?ﬂﬁﬂﬂdwmﬁ

provided throughout the bottom width of the bund o proper bund earth A
?‘reueslunftﬂmmhﬁwﬁlmﬁﬁaﬂyheauapeﬂummmhaWuammnwimnn.Smumwﬂms
1to 1 and a depth of 0.3m from the average ground level,

HYDRAULIC GRADIENT:
the FTL mests
Hydraulic Gradient line will be drawn in the cross section of a bund from a point at which
xwﬁmm:mmmmmmmllb-euttlinﬂnSPZmdl in 3 in TPZ. When the Hydraulic
Gradient line cuts the bottom surface of the bund beyond 3/4th of the width of bund from the upstream edge,
filters should be Imvariably be provided at the downstream edge of the bund.
FILTERS:

Az stated in the above para graded filters of size 2.7m x 0.9m will be provided in the down stream edge of the
bund, graded filters alone are provided upto 6m depth of graded filter should be provided.,

TOE DRAIN:

Toe drain should invariabl ymminaimmmmmmm_mmmﬁmw ::m
water falling over the bund to the adjacent drainage course. The bottom width will be 0.5m
siopeswillbe 1 to 1. The bottom level will be at the same level of the bottom of the filter,

TOE WALL:

Whenever revetment with gravel backing Is proposed in the cross sections of the bunds, then a square tog

wall of size 0.9m % 0.9m as shown in the sketch at page 277 of Ellis Manual of Irrigation (1563 Edition) should
be provided at the bottom of the revetment.
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Soil Mechanics:
i | E 2.12.0 I.Design of retaining Walls :-
§ g |5 g | ’ 2.12.1 Masonry retaining walls :-
| i o 5 - a) Termed as (i) low upto 10m (30') height, top width ( 2 ) 0.6m
o & i ) High, exceeding 10m eight, top wi .8m
i : ﬁ r"‘ g { ii ) High eding 10m (30°) height, t idth 0.9m (3 ')
| E s |8 E = E Note : For walls up to 6m ( 20') height-top width 0.45m,
g L, ] g b) Back fill on earth face adds to the weight of the wall. By keeping the entire
oo : g = g Y p ng
| - EE £ 32 3 £ 2| a s batter on earth face stresses in the section will increase, so it is not
{E[35 3 E s g g% s gconomical proposal.
5 ;E u; - g g g g (= 415 g c) Front-outer face ( exposed face ) batter 1/6 to 1/12 or 1/4- 1/6 base width
S i E = E é '5 n 1/3H
: o5 5 g E _E. f o B g g §lc | & 5 E d) Rear lace ( earth face ) batter as per Rankines theory :
.| B dEied (5 | g € |2 ial2] [£]8 1/3 - 1/6 or 1/12 or 1/6 - 1/4
Rl EEE gi z é é-g k3 ] E 1| 4 ¥ e) The earth pressure is horizontal and acts as 1/3 H from base
o o039 ¢ &2 el = 1.3 8 B
& Egi o HE E ui : E..; g 3 _g‘ g . é- - ] Retaining wall - TVA procedure ( based on Coloumnbs ) :
B 357 E é é = .I? T E FEA E 2514 g ? I Dr. Kerl Terzaghi's classified experiments on * high retaining walls * detailed
el EE g [Tl 5 718 f il in Engineering News Record ( 1934 ) have indicated that the pressure
EEQ 3 288 ;j E"ﬁ § !-E: !E- E = e e behind the retaining walls, closely approximates fo that given by Coloumb's
5323 E Eos| o[58 E g la]e é E E i) e ol ) wedge theory and that it acts at 0.4 H from the base and in a direction
s 533 s 33| 2 g% 2 g |5 5 § g |2 K [E Sl it inclined to the back of the wall.
E A2 == E oW For no tension at foundations, a back batter of 1 in 3 ( earthern force ) may be
& 7% g g é = admissible. For greater batter the over turning ratio should not exceed 1.75. Back
ile - o - 2 |2 a ,:_.‘: batter as minimum as possible ( earth face ) say 1in 12 (a=4%46")
b o L e g = E A 8 ‘..;' |1 _-.IL 4 $ ::I I+ it
g § Jd . f: | 5¢ _EE"‘ Y I TR [ IS 34' 2| .o !I:I _:'!'x Hydraulic structures :- Saturated fills :- i} Hydraulic pressures below the point of
j - 3 |2 g wl w? saturation is determined as though no fill were present.
‘i! _'_: ; /] T i) The earth pressure resulting from the buoyant weight of the fill { 65 Ibs/cft)
q . ] x5 about 1.08 t/m 3 = is calculated using the * same values of and "as would be used
LA E g E | = - o if the fill were dry { no reduction in value due 1o saturation is allowed.
g| 288 E ¥| B | ¢85 3 = EE hg 15 E § &
G| B E g | ggl 2 1.1 E B @ i gﬁ' 9 | Bl 9 5' These two forces are combined in quantity to find the moment to produce a resultant
& E o cd E = § E ™~ ; ; § w w earth pressure on the walls ( abutments of U.T.5, Aqueducts, syphons etc., )
X 5 18 2z] | £ | B
= = = = N -0l 0 P ity P = Mote : Walter pressure of the saturated fill acls at 0.33 h
= B 5 3
8 SgE 4t = g BT g
: g%gﬁ n5§ LI I L
3 “H3 - gw ég E] SEE| 5 g
B2 | "B
2-64
2-63




Soil Mechanics
wh (¢-a ) i
P= e Cog | oo Pxfe————y
2 (l+n)cos cos{o +8)
The resolved components or P = Kwh?, where alpha =
are Ph and Pv which act at 0.4 h from base. dalla =8
) besta =
| Cos(d a) ! e
Whera K: - cosivesaign. X socemnn
2 (1) Cosae Cos{a +8)
| -f_ < i A
Sin{¢+6 ) Sin( ¢-p) /

andn=

h ' tE\
'-r-|."'

Cos( o« +d)Cos (x —mir: Ak |

A
P )

w = (105 ib/eft ) for sand or gravel 1680 ka/m?
: g/m

1920 kg/m? ( 120 ib/cft ) for finer materials like lcams
2240 kg/m? ( 140 Ibs/cft ) for clays
PH=KHwh, = K_cos (& +5 ) wh?, 10 2.100 T/m? are adopted,
Pv=kvwh’=KSin(a +5 ) wh? in designs
Where P = pressure in kg/metre

h = height of wall in metres

w=weight of fill in kg/m?

gr L] I‘Eppﬂ‘d bEIcR [ﬂr tIEHEr i rHI g
I grlp on ea laGE al d

Types of back fills for retaining walls :

Coarse grained soil without admixture of fine soil

sand and graval ) particles - parmeable ( claar

265

Soil Mechanics

2. Coarse grained soil of low permeability due to a mixture of particles of silt size
3 Residual sail with soil stones, line silty sand and granular material with conspicuous
clay content.

4. Very salt clay organic sills or silty clays
{ 3:1 Max. Slopes )

5. Medium or stitf clay deposiled in hunks and protected in such a way that a negligible
amount of water enters if the conditions cannot be satisfied, the clay should not
be used as back fill material as with increasing stilfness of clays, danger to the
wall due to filtration of water increases rapidly ( 2:1 max. slopes ) ..

Design Parameters ( As adopted Nagarjuna Sagar Canal )
0-45

W : Unit weight of earth 2100 in kg/m %,
masonry concrete 2240/m?

vertical components PV,

Horizontal components PH.

a) $=32°%08 =32/12=16% « EHT

i) Level surcharge ( Mo fill above wall )

0.0384 wh* 0.1338 wh?
if) Surcharge
Slope
1H: 1V 0.1031 wh? 0.3596 wh®
1¥%H: 1V 0.1031 wh? 0.3596 wh'
2H: v 0.0623 wh? 0.2174 wh'

2% H:1V 0.05375wh® 0.1875 wh®

Note : Allowable tension in CRS Masonry

InCM ( 1:5) 0.70 kefem2 ( 10 psi ) -
Mo Tension in RR Masonry is allowed -

2-66
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Soil Mecharnics AN
Table Retaining wall with 1 in 12 face better :- Level surcharge :- No Tension in Table Retaining walls with front face vertical - ( Sagar Canal Practice) level surcharge
) Masonryffoundations - ( Sagar Canals Practice
Hinmeters B in meters Comprehensive stress in Um? ‘1‘ ¥ u_-_i s A e
Masonry Soil ! 45 | %
| " f,
1.00 0.52 3.5923 3.339 &) - h
i Ea R
1.40 0.65 6.110 4.617 B
1.60 0.75 6.899 5.292 : A
1.80 0.85 7.690 5977 _ G218 AL SEe
2.00 0.95 B.452 6.695 —=p —9 b AG
2.20 1.05 9.240 7.375
2.40 1.15 10,010 B8.084
2.60 1.25 10.792 B.80OO
2.80 1.35 11.600 9.520
3.00 1.45 12. .
g HEg Hin meters B in meters Comprehensive stress in Um?
3.20 1.55 13.148 10.978 Masonry Soil
3.40 1.60 14.576
3.60 1.70 1183 1.00 0.50 4,60 3.46
. 15.233 12,797
3.80/ 1.80 1.20 0.60 5.58 4.14
v 15.990 13.539
4.00 1.80 16.858 14.369 1.40 0.70 B.52 4.85
1 1.60 0.80 7.433 5.64
4.20 2.00 175686 15.064 1.80 0.90 5.380 g?g
4.40 2.10 18.351 15.825 2.00 1.00 9.280 i
4.60 2.15 19.633 .
4.80 295 '8.904 2.20 1.10 10.23 7.90
- 20.475 17.713 =
5.00 2.35 21.367 18.576 2.40 1.20 11.145 8.79
2.60 1.30 12.08 9.61
5.40 255 3,00 1.50 13.945 11.296
22.810 20.028
5.60 265 3.20 1.60 14.86 12.157
- 23.596 20.807
5.80 275 I 3.40 1.70 1577 13.02
24.388 21.592 3.87
3.80 1.90 17.63 14.76
4.00 2.00 18.57 15.62
2-67 2-68
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H in meters

0.70
1.00

1.20
1.50
1.80
2.00

2.20
2.50
2.80
3.00

3.20
3.50
3.70
4,00

B in meters

(.55
0.85

1.00
1.20
1.40
1.55

1.70
1.85
2.15
230

2.45
270
2.85
3.05

Comprehensive stress In t/m®

2-69

Masonry

329
4.88

6.34
8.02
8.78
10.80

11.83
13.13
14.87
15.86

16.87
18.15
19.19
20.89

_—

walls front face vertical - 1 ¥4 : 1 surcharge

. NSP ( Practice)

Hin meters

1.00
1.20
140
1.60
1.80
2.00

220
2.40
2.60
2.80
3.00

B in meters

0.83
1.00
1.25
1.35
1.50
1.68

1.82
2.00
220
2.35
2.50

Soll Mechanics

Comprehensive stress in t/m?

Masonry

532
6.58
7.34
8.05
10.47
11.58

13.14
14.41
15.45
16.80
18.35

2-70

Soil

5.87
B.97
V.69
9.23
10.55
1.7

13.09
14.28
15.97
15.82
16.10
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I Soil Mechanicg i

. Front face vertical - Leval surcharge ————
Table Retaining walls front face vertical / balter level surcharge - |,'. E t" fe: Retaining wall-front face batter 1 in 8 stepped back - level surcharge

SRSP Practice
‘Design parameters (¢ =32°%§ =16°
Design parameters top widtha =6 m,
stepped back, 0= 32° Masonry - PV =00384 wh,® PH=0.1338wh?* =04 h
Weight of saturated earth : 2080 kg/m®
| Weight of masonry : 2240 kg/m? Soil - PV : 0.065 wh ? PH=0.121 wh?
Weight of concrete 2400 kg/m?
Pv=0.073wh? PH=0.1175H72 Y = 0.4H " yin meters B in meters Compressive stress in tm?
- Masonry Soil
Note: Back face ( earth force | as stepped. :
(4) 1582 0.74 3.74 6.27
Hin meters Binmeters Comprehensive stress  in tm® \ (6) 1.83 0.82 i ol
| Masonry Soil (8') 2.44 1.07 B.75 9.85
{ (4) 1.22 0.61 © 58 R (10') 3.05 1.14 13.46 14.90
0.81 2.80 {'12‘} 3.66 1.37 16.16 17.63
[14') 427 1.60 18.86 20.36
(€) 1.83 0.76 B.97 9.73 [16') 4.88 1.83 21.54 23.14
| 0.91 5.68 Mote : Sections (18') 9.49 2.06 24,23 25.92
| | ) with front lorce ':Eul ) 6.10 2.29 e <870
(8') 244 0.99 12,36 13.02 wverllcal are i
1.01 7.66 economical upto Jable ;:  Retaining wall front face vertical and 2:1 surcharge - SRSP Practice -
| . (9' 2.74m height _ _
(8) 274 1.14 13,56 14.11 Design parameters : top width 0.6m ( 2' ) stepped back
9.52 Masonry PV =0.1261 wh 2 PH=0.2017 wh?
| Soils PV =0.1093 wh ¢ PH =0.2C57 wh?
(10') 3.05 1.22 15.64 16.21 i
| 1.14 12.45 Hin meters B in meters Compressive stress in UYm?
Masonry Soil
(12') 3.66 1.52 18.05 18.59
1.37 14.87 [4')1.22 0.76 5.44 B.16
| [6') 1.83 1.07 9.76 12.62
| (14') 4.27 1.75 21.44 21.90 (8') 2.44 1.52 e B
1.60 1750 {10°) 3.05 1.9 17.14 19.98
| {15") 4.57 1.83 23.73 24.20
1.68 19.47
2-72
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S. n
= I
. B in meters Comprehensive stress in tfm*
Design parameters : top width 0.6m, stepped bac 10 T?;;nw ggz
1. . :
Unit weight of saturated e 5777 7.736
L : arth 210 Y F 1.15 F a
Uit . m
e weight of masonry : 2.5 yma / 1.20 6.883 8.896
weight of concrete : 2.40 Um? , : 1.25 8.103 10,147
Masonry  Pv=0.073 wh?PH =0, N AR o
Soils Pv=0 2 oy, = O mei 1 1.493
1. 0. L.
Hinmeters B in met 17
ers Cumprehgnsjve 1.40 12.361 14.4
stress in vYm?®
Masonry Sob m 1.45 13.965 16.018
1.00 0.685 1.50 15.642 17.674
1.25 0.710 f'gfg 5.021 1.60 16.503 18.584
1.50 0.835 6.528 6.426 1,65 18.282 20.331
175 0.860 ; 6.035 1.75 19.151 21.250
2.00 0.885 o 7.416 ' : |
3 y 9.021 | 500 1.85 20.019 22.171
2 1.910 9.502 | 525 1.95 20.893 23.089
§?§ 1.00 10,704 : gﬁ;g | 550 2.05 21.764 24.000
3:{1{] : : g 11.758 : 3:038 J 515 2.15 22641 24,933
' 13.5
ik = S | 600 2.20 24.403 23932
5 1.25 [ 2.30 25.269 24.891
14,731 6.25
e 1.35 15.689 16015 | 50 2.40 26.137 25.766
. R85 875 2.50 26.435 26.329
; ; )
and retu ealle batter 1in 5. level surcharge stepp nash
—B—Lmsﬂowmm;;ﬂﬁ}lﬂaqmg ' ‘ed back ( wingg | 7.00 2.60 27.876 27.605
M i e 7.25 2.70 28.740 28.526
melers Bin A47
o E:"‘Pr@he“sim stress in tm? ;?g ggg igiég gg 369
SO 7. : : :
L 0.77 el Sall 8.00 2.95 32.248 32,057
1.25 0.82 ;ggg 4.148
1,50 0.87 4.484 i 2.12.2 Design of Cantilever wall - RCC Retaining Walls
L.76 0.92 5.720 6.567 . The first step is to evaluate the soil parameters. Next the trial section may be selacl_ed
7.850 using Fig2.7 as a guideline. It is the usual practice to use Rankine's analysis for active
2-73 earth pressure calculation when the height of the wall is 7m and taking 8 = 0. For wall
over 7m in height, the Coulomb's equation may prove to be more economical.
2-74
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20CH MiMIMUM
{36 CM PREFERABLE)

e

Mikimum BATTER
I w50

n o

H.l"u_tﬂ Hio

s
BELOW FROST DEPTH AMD____ y
SEASONAL VOLUME CHANGE fedy _|
f—8=0.4 20 TH—

Fig.2.7

The base slab dimension should be such that the resultant of the verl
loads falls within the middle one-third. If it falls outside the middle third, the toe presay
becomes large and only a part of retaining wall will be effective. Figure 2.8 may be u
as guide to select the loe dimension a and heal dimension b so that the resultant
approximately with in middle one third. The use of Fig2.8 for selecting a and b Is indical
therein. The lorces acting on the cantilever retaining wall are shown in the Fig. 2.9 :'
2.10. Based on trial dimensions, the stability of the wall must be checked for a laciaf
safety of 1.5. The forces involved in the stability analysis are shown in Fig2.11 and 2,4,
It the faclor of salety is inadequate for the trial section, the heel part may be increased
a heel key may be used.

Fig. 2.13 enables to estimate the depth of the heel key. The allowable bearing pressurgl
next computed. Since the load is eccentric, the concept of effective width ( B' = B-
should be applied when evaluating the bearing pressure. The toe and heel pressure &
then calculated,

Shear check is made for stem and heel momenis are calculated using differential equal
presented in fig 2.10. Finally knowing moments, the steel requirements may be calculate

=75

80 ; I l

& J &

w60 3

2 P |~ L

&L e o e S

4 : = @

160

L Gy

140 ="1F

3 = o

= 120——— o

]

=N = =

B E

e AoV P

s ] =
Notes: W 50 o= 7
Mumerals on curies indicale L PP i s
soil types as described in § Lo— J,_..-“‘@
Tabia 20
for malerials m"f-’}fpt 5 P 3 2," lill :.
compulalions of pressure (4] 14 1
may be based on valve oFH o] 10 20 30 y Lo
fou: fieel less thon actual Yalue Valves af Siope Angle A8

CHART FOR ESTIMATING PRESSURE OF BACKFILL AGAINT
RETAINING WALLS SUPORTING BACKFILLS WITH PLANE
SURFACE.

Fig.2.5
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project execution

Irrigation Engineering
a1 DISCHARGE CALCULATIONS
3.1.1 (1) Weirs : (Clear over fall)
Q=CLH¥2
Where Q=  Discharge over weir in cumecs.

3.1.1 (2) (a)

L= Length of weir in metres,
H= Head over weir in metres.
C= 1.84 for sharp crest (for glacis fall)

1.71 for broad crest (for notch type regulator)

1.40 for broad crest (for flush escape)

Discharge for a drowned weir
General Formula

(2/3).C, . Ly 2g [ (h+ha) 32 - (ha)¥2 ] +L.C, 2d.,/Zg(heha) (FPS)

or
310 L. [ (h+ha) ¥2 - (ha) ¥2 ] 4 8. C,.d.(h+ha) 2
or

1.71 L. [ (h+ha) 32 - (ha) 32 |} + 1,34 Cd.L.(h+ha) V2

= 0.577 FPS in the above formula.

(FPS)

(MKS)

u'h"hare ‘N’ represents the known difierence of water level between front and rear
of th weir, 'ha’ = head due to velocity of approach either gauged or ptherwise known, d =
depth of tail water over crest. Different values of C are given in C.E.I's No.2973/57C.,

dated 4th October, 1971 for various depths of tail water and a diagram is included therein
in Malikpur Graph of LR.I. (Punjab)

Ci
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| ' Irrigation Engineering 2 € Lo '
Depths of tail water in mis Value of C2 Irrigation Engingaring
FP3 MKS
MODEL STUDIES O [OWER SIND BARRAG
' ‘ upto 150 m 0.60 0.331 e E.
| 1.80m 0.62 0.342 POHIAS  RESEARER. SRATIVOTE
| 2.10m 0.66 0.364 IMALIKAPUR)
‘ 240 m 0.75 0.414 -
I 2.70m 0.84 0.464 <l ﬂn
| ” 3.00 m 0.80 0,497 HHEH Riicin N ]
' 3.30 m 0.93 0.513 53 el
\ 3.60 m 0.95 0.524 2o 2 i -
| w4 i
3.1.1 (2) (b) C (FPS/MKS) g EFHEE {2=
a1}
I ﬁ BB
| 100 1.90 1.050 2 |
‘ 95 2.46 1.358 o E - FHH 122
90 270 1.430 & ™ S L i
I 85 286 1580 " i i I
80 2.98 1645 Z TR 1"
| 55 3.12 1.723 = B R 1=
25 3.14 1.733 z a8 :3*‘ i -
i e
j- R
W u R H1
Note: C, FPS X 0.3048 = C, FPS X 0.5521 = C, MKS . = i s
o == E== e
C (MKS) = C (FPS) X 0.5521 o H I
Discharge Formula Q=C X Bt XD*® i3 . i .9
Bt = Clear Throat width ; D=U/5 TEL - crest level P — ﬂlﬂHTm e Ao —
| 35 40 4% ED 5 00 €5 fo 75 0 85 se 95 ,‘;ﬁ
|

D/S TEL - crest level
¥ 100

Drowing Ratio (35) =
/S TEL - crest level 3-3

C = Coefficient depending upon drowning ratio.

For intermediate values,  read the Malikpur graph and convert into MKS system.
3-2
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FIG.1© DROWNING RATIO Vs COEFFICIENT OF DISCHARGE CURVE(IN MKS UNITS)
(BASED ON MALIKPUR CURVE) APPLICABLE IN BROAD CRESTED BARRAGES

480 —
vor
Y60
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% t50 |
bt 40
S
lE +aol-
il
2 sk
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I Ha,...
00~
i i i 1 i i i L 1 L i I 1
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WHERE
Q= DISCHARGE IN CUMECS
C= COEFFICIENT OF DISCHARGE IN FREE CONDITION
L= CLEAR WATER WAY IN METER
H= HEAD OF WATER OVER CREST IN METER
D/fS WATER LEVEL - CREST LEVEL
DROWNING RATIO =

UfS WATER LEVEL - CREST LEVEL
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==
41.1(2) (c)  Alternately,
Q=rCLh* for Drowning Ratio Method

d = depth of (rear) tail water over crest
h = depth of (U/S) front water over crest

Values of Submersion ratio d’h  Value of r

From 0.00 to 0.720 1.000
0.74 0.985
0.76 0.975
0.78 0.965
0.80 0.950
0.82 0.940
0.84 0.960
0.86 0.980
0.87 0.880
0.88 0.850
0.80 0.815
0.52 0.780
0.94 0.720
0.96 0.640
0.98 0.520
0.885 0.340
3.2 Types of Wiers

1. Clear over fall with crest width upto 3'
Discharge Formulae C in MKS
General Q=CLH*

Q=10/3LH* (FPS) 1.B40
Where Q = Max flood discharge in cusecs
L = Length of weir in fi.
H = Spillag in 1.
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2. Broad trested weir with crest width above 3' Q=9/31LH 32 1.66 3-,4._ Design of stilling basins of hydraulic jump type:
C.B.LP, publication January 1984,
. - a7 -

* 3. Sloping apron Q=83LH 1.47t0 110 The curves for direct evaluation of H | / De versus De/D1 or D2/Dc are fumished
below ta avoid approximation in evaluating EF2 in horizontal floars. Curve for datarmin-
ing length of stilling basin is also furnished below — (See curves in the figure )

4. Flush escape Q=7/31LH 32 1.47 t0 1.10
5. Standard High Coefficient weir Q=3.75(L-0.1 nH) H"2 2,07 - Fom '
‘ { Ufs face 40 ° slope efc.) =
: A s . o paln, | R
6. Ogee-Weir or High Coefficient waeir Q=3.98(L-0.1 nH) H'Z 2.20 A ; -
Where 'n' is the no. of end contractions which is usually 2 1 =
- T
I] ! i
g SRaRTCo BSOSV
3.3 Canal Regulators =
wd
Q=Cdx,/2gh (MKS) s "
Cd = 0.75, h = Diffterence in Water levels 2
' Linear waterway may be 50 to 60% of canal to prevent excessive afflux.
[-
. ; N r . : : £5 AL .4 LW 3o B3R
3.3.1 Pipe Outlets : d.Arch’s equation for internal dia (Di) of pipe. s o & s 8 I-H?;: : s w
B vERSUS JUMP LEWETH FACTOR
Di = [ 0.00104 + (0.0002586 / Di )] D 2 WAL AR, PASES
D = mean velocity of water through pipe 8 1 [ I
8 ' -
3.3.2. Regulators and barrages (Ruhimann's formula) : ¥ .;.wp =
" = -
Q=2/3CLe[2g (h+ha) 32 -ha 32 )+ Cle H-\ﬁg{m-ha] E ™ &
for aubmerged weirs. a - !
Le = effective width of regulator « 3 : ~
= number of spans X span width (N.S) a F
H - = dfs depth of water over crest ' A&
C = Coefficient = 0.95 for sharp pointed piers Tl ©
(=]
= 0.90 for piers with square edges -‘ . 4 € B ID 14 1649 as s L4 L6 88 PORE
Wi/ be
3-6 ' MEAD LOSS FACTOR VERSUS DEPTH FACDRE
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35 SLUICES:-
Q= CAH 05

Q = Discharge through sluices in cumecs.

A = Waterway of sluices in Sqm

H = Difference in water level between upstrearn and down slream in mts

C = 2.50 for small requlator opening wilh shallow water depth
= 2.80-for regulator opening uplo 2.m width with recesses in the pigr
= 3.20 for regulator opening between 2m and 4m width -
= 3.70 for regulator openings above 4m width

3.6 OPEN CHANNELS:-

O=AV
Nhere Q= Discharge in cumecs.
A = Area of flow in channel
V = Velocity in channels in m/Sec.
V=(1m).R @3 52 (Manning's formula)

Where R = Hydraulic mean depth (m) = AP
sF = gened perimeler (m)
= Waler surface-longitudinal slope (not bed slg e) il'i i
st e pe) it it is nen uniform flow)

3.7 Composite roughness for canal sections {n)

. ‘ For determining the equivalent rou hness, the werled area is divided |

N’ parts of which the wetted perimelars P, P, g P, and the coe#r::izitl::f?:‘:m;:

:es.': hr; n, ---n,are knr:mn. I:Inrtun and Einstein assumed thai each part of the :?ea

;:1 sl s:ac:‘:m .n?ean velocity, which at the same time Is equal to the mean velocity of the

et VB, VisV= Ly =V : On the basis ol this assumption, the equivalem
icient of roughness may be obtained by the following equation.

[ :—,‘I‘ [pn n, 1.5 )
n= e — e

¥ Irrigation Engineering

= (P 0y Mo P 2 4k Poinio ) e

= essemesaw

paa

48 For World Bank Projects

Q = Discharge in litfsec
P =% Ara of Paddy under irrigation
CCA = Total Cultivable command area

O = (0.7 +0.50 P) X CCA

Note: (i} Channels are designed for day irrigaion only where CCA is less than 200
hectares (i.e., 12 hours watering per day)

(i) Distribition Channels: The max - size of lield channels under an outlel
should not exceed 25 to 30 lit'sac,

Types Allowable Velocily in mi/Sec

Iin main Canals 1.05

In Branch Canals 0.9

Large Distributeries 0.76

small Distributeries 0.6

Minor Distributeries

Water courses field channals 0.45

Values ol n for unlined channels in ordinary soils for various minimum discharges.

0.0250 for discharge uplo 3 cusecs
0.0225 lor discharge more than 3 cusecs and upto 15C/s

0.0200 for discharge beyond 15 cusecs

Chezy's lormula

V=Cq4 RS

Where C = a coefficient,
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23 + (1/n) + (0.00155/s)
K.UHET'S 'C e

{ MKS )

n = Rugosity Coefficient
3.9 Canal Drop

a) Dfupwait top width, a ={0.5d + 0.1524) to (0.5 d + 0.3048)
d = depth of water over sill of notch in metres, a = top width in metres

b) Dropwall bottom width b = (H + d) J’{_F!_
d = depth of water over sill
p = Specific gravity of the wall material
H = height of wall in metres
b = bottom width in melres

c) Width of Notch at FSLW 4 d/2, Wand d are in metres
w = Width
d = depth of water over sill of notch and pier has a top width of 3/4 the normal

d) Length of apron L=2d+2{dh or 1.22+2ydh which ever is greater
d = depth over sill of notch in metres
L = length of apron in metres
h = difference between UW/S & D/S water level in metres

e} Down stream side apron width
W =L + 0.5d or bed width of canal D/S water level in metres WL & d are inmetres

f) Thickness of apron
Minimum t = 4 f{g.,, h) 1.811

g) Bed pitching U/SL1=1.54d,
D/S1L2=2d
d = depth of water cushion in metres

t.d & h are in metres

Irrigation Engineering

¥

;'h-}HgUEtI'ﬂEnl U/s L3 =3dor3.13 m whichever is greater
) O/S L4 = 4(d+h) or 6.1 m whichever is greater
| d = depth of water over sill in melres.

‘-'n pepth of water cushion [}iw + d1 ) =0.905 dr:‘[h—
" dw = depth of water cushion in metres
d1 = depth of D/S apron in metres
h = difference between U/S and D/S levels of water in metres
de = depth of water over sill of notch in metres.

910 (a) AFFLUX "MOLE'S WORTH" FORMULA,

v2
- +001525] [( Aa )2 -1]
17.86
h = Afflux in meters.
v = Velocity in meters per Sec. (in the rescricted waler way).
A = Unrestricted waterway in sq. meters.
a = Restricted waterway in sq. meters.

h= [~

3.10 (b) Afflux Calculations (Gauthay and Du Buat)

ve a

Re  cevemeeee [reeee ]2 -1 [ MKS )
29 A

Q= HLe 4/2g(h+ ha)

A =H.Le, but effectively [ A

Where ‘

A = area below regulator (restricted water way)

a = area u/s of regulator

T =0.85 + ﬂ.md'E._ , for sharp edged piers

s = Clear span

= 0.76 + 0.029(s, for semi circular cut waters
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=070 + ﬂ.mmr square edged piers

orfora/A = 2.40, i = 0.696 (Fourrey)
1.70, B =0.771
1.40, i =0.800

<140r1.00, p=100

3.11  SCOUR DEPTH

(@) Lacey's formula

R =1.346 (g% / )" (MKS)
A = Probable normal scour depth in meters
q = intensify of discharge per meler run
f = Lacey's sill factor = 1.76 ./ md

md =mean diameter of spheres = equivalent 1o oblate spheroidal
Particles of bed materials in m.m.
for Values ol 'f', See 3.1.4 (d)

Scour factor generally adopted for design of aprens

Range Mean
1. Upstream pucca floor 1T25R101.75R oo, 1.5R
2. Down siream of pucca floor 175R0225R ... 20R
3. Nose of guide banks 200R 1t 250 R ................ 225R
4. Transition from nose 1o straight reach 1.25R101.75R ... 1.50R
5. Straight reaches of guide banks LOORW150R ........o...... 1.25R

(b)  Lacey's formulae (MKS)

R = 0.473 (Qn) 02
R =2.50 V2 /{. for channels.

Where R = Hydraulic mean depth (m)

Q =Total discharge in cumecs | =Lacey's silt factor as in previous case

Irrigation Engineering

3.12. Channels in Earth - DESIGN ASPECTS
3.12. (a) Approximate hydraulic mean depth (S.A.Girshan) EPS,
d=AQ%* to AQ%S A varying between 0.68 1o 1,02, generally d = 0.70 Q 032
Q = Total discharge in c/s

V=10864 R%? S '@ (o river discharges

P=475Q" V= (Qf/140) " for channels, or Q2 = 140VS.
A=22B1"17 Q%5

V=044{13Q16

S5=0000301%3 e

V = Velocity of flow (mvs)

A = Area of flow ( sqm)

F = Lacey's Silt factor. See table given 3.1 A4{d)

P = Wetted perimeter (m)

S = Water surface slope, (not bed slope)
A = Hydraulic mean depth (m)

3.12 (c) Madified equation on both Lecey and Kennedy thegries:-

Wetted perimeler formula P=267 O ML |
Regime test formula V=164 RZS 2
Slope lormula §=0.000542152 )y Q& -8

V=1.151 DJfH ol

3-13
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. i} VALU i T IFFER ILS B
FROM ICATION N Cvr = 1.10 V, to 0.90 V,, 1.10V, towards head reach and 0.90V, towards tail
Type of sit reach, y 1 3.1.00 and above and 0.9 V, 10 0.80 V,, it f < 1.00 and below.
| Very fine silt 0.40 :
Fine silt, Godavari western delta type 0.50 (iv)The Critical velocity (Vo) for Godavari and Krishna Delta system
| Fine silt, Jamuna canals 0.60 (C.0.E.Manual Irrigation by Col.W.H.Ellis) M.K.S.
Fine silt, Krishna wastern delta type 0.70
| Medium silt 0.85 [ 5.No. Description Critical Velocity (Vo)
Standard silt 1.00 FPS MKS
Medium sand 1.25 V=CcD™
Coarse sand 1.50 5
Fine bajri and sand 1.75 1.  Godavari Delta 0.67 d 955 0.489 d 955
Heavy sand 2.00 2. Krishna Delta 0.93 d 052 0.546 d 952
Coarse bajri and sand 2.75
Coarse gravel 4.75 V. mean =V, allowable = 1.1 to 0.9 Vo, keeping higher values towards head reaches and
Gravel and bajri 8.00 lower ones towards D/S.
Boulder and gravel 12.50
Boulder and shingle 15.00 Values of C (FPS) depending on bed grade
Large boulders and shingle 24.15
(i) VALUES OF COEFFICIENT OF RUGOSITY n IN KUTTER'S FORMULA For Fine Silt 0.63
V,=m.D" Light Sandy Silt 0.82
o Fine Sandy Silt, Standar Silt 0.84
Badly maintained field channels 0.030 Light Coarse Sandy Silt 0.80
I Well maintained field channels 0.025 Sandy Loam, Standard Silt 1.00
Earthen channel upto 500 cusecs of Q 0.0225 Coarse Silt, Coarse Sand 1.07
' Earthen channels above 500 cusecs discharge 0.020 Sand and Bajri Small 1.2-1.5
(iii) VALUES OF KENNEDY'S CONSTANTS FOR DIFFERENT REGIONS OF INDIA Bairi and gravel 1.3-3.0
Gravel & Boulders : 3.0-3.50
(V,=0.84 D084 FP.S)
Aegion and type of silt Value of m Value of n
FPS  MKS  FPS MKS SYPHONS unwin's formula (MKS)
Punjab; sandy silt (silt on which h=(1+f,+f,+LR )V3i2g
kennedy made experiments) 0.84 $ 064 - L = Length of barrel ; R = Hydraulic mean depth of barrel
Sind: loamy silt 063 - 0.64 - ' V= Maximum velocity through barrel
Godavari: western defta fine silt 067 0.49 055 0.55 f. = 0.505 for unshaped mouth, (CS of barrel and C.S. of mouth are same), for bell mouth,
Krishna: western delta fine silt 093 055 052 052 ,:= 0.08
3-14 3-15
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I, = a (1+b/R) = Coefficient for head loss through barrel, while f, is for entry loss.

a b

For smooth cement plaster or planed wood  0.00318 0.0305
Ashlar or brick work 0.00401 0.070
Smooth iron pipe 0.00497 0.025
for encrusted iron pipe 0.00906 0.02506
Rubble masory or stone pitching 0.00507 0.250

| RCC Hume pipes 0.003 0.010

| 3.14 SPILLWAYS :

(a) Ogee weir or High co-efficient weir -

Q=398 (L-0.1nH) n=No.ofend contractions (generally 2)
Coordinates for Unit head on crest - ( Standard Creager Profile )

/s face vertical U/s lace inclned at 45 ©
Lower Nappe Upper Nappe Lower Nappe  Upper Nappe

0.00 0.126 -0.831 0.043 -0.781
010 0.036 -0.803 0.010 -0.756
0.20 0.007 -0.772 0.000 -0.724
0.30 0.000 -0.740 0.005 -0.689
0.40 0.007 -0.702 0.023 -0.648
0.60 0.063 -0.620 0.080 -0.552
0.80 0.153 -0.511 0.193 -0.435
1.00 0.267 -0.380 0.333 -0.293
1.20 0.410 -0.219 0.500 -0.120
1.40 0.590 -0.030 0.700 +0.075
1.70 0.920 +0.305 1.050 +0.438
2.00 1.310 +0.693 1.470 +{.860
2.50 2.100 +1.500 2.340 +1.710
3.00 3.110 +2.500 3.390 +2.760
3.50 4.260 +3.660 4.610 +4.,000
4.00 5610 +5.000 6.040 +5.420
4.50 7.150 +6.540 7.610 +7.070

Note: 1. Multiply the quantity in the table by the head on the crest.
2. Origin of coordinates is intersection of u's face and horizontal through top of
crest.
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(p)  Elementary triangular profile of a Damweir
a=Top width of weir=3d/2p min;

ora= (H%54+ d%5 )/1.811

Where d is spillage in ft./m

p = Specific gravity of masonry
H = Height of the body wall in ft/m

b=bottomwidth=(H+d)/p™

(c ) STANDARDS REGARDING THE DEPTH OF FLOOD (FREE BOARD IN TANKS)
Spillage and height of free board are as follows: (FPS/M.K.S)

Catchrmenls Depth ol flow over free board
weir (spillage)
FPS - MKS FPS - MKS

1. 0 to 25 Sq.Miles ... 3 0.80 4: 1.20

2.25 to 75 Sg.Miles... 4 1.20 5. 1.50

3. above 75 Sqg.Miles.. g 1.50 B 1.80

(d) -slr - all in soils:

B.C. Soils 0.5 10 1.0 ton/sh 510 10 VYm?
HG soils 0.510 3.0 tony/sfl 25 1o 30 Ym#
SDR 3.0 to 3.5 ton/sfi 30 to 35 tm?
HOR 3.5 10 4.0 ton/sft 35 to 40 ¥Ym?
FR 4 10 6 ton/sit 40 1o 60 Ym?
HA 6 to 10 ton/sit 60 to 100 tm?
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(e)

ir " '1. i .+

Q=CL(H)* Hinm, Q=cumecs

Note:

()

HHd C HHd c HHd c
0.1 1.67 0.8 212 15 235
0.2 .77 039 216 186 238
0.3 1.85 1.0 220 1.7 2.40
0.4 1.94 11 223 18 2.42
0.5 1.98 1.2 226 1.9 2.44
0.6 203 13 229 20 2486
0.7 208 14 2.33

1. Velocity of approach, ignored

2. Nappe adheres to d/s face

3. No end contractions

4.  H =total head on crest in m, Hd = design head
5.

For actual heads considerably higher than the design heads, the nappe ad-
heres to d/s face las per Model studies.

i ici { di I

Q=C'LH ™y cumecs

Mote:

HD ¢YC HD CIC Remarks

0.1 1.0 H = w/s water depth over crest
0.2 1.0 o7 0:93

03 o083 08 0.85 D =d/s waler depth over crest
0.4 058 09 0.67

0.5 0.97 095 047

0.6 096 1.00 000

H/D = Degree of submergence

C' = submerged weir coetficient of ogee profile

C = free nverfall weir coefficient

In case of ogee weir, C will be coefficient of discharge for the designed head.
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3.15

3.16

HYDRO FOWER EVALUATION
Theoretical output - maximum available,
P,=P QH /75 metric horse power
Where P,=Theorstical output in metric horse power

P = Unit weight of water in Kgs/Cum

Q = flow through urbine/Cum/Sec

H = Head available in metres

Ettective output (in metric harse power)
Pl=ePt=(eP/75)xQH
Where e = efficiency, lor estimate purposes, assumed as 75%
Pt = 10 QH = metric horse power (1 mefric horse power = 0.7355 kw)
Available Hydro Power = 7,355 QH Kilowatts.

VERTICAL LIFT GATES - SLUICES.

DISCHARGE COEFFICIENT FOR VERTICAL SLUICE GATE
(W.R Hener (81)]

/= o3

-
.}rrt_{% b, | Pen buceet
1—|-r ._'l -
L O 2 !"‘P'g"-fs o ) ]
-&' - % b .- A
ﬂ * i
a.
T
L'!
el ;— =
=] L +
e 2 & & §
i ¥
&
3-19




A\l

—

Irrigation Engineering |

Discharge Coefficient for Vertical Siuice gate, Q=CLiy/ 2gy,
Where @ = Discharge

C = Coefficient of Discharge

L =Length of gate

h = Height of gate opening

y; = U’s Depth of flow

Fo = Froude number of the fiow through the gate opening

Note: The form of this equation is the same for both free and submerged flow. ¥, should
be replaced by the effective Head or the difference between U/s and D/s depths;

317 LOCATION OF SILLS IN OFF TAKE SLUICES:

The height of the sills of the siuices above the bed level of respective parent
Canals are to be fixed from the table given below -

Percentage of Height of Sills above the bed of ‘
off-take discharge parent canal when the FSD in the REMARKS
to parent canal parent canal is
Discharge
above 213 to below
213m 1.22m 1.22m
15% and above 0.07m 0.07m 0.07m [ The sills of the sluices
10% to 15% 0,15m 0.07m 0.07m | should also be fixed such
5% to 10% 0.30m 0.15m 0.07m | that they gel lower and
2% to 5% 0.46m 0.30m 0.15m | lower as the location
1% 10 2% 0.61m 0.46m 0.30m | goes towards the end of
0.5% to 19% 0.76m 0.61m 0.46m | the distributories and
Less than 0.5% 0.91m 0.76m 0.61m | minors.

Driving head should not be less than 15em. for O.T's 7.5 cm, for direct pipes. The height
of the sill is to be reduced suitably o arrive at the minimum driving head.
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4,18 (a} RELATIONS BETWEEN DIFFERENT EXPRESSIONS FOR DUTY OF WATER

0.0864 Million cubic feet
2 acre feet (1.98 exactly)
= 24 acre inches (23.79 exactly)

One Cusec flowing one day

illi i = ing for one day
cubic feel = 11.574 cusecs flowing
e = 23 acre feet {22.96 exaclly)

One acre foot 0. 2 acre inches = 1/2 cusec flowing for 24 hours nearly

One acre per Million cubic feet is equivalent (approximately) to a duty of 12
acres per cusec for a crop period (base) of 140 days.

One acrelool {ane fool depth of waler on one acre area) = 4840 X 9 X 1 = 43,560 ch,
One cusec day = 1 x 24 x 60 x 60 = 86,400 cft. = 1.98 acre fi. Say = 2.00 acre It.
Dne hectare-metre (one melre depth on one hectare area) = 10,000 cu.m.

Q, cusecs discharge flowing to fill C, TMctt capacity reservair, the period required
R, =C, X (11.575/Q,) days.

(b) Duty of Water:-

Relation between base periog, duty anddeltais: A=d=864B/D (MKS)
Where D = Duty in over hectares / cumec ; B = Base period in days

A =d = Depth over irrigated area (m)

A =d=24B/D (FPS)

Where D = Duty in acres / Cusec ; A = d = Equivalent depth in inches
B = Base period in days
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(el ELOW OF WATER "CONVERSION TABLE®

One Cusec Cubic Foot | CubicYard | Cubic Meters Gallons
Equivalent to

Per Second 1 0.3703 0.2832 6.25

Per Minute &0 2.222 1.6889 3.76

Pear Hour 3600 133.33 101.85 22500

Per Day 86400 3200 2446 540000
Per Week 604800 22400 17125 A780000
Per 28 days 2419200 B9G600 68500 15720000
Per 30 days 2582000 95000 73392 16800000
Per 31 days 2678400 88200 75838 17340000
Par 365 days 31.536 Million 116800 892858 187.1 Million

3.19 Standards for Minor Irrigation Projects

1. YIELD CALCULATION:

Yield al a lank site is
slopes, the catchments are classified as go
rainfal {which is called the Monsoon rainfall)

calculated using Strange's lables. Based on the lopography and

2 STORAGE PLANNING : (No. of fillings of the tank) :

(i) {a) Two filling where the average rainfall is more than 35°

(b} One and hall where

the average rainfall is between 256° and as’

(c) One where the average rainfall is less than 25°.

(i) In case where imgation water is used mai
monsoon crop, the entire requirement of water

has 1o be stored.

3. DEAD STORAGE:

Usually 10% of the Live Storage is allowed.
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od, average or bad, Only 80% of the average
is considered for computation of the yields.

nly after the Mensoon for maturing the:
s in the monsoon perind
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4. Allowance for ab_snrpiicn and evaporation losses from the reservoir is 10% of the Live
srorage (capacity) irespective of the rainfall and the number ol fills.

5. AREA IRRIGATED PER M.cft. OF WATER:

For the areas where the monsoon rainfall is upto 30" :
(2) Wet crops - 6 acras per Mcft { 1 st Crop ) and 3 acres per Mcft for 2 nd crop.

(b) Irrigated dry crops - Kharif (Summer Crogs) - 20 acres/M. cit. (June to October) Rabl
(Winter Crop) - 10 acres/M. cit. (Movember to March)

For the areas where the mansoon rainfall exceeds 30°, irmgation demand will
have 1o be worked out considering the tolal demand of 66 lor the paddy crops inclusive
ol rainfiall, to be distributed equally over each month ol the crop period. Additional 6°
~ghould be added for 1st month for trans planation purposes.

Capacity of the tank is determined by using the formula

C=(1/6) = {mmz”/mnz}r;umcu:mns

Where C - Capacity of the tank in units,
_ _ Al & A2 are the areas of two successive contours in acres and 1is the
pontour interval in feet.

119

Mullin's equation (1.25 - X)? + (0.25 + y)* = 1.625

{a) Ulilisable yvield for Minor Siorage works:

% =ratio of reservoir capacity to yield |
¥ = ratio of utilisable yield to tolal yield

Minor storage work is to have an ayacut of 200 ha.
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| e
Crop Rain fall in cms. Duty in M3/Ha. | 420 (a) Crop water requirements in Tungabhadra lowlevelcanal command area
| (G.O.Ms.No.21/CAD || DL.16-02-1978) (FPS)
8. Rice - (Rabi) 35 cms 17500 i
{Kharif* 35-70cms 14000 Crop Manth Duty (Rabi LD)
70 - 100 cms 12000 Acreg/Cusec
> 100cms 10000 -
Ground nut February 120
b. Rice Rabi (Taby) - 12000 Ground nut_ March & April 100
Hybrid millets February 150
c.Sugar cane - - 30000 Hybrid millats March & April 120
Perennial (Dofasia) Cotton November & February 150

{piCrop water requirements - WALAMTARI, AP

Crop Duty in M.Cit/acre Mcum/Ha
] Name of crop | Days for maturity Water requirement in inchfcm
Kharif Paddy 0.20 0.01399
Habi Paddy 0.38 0.027289 Daily Total
Sugarcansg 0.49 0.034286 Inches Cms | Inches Cms
Garden Crops 0.087 0.006088
Kharif 0.03 0.002089 Sugar cane 365 026 0.66 95,00 24130
Rabi 0.066 0.004618 Cotton 202 0.21 053 | 422 107.19
Cotton 0.088 0.006857 Rice 98 0.43 109 | 41.7 105.92
Gresn Manure (Winter) 0.025 0.001749 Tobacco 132 0.30 0.76 392 9957
Green Manure (Summer) .. 0.040 0.002798 Chillies 202 0.19 0.48 388 BB.55
: : Ragi 127 0.23 0.58 29.8 75.69
(d) Utilisable vield for "Diversion works™ Polato 88 0.30 076 | 267 67.82
Gniut 124 0.21 053 26.1 66.29
Total Yield Jowar 154 0.23 0.58 25.7 65.28
rmillion eum Below 1 1os 5to 15 15 to 50 Maize 100 0.18 0.46 17.8 45.21
Wheat 88 017 .43 14.8 37.59
Probable Mustard BB 0.12 030 | 106 26.92
utilisable Yield 10% 20% 30% 40%
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3.21 |.5.7112 = 1873 : Unlined canals in alluvial sgils ]

0.5 mfor Q less than 10 cumecs
0.75 m for Q greater than 10 cumecs

a) Iree board

b) Top width of banks

Discharge in cumecs Minimum top width of bank inm
Inspection Non-lnspection
bank bank
0.15- 7.5 5 1.5
7.5-10.0 5 25
10 - 15.0 6 25
15-30.0 7 3as
30 and above B 50

c) Hydraulic gradient : minimum 4 H to 1V with 0.30m cover, minimum
d} Dowel bank height and top width 0.5m, side slopes 132 : 1

e} Regime type fitted equations for design of unlined canals (All India canals)

S= slope = 0.000315 / @ 01651
P=  Wetted Parimeter B 4,30 052
R= HMD = 0515 Q 03406

Irrigation Engineering

—

522 DATA FOR IMPORTANT CROPS IN INDIA

g
Total
Sead Average walar
Sawing Harvasiing ead par yield por dagth in lerigation
Crop Time Time m - P:g hectare in cma requiraments
oo tonnes || Including
rainfall )
——
KHARIF
Maize June Sept-Oct 135 RIS b ] " ”“"”.p’:‘l:q“. Aot
0840110 of s b
Eady rico June October 60 ‘dvan  husk | '90-145 “m“;:;;:“ .
about 25% )
?an pried 13500 1.60 | .np whan raens have-a
eies Sy November 90 B0 LED | 25150 | LN ndin Octaber
Continuous
| subrmargance 10 a
N varefies Jaly End ol Octobet 50 3.00 o 4.00 125 dapih of about 5
of ice oma,, gives best
results
Eﬂﬁi’:f"“ Juy Aug | EndotOet 15120 |osswom | ‘2550 Soldom Irrigated
Lstially ‘scwm
for loddar and
Great millats ! 0.7 I allowed
grean 5 20 Alzr m cuttin
{uhuar) i ke i to ripan ?
onco
. ] b irrgatied
Arhar August March-April 15 o7 30 Hat irmig usualy
Mol irmigated uswualy
Urd, Moang Late fig Hew 15 0.5% 25-30 lor wid {here is an
early varioty alsd
Continued For sowing, rermaliy
Giroundnut May - June | from Nov. to 10t 15 0.35 10 045 "65-80 nat required
Jan. afnrwards
¥ Moy, o
[} J
i July - Aug Sanuary 1010 15 0,35 Sotdom Infgaied J
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DATA FOR IMPORTANT CROPS IN INDIA

5 Total .
. _ Verage waler
s Sead H
Crop oWing Harvesting ired per yield por depth in Irrigation
Time Time ha:mtum in kg hectare in s fequirements
lonnes { Including
rainfall )
RABI CROPS
Thr
Whieat October et - Nov & 1o 130 1.35 ars lns:ﬂd:;::;zr:
rainfall,
Whaat (New .
varigties) | Movember | March-Apsl | 9010130 | 3840400 40 Four watorings, lass.
affsctive rainfall
Bariay Oclober March - April B0 1o 130 1.35 45 Mol usually migated -
Gram September March 4010 50 11 30 Seldom lirigated |
Peas Oct - Now March 401050 1.2 a5 Usually Irrigated | .
Potatoes Ociaber Feb 185 151025 | sotosp |'°be watsred every 7)
© 10 days
Musiard Oct, Feb, - march 101215 0.7 45 Emv::':heal a::m
irrigated with i,
Tobac Iaa-das;l F
o |p oul | Febor May 1 To be imigated
in Ot - Fab ar requently
PERENNIAL B
Fab - Dec. - March | 2750 lerigati al |
= kg. of eut gaticn esgential
ugarcans March Next year pieces 251030 270 dufing summes :;l.ﬂ'l' ]
i brenk,
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3.23 STANDARDS OF CANAL CROSS SE. 'ONS ( MKS)
Mainand Branch | .o piciributories | Minor Distributories
s Canals
in metres 1501030 | 301010 | 10105 | S5to1 | 11003 | Below03
Maximum cres! width o 3 o5 505 2 i5 1
i
Free board a9 075 05 05 04 03
Width of bermns Min 5+ 1/4th of the combined side slopes of cutting and embankment
e 0.6 + 1/2 the width of combined slopes
Wiclh of Roadway 6 5 5 35 as ]
Depth of each cover over 05 05 05 05
saturation gradient . 08
Width of tand 1o be
acquired clear of banks Hallthe heighl of the bark above
when canal is in cutting 5 e i o1 5
deeper than balancing ground subject
depth of cutting
Width of tand to be _
acquired clear of bank | Full height Full hesght of banl-: above ground, 1.5
when canal s in less than | o bank+5 TTFETHETL
balancing depth of cutiing
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Berm width may also be adopted as under:-

Upto 4.25 cumacs. discharge

n

0.6 + 1/2 FS.depth,

4.25 to 28 cumecs 1.25 + 1/2 F.S.depth

28 curnecs and above

125 + F.S. discharge/28 + 1/2 F.S.depth

Duala or Dowel in the form of a small earthen ridge is provided to pravent vehicles from
falling into the channel, It is provided on the inner edge of the sérvice road. Thelap width
of daula is about 30 lo 60 cm and height 40 cm. |f the bed of the channel is kept at such
a depth below ground level that the earth obtained from excavation is axactly equal 1o the
amount of the earth required for making the banks, such a section is called economical

section as it entails minimum earthwork and that depth of canal is known as the balancing
dapth.

3.23.1 WMMM@.MW@L@&
D?-(3h+B+2b)D=-h(B+32h)
Whare,
h = vertical height of top of bank above bed of the channel.
b = bed width of channel
B = Top width of bank
D = balancing depth of culting in feet

Slope in cutting 1:1 and slopes of the two equal banks are 1 % 1.

Irrigation Engineering :

3.23.2 Vj_mﬂmﬁuggsimaﬂiﬁisﬂ;{mjmyﬂuummwm
S.M. Type of canal n
Medium Normal maximum

i Earth straight and uniform
a. Clean, recently completed 0.016 0.018 0.020
b,  Clean, after weathering 0.018 o.022 0.025
C. Gravel, uniform section clean 0.022 0.025 0.030
d.  With short grass, few weeds 0.022 0.027 0.033
i Earth winding and slugish
a. Novegelation 0.023 0.025 0.030
6. Grass, some weeds 0.025 0.030 0.033
G. Dense, weeds of arjuatic

plants in deep channels 0.030 0.035 0.035
d.  Earth bottom and rubble sides 0.030 0.035 0.040
a.  Stony bottom and weedy banks 0.025 0.035 0.040
f. Cobble bottorn and clean sides 0.030 (.040 0.050
ii.  Drag line excavated or dredged
a. Mo vegelation 0.025 0.028 0,033
b.  Light brush on banks 0.035 0.050 0.060
iv.  Channgls' not maintained

{weeds and brush uncul)
2  Dense weeds, high as flow depth 0.050 0.080 0.120
b. Clean bottom, bush on sides 0.040 0.050 0.080
c.  Same, highest stage of llow 0.043 0.070 0.110
d. Dense bush, high stage 0.080 0100  0.140 _]

Mote: 1. Fornormal alluvial soils, itis usual in India to assume a value of n=0.02 for

bigger canals Q > 15 cumacs and n = 0.0225 for smaller canals Q < t5
Cumecs,

5. A sultable value of n should be adopted keeping in view the local conditions
and the above values as a guide.
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3.233 S. 4745 - 1968 LINED CANALS:

a) Transmission lass may generally be assumed to be 0.60 m3/s/million m2 of wet-
ted area for lined canals.

Note: Transmission loss of 0.60 m® /s/million m? of wetted area of lined canal is an
HISIEUTT'IEEI %{aldue_ although the actual value may be much less and different for different
lining specifications. For the canals of Bhakra Nangal Project for eslimaling the seepage
loss, the following formula was used.
K =1.25 Q 0056 (FPS) K =04654 Q9056  (MKS)
Where K = the loss in cusecs/million
sq.feel of wetted area
C = Discharge in cusecs

lass in cusecs/s/million
m? of wetted area and
Q = Discharge In cumecs.

b) Side slopes: Lining is usually made to rest on slopes corresponding to the angle
of repose of the natural soil so that the slopes shall be such that no earth pressure is
exerted on the back of the lining.

c} Free board : 0.75m above FSL upto top of lining.

d) Bank width;
a. 8m for cutting and filling reaches of main canals
b. 6.5m for cutting reaches for branch canals
c.8.5m on left side and 5m on right side for filling reaches of branch canals.

e) Velocily : About 2mvs. for lined canals is recommended.

CV Ratios are not applicable to lined canals but the possibility of silling cannot be
neglected and hence the CVR should be aimed at higher than unity.

f) Velocity (mean) = R22 §12 fp
R = Hydraulic mean depth n = rugosity coefficient as in 6.2.18 (3) (b)

Amndmant | September, 1970: The figures specilied in this standard will require to be
revised after the value of rugosity coefficients of various types of lining are investigated
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b}-t;.e CBIP. See Technical Report 12 of CBIP on Determination of Rugosity coefficient
for lined and unlined channels - September, 1974,

a) Calchwater drains ; Effective system of catch waler drains shall be provided to
protect damage due to rain.

h Under drainage: For a lined canal where the ground water level is higher or likely
to be higher than water level in side the canal so as lo cause damaging differential
pressures on the lining, or where the sub grade is sufficlently impermeable 1o prevenl
free drainage of the under side of lining in case of rapid draw down, pressure reliel
arrangements for under drainage shall be provided in accordance with IS 4558 - 1968.

3234 VALUES OF RUGOSITY COEFFICIENT (n) FOR LINED CHANNEL WITH
STRAIGHT ALIGNMENT : (5.2)

SL[E{:EI characleristics Value of n

1. Concrete with surface as indicated below:
a) Formed, no finiSh....... e 0013 - 0.017
B) Trovel fimish ... e e ssss e eees s smrennas 0012 - 0.014
C) FIAEINIEN .o ek 0,013 - 0015
d) Float finish some gravel on bottom ......... 0.015 - 0.017
e) Gunite, good SECHON .....cccveievvrirreiensnnenne: 0016 - 0.019
f) Gunite, wavy SBCHOM .........ccvirereeriasrsnsonss 0.018 - 0.022

2. Concrele bottom float finished sides as indivated below:

a) Dressed stone in mMorar........coceeeeee o iinns 0015 - 0017
b) Random stone in morar ... 0.017 - 0.020
c) Cement rubble MASONTY ..o 0.020 - 0.025
d) Cement rubble masonry plastered ........... 0.016 - 0.020

3. Gravel bottom sides as indicated below:

a) Formed concrete ... ommmmmeemsemasms 0.017 - 0020

b} Fandom Sone In MOMAr .......ceeememmamsames 0.020 - 0.023

) Dry rubble (Ap rap) v 0.023 - 0.033
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B B s T G S RN T 0014 - 0.7 4.25 Canal Lining:
5. Asphalt (a) Insity_concrele lining:
=15 25 1 gL || RV RN SR P VA TEob) MR 0.013
By RO i iR s B R 0.016 . The minimum thickness of cancrete lining based on canal capacity shall be as lollows:
6. Wood planed clean ... 0011 - 0,013 Canal Capacity| Thickness of M15 concrete Thickness of M10 concrele
7. Concrete lined excavated rock with ; Controlled Ordinary Controlled Ordinary
A Choind SBetlon sk s 0017 - 0.020 m® | sec cm cm cm cm
b) lrregular SECHOn ..o 0022 - 0027
Oto 5 5.0 6.5 7.5 7.5
Mote:  With channels of alignment other than straight, loss of head by resistance forces 5to 15 6.5 6.5 75 7.5
will be increased. A smallincrease to the value of n may be made to allow for additional 1510 50 8.0 1.0 10.0 10.0
loss of energy. 50 to 100 g 10 12.5 12.5
1000 & above 10 10 12.5 15.0

3.24 CBIP Technical Report No.12 seplember 1974 .
Note: The above thicknesses do not take care of uplilt of tloor and overturning of sides.

(a) Unlined Canals : Faclors affecting 'n’
(b Precast Concrete Slab lining :

(1) Surface roughness (ii) Channel irmegularity (i) Vagetation {iv) Channel alignmeni . : .
{v)Silting & Scouring (vi) Stage and discharge (vii) Suspended material and bed load The face ol the slab shall be either square or rectangular. Nominal dimensions ot the
slab shall be as specified below,

(b} Aecommendations values of 'n’
Length Breadth Thickness

Lined canals mm mm mm
Baoulder lined canals = 0.025

Tile lined canals = 0.018 500 250 60
Concrete linecanals = 0.015-0.017 500 250 50
Masanry = 0.018 - 0.020 250 250 50
Dry rough stone = 0.023 - 0.030

(c) Unlined canals

Unlined earthern canals not in regime and showing silting = 0.025
Unlined Canals = 0.025 - 0.030
Unlined surtace with projections = 0.030 - 0.050
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326 International Commission on Irrigation and Drainage

Il Congrass - C.7 India - Design of channels:

Critical Velogity:-
a) Non silting and non scouring velogity

b) 1) Lindley's formulae i} Gerald Lacey:- Regime channels -

Vo = 0.95 D 957 S =0.0005469 (53 /Q '8 (FPS)
Vo = 0.51 B":_:ﬁi S =0.0003759 . [ ¥2 /R 2 (FPS)
B=380D"

¢) Limitations of Lacey’s formula:-

Minimum [ {sill faclor) Minimum Value of discharge in cusecs {FPS)

in Trapezoidal sections with side slopes

11 11
0.50 13.80 18.80
0.75 6.14 8.37
1.00 3.45 4,70
2.00 0.B6 1.18

No alternpt need be madae to design channels of smaller discharge than the
above with Lacey's iormulae,

d) Berms top widths and free boards - (1% :1 to 3:1 slopes) (FPS):-
Main canal - Branch Canal Distributories and Minors

5000 to 1000tc 300 150 less than
1000 cfs a0c/s  150c/s 10c/s 10c/s
i) Berm width 4+ QN000«D2 4+4Df2 44D2 24072 2+D/2
in feat occasionally
no berm
i) Top width in feat i5 B 6 4 3
jii) Free board in fest 3 3 3 2l01% 1ok

Note: More tha top widlh, less the Iree board.
e) Dowel banks : 1" ( 0.3m) height, 1% : 1 side slopes.
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g27 Design practices of irrigation canals (1.C.1.D. 1972) :-

1. Design procedure : Trial design (M.K.S)

y=CcQ'" Y = ‘epth of water in canal
0. Cumisec c n value Remarks
upto 14.16 (500 c/s) 0.70 0.025 In rock culs
14.66 - 28.32 (500 - 1000 ¢fs) 0.69 0.0225 n=0.035

28.32 - 56.64 (1000 - 2000 c/s) Q.66
56.64 - 84.96 (2000 - 3000 ofs)  0.54

a  CC (1:4:8) of 45 10 60 cm. thickness for bed protection of drainage way with C.C,
cul olls at either end.

4 Flares provided in transitions of vant ways : (minimum)
u/s 1.5:1 and above dfs2:1 and above

4. Batters provided in abutments, wings, piers & returns: (Masonry)
Water faces Vertical : :
1/6 or 1/5 to 1/3 depending on moments due 1o earth pressure and height.

Earthien faces : :
1/3 to 1/2 depending on earth pressure, moments top widths 45 cm to 1.20 m.

No tension is allowad but IRC section Il suggests 1 Kg/em? for CR stone
masonry in CM (1:3) and 0.7 kg/cm for CRS in CM (1:4)

5. Hydrostatic pressures : 50% in Rocks, Pressure relief valves if'* regulator floors,
energy dissipation buckets are provided. Weep holes in retaining walls are pro-
vided.

. Masonry walls : RR masonry in CM (1:6) or (1:5) and pointed in CM (1:4) and with
water face of fiont 45 cm built in CRS in CM (1:5).
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7. Fluming ratio in canal regulators/drops etc., : Limited 1o 0.60 (60%) in order to f&c{“
tate smooth transistions and reduce afflux, u's of the structure.

8.a.  Thickness of regulator piers: 0.21 (2H-S) X S (FPS) (Bligh)
S = clear span, H = depth of water in vents.

b. Thickness of piers as per Leliavisky ; ( FPS / MKS )

Span of
opening in ft.  Depth of water
in (Y m 15/ 4.5m 20'/6m 25%7.5m 3079m
10"/ 3m pier thickness 2.5/0.76 2.7/0.82  2.9/0.88 3.1/0.94
1574.5m ft/m 3.6/1.1 3.9/1.18 4.2/1.28 4.5M1.37
20%6m 4.6/1.40 5.01.52 5.4/1.65 58177
25'77.5m 5.51.68 6/1.83 6.5/1.78 B.7/2.04

9. Fill materials behind abutments:
$=28°; 6= 16° (wall frictions generaliy not considered)
Y = 2100 kg/m®, K = permeability not more than 3m / year.

The earthen faces of walls are given stepped offsets insiead of clean sloping surface tg
provide grip in the earthen banks,

3.28 (a) Suitable side slopes for channels built in various kinds of material

(VEN TE CHOW)
S.No. Material Side slope
1 VO i i atii g o do i S b WA 50 nearly vertical
2 Muck and peat S01l5 ... i s e 174 :1
3 Stiff clay or earth with concrate lning .......ooeeevevveevenennnn. i1
4 Earth with stone lining or earth for large channgls .......... 1.5
5 Foam clay or earth for small dilehes ..ooveeeeeceeeeeceinesirnns 1%:1
5 Loose sandy  arth ... 2:1
7 Sandy I0am OF POFOUS CIAY .....cremsssaessssmesesasssssnssmssessies 3:1
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_ gl_ﬂmmmﬂdﬂd side slopes in Canals - CW.PR.S. Pune

Type of soil Embankment Cutting
,l.ﬂrdinaw ................................................ b o B [ e oy RSP oy 1.5:1t02:1

p) Light loose sand, average sandy sofl. 201 03 Y 1.5 To 1 -

g} Sandy l0ams, B.C. ..o o PSS —r o o 1..:F: :1to1:

d) Sandy SOil - Gravel ... -T2 R 1 ?;

g) Muram - hard Soil....comeacnimmenininsnnns g i 2 (=S o E_Ec : : .
uﬂﬂﬂlﬂ ....................................................... T T 't R o 0. %

{c) Top width of Banks (CE/lrrigation, Circular, dated 09-02-82)

B Minimum Top width of bank
S.no Discharge |Free board | Inspection Non-inspection Disty
ma/sec m bank in m bank in m System
0.30 and below 0.30 1.00 1.00 0.90.9
2, 0.30 1o 1.50 0.35 2.00 1.25 1.8M1.2
3. 1.50 1o 7.50 0.45 5.00 1.50 a6M.8
4, 7.50 10 10.00 0.60 5.00 2.50 4.5M1.8
5, 10.00 to 15.00 0.60 6.00 2.50 4.5M1.8
6. 15.00 to 30.00 0.75 7.00 3.50 4.51.8
T- 30.00 and above | 0.75-0.90 B.0D 5.00 4.5/56

For ridge canals, small distributories and minors carrying less than 1.5 cumecs,
it is generally not economical to construct a service road on 1op of banks as this uﬁually
requires more material than excavation provides. In such cases sernvice rocad may be
provvided on natural ground surface adjacent to the bank towards ground surface, or
adiacent to the bank towards the command area side.
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3.29 C.W.C. Bed width to depth ratios as per draft manual an Irrigation chan

C.W.C, Waler-wing, New Delhi, 1960.

S.No. Discharge in B/D S.No. Dischargein B/D
Cum/second Cum/second

1 0.283 2.9 13 11.327 0.57
2 0.425 3.0 14 14.158 6.0
3 0.5686 3.2 15 28.917 7.4
@ 0.850 3.4 16 33.980 7.9
5 1.133 a6 17 39.644 8.2
6 1.416 a7 18 45.307 8.6
T 2124 4.0 19 50.634 9.0
B 2.832 4.2 20 56.634 8.5
8 3.540 44 21 70.792 10,1
10 4,247 4.8 22 84.850 11.0
11 5.663 48 23 283.170 192
12 B.495 5.1

3.30 (a) (i) Maximum water velocities (m/sec) in earth canals

MNature of Canal bed
1. S5ilt, line sand,
light sandy loam

2. Medium Sandy
ground

3. Light loam
4. Medium loam

Medium loess,
Coarse Sand

0.5

0.37

0.46

0.53

0.59

1.0

0.39

0.49

0.56

0.63

With a discharge in m®/ s

20 3.0

041 043

0.52 0.54

0.58 0.61

0.67 0.69
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40 10 15

0.45 0.47 048

0.56 058 0.81

0.64 0.68 0.70

072 0.75 079

20 30

0.50 0.52

0.63 0.65

0.72 0.74

0.81 0.84
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5. Heavy Loam, Light

Giay, Close grain

Loess, Very
Coarse sand 067 071 075 078 081 0.86 0.89 0.90 0.94
. Fine Shingle or gravel 0.73 077 0.2 0.B4 0.8 083 096 098 102
7. Thick Medium Clay
medium gravel 0.82 087 092 095 099 1.05 1.09 1.11 116
g Heavy Clay (tertiary)
coarse shingle or gravel1.26 1.34 1.42 1.47 1.53 162 1868 1.72 1.79
Bource : FOOD & AGRICULTURAL ORGANIZATION OF UNITED NATIONS, ROME, 18371
MANUAL
(b} Maximum non-erosive waler velocities in earthen Canals:
1. Fine sand under quick sand condition ............... 0.2 to 0.3 mps
2, Sandy SO ..ccuiiinsesmsasmmnsmspsassassagpasssniysssssarnees 0.3t 075
3. SANAY JOAM Liiieriessssirisiasmmnsrssissassonsmssssasasmms rasasassas 0.75 - 0.80
4. Loam 10 clay T0BIM ......isssimsrissmmissmmmenonmas 0.85-1.10
5. SHH ClAY ...ooveviiviinmninssrasiinsssssisensnisssssrsrssmmassssssisns 1.1 - 1.5 mps

Spurce : Same as above.

231

Maximum and Minimum permissible velocities
CWC & CWPRS Recommendations : all over India
T Lo pe———w— R misec

Ordinary SIS .....ociciesercrmerssssrmsssssssamensns 0.60 10 0.91

Sandy SOIS ...coeciiiasnsrssssrssmssnnsrssssensasss 0.30 to 0.60

B.Csandy Joam, Kankar ... .o 0.60 10 0.91

Murarn and hard SoIlS e 0.21 101,08

T LT N e e R e e S 1.21

Disintegrated rock ... 1.52

Disintegrated rock ... 1.52 (depending on size of rock)
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Minimurn value of V=08V ]

Width to depth ratios : to minimise adsorption and evaporation and for mare ecr.:rnumlm.']

design. |

bid = 1.25 1o 5.0 are beneficial "
bid ratio curve or Table for 0.28 o 283 cumecs - See 6.2.18. (b).
3.32 Badii of Curves in Unlined Channels

I

Curves in unlined channels should be as gentle as polssible, as there is a tens
dency to silt on the inside and to scour on the outside of the Curve. '

Minimum radil of Curves in unlined channels (L.5.1.)

Capacity of Channel Minimum radius of the Curve
Cusecs Cumecs Fest Metres

Over 3000 Cver B85 5000 1500

3000 10 1000 8510 30 3000 aco

1000 to 500 301015 2000 600 I
500 1o 100 1503 1000 ano |
100 1o 10 310 0.3 500 150 :!
Less than 10 Less than 0.3 300 100 ,

Note: Generally R = 20 B where B is waler surface width may be the minimum allowable.

Irrigation Engineerning
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m_&r_misgiblg Canal Velocities { Etchevery ) FPS

| material Clear Water Waler Non-Eradible
axeavated for canal water transporting transporiing  velocities
no delitus  colloidal silts non-collaidal
slits, sand
gravel elc.

Very light foose sand........ o cpsssrrrmsestyas = snessamsbsaiaiiateba s L e i SY 0.75 - 1.50
Fine sand (non colloidal) .. 1.50 ........... - s e 150 cimenemis 2.00-2.50
gandy Loam ... y [ L STPRS. - 6. 1 S 200 e 2.50-2.75
Silt LOBMY wovrsiatemmanmmminiins 2D i e, 560 L 200, iaiin 250-2.75
Alluvial silts when

non coltoidal ... 200 i A0 i 200 . 0eerereeies 278 - 3.00
Ordinary firm loam ........ 2.50 .ocniainie 3.50 soseeiisanris 2.25...cceuenen 300 - 375
Fine Gravel....cemmreesess D B0 500 coiwivivimiosss 3.75.... 4,00 - 5.00
Siiff clay (very colloidal) ... 3.75 «.coes B0 cisiscieiiinis s B 1, o [—— 40-50
Alluvial Soils when

golloidal ..o iiiiinaninnens L e - B0 cimasaei 3.00...00m00m00 40-50
Graded sill ..o 4.00 ..cccrnron B850 i aaiia 500 i 40-50
Coarse gravel

(ron colloidal) ... £.00 ..0nreeens B.00 ..o cerivisinnny BB nsiie 5.00 - 6.00
Shingle (non colloidal ....... 5.00 .cccrnine =3 S BI50 i 50-60
Cemented gravel Soft slale
“goft sedaimentary rock.... = e T e e e 6.0-7.00
HAD 1OCK . iovsrasrsscsimssriss = sensssasasiarsans T ——" I -t 10.0 - 15.0
CONCrEte ........coimimissainn A ot T n) T 15.0 - 20,0

These figures are for depths of 3 teet and less: To get M.K.S. values, multiply by 0.304E
3341 Assessment of seepage losses in canals - Recent thesis and literature
a) USBR : Moritz's formula - $=0.2 cy QV. (FPS)

§=  seepage loss in ¢/s per mile length ol canal

C= depth on feet lost from canal prism in 24 hours. varying between 0.34 (0
2 20 {rom Cemented gravel to sands.
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frrigation Enginegrinn
Minimum valueof V=08V __ al Velocities va
Widllh to depth ratios : to minimise adsorption and evaporation and for more economioat | material Clear Water Water Non-Erodible
design. e Wﬁj for canal water transporting transporting  velocities
= no delitus  colloidal silts  non-colloidal
bid = 1.25 to 5.0 are beneficial gilts, sand
. gravel etc.
b/d ratio curve or Table for 0.28 to 283 cumecs - See 6.2.18. (b).
i . Aary light loose sand ........ N " nressrresssssssensrate R — 1 0.75-1.50
3332 Hady of Curves in Unlined Channels Fine sand (n0n olloidal) . 150 e 260 v 1.50......00enre 2.00 - 2.50
ol Gandy LOAM wooveeescesinncs ) Ty - 2, 250 1orririeens 2.00 e 2.50 - 2.75
C‘::IWES in unhped channels should be as gentle as palssible, as there is a tan. ﬂ“ EOBITY .. viessssiasismsesnavonsss 200 .coinine K4 o S —— e 3 3 A 250-275
dency to silt on the inside and to scour on the outside of the Curve. -, ._.mmria[ gilts when
! non colloidal ..ooeeeeminmeiinins 2,00 i B850 caiaii 1 P, 2.75-3.00
ﬂ Qrdinary firm loam ........... 2.50..........3.50 Sidiimia e B savessriiesa 3.00 - 3.75
Minimum radii of Curves in unlined channels (1.S.1.) Fine gravel ..o iemrennasenns 2.50....ccccns 5.00 i <, 5 § - JIRRn 4.00 - 5.00
- gjiff clay (very colloidal) ... 3.75 ........... A1 1 AR e 3.00..ccconee. 40 - 5.0
Capacity of Channel Minimum radius of the Curve| | gjuvial Soils when
Cusecs Cumecs Feet Metres Colloidal ..eoeninnianenininienasiins . o TN 1 ¢, (et 3.00..00eeeee. 4.0 - 5.0
Graded Sill......wereisiinies 400 i 1 S 500 ...pisssisusse 40-5.0
Over 3000 Over 85 5000 1500 Coarse gravel
(non colloidal) ... 4.00 ..c0riens B.00 voerersrerens .50 rurerereenns 5.00 - 6,00
3000 to 1000 85 o 30 3000 900 ‘Shingle (non colloidal ....... 5.00 .coveecnne 6.50 curerreiererenns L 5.0 - 6.0
‘gemented gravel Soft slate
1000 to 500 30 1o 15 2000 600 soft sedeimentary FOOK .o = irvusiviasivans ™ asaiinsrens it snares ST RIS 6.0 - 7.00
HATd 100K ,1eeneresseesscsisnrinnss S RS SR 10.0 - 15.0
500 to 100 15103 1000 300 T e Sl 15.0 - 20.0
10010 10 31003 500 150 These figures are for depths of 3 feet and less: To get M.K.S. values, multiply by 0.3048
Less than 10 Less than 0.3 300 100 3341 Assessment of seepage losses in canais - Recent thesis and literature
! a) USBR : Moritz's formula - § = 0.2 c.l[‘ Q. (FPS)
Note: Generally R = 20 B where B is water surface width may be the minimum allowable. 8= seepage loss in ¢fs per mile length of canal
C=  depthon feet lost from canal prism in 24 hours. varying between 0.34 (o
2 20 from Cemented gravel to sands.
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b} Vedirnikov's Method (USSR)

g=K({B+(A+2m).H) =K (Bs + AH)

Where, Bs = surface width of canal i
H = depth of water in canal
m=cos (o), = side slope angle)
A = a function depending on B/H to be read from graph

c) U.P.Praclice :
Q1 : 1/200 (B+D) 23 (MKS)
Q1 : Seepage loss in cumecs/kilometer length of canal

d) Punjab & Haryana:
K1=1.9Q "6 (MKS)
K1 = Seepage loss in cumecs/million square meter of welted area

&) Bhakra Nangal :
Lined K1 = 1,25 Q %956 (FPS)
Unlined g1 = 0.00828 L (Q) 25825 (MKS), L in kms.
f) Dyces formula:
P +c .d%5 (FPS)
C = 3.0 adopted

P = seepage loss per million square feel of wetted area,

g) Irgan’s formula:
P =0Cd.{WL/10,00,000 }
P = 5.Lin cusecs in a reach of lenglh L in miles
W = width of waler surface in feel
C'=13.5 adopted.

h) Practice in A.PProjects:

Canals - lined 0.6 cumecs/million square metres of wetted surface

Canals - unlined : 1.85 to 2.40 cvmecs/million square melres of wetted surface
20% extra lor Disty systems,

Irrigation Enginieering

() LR.S. : Punjab :
S =Cad S=5Linm?®/sec/10%m?
=C (B+D)?¥8=CLP R 2
lined canals:
i) Mortar lining SL=_ 0.061
ii) Brick lining 0.051
iii) Cement pointing in brick 0.188
iv) Pracasl c.c.slabs 0.13
v) B.W.in clay and cement plastar 0.30

j) C.B.IOP. 48th Meeting 1979 - Publication 133 -
S.L in Main canals 7% of head discharge
S.L in distributories & monors 8% of head discharge
S.L in water courses 20%

3.34.2 Estimated seepage loss in canals/km (in % of discharge allowed)

Discharge through canal [ m3 / sec )
Type ol soils/banks upto 1 11010 11 10100 over 100
Gravelley soils 20% 6% 2% 1%
Semi Pervious soils 10% 3 1 0.5
Clayey soils 6% 2 0.6 c.3
Rock cuts 2% 0.6 0.2 0.1
Lined concrete 0.2% 0.60% 0.62% 0.01%

Loss in old canals is 20 - 30% less than in new canals.

3.35 Loss of water from reservoirs due to evaporation in mm.

Jan, Feb............. 100 mm, each June . 175 mm, each
March .oeeeveeeeees 175 mm. each July, Aug, Sepl. . 150 ¢m. each
o] ] S——— 225 mm. each |6 . S — 125 cm. each
5 R —— 250 mm. eac! Nov, Dec. .......... 100 cm each

Annual Total Loss = 1800 cm = 1.80 m
3-45




Irrigation Engineering

3.36.1 Channel Losses
Conveyance losses According to Etcheverry and Harding
LOSSES
Character of material Cit'Sit of Cusecs/Million Cumecs/million
wetlad peri- sft of wetted sg.m of wetted
meter in 24hrs  perimeter ( lo perimeter
nearest cusec)
1. Impervious clay loam............. [$ 1P R el TR [ I — 0921w01.2
2. Medium clay leam undar
laid with hard pan at
depth of not over 2 1o
3 fobelow bed .o 03510 050 ... 4o By 1.2101.8
3. Ordinary clay loam
silty soil, or lava ash leam......0.5t0 0.75 ..... 0 [ T2 181027
4. Gravely or sandy clay
loam, Cemented gravel,
sand & clay ..o 0.75 10 1.00 .. .01 12.0......crvees 27136
5. Loose sandy soils ........cccieeeee. 1.5:10 1.00 ... 171020 i 5.2 61
B, Sandy I0aMT .o L« P - BEEE T2 Viasann. 361052
7. Gravelly sandy soils ............... 2025 I B 1o 2 e 701088
B. Porous gravelly sails .............. 251030 ... 281835 B.810 10.6
9. Very gravelly soils .......ccoceene. 3210600 ... 351070.....cccvnvnee. 106 10 21.2

Irrigation Engineering

i-g_ﬁ_-_ 2 Canal losses ; Serge Leliavsky - Design of Canals & barrages

a) Strange’s approximation of canal losses : transmission losses in canals (FFPS)

Q incanal in cifs

% of discharge which is los!
per mile length of canal

=100 0.25%
50 - 100 0.50%
25-50 1%
10-25 2%

< 10 A%

3.36.3 Bucklay : for gach 100 ch issued al Head regulator;

15 citfsec is lost in main canal
7 ctifsec is lost in distributories
22 cltfsec is lost in village water causes

Out of 56 cft, 27 is wasted by excessive irmigation or so and 29 cit is profitably used in
irrigation purposes.

¢) Moles worth formula : QL = CLP m %5 (MKS)

m = H MD, C = coefficient, 0.0015 for stiff clay and 0.003 for sandy soils or K = C m *

3.36.4 Comparative Water Tightness of different types of linings (FPS/MKS)
(L.C.1.D. PP, 306 - 307)

Thackness Seepage joss cusecsmillion sft of wetied penmeter
SN Type of lining nitiad Wil FI[IH.-I ater
FPS | MKS cracking
FPS MES FP5 MKS FP5 MEKS
1 | Uniined - - 24 6.1 4 1.2
Two layers of brck tles with 1 %
2 lof 1:512 concrete sandwiched in 5 14 13 083 0102 012 0,o0ar 210 0 &4
between
3 |Asabovewith ol tScement | o . | 43 | 027 | ooe2 | ooz | ooos | 230 | o7
martar in place of 15,12 concréte
4 |Concrele 136 4,00 10.00 022 0287 oo 0.003 042 n.za
5 |Concratg 1:592 400 10.00 1.3 0.386 026 0.008 047 0148
B |CC 148 4.00 10.00 0.135
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3.37 1.5.1905-1978/1983 (Code of practice) Struclural Safety on
shallow foundations:-

Pier foundations : (such as in CM-CD works ete.,)
Plain concrete pier - Height shall not be more than 12 times the leas! horozontal dimen-
sion,

a) Stresses allowable are as per those specified in IS 456 al 1979 provided the height of
pier does not exceed six times the leas! horizontal dimension.

b) If height exceeds six times the least horizontal dimension, the maximum allowable
stresses shall be determined by

fe' =le (1.3 - H/20D) where

fc' = Maximum allowable stress

fc = allowable stress speficied in IS 456 - 1979.
H = Height of pier and

D = leas! horizontal dimension

Note: The above provision shall not apply for piers where the least horizontal dimension
is 1.8m or more.

RCC piers: RCC piers shall be treated as axially loaded short columns and permissible
loads calculated.as per IS 456 - 1979 subject to:

i) Where the height of pier exceeds 18 times the least dimension, the max. load shall not
exceed:

P' =P (1.5 - H/38D)

Where P'= permissible load on axially loaded short column
H = height of pier measured from top of bell if any, to the level of cut off pier, and
D = least dimension of pier

338 HEAD LOSS usually allowable in metres for hydraulic structures on Main Canals
(while approving hydraulic particulars of canals)

Irrigation Engineering

a_';_ C.M.works:
i) SlLbridges.......... o 1 - S Normal section of canal retained.
i) DLbridges........ccenreee. 0.03100.04.......... HL due lo piers elc.,
iy Cross regulators
with or without ofitake ., 0.05-0.15............ depending on fluming ratio
iv) Trough Aqueducts........ 0.10 - 0.15........... depending on length of trough, velocity
allowed and transitions
b) C.Doworks:
i} Syphon agueduts HL : as per Unwin's formula Afflux as per Moles-worths
formula
i) Urainage syphons I eanal is umed as In type Il or 1l U s HL as per Manning's
(nan prassure flow) in transitions and barrel by TEL Method,
Resiricled 1o 0.000 but actually it may go upto 0.03 de-
pending on its length and luming in canal,
i) Super passages Genenally, normal section of canal is retained
a) with Headway HL is 0.00 but if canal is Hlumed for economic consider-
ations HL in canal may go upto 0.02
b) Superpassages
without headway In major projects like N.S.P, 5.R.B.C. etc,, drainage bed
comes below FSL of canal. The canal section is thus par-
tially syphoned. HL is to be minimised in such cases. HL
about 0.10m,
Methods:
a) Provide inlet-outlet arrangements if feasible, maintaining normal section of canal
b) Widen the canal at the crossing with necessary transitions
¢} Depress the canal bed slightly below the barrel and give lift wall or reverse slope
later to minimise regrading & losses,
d) Adopt both (b) and (¢) above, it HL is still high
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e) Compute HL in approaches with Mannings formula and under the partial syphon
with Unwins formula and sum up.

t}  Compare with afflux calculations by Moles worth formula

g) Adopt higher of (e} or (f) and prodive free board for trough of S.P. so that canal
watar does nol escape into drain by spilling into it

iv) Inlets\Qutlets : Nil generally silt traps must be arranged and silty water let down into
nafural drain below,

v)  Surplus escapes : Nil generally Silt traps must be arranged, for, the parent canal
section gets reduced in course of time, resulting in heading up and lesser discharg-
ing capacity.

Mote : During actual design, the HL is to be calculated by any retional method/model
studies and restricted ta a minimum by suitable design practices. If it is not reducable
or resiricted o that provided in the approved HPs, it has to be adjusted elsewhere
with the consent of the sanctioning authority for the satisfactory performance of the
canal with its structure,

3.39 CODE OF PRACTICE FOR DESGIN OF CROSS DRAINAGE WORKS
IS : 7784 - 1983

Aquduct is defined as a cross drainage work in which the carrier channel is carrnied
over the drainage channel and the bottom of the canal trough or the covering over
the drainage openings is above the high flood level in the drainage channel.

331 TYPES OF AQUEDUCTS

{a) Depending on the shape of canal passing over the drainage, an aqueduct may be
classified into the foliowing three types.

()  Type 1-In this type the canal continues over the drainage in its normal earthen
section including the banks and earthen slopes. In this case the length of the
culverts through which the drainage water is passed under the canal shall be
sufficient not only to carry the water section but alsc to carry the earthen bank of
the canal with their slopes.

{c) Type 2-In this type also the canal continues in its earthen section over the drain-
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(d)

age, but the outer slopes of banks are replaced by retaining walls, thereby reduc-
ing the length of drainage culvert by that extent.

Type 3-In this type the earthen banks are discontinued over the orainage and the
canal water is carried in masonry or concrete trough, box, barrel, pipe or any other
suitable section. The sides of the trough are connected on either side of the work
to earthen banks of the canal by means of wing walls. Generally the canal is
flumed to effect econamy in this type .

3.39.2 The choice of the type of aqueduct would depend on considerations of economy

(@)

(b)

which in turn would depend mainly upon the size of the drainage lo be passed in
rélation to the size ol the canal and the foundation strata.

Over a small drainage, aqueduct of Type 1 may be suitable as nominal wings would
more than compensate the increased cost due to the length of drainage culverts
which have maximum length (across the canal) in this lype.

Over a large river an aqueduct of Type 3 may be more economical as the length of
drainage culverts across the canal is minimum and the savvings made in cost of
drainage culverts would be greater than the increased cost of canal and drainage
wing walls,

(c) For intermediate conditions, Type 2 may work out econgmical in comparison {o
Type 1 and 3.
3.39.3 Discharge through the agueduct
Q = cb 2] (2/3). (he+{v,2/2g)¥? - (v,2/2g)32) + d ( he +v, 2/ 2g)'?]
he = ¢ [v3-v,%/2g] , v = allowable velocity in the duct
=2 v, or 1.5m/s whichever is min
Q = Discharge
d = depth of water s

v, = velocity in canal

he = head los! al entry

b= mean width of aqueduct

¢ = co-efficient of discharge which varies from 0.9 to 0.95
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0.5 for sharp cornered entrance
0.25 for round cnme_:red entrance
0.1 for ordinary design

0.05 for bell mouth flumed entrance

The co-efficient C will be

3.394

Designof syphons: Q=AV
A = Area of barrel
\V = Mean velocity in the barrel
H = Fall in meters
{1 = Co-efficient for loss nf_ he:laﬁ .
0.505 for cylindrical mou . il
t2 = Cp-efficient for loss of head in overcoming surface friclio

due lo triction at entrance = 0.088 for bell mouth;
nin the barrel.
3395

LAYOUT
{a) Thelayoutof aqu&d_
of drain/stream, whi

|| preferably be in a straight reach

i itsha :
iishalieso (e s ht angles as far as possible.

ch crosses the channel at rg

[ ding upon
Bank connections to canal and drain/stream should be provided depending up
c i
2 tha:prupenias of the soil available in the area.

vided with 2 : 1. and 3: 1 on upstream

be pro
{c) Transitions for canal should prelerably be p 1 and 5 ; 1 respectively.

and downstream side but not flatter than 3 :

i t facing
i cted to high ground. Bu
el cunr:; cornparatively lower to reduce

(d) Wing walls of drainage should b -
should be higher than high flood

walls should be so located thal height smzldz
cost, Wing walls of drainage in Type 1 an

level, H.F.L.

i ining work
i the structure by suitable training
e mwardﬁe'canal banks adjacent to work should

(e} Thedrain/stream should be
hing, and launch-

i T
[ ini lls, guide banks spurs, elc. 'u-;
:;i;Eptiz;g:t-gﬂdw; Sl.lgitﬂbl-ﬂ protective measures such as turling, pi

ing apron whenever necessary.

Eﬂiﬁwﬂﬂiﬂﬂmﬁﬂuﬂlﬂﬁ

e aqueduct should have adequate provisions

The canal embankment adjoining th page. The outer slope of

to avoid possibility of any breach and to minimise see
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(b)

(c)

(d)

bank should have a clear caver of 600 to 900 mm over the designed phreatic line
(often referred to as hydraulic gradient, see IS : 7894 —1975 for details). High
bank (say, of more than 6m height above ground level) should be checked far slope
stability (see IS : 7894-1975) and normal provisions of filter and rock toe should be
made. In cases where difference between the canal full supply level and HFL is
small, canal bank should be checked for the condition when drain is in high floods
and the canal is dry.

Note1 - Free board should be provided for trough as per IS| Code

Note 2 - Road way width should be provided as per |.R.C.Code.

MNote 3 - Central wall of trough may be omitted by providing R.C.C. colms on each
pier based on techno economic, studies.

The canal may not be flumed to less than 75 percent of bed width, However,

where the velocity and loss of head permit, greater fluming may be allowed ensur-
ing subcritical flow condition.

The flumed portion of the trough shall be joined with the normal section with proper
transitions to minimize head loss at entry and exit. The transition should corre-
spond to a minimum splay of 3 : 1 on the upstream side and 5 : 1 on the down

stream side. It should be ensured that the flow follows the boundaries of the
wings.

The vertical slope approaches may not be steeper than 1 in 3 on the entry side and
about 1 in 4 on the exit side. The minimum permissible velocity allowed in the
barre! depending upon the size of the bed meterials in the drain may be derived
from Tables 1 and 2in IS : 7784 (Part 2/Sec.5) - 1980. For Type 1 and 2 a water
seal of 1.5 times the change in velocity head with a minimum of 100mm is allowed
over the tope of the barrels at start to preven! air entering the barrel.

In exceptional cases, the limiting velocity may exceed 3m/s provided this does nol

tause excessive loss of head and the structure can withstand the higher velocity
and abrasion,

The head loss through the barrels shall be calculated in accordance with IS : 7784
(Part1) - 1975. The walerway shall be so adjusted that the afflux does not exceed
the limits of submergence tolerances of the environments.

In drainages when the course is undefined, as sometimes it happens in bouldery
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or alluvial regions, fluming from 60 to 90 percent of the Lacey's walerway map
tried. by

3.39.7 Jomnts,

(a)  Joints shall be provided across and along the barrel length. The maximum spe
ing of these joints in either direction shall be limited to 20m. A gap of 100 1 &t
with water stops at all the joints accross and along the barrel should be provideg
accommodate the movements. The position and details of joints shall be in acege.

dance with 10 of IS ; 7784 (Part 1) - 1975,

(b)  Inthe case of barrels resting on compressible soils, collars encircling the plain iols
should be provided. This will protect the waterstop from vertical shear due

excessive settlement. In the case of syphons of multiple barrels more than one.

unit, the collars may be designed 1o be {lexible.

{€)  Incase of multibarrels, units of three or four barrels can be adopted side by side
with longitudinal jeints having water stops all around. Water stops shall also be

provided at the junction of RCC barrels with transition walls.

3.40 Dam Safety : (Small dams)
(Engineering Foundation conference - ASCE (1852) Jan. 1975 - England)

3.40.1Phase.| Field inspection - evaluate - design and performance data
Give particular attention 1o :

a. Evidence of distress

b. Excess leakage and seepage

c. slope instability

d. excessive settlement

e. tilting and cracking of concrete structures and

I. other physical features indicating instability.

9. Review of design and adequacy of design parameters
h. Construction - quality etc.,

I. Loads - Experienced vs designed

|- Evaluation of geological and foundation conditions
k. Changes in technology since original design

3-54

- , B Irrigation Engineering

= | seismology - check w.rl. seismic considerations

i il Investigation - Field sampling - Lab tesling - stability analysis.

e alfention 1o M
Adversely oriented joints . .
glicken sides or fissured material, faults, seams or soft materials - week layers -
excess pore water pressures - clay shales elc.,

[jam can be unsafe by failure due to :

Overturning, foundation failure, Uncontrolled seepage, shear failure etc.,

» Recommended factors of salety : Embankments:
Leading condition Factor
of safely

shear strength

Sudden dwawdown from spillway 1.2 minimum composite of R & S

crest or top of gates to MDDL shear factors
1l Partial pool with assumed 1.5 A+S2iorR<S
' horizontal steady seepage
saturation
(] Steady seepage from spillway 1.5 SforR<S
crest or lop of gates with
KH/KV = 9 assumed
v E.C (cases Il and Il with 1.0 same as case. |l

seismic loading)

4,403 Failure of Dams : Dueto;

a) Seepage failure : about 1/3 1o 1/2 of the dams {analysed) studied have failed due 1o
Seepage.

b}  Structural failure : about 30% of the cases (less in dams below 50 height)
c) Construction inadequancies (more in dams below 50')

d) Maintenance - inadequate -
f} Inspection - Improper or insufficient,
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3.41. NAGARJUNASAGAR DESIGN PRACTICES

3.41.1 Earthwork - Banking - partial banking - side slopes standards - 132 ;1 both faceg

Soil groups Height ahove GL
a) GG, GM, SM, CL, CH.....ccivimnmiisivionn 5m
BIGE; BE, CL, BH s srrseesaniiis 6m
CY GO ant SC......ccomemmssrimmsssorsssensassss s Bm

If foundation soil is weaker than fill malerial, provide llatter slopes of 1 3/4: 1102 : 1 g
cutting and banking, on walter face or berms at GL.

3.41.2 Duties - under offtakes:-

Area under offtakes 1D cum wet crops 1D Wet crops only

heciare Ha Halcumes Halcumec
Acre cumec Acrelcusec Acrefcusec
120040 850 850 115

30000 &0 (214 50

12000 to 4000 500 §25 760

30000 1o 10000 62 65 53

4000 1040 1660 1000 800

10000 to 100 SYe 70 56

40 and palow 1400 1075 850

100 and less 100 75 60

The requirements of 1.D (kharifl) is about 21" per irrigation at an interval of 1010 12 days:
which is equivalent 1o 100 Ag / cusecs at field or 60 acres/cusec al the head of distributory

The requirements for khariff paddy (wel) is about 4" in a 10 day period which
worksout 60 acres | cusec at field which corresponds to 50 acres / cusec at the head off
distributory.
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241,3 Design of channel section: Due to reservoir fed channels, the limiting velogity is
non scouring rather than not silting in upland areas,

Kennedy's V, = Cd %52 (USBR) (FPS)
S.R.E.P also adopted the sama,

2) C: 0,84 fer BC, silty or softer soils - 0.47 in MKS
b C :1.10 tor muram, gravelly and harder soils - 0.60 in MKS

Note: C = 0.50 for canals where Q ig less than 2.83 cumecs (100 ofs) for all sails uni-

lpemly:

441.4 Direct pipes lor discharges of 3 cumecs and below lor better control over irriga-
tian water utilisation:

2415 Assumptions under sale bearing capacities ol solls:-

o BLC solls o iiaanmnsassaaaTn 8 tonnes/m®
b, HG lime KBnkar ..o 30 tonnesim?®
R 5 e R B P P WY L 35 tonnes/m?
L e P A e 50 tonnas/m?®
B BB sk i smainissieies B0 tonnes/m?
I HR and shest rock e 100 tonnes/m?

841.6 Tenslon in CRS masonry In CM {1:5) - upto 0.70 kg/om?® (7 Ym?) ar 10 Ibs/sq.
ch, and for CRS masonry in CM (1:6) tension upto 5 1o 8 psi may be ailowed for
gbutments, wings and retumns.

2.41.7 Structural design constants ; using HYSD Tor 40 bars

M20 (1 : 1% : 3) mix, M1S(1:2:4) mix,

strass in steel

for road bridges=1900 kg/cm?
lor other structures:

bars above 20mm=2100 kg/cm?
uplo 20mm = 2300 kglem?

Wy Stress in steal
on both faces of thin
members and on tension lace
of (thin or thick) slabs In
contact with water=1300 kglerm?

3-57




Irrigation Enginee

b. On face away from liquid face
of thick member = 1780 kg/cm?

Stress in concrete=50 kg/cm?
Shear stress = 5 kg/em?

local bond stress = 14.5 kg/cm?®
Stress in concrete = 65 kg/lem? Modular ratio m = 18 kg/em?®
shear siress = 6.5 kg/cm?

Local bond stress = 16.50 kg/lem?

Modular ration m = 14

Cracking stress in concrete = 16.5 kg/cm?

3.41.8 Replacement of cement by fly ash:
a. CC (1:4:B) or (1:3:6) to the extent of 25% by weight
b. CM (1:5) to the extent of 20% by weight "

3.41.9 Foundation concrete CC (1:4:8) :
For cul offs or foundations etc., 40% of 40 mm size and 0% of 75 mm size
aggregate shall be used. L

3,41,10 Wearing coals:

a. Plain - M 15 grade 75 mm thick using 20 mm size aggregate in barrel floors and’
transition floors monolithic with foundation concrete.

b.M 15 grade - 150 mm thick using 10 mm nominal steel @ 30 em c/c both ways in cross,
regulator floors - monolithic with floor concrete.

c. M 20 grade 40 mm thick in trough slabs

d. M 20 grade ‘Tell-tale’ coloured CC cones in wearing coat over deck slabs of bridges.

3.4111 Bearing surface: Bearing surfaces of piers and abutments over which ACC slabs
are laid shall be rendered perecily smooth in CM (1:3) and thick krafl paper shall be laid
aver them.

3.41.12 Weep holes: 75 X 150 mm spaced at 1500 mm c/c staggered both horozontally
and vertically shall be provided.

3.41.13 Expansion joints: 12 mm thick with pvc or rubber water stops shall be provided in
RCC deck slabs over abutments and piers-and filled with mastic filler.

3.41.14 Holding down bolts: May be spaced al 900 mm c/c to anchor RCC slab under
water trough to piers and abutments, where the slab is continuous. The spacing may be

increased to 1800 mm c/c in the case of piers and abutments supporting free ends of the
slab.
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'IH;[;-D__rﬁua__ge spouts: 50 mm dia and 100 mm dia. drainage spouts shall be pr::wided
for single and double lane bridges respectively al the centre of span on both sides ol

pridge decking.

4,41.16 Approach slab for road bridges: M 15 grade, 15 cm. thick slab on well consali-
dated murarm of 225 mm thickness with 12 mm bars @ 15 cm cfc hoth ways al top and
pattom resting on the dwarf wall of the abulment and extending_ for a length of nol less
jhan 3.66m into the approach may be provided as stipulated in clause :?1?-3 of IRC
pridge code sec.ll. in which case live load surcharge need not be considered in the
gesign of bridge abutment.

3.41.17 Guard stones: 20 X15X125cm 1un+_.? guard stones shall be prr:m'_'h:lEd“.::itl'u-}t:1 sic:{e
ol road approaches at 300 cm c/c for the portion of the road where the height of embank-
ment is more than 1.80m.

241,18 Pressure relief holes: Pressure relief pipes of 50 mm dia. shall be pmiuided in the
fioor of cross regulators and aqueducts at 3m c/c staggered with 60 X 60 X 60 cm filters
in no fines concrete below.

3.41.19 Radii of curvature: Minimum radius of curvature be adopted is 20 times thelv width
of water at FSL, as tha relevant parameter is the water width rather than bed width of

canal.

3.41.20 Normal canal section in full cutting reaches:

a. Width of inspection paths 4 m with side drain

b. side drain 30 cm. bottom width and 60 em depth

c. clear distance between edge of drain and the spoil bank may be kept as one metre.

d. Inspection path shall not be more than 8 m higher than canal bed. If a deep cut,
inspection path may be located at FSD +1 1w 1 1/2m.

3.41.21 Eddylosses at structures: Coefficients of losses: _
Transitions - splays in wings 2 1/2: 110 3: 1 at waler surface. Curved wings for

the inlet transition of offtake to ensure smooth flows. Warped trangi_tinns with face verti-
cal at the beginning and same batter as slope of canal at dfs transition for the outlats.
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’ Type of transition Coefficient for lasses in barrel

[ transilion losses

Inlet Outlet Extrance  Exit

1. Smooth transition
a. 0. T.sluices 0.10 0.20 050 1.00
b. UTs 0.10 0.20 0.10 0.20
¢, Agueducts 0.10 0.20 0.25 0.25
d. Square ended type 0.30 0.75 - -
2 For earth transition

connecting a canal section

to-a pipe and pipe (.50 1.00 - -

structure withoul concrete

transitions for submerged

condition
3. Sudden expansion and 0.25 0.25 -

contraction

Note: All coefficients are to be applied to the differential velocity heads before and aftar
transitions.

3.41.22 Dirops on distributones - {Core wall type drops have failed badly)

{a). In Muram, SDR, HDR, elc corewall type for Q less than 3 cumecs and height of drop
less than 1.5 m core walls be kept 0.50 m above FSL and keyed 1 m into firm ground.

(b). Silty/clayey soils:
i) drops greater than 1.5 mlor
all discharges

wing and returns be
invanably provided

ii) Drops less than 1.5 m abd O > 1 cumec wings and returns

iiil) Drops less than 1.5 m and Q < 1 cumec core wall type

Irrigation Engineering

3.41.23 Specifications for consolidation of banks and key trenches

Sl Q

FSL of branch or
distnbutary

Type of consalidation

Specilication ol key
tranchas

! » 2000 /s

FSL above GL

P Fl, consolidation
upto 1-above FSL

O maan tranch of
%2 with 1/4 101
side slopes incentre
of banks slightly
iowatds the waler
gido and key trenches
of 232 with 14 21
slide slopes at 10 cie
on aiftwr-side of main
french

Batwean S000 cls

i} FSL above GL of
upte 1" above GL

535 204

Wormal kay rench of
e with 1/4 : 1 side
slopes ot centra of
bank and 2% ey
tranches with 1441
sitle slopes on siths

GL

1o 1600 cfs sido at 10 ofc
i) It FSL Is1" fo 10" above | Stone Rolier upto 1
GL above FSL. KiT.isin (1)

ili) 1 FSL is mare thin 107 | Powar Foller upto 1'

above GL above FEL Same as in (1)

FSL 4 abowve GL P ’
2 | Betow1sdoess | FSLA 1010 above GL &-!égm Same as in 2(1)
FSL beyond 10" above kel S._Ema as in (1)
PR Same-as in (1)

rey FTLEﬂﬂhES nEEi_‘J not be provided within 3° from the toe of the bank. Proctor's densily
of 95% lor cansolidation with PR and 90% with SR.Extra quantity for consalidation by

the PR and SR Is 10%.
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3.42 Requirements of Iabour, material and machinery in project execution :

CANALS -

Structures of value Rs.1. lakh

Earthwork of value Rs.1 Iahr

Persannel work charged
Skilled

Semi-skilled

Unskilied

b. Principal materials -
Gelaline

Detonators

Drill rods

Cament

Stee|

c. Machinery -
Jack hammer
Compressar 7 cum/minule
(250 cfm capacity)

d. Proportionate cosls -
Labour - Materials : Machinery

g. Cost of structures Vs EW -

Main canal
Branch canal
Major disty.
Minar disty.

100
600
2000
2000

200 kgs
2000 nos
4 nos

B0 MT

7 MT

50 Hrs
25 Hrs

33:86:1

40%
45%
50%
60%

— |

100
10
8OO0
100

1400 kgs
14000 nos
26 nos

o900 Hrs
450 Hrs

680 :20:20

60%
55%
50%
40%

MNote: The rates are as per 1976. Necessary cost éscalation may be added.
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4.1.0 WATER AVAILABILITY STUDIES : DATA REQUIRED :

f =

o

4.141

Catchment Area Plan.

Location of raingauge stations.

Theissen Polygon of influencing stations  in and around catchment. With this in.-
fluencing areas of each Raingauge Stations are arrived.

Monthly rainfalls for the influencing stations.

Gauged flows at Project site.

Up stream utilisation month wise.

STEF BY STEP PROCEDURE :
From the above data monthly or mansoon weighted average rainfalls are arrived.

By adding upstream utilisations to gauged flows gross yields are arrived. From
gross flows and weighted average rainfall relationship is arrived, The same rela-
tionship is used 1o arrive at gross flows where weighted average rainfall is available
and gauged flows or upstream utilisations or both nol available,

Net yields are arrived by deducting upstream utilisation in proportion to depend-
able yield that is whenever the yield is more than dependable yield complete up-
stream utilisation is deducted and where it is less prorata deduction may be re-
sorted to.

In the case where observed vields are available observed yields may be imple-
mented.

In case if no particulars are availabie, a parallel catchment rainfall runaff relation-
ship is used to estimate the yields for the catchment under consideration.

The annual yields from the catchment both generated and observed are arranged
in descending order the 75% dependable yield may be arrived which will be consid-
ered as representative yield for that catchment.

RAINFALL - RUNOFF RELATION SHIPS :
Bivariate. 2. Multivariate.

BIVARIATE :

Monthly rainfall of the same month Vs discharge,
(i) Linear relation ship

Y=ax+b a & b are constants,

.'"'-_--—-_

Hydrolagy

: L Hydrology

X = Rainfall in inches/Cm., Y = Discharge in inches/Cm,

(i) Quadratic relationship :
Y=ax+bx+c

(i) Exponential relation ship :

a, b, and c are constants.

Y = ax® a nd b are constants.
logY¥=Lloga + blogx

P A Q
P=A+b0Q

Naw this is reduced to linear relationship and may be solved as above.

4.1.3 MULTIVARIATE :

In this the current month rainfall and previous month rainfall is used.

Z=ax+by+c
¥ = current month rainfall. Y = previous manth rainfall. Z = runoff.

a, b and ¢ are conslants, .
By solving the above values of a, b, € are obtained and expected values of Z are
calculated. i _

An example on rainfall Runofl linear relationship is ha_re with given. By sub;t:lcjutlng
representative rainfall of catchment in the linear equation Runoff for the Period can

be arrived.
Year Rain fall Runoff
X Y X* Xy
1967 23.89 2.90 570.73 65.28
1968 37.15 15.18 1380.12 563.04
1969 38.82 13.40 1506.99 520.18
1970 26.26 3.90 689.59 102.41
1971 27.25 477 742.56 129.98
1972 46.66 16.88 217716 787.62
1973 31.42 6.68 0gv.22 21617
1874 41,69 13.35 1738.06 556.56

Ix=273.14 2X=T7.26 2 'X?-0793.43 2 XY=2,946.15
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¥Y=aX+b
E?:ameb

IX¥=a2X2sbXX

Substituting the values of 2%, XY, X X2and XXy
77.26 =273.14a + Bb; .... (1)
2946.15 = 9793.43a +273.14b

Solving the above equations,
a=06591, andb=-12.8464
The equation is given by

Y =0.6591X - 12.8464
Regression coefficient is given by

ZXY -nXY
Ry = —==—-
( X2 - nX3) [ 2¥2-nY?)
substituting the values

Rxy = 0.86 for the above example.
420 ESTIMATION OF DESIGN FLOOD

Estimating design flood for spill ways may be Probable Maximum Flood (PMF)
based on Probable Maximum Precipitation (PMP) or Standard Project Flood (SPF) based
on Istanﬁard Maximum Precipitation (SMP). PMP is an estimate of the Physical upper
limit to storm rainfall over a basin, It is generally determined by studying the rainfall of
pas‘l sever Storms tin the region and increasing this rainfall in accordance with meteoro-
logically possible increases in the almospheric factors contributing to storm rainfall. Stan-
dard Project Precipitalion is the largest precipitation characlerislic of the region in which
the reasonably basin lies or the largest storm which has occurred in the region of the basin
dlurir_1g the period of rainfall records. In case of gauged catchment the PMF at the Project
site is worked out where the maximum capacity of the reservoir is more than 50,000 ac.it
(2178 TMC or 61.673 M cum).

421 UNIT HYDROGHAPH METHOD FOR GAUGED CATCHMENTS.

The Unit Hydrograph Principle is defined as a hydrograph of direct runolf resulting
{rom 1 Cm. {or 1°) of effective rainfall of a specified duration generated uniformly over the
pasin al the uniform rate. The basic data required for Unit hydrograph method of flood

gstimation is the hourly / daily data of 2 or 3 llood evenls occurred in the catehment and

the corresponding rainfall dala of the all stations influencing the calchment. It is also
necessary 1o have the hourly rainfall data from SRRAG station available in the catchment
or in the neighboring catchment for the concurrent flow events periods selected! If ad-
gquate data are not available for the river in question, the data available for a number of
sites on stream in the hydrometeriological region can be utilised for this purpose.

From the observed flood event a trial unit Hydrograph (UG) is derived with the
lollowing paramelars @

Unit Duration
Peak of UG
Base llow of UG
Time lo peak

Nole : The volume of the Unit Hydrograph is equal to
1 ¢m run-off from the calchment.

bt A Mo

The hourly rainfall incremenls are caiculated and the ordinates of DSROH ( Direct Sur-
face Run-off Hydrograph ) are computed and these are 1o be adjusted so that the volume
hydrograph is equal to 1 em runolf. The Unil Hydrograph is finalised.

The storm in the calchment is selected eithar from the past rainfall records as collecled
from IMD, for which the hourly distribution is adopled based on the SRRAG station avail-
able nearby, preferably in the catchment. A clock hour correctness of 13% may be ap-
plied for one day storm. The maximisation factor of 15% to 20% may also be applied lo
storm depth values. The infiltration losses @ 0.05"hour may be deducled from the rain-
fall increments which are worked out based on storm distribution. Depth duration curve is
to be drawn and the rainfall increments for the required unil time duration are fo be read
from depth duration curve. The rainfall increments are lo be arranged in the critical se-
quence by arranging the peak rainfall increment against the peak ordinates of Unit
Hydrograph and so on. The order of increment are 1o be reversed such thal the same are
to be multiplied with the UG ordinates to workout the flood storm hydrograph. The guan-
tum of 5 ¢/s persq.mile are to be added to the maximum oul liow as base flow and hence
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the PMF is'worked out. The limitation of this study js when the CA of profect in question
does not excead 5000 sq.km. In case il the CA is large it is 1o be divided into diftepg -
region for which the flood storm hydrograph is to be calculated separately, Allawing e
lag time, the above flood starm hydrograph ordinates are 1o be compounded and (ha
PMF is 1o be worked out as per the procedurs worked out above,

Wwith the above parametars tiangular UG is derived with the se1e_c|e¢;§ slorm azg
fribution as explained in PMF method the flood storm hydrograph is to be denv

1
which the Maximurm flood can be worked out.

»4 ESTIMATION OF DESIGN FLOOD BY SMALL CATCHMENT METHOD AS
A PORTS: ; |
| ch?i: EEsi:'maHﬂn of design flood for small catchment and medium CfilchmelnT har;.r.
: ize from 25 to 2000 sq.km based on synthetic UG is Ex_plained in detail I.::l the
b th:;t;:riaiiun reports for small catchments for sub basins., Ey Durecmmli DF!'I—:;::-E :EE
b, 3h, 3e covers ALP.

=i . 1Y CWC. The report nos. 3g, 3, 43'.4 . 3h,
o 'gmeﬂtl:;;ﬂ::ﬁ;y t}:e refarrad to in estimating the design flood for small catchment.
| mpnymﬂgmphm pararnetars that are considered in v:rﬁ:: e:::ug Gstrsdz ;:;r-jn i
. 15t tc. Wi

= ( Statistical slope ) Ap. Am, gp. TE & ! .
it tses a'{re raslld from the unit Hydrograph base flow is added to the UG Ordlnatedﬂ:z
:w::can bie selecled from the isopluvial maps published in the report. The procedu
=tor .
-'fsal?nhiaining the rainfall incremenis is also appended in the repart,

ical example of Hood calculation by : _
?1 ﬁﬂiﬁ g;t?rn;nun for small catchments method as per CWC reports and (2] Triangular

unit Hydragraph method for Maddilaru Project are appended.

In case of ungauged catchments the design flood is worked out as per the methodg
indicated balow : 1

422 SYNTHTICUG.: The Synthtic UG is developed based on known physical char.
aclenslics of the basis. A reference UG is 1o be selected either from the catchment ar

near by catchment having the same hydrometeoralogical characteristics. The synderg
constant Cp, Ct are to be caleulatad from reflerence UG

b=Ct(LLc/g05)038
tpnztp*-ilﬂ_ltjfd
qm_: 'E'I-U'Cpft [=1=)

Generally, the values of Ci = 1.2 for mountains drainage area
=0.72 for foot hill areas

=0.35 for valley region
The synthetic UG is 1o be derived with the following parameters

1, Unit duration, 425 Example

2. Peak of UG ap : i

3, Base period b Report accompanying designflood :;alr.:ulatmn of Maddileru reservoir at

4, Time lo peak  1p ’ Adavibrahmannapalli Ananthapur district.

The ordinales as read from the above UG are 10 be multiplied with the net raintall incre- 2T al Thangedukunta and Allepalli

ments as explained above on the flood storm hydrograph are to be worked out from Maddileru river originates 1mm5.:.mraiu El-imjirs:;?;ﬁdup fo kaglri and takes a tum to

which the PMF for the unguaged catchment can be assessed village limits and llows towards north easterly dire f the river up to the proposed
I nartherly direction until it join chitravathi nver. ggeklr?:]gl‘tiz: catzhmers!. area upto the res-

423 TRIANGULAR UNIT HYDROGRAPH - This method is applicable for the reservoir at ADAVIBRAHMANPALLY (v) 455 {:?EM The centre of gravity f the calchrment

unguaged catchment having the area upto 200 sg.miles where the observed data for ihe ervoir is 529.04 SQ.MILES OR 1371 32 50. He R e length of the river from this

fiood period is available. The empirical formula is as follows : is determined graphicElﬂlY{ig; itis P;:ilﬁfeléﬂa‘s :{;E’ikm The statistical slape of the reser-

Th=2671p paint to the reservoir site is me bl L

p=0/2+ 061

3 : on
woir {S) is arrived from S.1. sheets as 13.53 (Table 1- Design m;?:j;:{a:icsﬁ:;?r;a;:ﬁ. -
where, tc =[ 11.9 L3/ H 19385 gp = 484 Ag/ip ihe design affice report of CW.C.No.. Wﬁf: EEEoilti::E ;rl;zimﬂ;": i andhiaits i i i
D = Unit duration, tp = time is in hours. from starting lo peak basin. The various parameters of synthetic u;l ‘.:] (Fig.2). Table-2 show the syninets
th = time base of trangular UG given in the report and the unit hydrograph Is drawn. (Fig.2).
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unit hydragraph ordinates. The maximurn rainfall of the catchment is determined from M
isopluvial maps of 50 years retum periad for 1 hr. 3 hour, &hr.. 8hr.. 12.. 15hr.. 18 hour ang
24 hour duration passing through the catchment area and the value for TE=7 hey
duration is read as 143.3 mm. or 14.33cm. This point rainfall i1s converted 10 areal rainfs
By multiplying with a reduction factor of 0.77 hased on the report which is 14.33 x 0774
11.03cm. These calculations are shown in table-3. Table-4 shows the time distributionjy
put storm. A design loss rate of 0.5 cm./hr. assumed as suggested in the report. The
rainfall éxcess unit are shown in col.4 of table-5. Computation of peak fldod is shown iy
table-6. Computation of design flood hydrograph is shown in table-7. Thus the ﬁmn"
flood is arrived as 3,940.75 cumecs or 1.40 laks cusecs. N

M.F.D.Calculations of Maddileru:-

1) Basic Data -

a) Sub Zone .. Krishna & Penna basins (sub zone -3 h)

b) MName of site .. Meddileru reservair scheme across Maddileru near
Adivibrahamana palli, H/o Dorigallu) in Kadin (Tq.)
Anantapur district,

) Maime of the river .- Maddileru river

d) Topography - Moderale

&) Shape ol C.A - Triangular

2) Collection of Information from contour plans :-

L = 69.33 KM
Le = 40,85 KM
CA. - 1371.32 sq. Km

Latilude = 149 - 21' - 25" North
Longitude = 78°-3 13" Easl,
2 1 Caleulation of statistical slope -
Refer table - | for calgulation of stalistical
slope  S5=1353
3) Calculation of synthetic unit hydrograph :-

Lofe = 69.33°4065{TI53 = 766.25.

Draw Unit hydrograph on a graph paper with the above kriown values of tp, im, gp, wSL,
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TABLE - 1 COMPUTATION OF STATISTICAL SLOPES(S)

= ; "
&1 MO Bistance The leval ml The lengh of | The Siops of the | LI 5
from e sdo | the pont of the segment | ditferonce Segmend (5]
10 the bed intersaction dillarence buiween ALs | Col.5/Cold
lirwd af in tha FL Halwean ol MY EM
straam which the coanseculive pregeeding
measured ped level length in KM | and
along he represented | (L1} gucoeading
main stieam | m M lirwiks n :
In KM toz M Oi
-
1 2 3 4 5 5 T
| o 1150
2 ) 1200 2.1 41 19,52 0.47%
E 273 1250 063 50 79.37 0,074
& 4.53 1300 1.8 - 11] 2T.T3 0. 342
5 593 1350 1.4 D as M 0234
8 T.23 L] 1:3 &0 46 2
7 1073 1450 a5 -1 14 25 0.826
B 23 16500 14 50 5.7 034
a9 20.53 15510 B 50 595 344
10 2553 1600 5 5@ 10 1.58%
11 28.03 1650 5 50 20 0.5859
12 3523 1750 g2 100 12 18 2349
A 38373 1800 3 o 186 &7 0735
14 44 47 1800 52 100 19.23 1166
I5 40 83 1850 5.5 50 .00 1. 424
18 54,53 2004 4.4 41 11.36 1.306
17 58533 2050 1 50 &0 0.181
15 5933 2100 4 80 126 1137
19 fi1.63 2150 23 50 21.74 0453
: 3 1 2.5 1,131
20 65,63 2200 d 5 5 .} II
21 B7.23 2250 1.8 &0 125 0288 i
22 69,33 2500 z 250 119.08 6192 |
TOTAL £9.33 | 1888
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wRS50 w75 and TB, 1o get the surface runoif 1.00 cm. fig. 2 shows the synthetic UGH
Thecrdinatesare noted in table -2 columns. o

‘I
4l
L2 |
S= - = (69.33/18.85) 2-(3.678)2=13.53
(LifSi)
IS = 25.25 miles x 1.609 = 40.65 KM
69.33 x40.65
Liglf = 69.3340654T358 = ———— =766.25
3,678
to = 0258 [LLc/[5 |94
= 0.258 x 25.902 = 6.683
L = 6.683 or say 6.5 hrs.
5 = B.5+05=7.00rs.
ap = 1.017 (tp) - 952
q, = 1.017 1.017
—_— sl = 0.38
6.683 052 2.685
Gp =q,xA

Op =0.38x1371.32 =521.010r521.00 cum.
Op =521 cumecs.
wWhD =2.398 iqp}'”:'“

2396 2 306
W50 = = - 6.819
{0.38)".08 0.352

Hydrology

e
awﬁﬂ =6.81

1.427
08 = = 4.054
wWrs = 1.427 (gp)' % = |
w? I:D.SB}WB
W75 = 4.054
WRS0 = 0.750 (q ) " "#
0.750
= SR 2
(0.38)1%
WR 50 =2.51
0.557
WR 75 =0.557 (a) "¢ = — = 1.B648
i (0,38) 112
WR 75 = 1.648
Ta = 7.183 (ip) *%3
Ta - 7193 x (6.683)%53 = 7.193x2.737 = 19.687
Ta = 19.687 or say 20 hrs.

3. Calculation of Synthetic Unit Hydrograph

i known values of L, Q. Weo WR,s,
Draw Unit hydrograph on a graph paper with the above o G ¥
T, to gel thz su?face runoff 1.00em. Fig 2 shows the synthetic UGH. T he ordinates are
b

noted in Table-2 columns.




4) Computaion of Design storm input :-

TD = Design storm duration

TD=11x%tp=1.1x6683=7.35hrs.or 7.00 hrs.

TD = 7.00 hours.

BASE FLOW :- The average baseflow of 0.5 cumecs/sq.km,

Base Flow : C.A. x 0.05 = is recommended for adoption in the subzone
=1371.32 2 0.05

Base Flow = 68,57 cumecs.

FLOOD HYDROGRAPH

600

t,,:7.00 hrs i |
500 [opst, 1
I
400 - i
& R?EI W75
@ Qp
§ 300 i
a WRs0 | W50
200 o |
i
100 I
i
i

0
0123456738 91&1112131415161?15192:)
Time in Hrs
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- _.te the catchment, under study in plates 8a 1o 8 h of the C.W.C booklet for subzone -
4 h and read the point rainfall values for difference durations, Enter the point rainfall
yalues in col.2 against the various duration in col.1. Inter polate point rantall value lor 7
'hnur and enter in col.3 (Table.3)

TABLE - 2 SYNTHETIC UNIT HYDROGRAPH ORDINATES

giNo  Time in Hrs Synthetic U.G. Ordinale Representative U.G. Ordinate

i 0 o
2 1 40
'3 2 g6
4 3 140
5 4 200
B 5 320
ok & 4860
] 7 521
9 B 498
10 9 420
11 10 320
12 11 2680
13 12 224
14 13 186
15 14 146
16 15 120
17 16 BE
18 17 64
19 18 40
20 19 20
b | 20 0
4151

Run off = 4151x0.36/1371.32 = 1.09

_*
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TABLE-3

DEPTH DURATION

SiNo.  Duration

Point rainfall valus of 50 year Read from Depth
return period storm from Buration
IMD Maps plates (mm)
1 2 3 4
1 70
3 140
[ 140
9 160 143.3mm -0.143 m
12 160 or
15 160 1433 em.
18 160
24 180

Le 7 hours duration storm rainfall = 142.3mm or 14.23 cm.

Slorm Areal rainfall --

A??]% lo paint rainfall ratio for 7 hours duration corresponding to C.A. of 1371.32 sq.km
is 4

Areal rainfall = 14.33x0.77=11.03cm.,

Time distribution in put storms <=

The design storm rainfall duration (TD) is 7 hours,

Therelore mean average time distribution curve of starm rainfall for storm duration 7 te 12
hours,.  Inlig.9 of CW.C. booklet subzone - 3h for the design storm rain fall d = 11,03
cm for the design storm duration TD = 7 hours calculated in table -4

Hydrology

TABLE-4 TIMEDISTRIBUTION OF IN PUT STORM

. Tmein Percentage Cumiulative Cumulative Rainiall
Moo hours ol slorm % ageto total  rainfall inerements,
duration rainfall depth
Col. 2x100/TD D x eol.4/100
1 2 3 4 5 6
] #] 0 o o §]
1 14 45 4,96 4.96
2 28.57 &8 7.50 2.54
3 42.86 76 B.60 1.10
4 57.14 B 8.71 1.11
5 71.43 gz 10.15 0.44
B 85.71 86 10.56 0.41
7 100.00 100 11.03 0.47
171.03

Time at 1 hour interval uplo TD = 7 hours was entered incol.
Cumulative percentage in slorm duration corresporniding to time in hours in Col.1 was
calculated was entered in col.2.

The cumulative percentage of total rainfall corresponding to cumulalive percentage of
storm duration in col.2 was read from Fig.9 of €. W.C booklet for subzone - 3 h and
enterad in col.3. cumulative rainfall depth carresponding to cumulative % of total rainfall in
Col.3 was calculated and entered in Col.4 Hourly rainfall increments were calculated by
subtracting the two successive raintall values from one another at 1 hour interval and
enered in Col.5.

V) Deslgn loss rate : The C.A, under study is more than 75 sq.km, The design loss rate of
0.5 em/hr as suggested in CWC bookiet was adopted.

V1) Rainlall Excess Hydrograph : A constant loss rate of 0.5 em/hr was deducted from
haurly rainfall increment is col.4 of Table - 5 to abtain rainfall excess units in Col6 of Table
- 6 were arranged in critical order by placing maximum rainfall excess unit against maxi-
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mum discharge ordinate of synthetic unit hygrograph. The current maximum rainfall ex-
cess unit was placed against the next lower discharge of unit hydrograph.. Likewise the
remaining rainfall excess unit were arranged in similar manner ( ol.3 and Col.7 of Table-5
). The hourly raintall excess sequence so obtained in Col.7 was reversed and shown in
col.8 starting from 1 1o 20 hours,

Computation of design llood U.G.H.

Refer Table-7 for the computation of design flood hydrograph. SUH ordinates are entered
in col.2 against lime in Col.1 critical rainfall excess sequences from Col.B of Table-5 was
antered from col.d to 10 ( table-7 ). Direct sudace runolf ordinates were calculated corre-
sponding 1o hourly rainfall excess units with a successive lag of 1 hour. Enter the hori-
zontal total in col.B. Base flow al a rate of 0.05 cumecs/sq.km for 1371.32 sq.km woarks
out to 68.57 cumecs col.9.

The base flow added to the total surface runoff ordinates in col.11 1o get the design fload
flow in col.10. The maximum value of col10 is 3940.75 cumecs which is 50 years peak
discharge.

For calculation of 50 years peak discharge only, the rainfall excess units In Cal.7 of Tab-
6 are multiplied with correspanding unit hydrograph ordinates of Col.3 of tab-5 are shown
in Tab-6. Thus col.4 of Tab-6 at the end shows the 50 years peak discharge lor the basin
as 3940.75 cumecs or 1,39,167.58 ofs or 1.4 lakhs.

Hydrology

Table -5 Computation of Critical Sequences ol Rainfall Excess

e

SiNo. Time Synthenc Gross Conslant Rain Saerca Reverse
n Unit Rainfall Lossrate lall rain(all sequence
Hrs Hydrograph increm-  ( cmdhr) GXCess extess of Cal
Ordinates  enls Units  Units
{Cumees) (Cms) Col{4-5) [ cms )
(Cms)
1 2 3 q 5 6 7 8
1 0 4] 0.00 0.0 000 0.00 0.00
2 1 40 4.96 0.5 4 46 0.60
3 2 BE 254 0.5 2.04 2.04
4 3 140 1.10 0.5 0.ED 4.46
5 4 200 1.11 0.5 0.61 .61
6 5 320 0.44 0.5 0
7 5] 460 0.41 0.5 0 .61
a8 7 521 0.47 0.5 0 4.46
a 8 468 2.04
10 9 420 0.60
11 10 320
12 1 260
13 12 224
14 13 186
15 14 1486
16 15 120
17 16 86
18 17 64
19 18 40
20 19 20
21 20 D
4-18
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Table - 6 Computation of Peak Flood

— Table -7 Computation of Design Flood Hydrograph of Maddileru

. : /]
SlLNo Time in U.G, Ordinates in  Effective rainfall  Direct runoff
» One Maur
Hours Cumecs (ems) cumecs e | Syt Rlainitall axcess Increments Total e
— site s Hydrograph Surimcn | Bane fow 1*i I £
4 5 ordinale Tl .
1 2 3 Cumecs 08 204 448 051
u ﬂ L_ i 2 3 e ] 3 [ T B q 1§
1
o F 40 1 0 o 0 o
a 5 66 3 1 40 24 o 24 64.57 102,57
4 3 140 a 2 a6 516 816 0 1332 68,57 200,77
5 4 200 4 a 140 B4 17544 1784 o ai7ed | BB5T 506 41
B 5 320 =y s 5 f 200 120 2856 | 383% | @44 | eiass | eas7 86213
7 6 ‘; E? s 5304 66 [ 5 320 e | 408 | 6244 | s245 | tevess | oasr | 1msa4
7 L .
‘3 g 4‘; A 2 04 1015.92 7 5 460 76 500 202 B4 0063 | GEST A TT
10 9 420 0.60 252,00 K B 7 521 3128 | gama | w472 122 saoa® | Bas57 BBERTT
19 10 320 9 B 438 2088 106284 | 20518 1952 GO0 44 6as" aErro
12 11 260 3g72.18 10 9 420 22 | wiss2 | 233366 | 2p0s | sevzis | easy | 24075
13 12 224 Add base flow agggg'; 1" 10 00 182 Bs68 | 222vom | 3vrmr | oseves | sasy 3656, 36
14 13 186 * 12 " 260 15 | 528 | 18732 | 20378 | zses7m | 68s7 | 0543
15 14 148 or 1,39,167.58 ¢/s d
| 16 15 120 or 1.40 lakh /s 13 12 22 1344 5304 14772 | osez | smas | sasy sgigT?
II 17 18 86 14 13 166 1116 455 596 1508 1852 192335 6857 189183
18 17 Ga 15 4 148 7B Ir0.44 SEE.04 1586 1624 68 BaS? 169325
19 18 40 16 15 120 2 20784 | E2OSE | 13664 | 133604 | GAST 140461
| W
20 19 20 17 16 6 516 248 | 65196 | w3ds | 1oetoe | sBBST 112856
| 21 20 4] 18 W7 B4 ma | vrses | sms2 | mgoe | s | ms W0 67
! 18 ™ 40 2 13056 | 38as6 | 7z | s11az | sesy 575.85
20 19 20 12 Bi.6 544 | 5248 4315 68,57 S00.07
21 20 0 0 408 17844 | 3904 | seme | sAEY 226.81
22 21 L] B9 2 4 1136 GAST 18247
P 22 o 123 188 6A.57 BO.77
| 74 &3 o 0 5857 BE.57
|
Design llood = 3840.76 cumecs or 1.40 lakh cusecs
4-18
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i ; Storm Distribution Nellore SRRG
T[;angular@:_;_ﬁgdrcgragh Method
' Maddileru Reservoir Project 2l HauTy foresitags ke s
‘ | 0 0 0 )]
Capacity of Reservair : 1.1593 TMC 1 10 10
Since it is less than 2 TMC |, Maximisation factor is not considered. 2 9.5 19.5
Clock hour correction: 13% is considered. 3 8.00 17.5
| 4 8.00 16.00 35.5
Maximum Rainfall = 6.05 inches -at Bukkapatnam Rain gauges station for arriving at. 5 7.50 15.50
MFD. ( Chitravali Balancing Reservoir ) 277.18641 6 7.00 14.50
After clock hour correction M.F. storm = 6,05 x 1.13 = 6,837 inches 7 6.00 13.00
CA. = 529.04 Sq. miles 8 4.50 10,50 25.00
‘ Length of Vagu = 42.8 miles q 4.00 8.50
H=3620-1177.34 = 2442 65 . 10 4.50 750
11 3.00 6.50
11.9x 42 83 12 3.00 6.00 18.5
Te= (-oeeemeeereenn ) 0385 = g g5 13 250 5.50
2442 66 14 2.50 5.00
| | 15 2.50 5.00
| Lag Time i.e. from centre of rainfall excess to the time of peak, L =0.6xTc 16 250 5.00 12.00
| || = 0.6x9.865 17 250 .00
| = 5,819 Hrs 18 2.50 5.00
=0r 6 Hrs. 14 200 4.50
| Units duration (or ) rainfall excess period = D 20 200 4.00 8.00
Generally D= ( 1/3 or 1/4 Tc) " oy 2.00 4.00
Considering D = 1/4 Tc = 1/4 x 9.865 = 2.466 or Say 2 hrs. 22 200 4.00
Now we have the following characteristics 23 2 00 4.00
| A =519.68 Sq. miles; Tc =9.885; D=2 Hrs: d =1 unit 24 1.00 3.00 1.00 7.00
Tp=D/24+ 0.6xTec = 2/2 + 5.919 = 6.919 Hours or 7 Hours 25 0.00 100.00 100.00
Tb=2.67Tp = 2.67x7 = 18.69 or 19 Hrs. y
4B4xAXQ 484x519.68 x 1 Note ; Infitration losses at 0.05" / Hour,
GQp= - = -—---— = 36579 Cusecs.
Tp 7 Q
Op = 36572 Cusecs
Tp=T7Hrs.
Th=18 Hrs
D=2 Hrs X
4-19 4-20




Cumulative

Reading

%a

i

10

27.5
43.00
56.00
64,50
71.00
76.50
g81.50
pe.50
§1.00
95.00
099,00
100.00
100.00

Hours

l?ﬂl"'dlﬂi'.ﬂ—*ﬂ

11

13
15
17
18

2 Hours
Discharge
a.l':'!
0

10
17.50
15.50
13.00
B.50
&.50
550
5.00
5.00
4.50
4.00
4.00
1.00

0

2h Storm Fainfall
incrament
§.837 10
0

0.684
1.196
1.060
0.BB9
0.582
0.445
0.376
0.342
0.342
0.307
0.273
0.273
0.068

o}

6.837

Hydralogy,

Statement showing the Cumulative Percemage vide Depth Durat

Rainfall excess after
deducting 0,05in/ Hour
1owards infiltration loss
0

0.584

1.096

0.960

0.789

0.482

0.345

0.276

0.242

0,242

0.207

0173

0.173

0.000

0.000

Compounding of Hydrograph

TUHG Ordinates
in 1000 Cusecs
0

5,226

15.677

26.130

28.450

a6.579

24 386

18,290

12.190

5.100

L8]

Increments
peak to peak
0.207
0242
0.345
0.789
0.960
1.096
0.584
0.482
0.276
0.242
0173
0.173

]
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Raverse
Order
0
0.173
0.173
0.242
n276
0.482
0.584
1.086
0.960
0784
0.345
0.242
0.207

ion Curve

Hﬂf (el FI?EE

flood Hydrograph Crdinates of Triangular Unit H
ydrograph Co ;
for the Catchment of Monneru - Storm Distri:utinn mpounding
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Maximum Flood Discharge = 1,25,189.00 Cusecs or Say 1,25,200 Cusecs
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Statement showing the Cumulative Parceniage vide Depth Duration Curve Flydicgy
Curnulative 2 Hours 2hi Starm Rainfall  Rainfall excess after
|| Reading Discharge increment deducting 0.05in/ Hour , . )
% % 6.8371In towards infiltration loss Fiood Hydrograph Crdinates of Triangular Unit Hydrograph Compounding
| 0 0 0 0 for the Calchment of Monneru - Storm Distribution
10 10 0.684 0.584
27.5 17.50 1.1896 1.086
| 43.00 15.50 1.060 0.960
56.00 13.00 0.BB9 0.7889 - —
[ 64.50 B:50 0.582 0.482 Haintat ncrevsmsis in Paversa anter Tead | base Fiow | foeaen Teml
71.00 6.50 0.445 0.345 i Ts
76.50 550 0376 D..E?ﬁ 'm | TT uﬂsii—:ﬂ- GInd | Goamy |fQoda | 00E ] Gbe | CorED | 0S| G2 [ E:;T‘ Im Chmms
81.50 5.00 0.342 0.242 . v o =
BE.50 5.00 0342 0.242 e | o 2l [ ] 23 e
91.00 4.50 0307 0.207 s loom| o | P 2am e
| 95.00 4.00 0.273 0.173 g |emejosel o | 35 2558 eu
85.00 400 0n.273 0.173 o | 252 jzrzfrees| o | T Fr e
100.00 1.00 0.068 0.000 o |amzz| asz faTer| oean & | | 1457 i 1737
h 100.00 0 0 0.000 0 (exrm{ewmz|exn| szt (a5 | 0 " i ) 2 410 5 oy
B8.837 o, 4210 |6 |aans] raw | 7500 |aesz| o | 5 542 7.5 area
o |awea|aza|assz| vasy [izss [oms[emm] o 51,565 zmE 54167
Compounding of Hydrograph 2108 | 2104 | 6901 | voms |12ria |1=z8 | E]se7 | @ sz 2.2 1540
Hours TUHG Ordinates Increments Revarse vess iz 10n faazo | arar [y [an |mea ] sos 4] o 26,571 2588 i
in 1000 Cuspcs FFEE.H {12) pE‘ﬂH Order o |voss ,_-EJ_Z_..:_.H viTse { e | oo [osce | vean ] veoa | o GET LTS 115205
0 0 0207 0 | O |tars| a3ss | ame | o |4000 {2530 | 2oer |sige [1oes] b | 1A 2558 124188
1 5.226 0.242 0173 B | uess | Sa {1088 | 2672|9510 | 2ad |goiE | 3oea | 0oag | vilde ft ) 1 vgian
a 15877 0.345 0.173 AN o | pod |rvin|moocleae [ohee | umis|aaza|aaes | o 2588 [rreT
‘ 5 2513{) U?Bg 0.242 ] AssF 1n3d L AFSS |10 | I2E2 | 855 1 5400 | TUAIS 2508 a1z
7 28.450 0.960 0.976 o |mese|vern|teen]uars|anes | nms | smen 508 e
9 36.573 1.096 0.482 o |ussslwmie] 63 [soo | rare| aasy 2408 s |
11 24,386 0.584 0.584 & [amiy{azon |eane | sou | imenn 2uis 2109|
13 18.290 0.482 1.096 B |200s] 785 |a7es | ase 21 s
| 15 12.180 0.276 0.960 o |vam]azzs| ass 2 e
17 6.100 0.242 .79 o [iaE3)| 1S 2 i
| 19 0 0.173 0.345 , 5 2408 o
0.173 D.242
o 0.207 Masxi ;
aximum Flood Discharge = 1,25,189.00 Cusecs or Say 1,25200 Cusecs
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Salving the above equations,
a=0.6531, and b=-12.8464
The equation is given by

Y = (0.6591X - 12.8464
Regression coetficient is given by

XY -nXY

Rxy= = s

( 2X2-nX?) ( Z¥2-nY?)

subslituting the values
Fxy = 0.96 for the above example.
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SECTION 5.1.0

R

'-‘ﬂ*' Flow through Open Channels

The term “open channel® applies 1o any passage through which water is flowing
when the free surface of water is in contacl with the atmosphere throughout.
i) Water flowing through an open channel is subjected (o frictional resistance of

ted surtace of the channel. In channels of regular cross section the velocity of flow

i constant.

ii) The velocity of flow will vary at ditferent points of the cross section of the
channel, being smaller towards the sides. All calculations on the flow through channels

47 based on the mean velocity of flow at any cross saction.

512 Formula for flow in Open Channel

) The hydraulic gradient is equal 1o the slope of the channel il the latter is
ynitorm. The head due to the slope of the channel is assumed to be lost in overcoming
fictional resistance of bed and sides. Following equation for fiow of water in channels

nas been proposed by Chezy In 17889,

Vv =C (RS) %5
where, V = mean velocity of flow in m/sec
C = a coetiicient

A = Hydraulic mean depth
( area over perimeter)
S = Slope of channel.

il) value of coetficient 'C’ depends upon the shape and suriace of the channgl.
‘Statistical analysis has been made from time to time by various authors 10 determing
the value of Chezy's 'C' out of which the values expressed by Ganguillet and Kutter anid
later Manning, Manning's °C * has become popular and can be safely adopted in

design of channels.
According to Manning C =R W8/ n
substituting value of C in Chezys equaltion
V=1nR235'% Manning's formuta.

Where ‘' is roughness coefficient. The value of 'n' varles according lo physical rough-
ness of the sides and bottom of the channel and influenced by such faclors as i)
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channel curvature i) changes in size and shape of cross sechan i) obstruction such
as debris, roots Iv) vegetation elc.

it} In design of channels the value of 'n' o be adopted also depends upon the channal
condition expected in future. The channe! condition Is governed by the weeds,; silt or

scouring problems and standards of maintenance.
L

i) Values ot '’ observed for a lew channels in Uttar Pradesh are found lo be betwaan |
0.025 to 0.03. It is desirable 10 adopt 'n' equal to 0.025 in design ol irfigation channls
in general and a higher value (0,0275) for smaller channels. Generally n equal to 0.018

is being adopled for channels lined with Concrele. v

v) The values of coetficient of rugosity recommended lor use in Manning formulain
varying situations is presented in lable B4

5.1. 3 Trapezoidal Section :
Practical considerations necessitate making a channel of Trapezoidal section. The

corners ara rounded off in lined canals.

5.1 4 Economical Trapezoidal Section :
i) The most aconomical section for a trapezoidal channel will be when the discharge is
maximum for a given excavation. The condition for this can be found by assuming lhe

area to be constant.

Bed width (b) to depth (d) ratio corresponding to inner side slopes of section are as

follows |
whaere inner side slopes are 0.5 Hio1V; bid =1.2
where inner side slopes are 1 H 10 1 v bfd =0.8
where inner side slopes are 1.5H 1o 1 ' bfd =06

5.1.5 Cross Section of least absorption.

i) In unlined channels absorption losses are significant. The atisorption per unit
of time in any channel of uniform crass sectional area becomes smaller as b/d in-
creases. For channels of equal cross sactional areas (with 0.5 H 1o 1V side slopes)
the cross section giving least absorplion has a proportion of bed width to depth of lour

Design of Channiels - Permissible valocity

(o

516 Proportioning of bed width to depth

‘ General problem Is 1o design a channel which will carry the lixed discharge and
smallest absorption losses commensurate with economy of censtruction. Evapora-

fjon losses are small and may be neglected. As for absorption is concemed any value

ol bid batween 1 and § may be adopled.

@ When aligning a channel in very flat country it may be necessary to make it wider

and shallower than would, otherwise be economical | or desirable).

jji) Where reservoirs are the source of supply there is no problem of silling; Channels
":gdgslgned for velocities subject to non-scouring fimits. In such situations it is desir-
able to make channels deep in proportion to their width.

) bed width to depth ratios cannot be rigidly fixed because these will depend upon
warious factors namely;

a) the cost of excavation (rocky strala gic)

b) the cost of acquisition of lands.

¢) whether the canal will be lined

d) seepage characteristics of the canal prism

d ratios recommended by C.W.P.C are presented in Tabie B-3 and U.S.B.R. practice is
inTable - C 3 section .

Where other considerations permit, channels may be designed with a proportion ped
width to depth between 110 5.

51.7 Side slopes :
iy The side slopes depend on the local soil charactaristics

a) Inner side slopes.
The inner side slopes are lo
during operation of canal. In

be designed to with stand, the sudden draw down condilion
case of alluvial canals for purpose of design, 0.5 Hto 1.V

’maf side slopes are adopted assuming thal the canal attains a slopeof 0.5H10 1, after
running in regime. Inner, side slopes propased generally for canals incuttingare 110110,
1510 1.
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b) bank side slopes.
The bank side slopes are to be designed for the condition, that, the canal is running fij
and banks are saturated due to rain fall. Canals in filling are generally proposed with
side slopes 1.5 H to 1 and with outer side slopes ranging 1.5 Hto 1, 2H10 1. ¥
v
5.1.8 Free Board : 4
Suflicient free board is to be provided taking into consideration canal size and locatiog
rain waler inflow, waler surface fluctuations caused by regulators, wind action soil chag
acteristics service road requirement elc. A minimurn free board ol 0.5 m for discharges gif
less than 10 cumees and 0.75 mifor discharges greater than 10 cumecs Is recommendeag
The free board Is 1o be measured from the full supply level totop of the bank. |
1
5.1.9 Bank Top Width : 1
The minimum values recommended for top width of banks are presented in table A.1. Foe
canals carrying less than 1.5 cumecs itis generally not economical 1o conslruct a servicg
road on top of bank as this requires more materials than the excavation provides. In sugh
cases service road may be provided on natural ground surface adjaceni to the bank,

Table A.1.Top width of banks.

Discharge ranae in Minirnum bank top width in metres

Cumecs Inspeciion bank ins ion ban é
0,15-7.5 5.0 1.5 :
7.5-100 50 2.5
10.0-150 6.0 2.5 '
15.0-30.0 7.0 3.5 .
30.0 and above 8.0 5.0

5.1.10 berms I
Berms along earthern channels are provided to reduce the bank loads which may '
cause sloughing off earth in to the canal section. |
Berms may help, to limit the height of rise of water level at a time of fluctuations and o
pratect the bank from the direct attack of canal water. However berms provided below
full supply level make it difficull to maintain desired water levels. '

Berms are cmilled:
i) In small distributary channeis.

ﬁ
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Tn-}?‘.FI'L.'ﬂrmlzrls runnitig wholly are almost wholly, in banking

iif) In partial cutting reaches where cutting siope confirms with inner slope of banks.

Wharever berms are proposed lhe width of berms is arnved at adopting the following

formuia.
Width of berm=C + (r,-1,) d

Where G is constant, D the aclual depth of culting al gach place_ancf £ andr, the
horizontal components of the slopes of bank and cutting respectively in ona metre

vertical.

Where the inside slope of cutting and hankare 1 Hio 1V and 1.5 Ht0 1 V respeclively

berm width is equal to :
C+(1.5-1)D=C+05D

Depending upon the carrying capacity of channel and I-:;-ca!l si1uaﬁi0n5, E values ranging
{rom 0.6 to 2 m are being adopled in partial cutting reaches il the inner side slope of bank
and side slope adopted lor cutling are different invariably berms are to be provided 5o as
to keep the central line of bank and centre lirie of channel parallel. (Even when value of C

is nill)

Insome projects same side slopes are adopted in cutting pﬂll'liﬂl'l anﬂ to inner side
slopes of bank, thus confirming the entire canal section 1o a uniform side slope and

berms are avoided.

5.1.11 Full cutting reaches (more than FSD + FB yand p_nuitinn_ of berms.

Where depth of cutting is less than 9. m the berms (inspection path Jmy be pro-
vided at ground leveél, Where depth of cutling is more than 9 metres the berms (inspection
path) to be provided al F. S .0 + 1to 1.5 melre depth of cutting.

BERNS ON REAR SLOPE OF BANKS: _
Barms have 1o be provided on the rearside of bank to provide  sufficient cover

over hydraulic gradient line where ever found necessary
5.1.12 HYDRAULIC GRADIENT LINE:

The gradient depends mainly on the characteristics and relative placement ol the
different type of material inthe embankment . Following empirical values may be used for

banks of less than 5 m high.
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Faor silty soils 41

For silty sands ~ 5:1

For silty soils &1

Eor embankments of mare than 5 m high the trug position of Hydraulic gradient line
is to be worked out by labaratory (ests.

5.1.13 CLASSIFICATION OF CHANNELS: ;
For purpose of des‘rgn!irrigatinn canals can be broadly classified in to following
three categories,

1, Unlined canals in alluvial soil. { Regime flow).
2. Unlined canals in non-erodible sirata . (Permissible velocity)
3 Lined canals.

Siiting| problem arise in chanriels taking off from diversion works and also inchan-
nels in alluvial soil. These channels are to be designed on the principle of minium
permissible or the non-siting velocity. Dasign procedure presented in section B.

Channels taking off Trom slorage works usually carry silt lree water. These are 1o be
dasigned on principle of maximum permissible velocity , the velocity that will not cause
arosion of the channel body . Design procedure is presented in section C.

Linad canals are designed for a velogity of about 2 melres per second . Transmission
losses are assumed tobe about D.6m? per million square metre ol wet terrain lined canals.

5.1.14 IRRIGATION CANALS:

An irngation channel is 1o be designed so as to supply water to the crops effectively and
gconomically,

Channel capacity at any point is lo be fixed so as to meet the water requirements of crops
as well as the transmission losses below the point , taking in 1o accou nt the proposed
mnde of delivery.

5.1.15 WATER REQUIREMENTS:

waler requirements of crops are not uniform, they vary widely in accordance with varia-
tions in climate, in particular rain fall and also soil characteristics . Further crops at their
various stages of growth require ditferent guantities of water and the requirements are
maximum during growth and flowering periods . Water requiremanis of crops include evapo-
transpiration reguirements,, apphication losses , and any other special needs.

5.1.16 DUTY
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The relation between the quanlity of water , the area of crop irrgated is denated by duty of
water and it is expressed in any of the following unis.

( )Depth of waler over cropped area ( depih in centi melres or meties)

ji )Volume of water per unit of cropped area (Cubic melres per hectare area}

iii) Cropped area for a unit discharge during crop period. (A in heclares per cumec)

It is necessary lo specily the point al which duty is expressed and also the crop pernod.
Duty expressed al a field out let shall take in to account the net waler requirement ol crops
and field application losses . Duty expressed at any other point (distributary head, Major
head etc) shall take In to account , the water requirements of crops, the field application
losses and transmission losses below the point up to field outlet.

5.1.17 DESIGN CAPACITY OF CHANNEL:

information on following forms the basis for arriving al the design capacity of irrigation
channel.

Estimated 10 day peak water requirements of crops during a crop season. Alternatively
guidance in scheduling of irrigation (depth and frequency) for dilferent crops from the
agricultural research farms on similar soil and agroclimatic conditions.

Mode of delivery ol water, that is conlinuous., ratational ar delivery on derand.
Estimated seepage losses in the canal sysiem or ohserved data on similar soil condi-
lions.

Until sufficient reliable observed data on water requirements of crops and seepage losses
ie available, the design discharge is 1o be arrived at on the basis of past experience.

5.1.18 Channel capacity on average duty approach

In some aof the earlier projects average dulies have been adopted lor arriving at the canal
capacity based on the past experience in similar soil and climatological conditions . In the
upper reaches of command area of N.S. Left canals following average duties have been
adopled.

i) Wet crops (paddy) 914 heclares per cumec (64 acras per cusec)

it) Irrigated Dry 2071 heclares par cumec (145 acres per cusec)

The above duties include transmission losses in distriputaries below 15 cumecs carrying
capacity. Allowances \owards conveyance losses was made al 1.83 cumecs per million
square metres of welled area in canals ol more than 15 cumecs carrying capacity only
(transmission losses al B cusecs per millien square feet of wetted area).

Peak requirements were proposed 10 be met by encroaching in to Iree board of canal
temporarily and by staggering the grops.
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While in the case of paddy the peak demand for 10 days period and an average demand
tor the season may not differ materially , there will be large variation in the case of 1.0.
Craps between the average seasonal demand and 10 days peak demand particularly in
the Kharll season. Transmission losses in the majors, minors and subminar distributaries
are phserved to be about 20 per cent or more depending upan the length of canals.

In the lower reaches of N.S. left canal ayacut sliding scale duties have been adopted
censidering the following

1) Canals commanding bigger areas of land involving larger lengths of distributaries,
system to be based on lower duty

ii) canals commanding smaller area required smaller lengths of distributaries to be based
on highar duties

Sliding scale of duties in lower reaches of N.S. laft canal { Continuous flow )

Area under offtakes in Duty for L.D. or Duty for wetl
Heclares I.D. cum wet areas

Crops Hectarcs

Heciar per cumec Per cumec
Below 40 hectares 1075 B30

(75 acres/cusec) {60 acres/cusec)
40 to 4000 heclares 1000 800

(70 acresfcusac) (56 acres/cusec)
4000 to 12000 hectares 925 760

{65 acres/cussac) {53 acres/cuset)
Above 12000 hectares 850 715

(60 acres/ousec) {50 acres/cusec)

5.1.19 Channel Capacity on Peak Duty approach :
In Srirama Sagar Project following peak duties were adopted for armiving at the capacity of
a channel, (continuous flow)

i} Paddy 571 Hectares per cumec
{40 acres per cusec)

ii] Irrigated Dry 1428 Hectares per cumec
(100 acres per cusec)

i) Paddy and Irrigated Dry.
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Where a canal serves both wet and 1.D. areas maximum discharge requirements during
overlap period are estimated with duties 714 Heclcumec for paddy and 1643 Heclare
per cumec for LD.

5.1.20 Arriving at the capacity of channel

The proposed system layout and position of offtakes, the area proposed for irrigation
under each otftake in each distributary is plotted on imigation map. Discharge required in
aach length of distributary to keep the system fully supplied at the time of greatest de-
mand is worked out eommencing from tall end. Where requlation is effected by wms the
carrying capacity of channel is suitably increased to provide for nen-supply during peri-
ods of closure. Canal capacity to be as per approved design operaticn plan.

5.1.21 Classification of canals based on generation

Present classification of canals is on the basis of their generation

i) Canals taking off from the paint ol diversion from left and right llanks of river are called
as lefl main canal and right main canal respectively.

i) Canals taking off from main canal having a capacity of 15 cumecs or more { 500
cuseus in older system) and uplo the point of 15 cumecs limit are called as branch ca-
nals,

iy  Canals taking off from main or branch canai with a head discharge of more than
0.04 cumecs are termed as major distribularies

iv) Carials taking off from major distributanes and serving more than 40 hectares are
termed as minor distnbutanes.

v) Canals serving less than 40 hectares ayacul are called field channels and denoted by
numbering left or right side pipes.

Branch canals, majors and minars are named after a prominent piace (or village) near
about their tail end.

For clarity and convenience, for standardization and tacility of communication, classitica-
tion of canals on the basis ol their capacity is desirable. Classification recommended by
Commission for Irrigation Utilization on the basis of suggestion made by C.W.C, are as
follows.
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i) main canal, Contour canal taking off from the point of divarsian, 7

i) Branch canal. A distributary canal wi i
! th a capacity of ma
ally though not necessarily aligned along a n'adze. ! RN Jangy

iii) Major distributary. Generall ' i
: y. y a ridge canal taking off from mali
with carrying capacity of more than 3 cumecs and Er’ess than 15 :F:F:Jr?uﬁ it

iv) minor distributary, generally a ridge canal, with a carrying capacity of more than

| cumecs and less than 3 cumecs.

v) Sub-distributary. General i i [ i
i ry. ly a ridge canal with a carrying capacily nol exceeding one

vi) Figld channel. Canal serving less than 40 hectares of Irrigated area

m
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SECTION-5.2.0

Design of Channels on principles of Regime flow

5.2.1. A regime channel may be defined as a channel which will get neither silted up nor
scoured, but will maintain its shape and section for a specified discharge.

In practice, the concepl applies only in a limited sense.

In case where a canal is proposed to take off from a diversion work, the nature of
transported silt carried from the parent river defines the chanrel shape.

In case where canal is proposed to take off from a reservoir ( with clear water), the sail
through which the channel traverses will define its shape. (Provided it is incoherent alluvial
soil). If the soll is clayey, the channel will retain the original shape lo which it is excavated.

It is desirable to fix the shape of channel to suit the nature of boundary materials so that
the channel is stable. However, to avoid certain drawbacks, the channel section is
proportioned by simple rules and the longitudinal slope of channel is adjusted accordingly.
(Draw backs. a) low hydraulic efficiency due to wider channel and less depth,

b) excessive seepage and evaporation losses).

5.2 2. K.G. Kennedy deduced from his observations that for rion-slitting and non-scouring
channels in steady regime, there is always one velocity which is called the ‘Critical velocity’,
Vo . The general form of kennedy’s equation of critical velocity is

Vo=Cd™

Where Vo = Critical velocity in m/sec (at which, the channel will neither silt nor scour)
C and m vary according to slit grade. Recommended values of C and mtar Krishna delta,
Godavari delta and Punjab silts are as under

c m
Krishna della 0.53 0.52
Godavari delta 0.39 0.55
Punjab silt 0.55 0.64

In table B-1 values of critical velocities corresponding to depth of flow in a channel are
presented.
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Table B-1

Critical velocity Vo = Cd™
Vo in meters per second

Depth of flow Krishna

d in melres delta
0.2 0.23
0.3 D.28
0.4 0.33
0.5 0.37
0.6 0.41
o7 0.44
0.8 0.47
0.8 0.50
1.0 0,53
11 0.56
1.2 0.58
1.3 0.61
1.4 0.63
1.5 0.65
2.0 0.76
2.5 0.85
3.0 0.94
4.0
5.0

5.2.3 Limits of the allowable velocity

Godavary
delta

0.16
020
0.24
0.27
028
0.32
0.35
037
0.39
0.49
0.43
0.45
0.47
(.49
0.57
0.64
0.
0.84
0,85

Fanjub
Silt

0.20
0.25
0.31
0.35
0.40
.44
0.48
51
(.55
0.59
0.62
0.65
0.68
0.7
(.86
0.95

—

The channel sections are 1o be designed for velocities not exreeding 1. 1Vo and nof less

than 0.9 Vo

In channels where navigation is proposed the velocit

less.

Maximum permissible velocilies
In B.C. se¢ils 0.5miSecond
In hard soils 1.0 m/Seconad.

¥ should be about 0.8 meters and

Design of Channels - Permissibile velocity

a4 Dapth of flow
i of llow 'd’ in a channel is a function of discharge (Q) and the formula suggested 1o

sive at the 1si approximation of 'd"is

d = kQ'?
where  d = depth of flow in meters
K = 0.7 (Constant)
Q = discharge in cumecs.
' The depth arrived at by adopting above formula is for guidance and values can be vaned

aecording to individual situations.

\In table B-2 depths of flow corresponding to discharge in the channei are presented lor lirst

_ aﬁpmximatian,
Table B-2
Depth of llew corresponding to discharge
Q d Q d
Litres/second in Cetimatars in Cumecs in melers

20 20 4 14

B a0 5 1.2
200 40 G 1.3
400 50 B 1.4
&00 G0 10 1.5
1000 70 23 20
16500 80 ao 3.0
2100 a0 180 4.0
3000 100 400 5.0

5.2.5 Bedwidth to depth ralios
Cross sections which are stable and in regime appear ta have certain relationship between

bed widih to depth of Hiow.
To avoid the necessity of making assumptions, best fitted equations of regime channals

based or data of stable channels for every region are important from practical considerations.
Bed width to depth ratios generally adopled are presented in table B-3 for design of channels
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until best fitted equations are developed for each region. The values may vary de@
upon individual needs. o
i
Table B-3
a b/d Qin b/d
in Litres/Second Cumecs

300 29 2 4.0

400 3.0 4 4.9

600 3.2 10 54

900 3.4 15 6.0

1000 a5 ao 7.4

5.2.6 Inner side slopes for design.
Slit transporting channels have tendency 1o assume semi elliptical sections. The finer the

silt, more does the seclion approximale to semicircle. Therefore for purpose of design the
practice is to assume 0.5H lo 1V side slopes.

5.2.7 Side slopes for construction

Side slopes to be adopted for construction depend upon the soil characteristics. The side
slopes are to be designed to with stand the following conditions.

i) Sudden draw down condition for inner slopes

ii) Channel running full with banks saturated due to rainfall.

5.2.8.Channels are usually excavated in 1H te IV side slopes, Il being assumed that after
silting they will have side slopes, of approximately 0.5 H to 1V. However in sandy soils the
side slopes in culting may be 1.5H 1o 1V or llatter.

Canals in filling in general are proposed with 1.5 H to 1V but in loose sand they shall ba
2H to 1V are llalter,

5.2.9 Rugosity Coefficient n.

Foe normal alluvial soils, it is usual in India to assume following values of n depending
upon the carrying capacity of canals. _ '
Far canals of carrying capacity more than 15 Cumecs n
For canals of carrying capacity less than 15 Cumecs n
In sorne projects values of n adopled are as follows
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al_

fanals of 1.5 to 100 Cumecs, | [ o 0.0225
panals carmying less than 1.5 Cumec, 0 recisinenns 0.028
m small channels (below 0.3 cumecs capacity) [ [ 0.0275

ausically the value of n depends upon the physical roughness of the canal and standards

glmaintenance during its operation. ( Table B4 ) _ _
jssuming average standards of maintenance it is better that canals are designed with n

20.025.

§2.10 Bed fall _ _
The average slope of the ground is to be determined from the longiludinal section of the

und. This would be the maximum slope which can be provided on the canal. Flatter

;'ﬁnpes have lo be adopted if the velocity generated is higher than permissible one due to
| wdoption of average slope of the ground.

52.11 Flow formula. Manning's formula which is derived from Chezy's lundamental
squation is being adopted in design of open channels,

V=(1/n).R¥ 52

where V = Mean velocity of flow in meters per second
n = Rugosity coelficient
A = Hydraulic mean depth (Area over perimeter, AP
S=Bedfall, 1inS

Discharge Q= A XV in Cumecs.

§2.12 Barms (Water side)

berms are provided along the earthen channels to reduce the bank loads.

a) Berms are provided at full supply level

) wher the canal is in full cutting, that is ground level is above FS.L.

i) When the canal is in full embankment that is the bed level and F.S.L. are above the

ground level. ,
b) Barms are provided at ground level when the F.S.L. of canalis above ground le.eland

bed level below ground level.

In some projects berms are proposad at bed level of canal when the ground level is at o
below the bed level.

Berms provided below full supply level of %anﬁ_! interfere with the regime of flow and make

— |
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the maintenanice of designed water levels difficult without resorting 1o some other tlemposn.

II| | 4ih Step

measures. This will Happen untill natural silt berms, are formed.

5.2.13 Width of berms (Waler Side)
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Ratio cormesponding to Q
b=ratioXd sayb=280cms.

Inner side slopes for purpose of design, ( para B6)

05HI1W
general practice is to provide minimum width of (r,-r,) D 1o ensure the central line mm
and His banks are parallel. | smstep Value of rugesity coefficient, n, ( para B9 )
r,and r, are horizontal components of the slopes of the bank and cutting respaciweﬁ‘! 'z n = 0.025
D the ﬁﬁpth of cutting at the point of reference.
However berms widths:aqual to §ih Step Sections suitable, picked up from tables, B4 to B10
C + (ry-r,) D are usually proposed. J
C is a constant (and in different projects) and depending upon the carrying capacity, "’aﬂ _ d =72 e¢m. b = 240 cm. bid = 3.3 S =1in 2500
have been assigned to C, . ﬁ v=501cmis Q=995L/Sec
5.2. 14 No Berms in small distributaries (Water side) 7 d =74 cm. b = 240 cm. bid =13.2 S =1in 2500
Berms may be omitted in small channels running wholly or aimos! wholly in banking unla. b v=508cm/s Q=1041L/Sec.
the irrigation water is so heavily charged with silt so s to give prospect ol rapid iormaﬁ
ol silt berms.
_ o . i) d=75cm. b= 250 cm. b/d=3.3 S =1in 3000
In small channels with out berms (C = nil) it is desirable to make r, and r, equal. ; v=47.0cmls Q=1012 Lisec
5.2.15. Design Example :
design of channel of one cumec carrying capacity proposed through alluvial soil (or canal W d =80 cm b = 300 cm bid= 3.8 S =1 in 5000
carrying sill laden water). v=388cm O =1055 Usec
Refer tables as indicated - If necessary adopl interpolation
W) d=82cm. b =280 cm. b/d=3.4 5=11in 5000
1st Step Depth of flow frem table B-2, v=a388cmls Q=1021 Usac
1 at approximation corresponding
Q). d=70cm. |} d=84cm.  b=280cm. bd=33 S =11in 5000

2 nd step permissible velocity from table B-1 corresponding d.

d=70cm. V (Krishna) = 44 cm/sec,
V (Godavari) = 32 cm/sec.
d = 80 cm, V (Krishna) = 47 cmfsec.
V (Godavari) = 35 env'sec.

3 rd Slep Bed width from table B-3
5-16

v=393cmls O =1063 L/sec

| Sections with lesser depth may be adopted where sufficient driving head is not available

In the parent channel.

DISTRIBUTARIES - STANDARDS - N.S. LEFT CANALS LATER REACHES
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3 Table-4 .Values of Rugosity Coefficient ( n ) for
1. Side Slopes in cutting ]
a) Full cutting

Canal Value of n in normal Condition
i) In &l softer soils 1.5 Hio 1 V Type of Cana

]

i} In harder soils below F & F when depth of cul in harder strata is F.5.D. OF T
. . ; : . _ m q d Canals
times the difference in bed widlh of sections with 1:1 and 1.5 ; 1 side slopes "'l'hﬂ. ;‘umin;m glmight and uniform
ever is higher, 1 H1o 1 V. SEPY o) Clean after weathering AR
iit} In F&F and H.R. when depth of cut in harder strata s F.5.D. or difference inbag | b) Gravel, uniform section, clean 0.025
I . . & | . : [ y
;ngt: ::;: feﬁmns with 0.5 H to 1 and 1.5 H to 1 side slopes which ever s highas c)  With short grass, few weeds 0.027
e 3 Y . ing and sluggish
iv) Deep cul in H.R, Catch drains of size 0.3m X 0.3m with 1:1 side slopes at GL - :anhmu-:r:dlnegl:ﬂm = 0.025
al the toe of spoil bank for discharges above 3 Cumecs. " b) Gmﬁ? soma weeds 0.030
b) Partial cutii 1l soils bank 1.5H.t0 1V ¢} Dense weeds or aquatic plants in deep channels ggg
‘ ) ial cutting in all soils bank 1.5H to TV, d) Stony bottom and weedy barﬂf?« g‘nzg
; : Dragline excavated and no vegetation :
Any change in slope should be effected in full bay lengths. i Chagnna!s not maintained, weeds and bush uncut ot
2. Slopes in Banking dense weeds, high as flow depth L
Inner slopes 1.5 HI 1V,
Rear slopes up 1o 5 melre height 15 Hw 1V g LinedcaC:cr:::: oL
Beyond 5 metre height depending upan nature of soil, j a) Fo i no finish 0,013 10 0.017
i 0.013 1o 0.015
b) Float finish
3.Top width of banks — Free Boards c) Gunite wavy section . 0.018 to 0.G22
Qrange LB-RB Q Range F.B. 6. lljnncmia bottom float finished and sides as
15105  3.0-1.8m 1510 4 1.0m e s b 0.015 10 0.017
510 0.3 3.0-1.2m 41003 0.6m a)_| s ; 0.017 to 0,020
: ’ X ) : b) Random stone in mortor : 16 10 0.020
Below 0.3  1.0-1.0m Below0.3  0.45m ¢) Cement Rubble masonry plastered g.gﬂﬁ Io g8
. ; (AR
4. Height of point bank,  Limited to 3 meters. : d) Dry rubble (Rip-rap ) 0.014 10 0,017
3 E;'“:‘m“ i vl 0.01310 0.016
5. Borrow pit Depth 1.0m, Side slopes 0.5 1o 1, Distanice belween rear loe ¢ " Cu?mmte lined excavated rock with
bank and inner edge of borrow pit 1o be height of bank plus 1.5m. a) Good section 0.017 to 0.020
: 0.022 10 0.027
b} Irregular Section ’
A small increase in n value may be made in channels of alignment other than straight.
Table B4
§-18 5-19
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B .
TABLE - B5 i 32 80 25 031 152 020 035 435 1341 08 B 252 774
Trapezoidal Canal Section “ 70 21 030 146 020 034 436 1201 309 M3 252 745
M B0 24 033 156 021 035 448 1480 317 147 250 55
' ; B 33 50 14 024 128 018 032 408 967 290 684 235 559
| 3:"5 EE,E: ?3}2 ;m ™ ;;2}?555@“;, B 60 17 021 138 020 034 427 1158 302 819 247 689
Q = litres / sec B 70 20 031 148 021 035 442 1354 313 957 255 782
- - 35 B0 23 034 158 022 (3 455 1552 322 1098 263 B9
S=1in 1000 S=1in 2000 'S=1in 3000 3 80 26 038 168 022 037 466 1753 WO 1246 268 1012
d b Wd A P R RSy a v Q v P 35 100 28 041 178 023 038 476 1957 36 1384 75 1130
cm om sgm om 36 80 25 039 170 023 037 472 1836 234 1298 273 1060
20 20 10 006 065 000 020 259 155 183 110 150 990 % 100 28 042 180 024 038 482 248 341 1448 278 1183
20 30 15 008 075 011 028 285 228 202 161 185 142 38 30 24 041 175 024 038 484 2005 342 1418 279 1158
20 50 25 012 085 093 025 MO 33 226 271 184 224
20 60 30 014 105 013 026 331 463 234 327 194 267 TABLE - B6
20 70 35 016 115 014 027 340 544 241 385 196 34 Trapezoidal Canal Section
2 S0 23 013 099 014 026 333 447 236 N6 192 258
2 60 27 016 105 014 027 48 540 245 382 A0 32 Side Slope = 0.5 Hto 1V; n=0.025
24 50 21 015 104 014 027 347 516 245 365 200 208 Bed Slope :1in §; V = crm/second
24 60 25 017 114 015 028 3O 623 255 440 NP sD Q = litres / sec
25 25 10 009 081 012 024 301 282 213 1989 174 163 : =
25 30 12 01 086 012 025 314 334 222 236 181 183 S=1in 2000 S=1in 3000 S=1in 4000
25 40 16 013 08 004 027 336 441 238 M2 194 255 d b bid A P R RE% v (4} v Q WV (5]
25 50 20 016 106 015 028 353 552 250 390 204 3t cm  cm sgm  m
25 B0 24 018 116 096 029 367 665 260 471 M2 84 0 70 18 036 159 023 057 332 1194 271 975 235 B4
2% 70 28 021 126 016 030 379 784 268 552 2189 451 40 80 20 040 189 024 038 U2 1387 27189 11158 242 96
26 60 23 019 118 016 030 I4 T0 B4 502 216 410 4 %0 23 044 179 025 039 350 1542 286 1259 248 1090
6 70 27 022 128 017 030 386 832 273 S89 223 481 40 100 25 048 183 025 040 358 1719 292 1404 253 1216
@ 60 21 021 128 017 03 38T 801 273 566 223 463 40 110 28 052 99 026 041 365 1898 208 1550 258 1342
28 70 25 024 133 018 032 3989 939 282 664 231 542 40 120 30 05 209 027 042 71 2079 03 1697 262 1470
30 0 10 014 087 014 027 D 458 M0 24 195 265 42 10 26 055 204 027 042 373 2055 305 1678 264 1453
D 40 13 017 107 015 029 3B/ B0 BT 424 210 M6 42 120 23 059 214 (028 042 380 2250 310 1837 269 159
30 50 17 020 117 017 030 383 T 271 528 221 431 4 110 25 058 208 028 043 382 217 32 1810 270 1567
30 60 20 0z 127 018 032 590 837 282 635 230 518 44 120 27 062 218 020 043 388 2426 317 1980 IS5 1B
N 70 23 026 137 019 033 412 151 281 43 238 §07 45 80 20 051 191 027 041 570 1871 202 1528 261 1123
0D 80 27 020 147 099 033 424 1207 300 854 245 697 45 100 22 055 201 027 042 378 2084 309 1701 267 1474
& T 22 028 142 019 034 424 168 300 826 245 674 45 110 24 060 211 028 043 386 2288 315 1877 213 162§
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Design of Channels - Permissible velocity: Design of Channels - Parmissible velocity

120 27 084 221 029 044 392 2517 320 = g
~ 7 30 2085 278 17 :
130 29 069 231 030 045 399 2736 326 2234 282 mg TABLE - B7

140 31 073 241 030 045 404 2956 30 2414 206 2090 Trapezoidal Canal Section
120 26 066 223 030 044 87 2608 324 2130 280 1844

130 28 070 233 030 045 403 2635 329 25 285 2005 Side Slope = 0.5 H to 1V n=0.025
120 25 089 227 030 045 404 2095 D 282 286 1977 Bed Slope : 1in S V = cm/second

1 27 074 237 031 046 411 3038 336 2480 201 2148 .

110 22 068 222 030 045 495 2732 340 2230 286 148
120 24 073 232 031 046 412 2988 336 240 291 2113
130 26 078 242 032 047 419 45 M2 2851 296 2296
140 28 083 252 033 048 425 3507 347 2853 801 2480
150 30 088 262 033 048 431 369 2 7T 305 2665
160 32 083 272 034 049 436 4033 356 3093 308 2850
130 25 081 246 033 048 427 M61 348 2806 302 2447
140 27 086 256 03¢ 048 433 338 354 3052 306 063
130 24 085 251 034 043 434 0680 354 305 207 2602
0 26 030 261 035 049 441 3974 360 3245 312 2510
120 22 081 243 033 048 430 482 351 2851 304 2468
130 24 087 253 034 049 438 3792 357 396 340 2681
140 25 082 263 035 050 444 4095 363 3343 34 2895
150 27 088 273 036 050 451 4399 368 3502 319 3114
160 29 103 283 038 051 456 4706 373 3842 23 108
170 31 109 293 037 052 462 S04 377 4094 326 A6
150 27 100 275 036 051 454 4530 71 %99 321 3009
160 29 105 285 037 051 460 4845 376 3056 25 426
150 26 104 280 037 052 462 4196 377 3916 327 3001
160 28 110 290 038 052 468 5129 382 4188 i 307

1

~ §=1in 2500 S=1in 3000 S=1in 4000
b bd A P R Ri&d y Q ] (0] v Q
cm sgm m
150 25 108 284 038 052 420 4533 383 4136 332 3584
60 27 114 2084 030 053 425 4848 388 4425 36 3832
0 28 120 304 033 054 430 5164 393 4714 340 408.3
180 30 126 314 040 054 435 5482 397 5004 344 4334
190 32 13 324 041 055 440 5601 401 5286 347 4586
200 33 138 334 041 055 444 6122 405 5589 351 4840
180 29 131 318 041 055 442 581 403 5477 349 457.0
190 31 147 329 042 056 446 6118 408 5885 353 4836
80 28 135 323 04 056 449 6087 410 5556 385 4812
10 30 142 333 043 057 453 6441 414 5879 358 5082
{70 26 13 315 042 056 447 5881 408 5369 353 4549
180 28 138 325 042 056 452 642 M3 5698 357 4935
190 29 145 335 043 057 457 6604 417 6028 361 522.1
31 151 345 044 058 461 6969 421 6361 IS 503
20 32 158 355 044 058 465 7334 425 6695 368 5798
250 34 164 365 045 059 488 T2 428 7031 3N 608.9
190 29 147 338 044 057 460 6770 420 61B0 364 5382
200 30 154 348 044 058 465 7143 424 6521 367 564.7
190 28 152 342 045 058 467 7106 426 6487 369 5618
o0 28 159 352 045 059 47 7497 430 6ead 372 57
20 29 165 357 046 080 478 7858 436 773 378 6212
20 30 172 367 047 060 482 8269 440 749 381 653.7
220 31 479 377 047 061 486 8682 444 726 385 5854
s 33 186 387 048 081 490 0097 448 8304 388 7181
240 34 193 397 049 062 494 9512 451 8684 391 752.0
250 36 200 407 049 062 498 9930 454 G065 9383 785.0
20 31 184 381 048 062 493 %087 450 6295 300 7184
50 33 199 401 050 063 501 9956 457 9088 396 TEV
5-22 g
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Design of Channels - Permissible velocity

T4 220 30 190 385 049 062 500 9500 456
. ; J s 6 8672 2395 751
74 240 32 205 405 051 063 S0B 10406 453 950.0 40.1 Bza,g

Design of Channéls - Permissible valo

g5 380 45 35 570 063 073 537 19273 465 1689 416 148
00 a5 285 482 060 0N 518 153 450 13260 402 1€

m .
455 14100 407 1
. g6 220 37 312 612 081 072 55 1637 ;
TABLE - B8 . g6 380 44 364 572 064 074 540 19640 468 17008 418 1%
s Bipe = 08 His 1 Trapezoidal Canal Section g5 300 34 303 4% 081 072 525 15890 455 13761 407 A
=0.5Hto 1V, n=0.025 : ; ; 73 6§31 17006 460 14728 411 13
Bed Slope :1in 5; V = cmisecand B0 35 3% o 38 O
Q = litres / sec TABLE - B9
e zoidal Canal Section
S=1in 3000 S=1in 4000 S=1in 5000 repe = 0.025
d b bd A P R AR y Q VvV a v Q Side Slope =0.5 H10 1V; n=00
BE'I:E SEDPE 1 in 5: ‘qf: C.I'ﬂf‘mﬂﬂd

cm cm m
i Q) = litres / sec

;: g; 193 388 050 063 459 8863 307 7675 55 6865 e
2 g2 200 408 051 084 465 9708 404 8408 361 7520 - S-1in 4000 S=1in 5000 S=1in 60
t 3216 418 052 084 470 10133 407 8776 364 7849 R ROy aQ v a Vv a
% 252D 4B 0 0% 43 100 4D S5 %7 678 gl % e

: 053 0 on o o,

T 2% G 05 o 45 s 3 K5y s W A5 28y 48U s 07 B AA M8 (EIRICCIAT

! i . : : L 411 1 b
32 211 410 052 0 o 00 33 311 501 062 073 460  MTO _

33 219 420 Q052 065 47.3 10353 410 896 i

32 225 424 053 066 479 10797 415 950 3?:'3 &3
33 233 434 054 066 482 11251 418 9743 374 8BNS
35 256 459 056 068 495 12670 429 10672 383 0814
38 272 473 057 089 501 13624 434 11798 388 10553
40 288 499 058 069 506 14502 438 12628 392 (1295
43 304 519 059 070 511 15544 443 13462 305 12041
46 326 547 060 071 518 16807 448 14634 401 13089

05 062 217 029 044 3B 1886 275
: ; B 1720 247 1538 16666 427 14906 39.0
34 263 463 057 089 S01 19185 434 11419 388 10213 0! 54 A0 M B8 B

a2
2
94
94
a5
37 280 483 058 069 507 14178 43 : gg 340 36 388 552 067 076 483 17763 432 15887 304
33 270 468 058 069 507 13709 ia.g :f:g gg.'g :gi 30 a8 am s oam Gn M7 umt B0 TR U

9%

a5

%

%

98

a8

$ 340 38 347 541 064 074 470 16278 420 14560 384 10
90 360 40 365 5B1 085 075 474 17268 424 1%46.3 <A
an 480 42 383 581 066 OT6 478 18302 428 16370 39 1:
00 33 319 506 063 073 465 14786 415 132=5 318 N
M0 37 355 546 065 078 475 16866 425 15085 388
340 36 364 550 086 076 480 17462 429 15618 382
350 a8 383 570 067 077 485 18545 434 16587 396
w0 32 330 512 064 075 472 15574 422 13930 385

i : 0 406 592 053 078 492 19970 440 17862 401
dom st ol Wil Bl 15 leoom im 8 s
" - - g . ; ; . 10824 ; 186 436 17160 400

35 281 4950 089 071 516 15024 447 130 560 38 A% 575 088 077 490 1918,
+ g . 4 - 44, 1.1 400 1163.8 ; 442 18166 404

38 308 510 060 071 522 16080 452 ' F0 40 41 695 080 O78 AS4 VO

08 5, ) : 13926 404 12456 B35 443 17741 404
40 325 530 061 072 527 17141 457 14844 408 ‘ a0 57 401 579 063 078 495 1985 44, 140,
3 ] e X 3 13277 447 1878.0 408

42 342 S50 082 073 532  1B205 481 15766 412 14102 SRR [

SRR B EREE R RIRRES

CR R R R R R R R e P PP
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Design of Channels - Permissible velocity Design of Ghannals - Permissible velocity

s

TABLE - B10 14 72 51 106 1033 107 105 07 74 06 65 05 60
Trapezoidal Canal Sectio 14 T4 S3 1134 1051 108 105 07 75 06 67 05 62
P ) 14 BO 57 1218 1113 109 106 07 82 06 73 05 87

15 B0 40 1013 935 108 105 07 6.8 06 &0 05 &5

Side Slope = 0.5 Hto 1V: =
Bed Slope : 1in S: E_g’i‘: i 15 65 43 1088 985 110 107 07 73 06 65 06 60
' O = Cutle met 15 70 47 1163 1035 112 108 07 79 06 71 06 65
i _ = ~ubic maire per second 15 75 50 1238 1085 114 109 07 85 06 76 06 70
- : G 15 80 53 1313 1135 146 140 07 91 06 82 06 75

S=1in 4000  S=1in 5000 S=1
d b v A P R MYV g y q g " gnm 15 85 57 1388 MAS 117 1M 07 97 06 87 06 &0
TABLE-B 11

g; 34 3% 564 089 078 05 19 04 17 04 18 :
6 36 410 584 070 079 05 20 04 18 04 17 Trapezoidal Canal Section

38 38 43 604 071 080 05 22 05 19 04 18 Side Slope = 0.5 H t31V; Pansis

40 40 450 624 072 080 05 23 05 20 04 1o Bed Slope = 1inS: B

42 4.2 470 644 073 081 05 2.4 0.5 22 U.‘4 20 i s i i
|44 44 490 664 074 08 05 25 05 23 g4 o

S=1in 6000 S=1in 8000 S=1in 10000

1 40 36 501 646 077 0B 05 27 05 24 04 22
L1 42 38 523 666 078 085 05 28 05 25 g4 23 d b & A P R RE y Q vV o Q v Q
| 1 44 40 545 686 079 086 05 30 05 26 g4 24 m m sgn  m
I 46 42 567 706 080 0% 05 31 05 28 04 of 20 100 50 2200 1447 152 132 07 150 06 130 05 116
I1 48 44 589 726 081 0 05 32 05 29 4 o6 20 150 75 3200 1947 164 139 07 230 06 199 06 178
‘ 11 50 45 611 746 082 087 06 34 05 30 05 28 20 200 100 4200 2447 172 143 07 310 06 268 06 241
‘ 12 48 40 648 748 087 091 06 37 05 33 05 30 25 150 60 4083 2059 197 15 08 330 07 286 06 256
12 50 42 672 788 087 091 06 39 05 35 05 42 25 200 80 5313 2553 208 163 0B 446 07 37 07 36
l 12 52 43 6% 788 088 0% 06 41 05 35 05 39 25 250 100 6563 3059 215 166 09 564 07 488 07 437
| 12 54 45 720 608 089 08 06 42 05 38 05 a4 30 200 67 645 2671 241 180 08 600 08 519 07 464
12 56 47 744 028 0% 09 08 44 05 38 g5 35 30 250 B3 7950 317 251 185 10 758 08 656 07 587
12 58 48 788 848 091 094 06 45 05 41 05 37 30 300 100 9450 3871 257 188 1.0 917 08 794 08 710
13 55 42 800 841 095 087 06 49 05 44 05 40 35 250 7.1 8363 3283 285 201 10 972 09 842 08 753
13 60 46 BES 891 097 096 06 54 06 48 05 44 35 300 86 111133783 284 205 11 1177 08 1018 0B 912
13 62 45 891 911 088 09 08 55 08 50 05 45 35 400 114 14613 47.83 306 21 11 1589 09 176 08 1231
| 13 64 49 017 931 098 09 08 57 06 51 5 47 40 300 75 128003894 329 221 14 {461 10 1265 09 1132
13 68 52 969 97 100 100 06 61 06 55 05 50 40 400 100 16800 4894 343 228 12 1974 10 1710 08 1529
ﬂ 13 70 54 995 991 100 100 06 63 06 86 oe o 40 500 125 20800 5894 353 23 12 2490 10 2156 09 1928
| 4 60 43 938 913 108 102 06 60 06 54 05 49 50 400 80 212505118 415 258 13 2835 12 2455 10 2196
| 4 65 4B 1008 963 105 100 07 66 06 59 g5 54 50 500 100 26250 6118 420 264 14 3578 12 3100 11 27m2
14 70 50 1078 1013 106 14 07 71 06 64 05 58 50 600 120 31250 7118 439 268 14 427 12 347 11 351

|
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Design of Channels - Parmissible valocity

Desigh of Channels - Permissible velocity ' Table - C -1
Allowabie Velogity V= Cd %=
‘d' t Velocity in meters per secaond
SECTION - C Depth 'd' in metres city P
i Iin BC and soit soil In hard soil
5.3.0 Design of Open channels on the basis of maximum permissible velocity C =047 C=06
5.3.1. Open channels which don't present silting problems are designed on principles of 0o 0.21 027
maximum permissible velocity: 0.4 0.3 0.38
maximum permissible velocity is the maximum velocity that will not cause erosion of tha D-E 0.32 0.42
chaqneL _ 0.8 D.42 054
Maximurm permissible velocity depends on'the depth of flow in the ehannel and sail char- 10 0.47 0.60
acteristics. 1 '2 0.51 0.66
- ] o 1.4 0.71
§.3.2 The limiting velocity (upper limit) corresponding to depth ol llow in the channel is 16 0.76
arrived at adopling kennedy's expression. 18 0.80
0.85
V = Gd %5 (for clear waler ) §E 0.95
whare, V = velocily in meter per second 3-0 1.04
C = 0.47 for B.C, siltyand softer solls, 3:5 .12

C = 0.60 tor murram, gravelly and hard soils,

: : 4.0
| d = depth of llow in the channel in metars.

53.4 Depth of flow d. _
Depth of tiow d in a channel is a function of discharge. The formula suggested to armva
al the first approximation of 'd' is

” 5.3.3. Maximum allowable velocity.

Under normal conditions velocities may be limited as under,

d=KQ '

d = depth of llow in melers
K= Constant, 0.7

Q = Discharge in cumecs

In large sarthen channels, 1.1 meter per second
In small earthern channels., 0.75 metre per second.

However in B.C soils the maximum velocity may be limited to 0.5 metars per second.

The depth arrived al is for general guidance and values can be varied according to field
conditions.




Lesign of Channels - Permissible ve

Qin din Qin din
Litres per second Centimeters Cumecs melers

20 20 4 1.1

BO a0 5 1.2
200 40 6 13
400 50 8 1.4
G600 B0 10 1.5
1000 70 23 2.0
1500 BO BO jo
2100 80 180 4.0
2900 100 370 5.0

5.3.5 Bed width to Depth ratios

Bed width to depth ratio in a channel depends upon many factors like cost of excavation,
seepage characterislics of canal prism etc. Therefore bed width to depth ratios cannot be
fixed rigidly in the unlined channels. Following b and d ratios are suggested for genaral
guidance. These values are approximate and can be varied according 1o individual needs.

Bed width b may be arrived at taking into consideration the depth of flow d assumed and
b 1o d ratio correspanding to the discharge of the channel.

Table - C-3 1

Bed width to depth of flow ratios '

Discharge range b/d

Upto 50 litres per second (0.05 cumes) 110 1.5

50 to 500 litres per second (0.05 10 0.5 cumes) 151020

500 1o 5000 litres per second (0.5 to 5 cumecs) 21035

510 50 cumecs 35106

50 to 200 cumecs Gio B

200 to 280 cumecs Blo 10

Ly
TableC-2 (d=K Q) -

F

Design of Channels - Permissible velocily

54,6 Side Slopes of Canal The side slopes of a canal depend upon the stability of
‘materials with which they are formed.

5.3.7 Water Side slope (Inner side slope/Upstream slope)
J|Hthe bed lilling is proposed, wherever required, 1.5 H to 1V side slopes on waterside are
{gequate for all soil groups upto lull supply depth of 0.5 meters.

In the channels where most of the reaches are either in partial cul and fill or bed filling the
‘complication in mark out arising out of the adoption of different slopes in cutting and

. embankment wil be avoided by confirming the entire canal section to a uniform inner side

slope of 1.5 10 1, The slope need not be altered due to change in classiﬁcatjuq of soils, il
the depth of cut is 3 meters or less. However in deep culting reaches the inside slopes
should be decided depending upon the strata miel with.

5.3.8 Outer side slopes (Away from waler side slope / Down - stream slope)

1.5 H 1o IV side slope is adequate for sail groups for the heights as indicated below.
i) 5 metre height in GM, SM, CL, and CH ol soils.
i} @ metre height in SC type
ili} 12 matre height in GC typa

5.3.2 Rugosity Coedficient n .
The value of rugosity coefficient varies according to physical roughness of the sides and

‘bollom of the channel,

The value ol n to be adopted in design depends upon the channel condition expected in
future and the channel condition depends upon the standards of maintenance. Keeping
this aspect in view il-is desirable that earthen channels are designed for n value of not
less than 0.025,

Smaller channels (less than 0.3 cumec) may be designed with 'n’ value equal to 0.027S.

5.3.10 Bed fall in the channel

If the general lay of the country s flat, the bed fall in the channel may be adopted equal to
the fall of the country. _

Il the country has steep fall suitable bed slope may be adopted such that the velocity
generated should be less than the allowable velocity.

5-31
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Design of Channels - Permissible velocily

e
5.3.11 Flow formula e : : :
Manning's formula which is derived from Chezy's fundamental equation is generally \p) Section 5”“3[315:.1" Hard solls S50
used In design of open channels. i) d=70cm, S1in
b =220 cm.
V=1n A% 505 V = 44.9 cm./Second
Where V = Mean velocity of flow in meires per second Q = 1021 litres/Sec,
R = Hydraulic mean depth
{area over perimatre A/F) fiyd=72 cm. S1.in 4000
S=BedfalllinS b =200 cm, ,
Discharge Q=A XV Cumecs. V=449 cm. Second
Q=996 litres/Sel.
5.3.12 Design example
Design of a channel of one cumec carrying capacity having no silting problems. | .
in BC SoilsMurrum solls, iv)d=T74 cm. 5 1in 3000
(refer tables indicated - if necessary adopt interpolation) b=200cm. —
151 Step : Depth of flow fram table 2 corresponding to Q V = 45.6 cm./Secon
1 st appraximation d = 0.7 metra, Q= 1048 litres/5ec.
2nd Step : Allowable velocity from table 1 corresponding to 0.7m depth, _
V = 39 Cmv/sec BC solls v)jd=75cm, 51 in 4000
b =220 cm.
3rd Step : Bed width trom table 3 V = 40.0 cm /Second
( 0.7 X ratio corresponding to 1 cumec) Q = 1005 litres/Sec.

say b= 2.0 metres - _ . -
Section with lesser depth may be adopted where sufficient driving head is not available in

4 th step ; Inner side slopes as per para 7, the parent canal,
15Hto IV
5thstep: Rugosity Coelficient n as perpara 9 Standards adopted in Sriram Sagar Project for distributaries
n=0.025
1. a) Velocity V= 1/nR2® 505
6 th Step : Choose typical sections from tables which are capable of carrying b) Velacity limitation V = C d %% _ .
ane cumac flow C = 0.8 for BC soil and maximum limit of V is {Ldﬁ mis
#) section suitable in B.C., soils C = 1.1 for murrum solls and maximum limit of V is 0.76 m/s
1) d=70¢m. 5 1in 4000
b=280¢cm.
V =40.2 cm./Second 2. Rugosity coefficient 'n’

Q= 1082 litres/Sec. Channels of above 0.28 cumecs n = 0.025

Channels of balow 0.28 cumecs n = 0.0275
5-32
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5 - 1 in murrum soils

3. Inner side slopes for design and construction, Above 8.5 cumecs canals Cover 1.2 melres
In B.C. soils 2H to 1 side slopes in cutting and embankment 4.3 1o B.5 cumecs canals cover 0.6 metres
In all other soils; :Ln cutting 15Hto 1V Less than 4.3 cumecs canals Cover 0.3 metres
in embankment 2Hto1V
In all soils 2Ht 1V Width of Land Acquisition clear of banks.
i han balancing depth of cutting. ,
) a) When the canal isin more L ! al width rounded to
4, Outer side slopes in all soils 2Hto1V i Half the height of bank subject o a miinimum of 1.5 mand tot
. . nearest multiples of 3.3 m (11 1t}
; erms (in side), No berms are proposed in side the canal prismuptoad
epth af AT
VR e B | b) When the canal is in less than B.D.C.
; 1o the nearest multiple of
6 Free Board || Full height of bank plus 1.5 m and the total width rounded
Above 4.25 cumet canals 0.90 metres 33 (11 1)
4.25 1o 0.7 cumec canals 0.60 metres i ak dulies
0.70 to 0,03 cumes canals 0.45 melres 1 Duty. Distributary to be designed for following pe
) ec
7. Topwidth of Banks. i) Paddy 571 Hectares/cumec “‘;;”ﬁf;fziﬁ;}
Above 28.3 cumec canals 4.5/3.6 metres | ii) lrrigated dry 1428 Hectaresfcumec {100 acres p
B.5 1o 28.3 cumec canals 4.5/1.8 metres I:I iii) Paddy and Irrigated dry
2.8 1o 8.5 cumec canals 3.6/1.8 metres ; riod (rom
1.4 10 2.8 cumec canals 2.71.8 metres | Determine the maximum discharge requirements during the over lap pe
0.28 10 1.4 cumec canals 1.8/1.2 metres 1/11 to 10/11 taking paddy duty at
. nd
below 0.28 cumec canals 0.9/0.9 metres 714 Heclares/cumac {5?53 cri?;iiii]a
(larger width to be on the ayacut side of canal) 1.0, crop at 1643 Hectares/cumec (Hiaae
. ; nding upon
B. Bed width lo depth ratios. proposed In accordance with U.S.BR. practice. The highest of the above three governs the design of channels depending
ihe localised area.
discharge depth in metres b/d
12, Seepage losses:
1| cumec 0.7 1.8 : i cusecs
2 cumec 0.9 22 i) 2.44 cumecs per millions square metre of welted area in gravelly soils (8
513 cumec 1.6 3.1 per million sq.feel).
CUMEC 2.8 il
- i) 1,52 cumecs per million sq. metres ( 5 cusecs per million sq. feet) of wetted
g Depth of dry cover saturated gradient.

area in clay, clay loam light clay and clay looms.
Saturated gradient assumed 4 : 1 in clayey soils
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25 60 24 024 150 ODI6 030 376 g8 266 648 217 530
25 70 28 027 180 017 030 385 1034 272 73y HB2 597
25 B0 32 029 170 017 03 3m2 1152 217 B85 226 665
5 80 36 032 180 @18 032 388 1274 282 B3 230 T34
26 40 15 021 134 015 029 363 745 257 527 209 430
26 50 19 023 144 036 030 374 BE6 265 ©12 26 500
g8 50 18 026 157 047 031 389 1002 275 709 225 579
28 B0 21 028 181 018 Q32 3h 1141 282 807 231 658
30 50 17 028 158 038 032 404 1150 285 613 233 664
an B 20 032 168 D19 033 M4 1304 203 922 B8 753
30 70 23 035 178 D019 03 423 1461 200 1033 244 B43
30 60 27 038 1B 020 03 432 1618 305 1144 249 634
0 % ab 041 198 020 035 419 1777 30 1257 253 1026
a0 100 33 044 208 021 035 45 1938 #S5 1370 267 M8
&2 & t6. 031 165 038 033 418 1308 295 26 241 758
32 & 19 035 175 020 034 428 1480 303 1047 247 655
M4 & 18 038 183 021 035 442 1669 313 180 255 964
# W 21 D41 183 021 036 452 1860 320 135 281 W74

Design of Channels - Permissibla

| The camying capacity to be ::nmmed working from the lailend of each e
i upwards to the head duly making allowanices for seepage loss so as to ensy
| required water al each offtake. :

|| 13. Su Pply condition in parent canal,
| a) Fleld channel sluices Full supply condition
” ( 00 4 cumeca or 1.5 cusecs & less) in parent canal .

b) In all other cases Half supply condition

in parent canal

14.  Height of sill of Slyices

The driving head should not be less than 0.15 metre and 0.075 metre in case of
d1stnb_u?anp.~s and direct pipes respeclively. Il in any case it is not possible 10 ger
thal driving head prescribed, the height of the sill should be reduced suitably E:t
arrive at the minimum driving head. '

TABLE-C4 %% 80 17 049 186 021 035 449 {768 317 1250 259 1021
S Gia 15 s . s 70 20 043 186 022 036 459 1968 425 1391 265 1136
e - and b in cms P in melres 35 B) 23 046 206 022 037 468 168 31 1584 270 1263
: Ain  Sqm v i omssc Qin Litlsee % 99 25 050 216 023 0380 476 2373 336 1678 215 1370
: : o 35 100 29 053 226 024 038 483 2578 342 1823 278 1448
d b TR == S=1in 1000 S=1in2000 S=1in 3000 3% 110 31 057 238 024 038 490 2785 M6 1969 283 1608
PR RE Y Q vV @ Vv a % 60 17 041 180 022 036 456 1670 322 1322 263 1060
T % 70 18 045 200 022 037 466 2079 39 1470 269 1200
B B e e ) 23 288 288 204 204 168 168 3w B0 16 044 167 023 037 468 2085 332 1474 271 1204
S W 9 e 8 Eaz?; 303 34 215 258 175 210 8 70 18 048 207 023 038 478 2312 WS 1835 217 185
b oo ke B.:a 36 442 223 313 182 255 @ 0 18 052 214 024 039 492 2560 348 1810 284 1478
o % S e 14 ow gﬁ 326 522 231 369 8B 304 0 80 20 056 224 025 040 502 2809 355 1966 200 1622
S 1 o m Lu 6 335 603 237 426 193 348 0 80 23 060 234 026 040 510 3061 361 2165 205 1767
| T R B s v 342 684 242 484 198 395 s 100 25 064 244 026 041 518 3315 366 2344 209 1914
|. % & a8 o oo 319 442 26 33 184 55 40 110 28 068 254 027 042 55 350 371 2625 303 2062
"N i ot e 026 332 534 235 977 192 304 40 120 30 072 264 027 042 532 3828 6 2007 07 2210
oA AL M L gzr 348 B34 246 449 201 36 42 70 17 056 221 025 040 505 2821 357 1995 202 1629
==l s 0'19 i 0-15 ﬂzﬂ 3589 Va1 254 524 27 404 42 80 19 060 231 026 041 515 3091 364 2186 297 1785
o B . 28 35 688 251 447 205 307 4 70 16 060 220 026 041 518 3097 366 2190 299 1788
: 140 016 028 367 802 258 567 212 483 44 B3 18 064 23 027 042 527 3B 73 2395 304 1956
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45 70 16 062 232 027 041 524 3241 370 2291 302 1871

s 120 21 120 329 03 051 457 5482 73 MI6 23 W7
I 5 80 18 066 242 027 042 534 342 377 2504 308 2045 5B 140 24 132 349 038 052 457 6147 381 5009 330 4346
45 90 20 071 252 028 043 543 3846 384 2719 33 220 60 120 20 125 336 037 052 465 5857 380 4782 329 4141
45 100 22 075 262 029 044 551 4152 390 2935 ME 2397 \ &0 140 23 138 35 039 053 475 6558 388 5355 336 4637
45 110 24 080 272 029 044 558 4461 295 3154 2 2578 B0 150 25 144 366 030 054 480 6911 392 5643 339 4887
45 120 27 084 282 030 045 SB6 4772 400 3374 327 2755 B0 180 27 150 376 040 054 484 7266 395 5933 343 5138
% B0 17 069 245 028 043 S40 3700 382 2616 812 2138 B0 180 20 162 396 041 055 493 7980 402 6516 348 5643
4 90 20 073 25 029 049 549 4015 388 2839 317 2318 B0 200 33 174 418 042 056 500 8700 408 7103 354 6152
48 B0 17 073 253 020 044 552 4028 390 2848 318 25 £ 130 21 133 354 039 053 478 6613 0991 5400 338 4676
48 90 18 078 283 030 044 561 435 397 3086 324 2520 B2 140 23 144 364 040 0S4 483 694 095 5702 342 498
B4 140 22 151 371 041 055 492 7424 401 6062 348 8250
B4 150 24 157 381 041 055 496 7816 405 632 0351 5527
TABLE - C5
TABLE - Cé
Side Slope= 1.5 dand b in cms P in metres
Ax Ty sl Sq.m v in cmisec Qin - Litsec Side Slope= 1.5 dand bin cms P in metres
n= 0025 Ain  Sqm v in  cmisec Qin  Litsec.
S=1in 2000 S=1in3000 S=tin 4000
d b bid A P R RiES y Q v 5} v 0 S=1in 3000 S=1in4000 S=1in 5000
4 b td A P R PRI Y a Vv @ Vv a
50 9 18 083 270 031 045 405 345 3|1 2731 287 265
0 100 20 085 280 031 048 412 3602 336 2840 201 2547 65 140 22 154 374 041 055 405 6246 350 5409 313 4838
50 120 24 095 300 032 047 423 4120 35 3%4 209 2013 65 150 23 160 384 042 056 408 6574 354 5693 37 5092
50 140 28 108 320 034 048 432 4644 353 792 305 3284 65 180 25 167 334 042 056 412 6303 357 5978 318 5u7
0 150 30 143 330 034 049 436 4308 356 4007 308 U0 65 180 28 180 414 044 057 419 7566 363 6552 5 5861
0160 32 118 340 035 040 40 SI73 359 424 311 58 65 200 31 183 434 045 058 426 8234 9360 7131 330 6378
%2 100 15 093 267 032 047 420 3885 U3 3INS A7 2750 65 200 34 206 454 045 059 432 8906 374 7712 334 6898
2 120 23 103 307 033 048 431 444l 352 326 305 30 66 150 23 164 288 042 055 412 6769 357 5862 319 5243
S 100 19 088 295 033 048 429 4188 350 420 %03 202 66 180 24 171 3% 043 057 416 7107 36O 6155 12 6505
' 4 120 22 100 315 034 049 440 4775 359 3098 311 376 6 180 27 184 418 044 058 423 7/E6 366 6743 328 6031
55 100 18 100 288 034 048 433 4343 353 3546 306 307 86 200 30 187 438 045 050 429 8470 2 THS B2 656
% 10 22 111 318 035 050 444 4946 363 4089 314 3498 86 200 33 211 458 046 060 435 9159 977 782 3BT 7094
| 5 M0 25 12 338 036 051 454 557 1 4587 3} 3N 6 240 36 224 478 047 080 440 9851 381 8531 341 7630
%180 27 128 348 07 051 453 G664 304 47BE 324 44T B8 150 22 171 395 043 057 418 7168 362 6209 324 553
55 160 28 133 358 037 052 463 673 378 5S040 327 4365 68 160 24 178 405 D044 058 422 7523 366 6516 327 5828
S 180 33 14 .330 038 088 471 674 34 5547 33 4804 68 180 26 192 425 045 050 429 6236 2 7133 33 6380
%6 120 21 1M 92 085 050 48 5122 M6 4182 317 3622 68 200 29 205 445 046 080 436 8354 378 7754 3B 6336
5 140 25 125 342 037 051 458 5750 374 4695 124 4066
5-38 . 5-39
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60 220 32 219 465 047 OH1 442  BATS 383 BI/O ;M2 7405
68 240 35 233 485 048 Q61 447 10402 387 0009 246 B(ST
m o180 26 200 432 046 060 436 8688 37B 7534 338 6739
70 200 289 214 452 047 061 443 0451 383 @185 M43 7R
7 220 31 228 472 048 081 449 10208 389 G840 248 7907
0 240 34 242 492 049 062 454 10868 393 0409 352  B494
70 280 37 25 512 050 063 459 11733 398 10161 356 0089
70 280 40 270 532 051 064 464 12501 402 10826 359 9683
72 180 25 207 440 047 061 443 0176 383 7T 343 708
72 200 28 222 460 046 062 449 9963 389 8628 348 TN7
M 180 24 215 447 048 0B1 449 G667 3B9 8372 4B 7488
74 200 27 230 467 049 062 456 10488 385 50B4 353 @125
75 180 24 218 450 043 O0B2 452 0317 332 @589 350 7682
5 200 27 23 470 050 063 459 10757 397 9NE 356 B3I
15 220 " 29 249 480 051 064 465 11602 403 10048 360 BIB7
75 240 32 284 510 052 084 470 12452 408 10784 365 0846
75 20 35 279 530 051 085 476 13307 412 11524 369 10307
75 280 A7 284 55) 053 068 481 14165 417 12267 373 10977
7 180 24 223 454 048 062 455 10171 394 B80S 353 781
76 2000 26 239 474 050 083 2 11029 400 9551 358 B54%
78 180 23 232 4K1 050 083 46 1063.0 400 9258 357 6280
7B 200 26 247 48 051 084 468 11584 406 10032 363 8973
B0 200 25 256 4B 052 065 475 12153 411 10525 368 0414’
60 250 31 285 538 055 067 490 14506 424 12563 380 11237
B0 260 33 304 548 Q055 067 483 14981 427 12974 382 11604
B0 280 35 320 588 056 DBR 488 15933 431 13798 386 1234
80 3000 38 33 588 057 068 503 16889 435 14626 389  {3bez2
B 320 40 352 608 058 0B9 5O7 17848 438 15457 303 13825
g2 200 24 265 45 05 066 48, 12737 416 11081 373 BEG6
@2 250 30 306 546 056 068 495 15185 430 13161 385 11763
B§ 2000 24 274 503 054 087 487 13336 422 11549 377 10330
B4 250 30 31 55 05 069 53 15881 435 13753 388 12301
B5 2000 24 276 506 055 067 490 13641 424 11813 380 10568
BS 250 28 321 556 058 069 G506 16234 438 14059 392 12575
B5 2600 31 320 566 058 070 509 16757 441 14512 394 12080
B5 280 33 346 5B6 059 070 514 17807 445 15421 398 13793
B5 300 35 363 G606 060 071 519 18880 449 16334 402 14509
B5 320 38 380 626 061 072 524 19918 453 17250 406 15429
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4
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584
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G644
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572
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6.03
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6.33

055
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.56
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0.60
0Bl
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053
0,84
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D.61
0.62
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063
063
064
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0,65
0,65
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danabin

Ain
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m
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068
069
0.70

0.66
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0.74
075
0.75
0.76

m

ek
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1395.0
1650.2
14578
17320
1740.2
|B63.7
1978.7
20043
22102
23266
18233
18418
18889
2021.7
20672
21676
23137
24402
25672
26846
21032
22307
21664
23183

23
24
25
. if
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42.7
44,1
#3.2
4.6
4.9
454
459
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d6.7
471
454
459
459
46.4
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4B
485
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in
in
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1436.9
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15148
16140
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18137
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16445
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21133
27232
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5=1in4000
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05
05
0.5
0.5
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20
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382  10ROE
Jh4 12850
/7 1122
388 13416
401 133
406 144385
M0 15327
14 18222
41,8 2o
422 18022
436 14123
411 15044
aa 1470.2
415 15860
41.8 1587 4
a2.2 1694.5
426 17922
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434 19885
437 20872
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425 17279
425 16836
428 17957
{0 in Cumets
S=1in 500
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0.4 18
04 20
0.4 21
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- . 105 4
1 36 36 510 721 071 079 06 30 05 26 04 23 14 45 32 924 055 087 0% o0& 572 055 S 1 487
14 50 036 984 1005 099 099 083 624 056 558 051 510
1 38 38 530 741 072 080 05 31 05 27 05 04 .
14 55 39 1084 1055 101 101 084 677 057 605 052 553
1 40 40 550 781 072 081 06 32 05 28 05 2§ 4 5
14 60 43 1134 1105 103 102 084 730 058 653 053 596
1 42 42 570 781 073 081 06 34 05 29 05 2§ .
14 65 46 1204 1155 104 103 065 783 058 700 05 639
3728 25 AW BN AT AN 08 B 08 2 g5 @ 15 40 27 938 041 100 100 082 592 056 529 052 483
11 30 27 612 697 073 081 06 30 05 26 05 24 S 40 2 - : : =l
15 45 30 1013 981 102 101 064 650 057 5. 52 530
11 32 29 534 747 074 082 06 32 05 28 05 25 I S Bt
i 15 50 33 1088 1041 104 103 065 708 058 6. 5 578
11 34 31 S5 737 075 083 06 34 05 29 05 28 6o
! 15 55 37 1163 1001 107 104 066 767 059 686 6.26
o i A R 15 GO0 40 1238 1141 108 106 067 826 060 739 055 675
14 38 35 600 77 077 084 06 37 05 32 05 29 ool

15 70 47 1388 1241 112 108 068 045 061 646 056 772
. ; 668 058 598 05 546
11 42 38 644 B17 079 085 06 40 05 35 05 31 16 &) 25 W2 A3 NS 109 06 :
16 60 38 1344 1177 114 109 089 828 062 B3 056 758
11 44 40 666 B3 080 086 06 42 05 36 05 32 68 059
16 80 50 1664 1377 121 113 072 1184 084 10, 59 075
12 30 25 576 733 079 085 06 36 05 31 05 28 028 058
17 B0 35 1454 1213 120 113 071 1037 064 8.47
Ve o ey IRe- CR B 05 M 68 ge U3 dg 17 B0 47 1784 1413 127 117 074 1330 066 1189 061 1086
12 40 33 69 833 084 089 06 45 06 39 05 35 4 B ; ; o3
17 100 58 2134 1613 132 120 076 1626 088 1454 0 928
12 42 35 720 853 084 089 07 47 06 41 05 3§ 1030 0
18 60 33 1566 1249 125 116 074 1152 086 10 60 940
Bl SR ol i 06 42 03 3B 18 80 44 1996 1449 133 121 076 1473 068 1317 062 1202
12 45 38 768 B93 086 090 07 51 06 44 05 39 & m : : 608 084
- 18 100 56 2286 1649 139 124 079 1798 070 1608 O. 1468
N AT e AECEM G 01 B3 Us 48 D5 T4 19 60 32 1682 1285 131 120 076 1272 068 1138 082 1039
12 50 42 816 933 087 091 07 55 06 47 05 42 & B, : : 85 1.

18 80 42 2062 1485 139 124 079 1622 070 1451 084 1325
I Re 4T B D 0 OR @ a6 0B 4D 68 W 19 100 53 2442 1685 145 128 081 1977 072 1768 066  16.4

2 B0 40 2200 1521 145 128 0@ 1778 072 1582 066 1453
2 100 50 2600 1721 151 132 083 2165 074 1936 068 1768

11 40 36 622 797 078 085 06 38 05 33 0.5 30

TABLE-C7 2 120 60 3000 1821 156 135 085 2554 076 2284 070 2085
. , 25 100 40 3436 1901 181 148 094 3226 084 2886 077 2634
Sige Slope = 1.3 dandbin  m in metres 25 120 4B 3538 2101 187 152 09 3785 086 3385 078 30.90

p
| n= 0025 Ain  Sqm v in miséc  Qin Cumecs 25 140 56 4438 2301 193 155 098 4348 088 3889 080 3550
, S=1in 4000 S=1in5000 S=1in 6000
| d b bid A P R Ry a v a v Q

13 35 27 709 819 087 091 05 407 051 364 047 33 o faie o Pt b et "6 i
13 40 31 774 869 083 083 058 450 052 405 048 370 esy : " Guide fo Design of Irrigation Channels * by Ch. Venkala

13 45 35 B3% 919 091 084 060 499 053 445 049 400
13 50 38 9604 969 083 085 060 545 054 488 049 445
13 55 42 8B8 1019 09 097 08 582 055 530 050 484
13 60 46 1034 1069 087 09 062 639 0585 572 050 52
14 40 28 BH 905 084 09% 06 520 054 465 050 4
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STANDARDS FOR CANALS AS PER IS STANDARDS

Canal Discha-ge ;

a)  Crop water requirement by Madified Perman Method.
b)  Seepage Loses : Lines -0.6 Cumecs / Million sq.m. of wetted surface.
(Mote in el 2:1 (3) of IS« 10430 - 1957
Untined - 1, 1.85 to 2.40 Cumescs / Millian 5q.ms of wetted Surface, (20% Extra
for Distributory System (Cl. 3.34.1 (h) of Civil Engineer's Hand Book).
2,44 Cumecs / Miltion 5q.ms of W.S. in gravelly solls
1.52 Cumecs / Million Sq.ms of W.S. in clay, clay loam;
(CL 12, 5-35 of Civil Engineer's Hand Book)
2. C.W.C. Bed width to depth ratios as per draft manual on Irrigation channels,
C.W.C. Water-wing, New Delhi, 1960
Bl b/d Ratle,
5.Na. Discharge in B/D 5.No, Discharge in B/D
Cum/second Cum/second
1. 0.283 2.9 13. 11.327 57
2 0.425 3.0 14, 14,158 6.0
3, 0.566 3.2 15. $8.317 7.4
4, 0.850 34 16, 33.980 7.9
5 1.133 16 17. 39,644 8.2
6. 1,416 3.7 18. 45,307 8.6
7. 2124 4.0 19, 50.634 9.0
8. 2.832 4,2 0. 25,634 9.5
9. 3.540 4.4 1. 70.792 104
10, 4.247 4.6 2. £4.950 11.0
1. 5.663 4.8 a3, 283,170 19.2
12. 8.495 5.1
b)  Critical velocity ratio v/vo :
i} Diversions, silt carrying unlined canals 1.1 - 0.90 {Head - Tall end)
fi} Lined canals, v / vo > 1 is preferable.
Vo = 0.39 d *¥ For Godavari Delta System
Vo = 0.53 d ** For Krishna Delta System
c) Coe, of Rugosity 'n’ :

Lined canal - Q.08
Normal alluvial soils 0.0025

& Murum '
Rocky strata 0.03 - 0.035

5.44
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i

!" Allowable valocites : As per C.B.I.P. Publication Ho. 171

-

Unlined canals - Recommended Velocities

L

1. All Scils 0.6 to 1. 1m/sec
L Hard clay or grit 1.0 to 1.5m/sec
3. Gravel and shingle 1.5 to 1.8m/sec
4. Cemented gravel conglomite, hard pan 1.8 m/sec

5  Soft Rock 1.4 m/sec.

6. Hard rock 2. 4m/sec,

7. Very Hard Rock 4.5 m/sec,

I Uned canals - For €C lining max permissible velocity - 2.7 m/s.

Side slopes :

aj Canal in cutting
b) Canal in banking 2:1 (Inner / Outer)

c) Canal in rock 0.5:170.25: 1 {According to classification of Rocks)

Free Board : (vide IS 7112 - 1972 anid IS 10430 - 2000)

1.5:1

For unlined canal ¢ > 10 cumes - 0.75m,
< 10 cumecs - 0.50
For lined canal : > 10 cumecs - 0.7Sm+0.15m
3 to 10 cumecs - 0.60+0.15m
1 to 3 cumecs - L50+0.15m
BERMS :
1st berm FSL=FB
Znd, Ird Berm a) around 5m height

b) upto 7.5 m height at the Ground Level,
Minfmum Berm width -  3.0m
Dowels : on both the banks (vide IS 7112 - 1973 and IS 10430 - 2000).
Bank Top widths : (vide IS 10439 - 2000)
Unlined and Lined canals :
Discharge (m3/sec) Minimum Bank Top Widch { m )

Inspection bank / Non Inspeciion banh

wider bank / other bank T
(including dowel}
01510 3.0 4.0 2.5
3.0to 10.0 4.0+«dowel 1.5
10.0 to 30.0 3.0+dowel 4
30.0 and above 6.0+ dowel 5
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—
3., Radii of curvature : IS 5968 - 1987
RADII OF CURVES FOR CANALS o
{ Clause 6.4 )
Unianen Captaus Linep Capars
/_,—.__..A-_—.\ ..
Discharge Radius, Min “Discharge Radius, Min*
1) ) 3 (4]
m'fs m mifs m
B0-and above 1500 280 and abave 900
Less than 80 to 30 1000 Less than 280 to 200 750
Less than 30 to 15 600 Less than 200 to 200 600
Less than 15 to 3 300 Less than 140 to 200 450
Less than 3 to 0.3 150 Less than 70 to 200 300
Less than 0.3 Q0 Less than 40 to 200 100
Less than 10 to 200 150
Less than 3 to 200 100
lLess than 0.3 50

Mowe: 1. The abave radii are not applicable to unlined canals located in hilly re. Jes and
highly permeable solls.

More: 1. On lined canals where the above radil may (0L be provided proper super-elevation
shall be provided.
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Chapter - 6
uide Li for Pump Selection for Lift lrrigatio
Introduction

Pump selection procedure for Horizontal centrifugal pumps
Model pump selection for Horizontal centifugal pumps
Pump selection procedure for Vertical Turbine pumps
Model pump selection for V.T.pumps

Annexure - i : Sketch showing the approximate dimensions
and location of Horizontal centrilugal pumps

Annexure - Il : Sketch showing the approximale dimensions
and location of V.T. Pumps

Annexure - Il : Permissible velocilies in suction pipe
Annexure - IVA ; Permissible velocities in delivery pipe
Annexure - IV B : Permissible velocities in column assembly
and delivery pipes ( For VT Pumps )

Annexure - IVC : Permissible velocities in

pressure mains

Annexure - V : Equivatent length in feet ol some
common pipe fittings

Annexure - VI : Efficiency of pumps and cushioning
Annaxure - VIl : Suction Limit curves

Annexure - VIl : Proforma of data sheel in which

field officers have 1o furnish for pump selection
Annexure - IXA : Atmospheric pressure al

vanous altitudes

Annexure - 1XB : Properties of Waler

Annexure - IXG : Water equivalent colums of
almospheric pressure

Annexure - X : Schematic diagram of L.I. Scheme
with Horizontal centrifugal pumps

Annexure - X| : Schematit diagram of L.I. Scheme with
vertical turbine pumps.
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—

PLANNING & DESIGN OF MAJOR LIFT IRRIGATION SCHEMES

3, Introduction

Kain is decentralized and so is the demand, but the supply has not been decentralized
jesulting in under development and drought conditions in some pockets. The prevalling situation
& causing widening of sacig-economic canditions between reglons causing imbatanes in
developrment.

In the absence of dams and barrages due to their inherent problems such as submersian,
# &R, environmental, inter state problems etc., Lift Irrigation’ Schemes: | LIS ) gained greater
sgnificance in the changed scenario. Further, there are regions situated at higher altitudes 10
\which gravity is not possible or site conditions at source do not permit dam / barrage. Though LI
Jschemes are costly w.rt. dams |/ barrages considering life pericd of project, the present
greumstances demand more & more LI Schemes as provision of conventional Irmgation structures
45 exhausted,

Thouah concept of LIS ls centures old, with the magnitude of head, discharge and capacity
of pumps, the design of Major LL Scheme has become science with advanced technology in
‘pumps and pipes. It is noticed that there are guidelines & codes for design of pumps and pipes but
‘mot much attention Is given on planning & design of major LIS. The LIS need due attention on
‘gptimization w.rt. pump capacity, pressure majns design & laying along with Operation &
[Maintenance,

‘2. Objectives of LI Schemes

« Diversion of flood water to upland areas which are stanving for water
Supplying water to needy regions located far away from source
Feeding mnks for future needs
Effective usage of water stored in resenvoirs
Optimurm utilization of water by supplying designed gquantty
Interlinking of rivers
= Transfer of surplus water from reservoirs to the required regions.

3. Planning & Design of Major LI Schemes
It comptises finalisation of various aspects at different stages as given below |
L. Hydroloay
I, Alignment
1Il. Hydraulic Partitulars



Planning & Desia' |
Pumps - type, number & capacity
V. Pressure mains / Water conductar system
VL
vil.
VIII.

Surge protection system

Design of Pump House

Intake Sump / Surge pool / Fore bay

Delivery Cistarn f Qut fall structre

SCADA - Supervisory ( Sequential ) Control And Data Acquisition

X1 Cangl netwarking system

I Hydrology

The design distharge for operation shall be arrived at based an crop water requirerr:a-t‘"
seepage & evaporation losses and drinking water requirement. Operation period of the pUmps 5
alsa one of the governing factor in arriving design discharge of LIS, For major LIS, the operation)
penod shall be 29 hours as they will be provided with dedicated power lines. However far minog
LIS, the design discharge may be for 16 hrs or 20 hrs operation period depending upon the power
availabllity,

The pumping hours for major LT Schemes shall be carefully decided as it has the bearing
on the pump discharge and compounding impact on cost of the scheme by increase in pumg.
capacity, pressure main dia with increased surge pressure and power consumption,

Fixing of low water level [ LWL L.e., water level below which pumping is not reguired ), is
also an impartant factor for optimization as wall s efficient functioning of LI Scheme. Hence it [
desirable to keep LWL :

= Above bed level of source to avoid siftation in approach canal,
* Above MDDL of reservairs at river Intake to avoid annecessary extra pumping head &

Pump capacity, othar wise it encroaches into dead storage of reservolr which results in'
increased duration for its filling causing delay In supply to the already committed ayacut

*  Whenever pump house is far away from the source, LWL In the sump shall be taken after
deducting conveyance losses in approach canal / tunnel from MDDL of source

» For optimization of scheme, it is desirable to fix duty point of pump correspond to level!
2.0m ( or average water level for pumping from tank ) above LWL, however pump operation|
zone shall correspond to LWL & FRL.

6-b

Planning & Design

i. Alignment
' The alignment finalisation consists of :
. Fixing of Pump house location in the fareshore of river / reservoir
- Approach and gravity canal lengths
Length of Pressure mains
= Utilization of tanks enroute the allgnment
Number of Lifts / Pump houses

Fixing of Pump hayse location in the fareshore of rver / reservoir

The pump house lacation shall be located In such a way: that it needs smaller length of
approach canal and smaller length of approach bridge from TBL to the pump house as former
needs periodical maintenance and the |ater has bearing on the cost.

Avgroach canal and Gravity Canal
Whenever the source Is river, It is desirabla to design the approach canal capacity 50%

more than design requirement to absarb siltation etc,. Off take point of the approach canal shall
not be silt accumulation region since approach canal acts as gateway of the scheme,

As miith as possible, possibility of greater length of gravity canals has to be expiored to
gchieve considerable economy. The gravity canals should be lined otherwise the desin discharge
will not be realized at the terminal points.

Lenath of Pressure Mairs

It-is desirable that shorter length of pipe line shall be provided as not only it is costiy. but
2o Increases pump capacity. & surge protection devices and has compeunding Impact an the
scheme cost.

Utilzation of fmwﬁmml il

Whenever any tank s present enroute the alignment or possibility of formation, it has to

e examined as it has the following advantages :

*  Design discharge of pumps can be reduced by preserving water in tanks to imest the psak
requirement of the crop perisd, which retllices the pump capacity, pipe dia and canal sizes

* Usually LT Schemes are adopted to [ift flood waters which can be stored in the balancing
resarvoirs for futlre needs to sult the cropping pattern

6-¢
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« LIS with multiple stages lifts need proper synchronization of all and fallure of any ﬂngh.i.f

leads to grinding halt of the system, Hence with the presence of Balancing Reservolr, the
abowe problem minimizes.

Number of Lifts / Pump houses
The number of lifts / pump houses is dependent an the following parameters :

= Length of the alignment

» Total Pumping head required

« Presence of ayacut enroute the alignment
= Capacity and type of proposed pumps

IIr.  Hydrawlic Particalars

After freezing of the alignment with pump house locations, the length of canals, pressure
mains are to be calculated. Hydraulic Particulars of the scheme shall be finalized w.rt LWL -ang
FRL of proposed sumps along with canal HPs and pipe alignment. The discharge at pump houses
shall be worked out duly considering the water requirement at various locations of the allgnment,

IV. Pumps— Number, Capacity and Type

Pumps act as heart of L1 Scheme and play important role In the performance as well as
efficiency of the LIS, A designer should have a comprehensive knowledge on availability of various
types of pumps and their applications along with their limitations.

Any wrong judgement in selection of pumps may lead to procurement of unsuitzble pump
and the scheme always may face threat of repairs & maintenance along with non-functionality to
the design requirement of the scheme. Higher capacity Increases unnecessarily the capital cost as
well as power consumption and on other hand lower capacity will not deliver design discharge.

Number of Pumps
The capacity and type of pumps not only decides number of pumps to be provided but alsa
the number of pump houses to be adopted. It is desirable to provide minimum of 4 pumps to

facilitate operational Aexibility, since in major LIS, stand by pumps are not being provided. Single.

pump failure for schemes with less than 4 pumps reduces more than 1/3% design discharge

thereby not serving fully the purpose of the scheme. In major LIS, it is not desirable to have
higher dearee-of risk. However, number of pumps more than 4 may be provided considering cost

economics with lamer pump house sinca it s more advantageous in view of the lower degree of
risk and better operation fiexibility.
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Capacity of Pumps
Pump capacity can be calculated by the farmila
Fump capacity in KW 9B81QH/n
Pump capacity in HP 981 QH /0746 0
Where Q = Discharge In cumecs  H = Hst + Hf + Hb = Total pumping head i m
Arud 1 = Efficiency of pump
Total pumping head ( H ) can be arrived at on summation of static hiead, frictional losses in
pressure mains and exit & entry losses. The frictional losses in the pressure main may be calculated
paing Hazen-Willlam's fermula :
HE = L(1.1778V [ C R 1=
Where V = Velocity in pipe [ m/s ) R = Hydraullc Radlusinm = [/4
C = Hazen Williams Coeff = 130 for PSC pipes
= 130 + 0.17 d { dia In inch ) for MS pipes
It is desirable to limit the C value to 130 only corisidering surface deterioration.

pumps are to be designed for operation range w.rt. LWL as well as FRL and the same
shall be verified by studying the family curves and pump characteristics of the type of pump
pffered by the manufacturer. It is always preferable to keep the duty point of pump in between the
above range.

Motor Capacity

Motor capacity shall be 10% to 20% more than pump capadty. LIS with =mall lead
fluctuations may require motor capacity of 10% to 15% more than pump capacity, whereas motor
capacity in LIS with considerable head fluctuations may need 20% more than pump capacity.

Type of Pumps

Mainly four types of pumps ara adopted in the major LIS and they are
applicable for medium heads and discharges, I &
has the limitation of suction lift and hence may be belter
sulted for LI schemes on canals o tanks with total suction
lift less than 6.0m.

2. Vertical Turbine Pumps - Applicable for schemies with high heads and discharges.
Best suited for the schemes where the suction lift is more
than 6.0m and more applicable to schemes on rivers.

1. Homzontal Centrifugal Pumps -
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3. Concrete [ Metallic Volute Pumps - Applicable for schemes with high heads and huge
discharges.

1, Francis turbine Pumps Apphcable for very high heads and very huge

discharges.

V. Prassure mains / Water conductor system— type of material, dia & no. of rows

Pressure mains function as nerves of U scheme and they consume lions share of the
profect cost whenever pipe lengths are in Km. Type and dia of pipe lines shall be judiciousy
adopted whenever lengthy pipes are proposed as length of pipe has direct bearing on (umiing.
head thereby on pump capacity & surge protection system. '

Generally, MS pipes and PSC pipes are under more usage in Iirigation schenjes, But GRP
pipes also entered into the market recently performance of which is yet to be established, Whils:
designing the pipe dia, it is desirable to limit the velocity in MS pipes to 2.0 m/sand 1.5 mfs in PSC.
pipes. Vielodty more than 2.0 m/s in MS pipes may be considered for the schermes with shortan
length of pipes duly examining the impact of pump capacity.

The M5 pipe thickness may be calatated based on :
# - Deflection Criterna
» Slress Oriterda - Conmipressive Stress & Tensile Stress
»  Buckiing

Minimum thickness of MS pipe may be as per recommendations given in IS : 1916, Hawever)
as a thumb rule, the D/t ratio may be provided 185 for pipes with shorter length & medium heads
and T3/t ratio upto 150 for high heads with lengthy pipes, subject to satisfying the surge conditione

VI. Surge proteciion sysiem

Whenever power fallure oocurs, rapid changes in velodty and associated change in pressure
results in the pipe line causing surge pressure. Power fallure leads t© movament of upsurge and!
down surge waves along the rising main and the waves travel with high speed developing low &
high pressures all along the pipe line.

Diawn Surge Related to pressure drop or minlmum pressure. Pressure drog)
immediately after power fallure at peak locations causes negative
pressure, which may even go down Lo vapour pressure,

Up Surge Related to pressure rise on maximum pressure, When separated water

elumn rejoins, sudden pressure rse ooturs

b=f
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Surge analysis is a very complicated phenomenan and needs thorough analysis of the pipe
{ine profile w.rt surge heads to assess type and number of surge protection devices at appropriate
lncations. Due attention shall be given to the surge analysis of pipe lines for schemes with high
heads and lengthy pipes.

The surge generated can be contralled by providing surge protection devices.

\arrious Surge protection devices [ In ascending arder of prabable cost -
Air Valves /[ Air Cushion Valve
> Stand Pipe
Surge relief Valves
« Zero velocity valves
(ne Way Surge Tanks
Air Vessals

VIT. Design of Pump House
The pump house arrangement s not same for all the type of pumps. They can be classified
a5 .

[:] Wet Pit Pump House - The pump / impelier will be submerged in the water. Substructure
will be with water for full area. Ex ; Pump house with Vertical
turbine pumps,

The dimensions of VT pump house / sump can be calculated based
on the guide lines given in BHRA [ HIS [ IS © 15310,

Access to all the components including pumps will be thers
Sybstructure will be without water and in dry condition  because
of which maintenance is easy. Ex : Francis turbines and Volute
Pumps

Desian of Stoplog : The stoplog gates for VT pump house may be designed for LWL operation
arly, whereas stoplogs for dry pit pump houses shall be designed for FRL condition to fadilitate
maintenance of pumps above LWL also, as It cannot be waited for maintenance till the water in
the source falls to LWL.

Mator Flaor Level : Multiple lifts with lengthy approach canal preceding the pump house in the
absence of Balancing Reservolr need proper drainage system / escape regulator to avoid inundation
of successive pumping station during power failure. The motor fioor level shall be kept above the
possible Inundation level,

(3 Dry Pit Pump House -
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The abjective of sump and approaches is to provide storage and good flow c{mr:lit}amﬁ
pumps, If the design is with poar geometric features, undesirable flow conditions develop in thy
sump which reduces the pump efficiency.

VIII. Intake Sump / Surge pool / Fore bay

To develop uniform, steady and non-turbulent flow conditions n the sump, It rsrecumw,

to allow maximum velocity of 1.2 m/s at the entry of forebay and 0.30 m{s near the pumps, To I

achieve the above requirement, the forebay may be tapered with limiting enlargement anghg.;;‘
plan to 20 degrees and bed slope of forebay in elevation from entry limiting to 10 degress,
However, it Is desirable to provide !5 degrees in plan and bed slope of B degrees,

It is desirable to have the sides of forebay on water side with vertical face only ( atleas
upta LWL ) as siopes cause off sets near pump house resulting whirling effect generating vortices.
Further, near the pump, jump formation shall be strictly avaoided as it creates turbulence nm
pumps. Further, proposals of intake sump for major LIS shall be ascertained by physical sump

model studies and satisfied for fire tuning of the flow conditions, before commencement of
execution.

Intake sumps in the river foreshore shall be provided with controlling arrangement at entry

of forebay also to facilitate malntenance of the sump, in addition to the gates provision in froft of
the pumps.

IX. Delivery Cistern / Out fall structure

Defivery cistern will be provided to dissipate the energy of water falling freely from the
pressure mains and delivers Into the canals. To have better energy dissipating arrangement, the
bed level of the leading canal should always be kept above the bed level of the cistem. Measuring
gauges may be providad in the dstern to assess the discharge and losses in the conveyance if any,

X

SCADA — Supervisory Control And Data Acguisition
Whenever Multiple pumping stations are Involved in a L1 Scheme, it needs proper mumtnnng

and vigilance for better synchronization, for which SCADA installation is mandatory, which collects:
and detects data such as :

Planning & Desian

s Nor-functioning of pump [ pumps in any of the pumping stations
» Non performance of any of the surge protection devices such as air vessels / One way
surge tanks ( OWST ) etc,.
« Records data during operation of the scheme
= Monitoring the inflow and outflow discharges of pumping station as well as pumps discharges
= Power requirements
SCADA will be controlied at one station and the total allgnment can be monitared with it.
The arigin of fallure of any component of the system enroute the alignment can be detected using
SCADA, with the help of which operation of other pumping stations can be controlled.

4. Important aspects in design of major LI schemes

Influence of Velocity and number of rows on LI Scheme

Influence of Velocity in Pressure main on Pump

For every 0.50 m/s rise in Velocity of pipe, frictional loss rises by 75% to 100% with

reduction of dia by 11% to 13% only. Smaller dia is economical during initial stage of construction
bit power cansumption will be high . Higher dia needs less power but with high initial cost.

A)

Hence, it is desirable to allow higher velocities in shorter length of pipes and lower velocities
in lengthy pipes ( particularly when the length of pipe Is in KM ) owing 1o the recurnng power
it
consumption annually.

Advank of minim fr

More number of pipes leads more frictional losses as well as enhanced pumping heads /
pumping capacities and more quantity of steel. More pipes with smaller dia causes more frictional
losses and Initial cost as well as recurring power cost over lesser no. of pipes with bigaer dia with
same velocity. Further, more number of rows need more land acquisition and CM & CD works.

Hence, it is desirable to provide bigger dia with less number of rows of pipes, particularty
for the schemes with lengthy pressure mains.
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B)  Precautions to be taken in laying and design of Pressure mains

Pipe lines I Soft Soils

« Care shall be taken in designing and laying of pipes in soft soils / BC solls efc,, Elther pipe
shall be designed for the soil condition or the refilling has to be done with selectad solls as
the sail modulus is also one of the parameter in design pipe thickness,

* As the soil modulus Is also one of the major property influencing the pipe thickness, it Is
mandatory to have the refilied soil gets compacted to achieve minimum of 90% Pagpctors
tensity.

« Water logged areas causes settiement of pipes or uplifting of plpes.

Hence the above figld conditions shall be conveyed to the designer wherever the pipes
pass through such areas.

Clear distance between Pipes

Clear distance between pipes shall be minimum of 3.0m for the schemes with pipes with
more than two rows for bigger dia pipes for the following reasons :

= When multiple number of rows of pipes are laid and some of the pipesare only in operation,
then pipes without water may create instability among the combined trench or when pipes
are ciusely placed

* There will be scaur slulces / washouts with projections to flushout the water in pipes and
which get overlapped whenever pipes are closely placed. -

« It is desirable to have independent thrust blocks to avid problems during O & M in the
vicnity blocks particularly for lenathy pipes.

« If adequate clearance i not provided in water legged areas, whenever any one of the pipe
is empty, imbalance condition develops which results in settisment or uplifting of pipe

+ Handling of heavy / bigger dia pipes need crane for erection & maintenance which needs
3.0 m ( min) clearance in between pipes

* Whenaver next pipe is to be laid after first was already in operation, It needs excavation
and disturbs existing pipe trench, Thus weakening the degree of compaction made to first
one and resulting imbalance of earth pressure on existing pipe. If sufficient gap is provided,
the effect can be minimized.

6-)

- i) Plannlng B DEﬁign
Connection of pump delivery pipe and pressure maing

*  When multiple number of rows of delivery pipes are required to be connected to a pressure
man,.4 manifold { cylindrical or WYE type ) is required,

= Whanever stand by pump is provided, cylindrical manifold may be mandatory { twice the
dia but not less than equivalent dia of pressure mains) as the rotation of stand by pump
among the wye junctions is not possible to satisfy equal discharge In pressure mains,

5. Conclusions

As major L1 schemes are golng to play major role in toming days, due attention shall be
given to the planning & design for better perfornance & efficiancy of schemes.

The allanment shall be so chosen comprising shorter length of approach channel and the
sherter lenath of pressure mains. As far as-possible, greater length of gravity canal may be
provided for economy in major LIS with lengthy alignment.

Pumps function as heart of LIS and hence attention shall be given in fixing the duty point
of the pump. For optimization of the scheme, duty point shall be w.rt water lével above the LWL
Major LIS shall be designed for 24 hours pumping. Pumping discharae shall be desianed for mean
average of crop water requirement wherever intermediate balanicing reservoirs are present with
pumping stations Importance shall be given In planning. of proposed sump
dimenslons and arrangement finalization as any undesirable flow condition leads to damage of
pump Impealler resulting in reduction of efficiency as well as pump break down.

As the pressure mains act as nerves of LIS, care shall be taken for pipes when they are ta
be |aid In BC soils;, water logged area and at crossing of vagus/drains, Low vilacity in the pipe
would be economical for the schemes with very lengthy pressure mains, however higher velocity
may be permitted for the schemes with shorter length. Larger dia with less number of rows may
be economicat w.r.t. installation cost as well running cost. Adequate clearance shall be maintained
between plpes for stability as well as maintanance purpese. Due attention shall be given to surge
parameters which are vital aspects for proper futictioning of the pipe line

LI Scheme comprising multiple pump houses shall be provided with SCADA for abserving
f monitonng systeim behavior as wall as to take precautions against surge.
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PREAMBLE:

1

The state governemnt of Andhra Pradesh has taken up large number of lift irrigation schemes
to provide irrigation to drought prone and upland areas in order to give boost to agricultyre
sector and rural economy. In many of these schemes mild stesl Fipes with inner lining and
outer coating are being utilized due to higher Iift and other technical paramenters, These are
capital-ntensive schemes due to high cost of steel pipes and need very stringent quality
control measures to be enforced during project implementation stage. The quality aspect
has to be ensured at ail stages starting from procurement of raw meterials miairly mild steed
/ steel plates, cement, welding electrodes and during processes of manufacture, transport,
handling, laying and testing at variqus stages. This needs to be enforced to minimize
subsequent maintenace problems, related to quality of pipes and their laying, over decades
long life span of these projects.

There are various 1.5. Codes prescribing the quality standards for aforementioned activities.
However, during inspections of Guthpa L.1. Scheme and GLIS in Nizamabad and Warangal
districts respectively, it has been observed that many of these codal provisions are nat being
adherad to with 2 view to educate and refresh the knowledge of the departmental engineers
these guidelines consolidating varlous 1.S. Code provisions are being Issust for strict
compliance to ensure quality In these projects.

These guldelines are only lllustrative and engineers shall read all the relevant IS codes for
ensuring the quality at their level of functioning and supervision,

FABRICATION OF PIPES : 1.5, B00:1962
a) RAW MATERIALS :
i) Steel:

e The pipes shall be manufactured from steel plates conforming either to
5. 226:1975 or to 1S, 2062 : 1984,

e  Manuracturer shall test steel plates for quality, Test certificates shall be obtained
fram the manufacturer / steel producers along with the steel procurement,

e  Test piece from steel plates shall be sent for testing for mechanical properties and
chemical composition to engineering / metallurgical laboratory (jes)

G-l
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i) Welding Electrodes :

e Welding electrodes used for welding steel plates shall conform to 1.5, 814 (Part 2)
IS 814 (Part2) - 1974,

e For welding, Bureau of Indian standards approved welding electrodes of very
reputed companies like, Advani-Orlikan, DEH, ESAB, 101, Modi, L&T and Rock

weld may be used.

iii) Portiand cement ; The cement used in the lining and coating of steel pipes shall
conform to 1.5, 8112-1989 (43 Grade).

iv) Sand : Sand shall consist of inert materials having hard, strong, durable uncoated

grains conforming to the requirement of 1.5. 2116,

v) Reinforcement : Reinforcement shall be with 50 X 100 mm. welded wire fabric.
The wire shall conform to the requirements of 1.5, 1566

b) PIPE MANUFACTURING PROCESS :
1} Cutting of steel piates

e  Trimming: If the steel plates recelved from Manufacturer are untrimmed, the
untrimmed edge shall be cut. The steel plate cut shall be a true rectangle.

»  Longirudinal Joint : The length of piate shall be selected in such a manner, that
only one lengitudinal joint is formed.

e Edge preparation ; Straight edge preparation shall be done for steel plate for
longitudinal and circumferential butt joints to be welded at the factory by submerged
arc welding. Bevel (single "V'-grove) edge preparation shall be done for
circumferential butt joints to be welded at site manually, after laying of pipes.

i) Welding of pipes :

» Al welds shall be made down-hand by manual welding automatic shielded arc
weldirig process,

s Prior to welding, the plates shall be fitted closely and during welding they shall be
held firmiy.

e Welding shall be done to ensure thorough fusion and complete penetration, The
welding shall be as per 1S, 816 ; 1969,
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C) TESTING OF BUTT WELDING :
a) Radiography & Ultrasound :

The butt welds of longitudinal and Circumtergntial jnints at the factory done

submerged arc welding shall be tested at the rate of 5% by radiography :md‘

ﬁ!anq& 95%&3 ultrasound testing or as Per terms of agreemant
€ cirtumierential butt-welding done manuai) 2 i
;:?T'Ed ;t the rate of 100% by ultrasound tlsn‘.l:ilsg."l SR, 8 e 1
€ radiography films and ultrasound pri :
. print records of quality check i
manjufamne shall be presented by contractor to the site Ina{hatrge EE: j“-?_;t;rte i
Quality Control Staff before dispatch of these to the fisld ? e

b) Pressure testing of pipe (Hydro static pressure test) :

E‘-aacnhuggﬁ r::ﬁ;rlg_t;e E:?rauful;—.gly tested at 2 times the working pressure at tha
"e beiore the pipe s lined and coated. Th
under pressure by pumping water for a perl bbb
: i period of not less than ane minLite
uhder pressure; the pipe shall be moderately hammerad with 1 kg trtér;unrlﬁ

throughout its length. The pipe sh '
S pipe shall withstand the pressure test without showing

d) IDENTIFICATION NUMBER OF PIPE AND MAINTENANCE OF RECORDS :

Each pipe shall be aiven an identification number and painted on each pipe, It

shail be recorded for all i
quality tests like radi trasn i
et and records shall be malntained. o e -

II. LINING AND COATING OF PIPE - L5, 3589:2001

)

i

it}

Lining : For lining of pipe, the cement m
; ortar shall be composed of cen

ﬁ:f] W:;ﬂ!' well mixed and of proper consistency to obtain a dense h%rfnt:zrslirm

dgmat will adhere firmily to the pipe surface. It's prportion sr;all beng ruif
55::-; 1Iﬁmnl‘-.r pdaa;'rgferge:nzﬂh;u Hﬁﬂ?rh‘mmg shall be done by spinning mav.!}r:ne

f e purpose of rotating the nj i

centrifugally applying cement mortar lining to the mter:'::?r urE s'::g s-_erhun ajnd
shall always be done at the manufacturing site. R

Coating : Cement mortar sh i
all consist of not more than 3
s =a
ﬁ;;rgrgyr :ﬁ}ghté The water in the mixture shail bie camfuliacmntr;?edmsi tﬂ!?ar:
nNat 1ur, sag or segregate. Reinforcem ant I i
mm welded wire fabric. The outside oi e g a0 400
i Fipe shall receive a reinfo
coating applied by mechanical placement i il
or pne| : - i
shall always be done at the manufacturing sih[.:. o e The civg

Curing : Immediately after finin i |
" g and coating pipe sections ma be

l:;_;;r:]ng area and water sprinkled by sprinklers. The curring shnu'rrrd bemdt;h;:‘:d t?
g and coating attains reguired strength, o5
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[II. LOADING, TRANSPORTATION, UN -LOADING AND STACKING OF PIPES -LA.5822 : 1994
a8) Loading and unloading:

The Pipes shall be handled in such @ manneras not to distort their circularity or
rause any damage to thadr cuter coating.

Slings of canvas or equally non - abrasive material of sutable width or spedal
attachment shaped to fit the plpe ends shall be used to [Ift and lower costet plpes,
=0 as to eliminate the risk of damage to the coating,

b) Transportation and Stacking :

The Pipe shall be transported to the site of laying and stacked along the route on
timber skids. Padding shall be prowided bebween coated pipes and timber skids to

avoid damage to the coating.
Suitable gaps in the plpes stacked should be left at intervals to permit access from
one side to the other,

IV, TRENCHING - L.A. 5822; 1994

For pipes larger than 1200 mm dia, in earth and murrum the curvature of the
baottam aof the trench should match the curvature of the pipe as far as possible,
subtending an angle of about 12 degrees at the centre of the pipe.

Where rock or boulders are encountered, the trench shall be trimmed to a depth
of at least 100 mm below the level at which the bottom of the harrel of the pipe is
to be laid and filled to a like depth with lean cement concrete or with non-
compressible material like sand of adequate depth to glve the curved seating.
There shall be adequate space at bottom of the pipe for entry and sufficient
movemant of person doing welding task.

V. LAYING, ALLIGNING AND FULL WELDING OF PIPES - 1.5, 5822 :1994
a) Laying:

Slings of canvas or equally non-abrasive matenal of sutable width or special a
ttachment shaped to fit the pipe ends shall be used to lower pipes Into the excavated

trench.

k) Aligning of pipes :

While assembling, the pipes shall be brought close to have a uniform gap not
exceeding 3 mm, The pipe faces shall be matched perfectly without any offset.

The spiders from inside and tightening rings from outside or other suitable
equipment should be used to keep the two faces in shape and position il at least
one run of welding Is carmied out.
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€) Full welding :

e  Thepipe faces shall first be tack-welded alternatively at one ar
opposite paris of points, After completing out in welding,

carried out in suitable runs following sequence of welding
diametrically opposite.

e For welding Bureau of Indian Standards approved welding e
(Partd ): 1574 of very requied companies like Advani -
Modt, L &T and Rock weld may be used,
VL. Back Filling - 1.5 5822 : 1994

Orlikan, D &H; ESAb< "’L

o While back filling the t-2nch under the weld Joint of two P
and consolidated,

Back filling should Ciwatay roflow the welding of Joints of the

Pipe, 50 that tha
protective coating should not be subsequently damaged.

e Material harmful to the pipetine shall not be used for back filling Refilling shall e
done in layers naot exceading 300 mm,

o Each layer shall be consolidated by watering and ramming,

care being taken iy
prevent damage to the pipeline,

e The filling on the two sides of the pipeline should be carried out simt
VII. Testing of pipe Line - 1.5, 5822 : 1994

e The welded pipeline shall be tested both for its strength and leakage.

s  Each section of the pipe shall be slowly filled with clean water and all air shall be
expelled from the pipeline and cpecified test pressure shall be applied by means of
pump connected to the pipeline. Under the tect pressur
shalll be visible at all section pipes and welded joints,

il taneotusly,

2, 1o leak or sweating

Any defective pipes discoverad in consequence of this pressure test shall be removed

and replaced by sound material and the test shalll be repeated untiil satisfactony
results are obtained.

PIPES WHICH SHALL BE CONSIDERED SUB-STANDARD ON VISUAL
INSPECTION AND REJECTED.

e Lamination of MS Plate.

e Inner lining having cracks exceeding 1.5 mm.
e  Pipes having two longit.  nal Joints,

VIIL.
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PUMPS
";{HDELJNES FOR PUMP SELECTION FOR LIFT IRRIGATION SCHEMES
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selection of diameter and the type of pipe required lor pressure ma

i 58 |

lrigation is practised in India from ancient times and expenence ;m: e:g:;:;i nﬁ-

i Il tems of works in irrigation system ex{:.c_,-pl the Pump i
“a”able' octakr d Books are available for Pump Selection, all the require bl
Thﬁ_ugh_bertaln gc;f;ble in one compact Book to serve the needs. Thl_-s bo_u B
mamnelj l:i ?:; that in view and after going through the Literature a;egléz:i: i?inen
pfil?:;l and aﬂer collecting the required information from the daﬁer:; -
; '{'19 renowned Authors. It deals in sufficient detail how t-? prc;:; e
Iiﬂl:t of the Suction and Delivery Pipes, type of Pump arn;il1 MFTT:; ‘_:UUSE sisdeldg
and also the dimensions of Civil works like; Sump well, ?

i i i bject,
In addition to making use of the works done by different authorme{fu?: ;l‘;t: j:; p; A
the following standards are referred to for laying down the proce
lsction and hydraulic design of intake (sump).
Indian Standard Specifications. | mwaly
Standards of American Hydraulic Institute for Horizontal Centrifugal p X

i i ine pumps.

Standards of American Water Works Association (AWWA) for vertical turbine p

ati fc design
Standards of British Hydraulic Research Association (BHRA) for Hydraulic g
of Intake (Sump).
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Since specifications and standards used, are of different countries, the units useg
also different viz., metric, I.p.s. and American uniis in the following pages and Annm

In Annexures | to XI the lollowing are presented. -

a.

® & s g

"

Guide lines of permissible velocities in suction pipe, delivery pipe, column asw
and pressure main.

Schematic diagrams for two typical layouts.

Drawing indicating the relative positions of pumps and motars.
Efficiency and cushion to be adopted.

Graph for reading permissible suction lifts,

Field information required for selection of pumps and motors,

The following Data shiould be invariably made available lor finalising the pump s&
lection lor a lift irrigation scheme;

a. Schematic Diagram of the LI scheme giving the layout, location of pump house, |

suction, delivery, Pressure Mains and Delivery Cislerns. I

b. Hydraulic particulars in the Prolorma given in Annexure-VIlIl

¢. Longitudinal section (LS) of the Pressure main to indicate whether it is in culfing §

or banking and whether there is any sudden drop or rise in the pressure
In such cases, bends are 1o be pravided tar which Iriction losses are to be com
puted and added.

d. A plan showing the alignment of the pressure main for the same purpose i.ﬂrh |
providing 80 ° or 120 ° bends where ever there is a change in bearing of lhe I

pressure mairi.

Specimen, Schemalic diagrams of LI schemes with Horizontal and V.T.Pumps a%
given in Annexure X, Xl respectively. |

The pump selection is done broadly as per the guidelines given balow:

If the total suction lift including losses is less than 7.50 Mis., Horizontal centrifugil
Pumps are genearally suitable. Hence, in such cases, pump seleclions are hﬂ
worked oul for Horizontal shalt pumgps initially,
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|l the total suction lift including losses is more than 7.50 Metres, We must go in for
VM T.Pumps enly. Horizontal shafl pumps are not suitable. Hence, pump selection is
o be worked out for V.T.Pumps.

- However in certain cases where even though the total suction lift is less than 7.50

Metras, we may have o go in for VT.Pumps because of high specilic speed.

. Exact suction lift is determined on the graphs of IS standards or standards of Ameri-
¢an Hydraulic Institute after working out the specific speed of the pump and reading
it against the total head of the pumip. Except in cases of very low powered pumps
of the range upto 15 HF, suction lift will generally be less than 7.5 Mis.

Initially (2+1) Nos. i.e. 2 Nos. working and one stand bye is worked out. Sometimes
with this arrangements, it may so happen that there is litlle margin between total
suction litt and permissible suction lift as per the Graph {Annexure-VIl). This situa-
tion arises when the discharge of each pump is high which, when combined with
the other parameters like; total head and speed and gives a very high specitic

‘gspeed, To reduce the specific speed, we will have 1o first try to reduce the speed

from 1480 rpm (nominal) to 960 rpm (nominal). Since total head of the scheme is
consiant, in order o bring down the specific speed to the manageable limits either
discharge is 1o be reduced by increasing the No. of pumps or the speed of the
prime mover may be reduced. Since specific speed varies directly with Q, reduction
will not be so significant as it is incase of reducing speed ol the mator, say from 1460
o 860 (nominal). This will huwever increase the size ol pump and moltor and also
the cost of the equipment. Ewven then, if it is not suitable, then we will have o
increase the number of pumps to reduce the discharge and thereby reduce the
specific speed i.e. pump selection Is to be tried with (3+1) Nos. or (4+1) Nos.

System Resistance losses: when 2 or more pumps are run in parallel 1o feed a
common pressure main, there will be a certain amount of reduction in total dis-
charge. This is called system resistance loss. To take care of this, each pump has
to be designed for a slightly higher discharge after taking into account the percentage
losses as given below:

The exact quantity of reduction in discharge can be computed by drawing the sys-

114 tem-Head curve, since it is not possible before fixing the supplying agency and the

make and model of pump, the percentages given below are applied which give a

airly correct assessment of the loss of discharge Irom each pump, Howeverina

major scheme say for an ayacul of 10,000 acres or so, the lenderers may be asked
to furnish the system-head curves of parallel operation, along with their offer.
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When there is no pressure main

a.

b. For(1+1) system of pumps il

c. For(2+1) system of pumps 58
d. for (3+1) system of pumps 7.5%
g. For(4+1) system of pumps 10%

Suction sid
Static suction lift= Pump axis - LWL in sump well
Pumnp axis level = Platform level of pump + 0.3m to 0.5m

The dia. of suction pipe is 1o be arrived for the discharge, keeping the ity
{hrough the suction pipe within the permissible velocities given in enclosed Annexu

KV?/2g
0.5

a. Entrance Losses =
Where, K is constanl =

v = \ielocity in suction pipe

q = Gravitational force i.e. 32.2 f/sec?
b. Frictional Losses in suction pipe & fitting,
Approx length of suction pipe = 25' lo 30" approx. or the aclual length.
Equivalent 90° bend = 1 No.

Equivalent length of 1 No. of Bell mouth or Foot valve with strainer.
Total equivalent length= 25' + Equivalent length of 90° bend + Bell mouth or Fool vahe.

Frictional losses in suction pipe can be obtained from the William and Hazen Formula of
IS Standards.

.r-_

469
\psses as per the Formula =~ X (Q/C) "B xL
|
D 4,87

Where, D = Dia of suction pipe in fi.

Q = Discharge through each suction pipe in Cusecs.

L = Equivalenl! length of suction pipe and fittings

c e 120 for MS. or ERW pipe (Old or New)

Static suction lift + Entrance losses
+ Frictional losses in Suction pipe & fittings *+A

fotal suction fift including losses =

Static delivery head

Delivery level al Cistern - Pump axis lavel.

The dia. of delivery pipe is to be arrived for the discharge, keeping the velocity through
h& delivery pipe within the parmissible limits given in enclosed Annexure - IV (A).

;. Frictional losses in delivery pipe and fittings:
1 Approx length of delivery pipe

25' approx, or as per acluals

Equivalent length of Reflux valve = 1 Mo.
Equivalent length of Sluice Valve = 1 Mo,
Equivalent length of 90° Bends = 2 Nos.

Total equivalent length =
Loss of head in delivery pipes and fittings can be obtained from the Formula;

4.89
| Losses as per the Formula = x(Q/iC)'SxL
D 4.87
Where D = Delivery pipe dia. in L.

6-5
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e. Exillosses=V?/2g

o
I"

Discharge through delivery pipe in Cusecs
L equivalent length on delivery side
& 120 for MS, or ERW pipe (New or Old)
Loss of head in the Manifold being small, it is ignored.
d. Loss of head in Pressure Main:
.Thﬂ dhd‘prmure m:ain is Fa I:re arrived for the discharge, keeping in view fh
maximum permissible velocities given in enclosed Annexure - IV (C). To arrive mﬁ-;’

most economical dia. of pressure main, alternates may be worked out changing the diy
of pressure main, calculating HP, of each pump sel and the cos!, water rates etc. =

Equivalent length of pressure main = Length of pressure main in ff. +

equivalent length ol 3 Nos.ol 90° bends {mimw '

Total length can be arrived;
The loss of head in pressure main can be obtained from the

469
Losses as pef the Formula = ~————— X (Q/C) "85 x |
D 487
Where D = Dia of pressure main in ft.
Q = Discharge in cusecs
C = 110 for pressure main of cc pipes or 130 for PVC pipes
L = Tolal length of pressure main in i,

Where, V= Velocity in pressure main and g = 32.2 ft/sec?.

Total defivery head including losses = Static delivery head + losses in delivery pp:
and fittings + loss of head in pressure main + Exit losses ............... (B)

Total pumping head of each pump = Total suction lift including losses + Total Deli
ery head including losses + % Dia. of pressure main in ft, 1

6-6

e may be taken that discharge occurs through the exit in the atmesphenc conditions
i.e. the pipe should never come under submerged condition.

above total pumping head is used for finding the Ns (specific speed) ... ... h
I\
4 Add 10% on losses for aging of pipes
s total pumping head is adopted for the purpose of finding out HP of the pump...H

|
| 3.65 x 1460 x -J'E
gpecific speed at 1460 RPM (nom) N, = -mremmmemeerr e e

Whers Q = Discharge in CunvSec
h = Total head including iosses, in Metres

Note: For a Doublesustion pump Q/2 may be taken instead of Q or specific speed may
be divided 2

Exact suitability of the pump can be obtained from the Graphs as per 15-5120/1977 1.e.
a5 per enclosed Annexure -VII. Alternatively il the graphs of Amencan Hydraulic Insti-
Wte are relemred to, the formula is

Nx.Jo

H. = emssemmesese s
(h) *
Where N = speed in rpm
Q = Discharge in American gallonis per minute
h = Tolal head in ft.

The advantages are
) Classification with respect to impelier design of the pump is done more precisely.
i)  Suction lift for a double suction pump can be read directly.

The suction lift ling on the Graph for the duty conditions (l.e. discharge and head)
should be more than the total suction lift including losses. Thera must be minimum
difference of 0.50 Metres.
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o

it there'is no such sale margin, the number of pumps may be increased. Evenijie
il it is not within the fimits, V.T. pumps have lo be necessarily proposed. E

-
H.P. Caleulations i
6245 xQxH <
% N —
850 %'n "k
Where Q = Discharge of each pump in Cusecs 1 |
8 = Total pumping head in feet. “~ 1
n = Overall efficiency of the pump as given in the enclosed Annaxumﬁ '
Cushicning is 1o be added as per enclosed Annexure-VI. e
The HF is 1o be rounded off 1o the nearest range ol HP. |

Sizes of Sump-well, Pump house -
Based on the sizes af pump, molor and as per the dimensions given in the drawing ﬂ
Annexure-1) the sizes of sumpwell, pump house can be arrived. '

Hydraulic Design of Approach channel and Iniake ‘4

Foroblaining the maximum degree of steamline flow, flow to the intake or sump is rained
right from the paint of entry in to the channel. Ideal conditions for the mast satisi____' :
working of the purmp is when it runs in still water. Since it is not possible 1o allow g
condition, cerlain standards based on the model studies are adopted.

i) Velogily in the approach channel should be restricted to 1 1o 1% fi/sec or 0.3 10048
mfsec.

i) Angle of approach should be kepl within the range of 45° to 75% with reference tofhi
chord on which the pumps are localed i.e. on the axis normal to the flow ol w i
the intake. The angle of approach should vary directly with the quantity ol liow.

i} Portion of the intake or sump from the location of pump uplo the length of MHgille_lﬁi L
separators should have zero slope i.e. it should be perectly levelled.

iv) Tominimise the effect of interlerence when two adjacent pumps are working, séps
lors of specifiad lengths may be provided and raised to the height of max. ora zt

G-

Pumps

normal level of waler in the sump.
v) Backing wall may be provided.

vi) W trash rack is provided in a major LI scheme, it should be located al the entry of
water into the separate compartments.

vii) Enough margin in-depth may be kept Tor providing minimum submergence which
depends on the cavitation, characteristic of the pump and which is lurnished by the

manufaclurers.
Available NPSH at LWL = Pr-P-A
Where  Pr = Atmospheric pressure - As shownin IX Aor IX €
P = Vapour pressure As shownin X B

= Total suction lift including losses.
Plztiorm level - 1,00 Metre.
Available NPSH at Lwl + (Max. W.L.- LWL )

Max. Water Lavel
Available NPSH at Max, WL

]

Il

The manufacturer of the pump should be asked lo specily the NFSH required for the
pump he is offering. There should be a clear margin of 0.6 metres belween NPSH
available at LWL and NPSH required. The NPSH available should be more by at least 0.6
metres than the NPSH required. When this is nol the case, cavitation will accur during
running of the pumps and so the particular pump is not suitable. We will have 1o goin
anly for such of the pumps whose NPSH required is less than NPSH available at LWL by
the prescribed margin.

Selection of lype of impeller

Whereas in centrifugal pumps, reading the graph itsell will indicaie the type ol impeller
which is required for the duty conditions as it is directly related to the suction lilt, it will not
be the case in vertical turbine pumps as there is no question of suction lift. Hence it is

absolutely necessary in selecting vertical turbine pump to check the specific speed and
the duty condition with reference to the configuration of the impeller design.

In American units, the specific speeds for different types of impellers are given in the
following tables.



Pum

e

Type  Centrifugal Mixed Flow  Mixed Flow  Axial Flow |
Double-suction Double-suction propeller propeller

N, 1250 2200 6500 13500

gpm 2400 2400 2400 2400

Head (ft) 70 48 a3 20

rpm 870 1160 1750 2600

D, (in) 19 12 10 7

D,/D, 0.5 0.7 0.9 1.0

These specilic speeds may be compared with the total pumping head and it hay be
seen whather they are matching. If they donet, change the speed of the prime mover
according 1o the requirements.

rizo
Hydraulic particulars
Discharge - 10 Cusecs
Lwl in sump well BB 545 Melres
Baottom finished level ar sill levei of sumpwell 86.395 Metres
Platiorm level of pumps + 93.50 Meters
Pressure main dia. To be arrived

Length ol pressure main 149.00 Fi. or 45.50 Metres

No. of Rows of pressure main .+ One

Delivery level at cistern + 101.80 Metres

Static suction lift 93.50 + 0.30 - 88.54 =5.255 Mts.

or 17.24 fest
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101.80-{93.5+0.30) = 8 Melres or
26.25 feet

Since the static suction lift is less than 7.50 Metres, the suitability of Horizontal shaft
pumps is checked hereunder:

-S_lalic delivery head

No. of pumps proposed = (2+1) =3 Nos.

Discharge = 10.00 Cusecs

Systemn resistance losses for (2+41) system at 5% = '0.50 Cusecs
10.50 Cusecs

= 5.25 cusers or 0.1487 Curn or
148.68 Lps or 2357 Usgpm ar 1564 Igpm

Discharge of each pump=10.5/2

Selection of suction pipe, assuming 14" dia. suction pipe

5.25
Mg evesspsmmamemeseras w01 fU'8EL

(wa)x(1412)2

The velocity in 12° dia. suction pipe is 6.68 ft/sec. against the perrissible fimit of 4.5/
sec. Hence, 12" dia. suction pipe is not suitable. The velocity in 14" dia. suction pipe is
4.91 f/sec. which is within the permissible fimit of 5.0 ft/sec. Hence, 14° dia. (350 mm
dia.) sugtion pipe is recommended.

Entrance losses =05x (4.91)2 /(2x32.2) =019t ... {a)

Frictional losses in 14* dia. suction pipe & fittings;
Total length o 25+36+30

91 i

Loss of head ( as per Tabile ) (7.21100)x 91 =0.661H. ... (b)
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469
O Cesiice i % (5.25/120) 1% x91 = 0621

( 14/12) 457

Jotal suction iift including loses = 17.04 + 0,19 4+ 0.62 = 1B.05 fi. or 5.50 Melre. ...(A)
Selection of Delivery Pipe, assuming 12* dia ( 300mm dia ) delivery pipe
5.25
Vd= - — = 6.68 fi/sec
/4 x (12112)°

The velocity in 10" dia delivery pipe is .62 lUsec. against th!e permissible limit of
g§.5#/sec. Hence, 10" dia delivery pipe is not suitable. The v:alm;:ty in 12" dia ( 300mm
dia) delivery pipe is 6.68 {/sec. which is within the permissible limit of 8.50 Usec. Hence,
12* dia ( 300 mm dia )delivery pipe is proposed.

Frictional losses in 12" dia delivery pipe & Fittings
=Total length =25+ 44 + 6.5+ 2x30=135.5M
Loss of Head ( as per Table ) = 15.3 x 135.5 § 1000 = 2,07 flcsiinnnen (c)

or 4.69/ (1212)*#7 x ( 5.25/120)'®5 x 1355 = 1.95 It
Loss of head in the manifold being small, it is ignored.
Loss of head in pressure main, assuming 24" dia ( 600mm)
10
Vor = =3.16 ft/ sec
wax(2412)°2

The velocity in 20" dia pressure main is 4.58 ft/sec. against the perrnifsilt'de lirmit of
4 fysec. Hence, 20" dia pressure main is not suitable. The valuqty in 24" dia ( 600mm
dia) pressure main is 3.18 ft/sec. which is within the permissible limil of 4 fi/sec. Hence,

6-12

24" dia ( 600 mm dia ) pressure main is recommended.
Total length = 149 + 3x63 = 338 leat

Loss of Head ( as per Table ) = 1.93 x 338 / 1000 = 0.65 fl..oiiniadd)
or 4.69/ (12/12)*%7 x (10/110)"8° x 338 = 0.63 L.

Exit losses =3.182/(2x13.2) =016 1.

Total delivery head including losses = 26.25 + 2.07 + 0.65 + 0.16 = 29.13 ft or 8.88
METES: 0000 s (B)

Total pumping head of each pump = 18,05+ 29.13 + 1.00=48.181 or 14.68m for Ns.
Add 10°% for ageing on losses =48.18
0.28
48.47 ft or 14.77 m per HP.
3.65 x 1460 x ( 0.1487 ) 08
Specilic speed al 1460 rpm Ns = - =274
(14.68) %

As per 1S-5120/1977, the suction [ift limit for single stage, double suction, radial low
pumps is about 6.20 Metres against our requirement of 5.50 Metres. Hence, Herizontal
Shaft, single stage, double suction, radial flow pumps running at 1460 rpm. are recom-
mended.

HP Calculations
62.45 x 5.25 x 48.47
HP= - = 38.52
550 x 0.75
Add 10% towards Cushioning = 3.85
MNext range is 50 HF 42.37
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Hence, (2+1) Nos, 50 HPF, 1460 rpm (nominal) motors are recommended.

NPSH Calculations
Available NPSH at LWL =33.9-3.0-1805=1285ft.or3.92m
( As shown in Annexure IXa, IXb and IXc)

Max. Water level = 835-1.00 = 925m
LWL = BB545m
Difference = 3.955m or 12.98 ft.

Available NPSH at Max. W.L.=12.85+ 1298 =25.83 or 7.87 m.

T Uriine fumpsets

If the static suction [ift is mare than 7.50 Metres, V.T. Pumpsels are to be proposed.
Discharge of each pump is to be arrived after considering syslem resistance losses.
1. Selection of delivery pipe & Column assembly.

The delivery pipe dia. can be arrived from V = Q/A and keeping in view the permis-
sible velocities for delivery pipes and column pipe given in the enclosed Annexure

v (B).

Losses in defivery pipe & fittings.
Approx. length = 25
Reflux valve = 1 No.
90° Bends = 3 Nos.
Sluice valve = 1 No.

Total equivalent length

The losses can be arrived either by Table or from Formula as explained in case of
Horizontal pump selection,

. Selection of Column assembly, Line shaft;

Approximate HP = {Mﬂ%wm ) x ( 130/100 )

l HP x 321000
Dia. of line shaft in inches =

7000 x 1460
where 1460 is speed of the Prime mover.

a. The losses in column assembly can be arrived from the Tables of Johnston Pump

Company
b.  Enlry losses =05V2/2g

¢. Lossesin Strainer =0.05xV?/2g

. Loss of head in pressure main may be worked out as explained in the case ol
Harizontal pump selection,

IV. Exitlosses =V?/2g
Static pumping head = Delivery levet at cistern - LWL in Jack well
h  =Total pumping head of each pump =

Static pumping head + losses in delivery pipe + losses in column assembly + Entry

losses + losses in Strainer + loss of head in pressure main + Exit losses + % dia..
ol Pressure main.

This h is tor Ns purpose.
Total pumping head , H = h + 10% on losses towards ageing of pipe
H for HP purpose

3.65 x 1460 Jﬁ

—————

Ns Specific Speed @ 1460 rpm | Nom. ) = =
(h
HP calculation = 62.45x QxH /(550 % n)

Add cushioning as per Annexure - V|

Minimum Clearance in between the Main Girders= = 2d + 150 mm (Approx)
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Where d= dia. of column assembly in mm.

The inner dia. of Jack well-cum-pump house, length of chord elc., are to be calculated as
Per the standards, details shown in the enclosed Annexure - Il

Model pump selection for V.T. pumpsets

Hydraulic Particulars:

Discharge = 15.20 cusecs,

Lwl in Jack well . +145285 Metres.
MFL in River ..+ 156,285 Metres.
Battom finished level or

Silf fevel of Jack well cum pump house .. +143.335 Metres
Plat form level of pumps . +157.285 Metres.
Pressure main dia. .. Tobe arrived.
Length of pressure main .. 490 Metres or 1608 ft.
No. of Rows of pressure main .. one

Delivery level at cistem .. +158.735 Metres.
Static suction ift .. 157.285-145.285

12 Metre or 38.37 IL

Since the static suction lift is more than 7.50 Melres, Horizontal centrifugal pumpsels
are nol sultable, Hence, V.T. pumps are proposed.

No. of pumpsets T {2+#1) =3 Nos.
Discharge of the scheme .. 15.20 cusecs.
System resistance losses at 5% for (2+1) system. . 0.76 cusecs

ToTAL .. 15.96 cusecs
Discharge of each pump .. 15.986/2=7.98 cusecs

Or 0.2260 cum/sec. or 226 LPS or 3582 USGPM or 2985 IGPM.
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| - pumping Head = 158.735- 145285 = 13.45 Metres or 44,13 f1..... |
fﬂ sclion of delivery pipe, and column pipe assuming 12° delivery pipe.
W - —LE— = 10.16 ft/sec

/4 x (12/12) 2

| g velocity in 10° dia delivery pipe is 14.63 ft/sec. against the permissible lirit of 11 ft/
e, Hence, 10” dia delivery pipe is not suitable. The velocity in 12* dia delivery pipe is
.16 fUsec. which is within the perrissibile limit of 11.50 ft/sec. Hence, 12" dia delivery
pe and column pipe are recommended,
7 in delivery pipe of 300 mm dia and Pipe fittings.
s

| =yivalent langth
'|'

]

25+ 30 + 2 %30 4+ 6.5 + 44 (for Tee)

165.5 1.

eses as per fables = (33.0 X 165.6/1000) =546 oo (a)
thisses can be arrived from the formula also.

Reiection of column assembly, line shaft,
Wprox. HP = (62.45 x 7.98 x 44.13) / (550x0.75) x ( 130/100 ) = 68.31.
Bt range is 75 HR

i a 3/ _75x321000
of line shaft = 00, x 1860

= 1.331"

~lsuming 1460 rpm speed
i range is 1%” 101"

[htlosses for 3600 US GPM with 12" dia column assembly and with line shaft dia ol 11"
1o 1 1116 diais 4 leet for every 100 feet length.

[ses in column assembly, assuming length of column assembly as 40 feet.

= 4x40 /100 =16 ft 3 b
Ay Losses = 0.5x (10.16) 2/ (2¢32.2) =08 1t
#56s n strainer = 0.05x ( 10.16 )2 / 2x32.2 = 0.08M . d




Losses in column assembly and delivery pipe upto pressure main =

= 5.46 + 1,60 + 0.80 + 0.08=7.941t - I
Losses in pressure main, assuming 26" pressure main
Vg, = 1520 = 4,12 {isec
/ax( 26/12)?

The velocity in 24" dia pressure main is 4.84 ft/sec. agains! the gennissjhia limit of 458
sec. Hence 24* dia pressure main is not suitable. The velocity in 26" dia pressure fmay
is 4.12 ft/sec which is within the permissible limit of 4.5 fsec. Hence 26" dia pressy
main is recommended.

Total length = 1608 4 3x68 = 1812 1t
4.69
(26/1 214..31’

Loss of head = x (152/110) '8 x 1812 =4.98 1t A,

Exit losses = (4.12)2 /(2x322)=0.26f. .. [\
Losses in manifold are negligible and hence taken as ‘nil',
Hall the dia. of pressure main = 26/(2x12) = 1088 s v

= 44,1347.94+4 98+0.26+1.08
= 58,499 ft. or 17.80 metres - For Ns

Total pumping head including losses

<18

Pumps
e :

‘add 10% on losses lowards ageing of pipes=58.39+1.32=59.71 ft.= or 18.20 m for HP.
gpecific Sped @ 1460 rpm ( Nominal )

Ns = = = 282.34 or say 292,

(17.80 ) ¥4
gpocific speedin US Units = XS 'I,?iu = 4137 Francis / Mixed flow

Hence ( 241 ) Nos., V.T. Pumps with Francis / mixed flow
Jnpellers running @ 1460 rpm ( Nominal ) are proposed.

HP = 62.45 x 7.98 x 59.71 / ( 550x 0.78) = 69.3€
Add 10% towards cushioning = 6.94 76.30or say BOHP

Hence, (2+1) Nos 80 HP, VHS motors are recommended.
Minimum clearance between the Girders = 2x12" « 6" = 30" or 750 mm,

L]
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Ova of wumpwel -—-I'—
PUMP HOUSE SUHP

Apsxix wize of pump + motier - [To be orrwed from the chart enclosed
) e anmexure Vil & K-

Lengih of chord » 3{450+ teng of pumpEmater)

inper o ol sumpeell= z;_iin}_pl.!nq'lh of chodd-

inner lengih of pumphouss s 3 Lengn ot gy b i) TO0A50 o550« SO0

pnner wadth of pump Bouse = 1350900 (Wb of primpl & 450

Dvameter of prestaremon = From j= t A

Do meer of borel lype mondeld= 2x 00 ol pressuremon.

&-20
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SKETCH SHOWING THE Amprox. DNMENSIONT AND
LOCATION OF V.T. PUMPS

TR

Oia of jockwell

PLIMP MOLISE, BAFFLE WALL,
BACK WALL e

= O of colum ossembly

D= ISniad.

4= 05 w150

b= 0750w 1O

Boftoin tworance = 050w 0. TS0

Length o boftie woll= 50 w90

Length of chord =3 {00 J+2%x & & {450 w0 600 mm) x 2-
mnat dio of jock well cum pump houst = ZeiZid o Lengih of chord
Lengin of bothing wolla 3(20+0)6225x 4




ANNEXURE - 1l

Permissible Velocities in Sucticn Pipe

Sl.No Size Permissible Velocity
1 R Bl (41 12 o 2 OO 1.5 It/sec
2. 2" [ BOMM) woorrirsssssssnsssssssissnssansnes. 1.6 TH/58C
3. e I 711711 1) OO, 1.7 fisec
4, A"[1OOMM). 1ecanrisnarrrmsissssnniinn sosnnnnians 1.8 fifsec
B, B (- 10D ) s smsesmironnnasimapessmnn 2.0 ftfsec
6. 8" [ 200MM ) iccurinimssmisinssssivinmsisiasens 2.5 fi/sec
7. 10" [ 2500 i ciiisssmmsimssnsiv s 3.0 Wsec
B. 12" [ 300 MM Y \ivenisinsinisanminsisiinasin 4.5 f/sec
9. 14" ( 350mm ) BDOVE ..coviviiiminiiinininnn 5.0 f/sec

ANNEXURE - IV A

Permissible Velocities in Delivery pipe
(tor horizontal shalt pumps)

Sl.no. Size Permissible velocity
1. 17 (25 MEIB) ivsiisisimsiniiviamianse 3.5 ffsec
2. 2" (*50 mim di&) .. eerneereeernesssnessanes 3.6 sec
3. 375 MM dia) oo 3.8 fi'sec
4, 4100 MM dia) .-ioeeoeemranemimrcsmonsrinranas 4.0 fu'sec
5, 6" (150 MM dia) «cooccviernrnniirnnnnn T IU5EE
6. B"(200 MM Aia) 1rvvrinrecrssriessenirsnarssnses 5.5 ft/sec
7 107250 mim dia) .o 6.5 fi'sec
8. 12%(300 mm did) ..conciimanmmmsiimisnen B.5 fisec
8. 14"(350 mm dia) and above ... 10 f'sec.

6-22

Pumps
ANNEXURE -IV B
Parmissible Velocities in column assembly & delivery pipe
(For V.T. Pumps)
Sl No. Size Permissible velocity
| 1 1* (25 mm di) .csiscisminnmsusinsnsmsies 3.5 f/sec
‘ 2 2%(S0 MIMGIA) oo nserniisne 6.0ltsec
| 3 (75 mm dil) ..iiiasiseasisi 1.0 Hfsec.
4 4*(100 mmdia) ..o 8.0 fi/sec
5 6" (150 mm dla) oot 9.0 fi/sec
8. B8°(200 mm dia) ..o 10.0 sec
7 YOP(250 A DAY 1oovisvisnisrsiasilaiiis tuanion 11 tsec.
8 12300 mm i8] .oeeeer i 11.50 f/seq
9. 14°(350 MM GiA) cvovreereeeenencniseninisionns 11.75 ft/sec
10. Above 14350 mm did) ccoereeenrrrrrenineneen 12 fifsec.
ANNEXURE-IV C
Permissible Velocities in pressuremain
(Far both Horizonlal and V.T.pumps)
!
& No. Discharge in each row Permissible velocity
f 1. Upto 5 cusecs 3.5 ftfsec
1 2 Above 5 cusecs upto 15 cusecs 4.0 f/sec
13 Above 15 cusecs to 25 cusecs 4.5 ft/sec
i L] Above 25 cusecs 5.0 fi/sec
| -

P Sbcting the pumps and motors which give least annual cost.
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Wi The velocities indicated are for general guidence. It is necessary to estimale
HP requirements at least for three alternalive dmetre of pressuramains for




ANNEXURE-V

Equivalent length.in feet of some gommaon pipe fitings

Taken from the Circular issued by Chief Engineer, Minor Irrigation.

Pipe size  Std.907Elbow Medium Bend Gate Valve (Sluice Valve) |

Pumps

ANNEXURE-VI

Efficiency of Pump

2 to 20 HP

2110 35 Hp

AE'to 75 HP

76 lo 200 HP -
Abave 200 HP -

Cushioning

Up o 2 Hp .
205 HP 4
5 to 10HP -
10 to 20 HP .
Above 20 HP

60%
70%
75%
78%
80%

50%
0%
20%
15%
10%

Ty
34" 2 1.7 0.5 [
1" 2.6 2.2 0.6
1%" a5 3 0.8
115" 4 a.5 1
Pl 5 4.5 1.2
2%" B 5.5 1.4
3 8 6.5 1.8
4" 11 ] 2.4
5" 13 12 2.9
6" 16 14 a5
a" 20 18 4.5
10" 26 22 56
12" 30 26 6.5
14 36 KX 8
16" 41 36 a
18" 43 40 10
20" 52. 44 11
24" 63 54 14
30" 77 67 16
as" 92 76 20
42" 115 86 2a
48" 130 110 26
Foot Valve with Strainer 44 .
Reflux Valve 44 .
Belimouth with Strainer 3o k.
6-24
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ANNEXURE - VIl

11
e un Proforma of data sheet in which field Officer have to furnish details for Pumpselection :
‘ 1 ! 109 Mame of the Scheme with stsge No. :
ol %o
1 ped ﬂ: | TECHNICAL DETAILS ;
-;: e B :: | 1. Total discharge
£ s0 = 2. LWL in sumpwell / Jackwell cum Pump House
X
g - o | 3. Bottom finished level of Jackwell / Sump well
g sof H | 4. Platform level ol Pumps
g :-:-;'- : 10 R s Length of prassure main in each row
= - e -3 . =
i i ESeoae e e o < 6. Dia and material ol pressure main :
; J ‘T 1 - > 3 “‘\‘ ~ qlf - 7. No. of rows of pressure main 3
Ak 0 1o ) ) -
1O 35 A6 30 108 100 190 400 300 8. a.Delivery level at each cistern / each tapping
SELCNIC, SPE80 (N]): 1t p Pl b. Discharge required al each delivery
SUCTION LIMIT CURVES FOR SINGLE STAGE, SINGLE AND DOUBLE SUCTION PUM cistern / each tapping
4co . T el 9. Number of working pumps and number of
TTRH N <
“ﬁ:Lh M || ] [l L b - [ o
rool | =rriPhel i - stand bye pumps proposed :
i g et - ™ o by [/ |
f soof=! - ST e SEoEai=R ,: ' 409 Note : Schematic diagram showing all the levels and all consfructional features from
1': i ] o g D, 9: - seurce of water uplo delivery cistern shall be enclosed.
T ool | SRR RN o i
2 R N e s, R TS
7 sool AT SR ¥, SRR [ .
E 1. Location of sile of scheme with reference to Sub-division Head quarters / Division”
% Head Quarters.
§ 2. Complete postal address of consignee for receiving Pumps, Motors elc.
“ 3. Name of Bank and Name of Branch for sending the despatch documents to Execu-
live Engineer concerned.

i H & T & % 0 10 0
, TOTAL HEAD (N WETRES (H) —=

SUCTION LIMIT CURVES FOR SINGLE SUCTION MIXED FLOW FUMPS

4. Stage of procurement of pipes for pressure main,

6-27
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i ANNEXURE -IX B
| 5.  Stage of completion of connected Civil works. Properties of water
6. Programmed date of comissioning of the scheme. Temp. Absolute Vapour Pressure  Specific Specitic Absolute
7. Size of sumpwell, Pump House / Jack well cum Pump House as per actual execu- °F pisa 1. of water Weight Gravity® Viscogity
on. bfcuft (Cenfipoises)
NOTE : The purchase pmgosgisl are to be sent afleast ning(9) months in advance of a2 0.088 0.20 62 42 1.0016 1,79
programmed date of commissioning. 40 0.122 0.28 62.43 1.0018 1.54
50 0.178 0.41 62.41 1.0015 1.31
60 0.256 0.59 62.37 1.0008 1.12
70 0.363 0.89 62.30 0.9998 0.98
80 0.507 1.2 62.22 0.2984 (.86
ANNEXURE - IX A 90 0.698 1.6 62.12 0.9968 0.81
1 100 0.948 22 §2.00 0.9949 0.7
ATMOSPHERIC PRESSURE AT VARIOUS ALTITUDES 110 1.275 3.0 61.86 0.8827 0.62
‘ Altitude in Feet Barometer Reading Atmospheric Pressure 120 1.693 a9 61.71 0.8903 0.56
in Hg mm Hg psia ft. of water 130 2.223 5.0 £1.56 0.9878 0.51
| 140 2,889 6.8 61.38 0.0850 0.47
-1000 31.0 788 15.2 $oe 150 3.718 8.8 61.20 0.9821 0.43
Sealevel 29.9 760 14.7 33.9
e o s 142 208 160 4.741 1.2 §1.01 0.8780 0:40
2000 978 706 13.7 3.5 170 5.993 14.2 &60.79 0.9755 0.37
3000 26.8 681 :g:’: gg; 180 7.511 17.8 60.57 0.9720 0.35
;ggg gi:g :gg 74 i 190 9,340 22.3 60.35 0.9684 0.32
8000 24.0 610 11.8 a7.2 200 11.526 27.8 60.13 0.9649 0.31
7000 23.1 587 11.3 26.2 210 14.123 339 59.88 0.9609 0.29
BOOO 22.2 564 10.8 25.2
8000 21.4 544 10.5 24.3
10000 20.6 523 10.1 234
* Referes lo water at 68F, weighing 62,918 Ibfcu ft. and have specific gravity of 1.0




Pumps

As par

ANNEXURE - IXC

{he above table the water equivalent Column of Atmesphere prassure is shown
here under, district wise.

SlL.No. Name of the District Pressure value in Feet
1. Srikakularm District 33.90
2. Vizianagaram District 33.90
a. Visakhapatnam District 33.90
4. East Godavari District 3380
5. Waest Godavari District 3390
6. Krishna District 33.80
7. Guntur District 33.80
B. Prakasham District 3350
a, Mellore District 33.90
10 Kumool District 33.00
11, Guddapah District 33.00
12. Ananthapur District 33.00
13 Chittoer Dislrict 33.00
14. Khamman District 33.90
15. Warangal District 33.80
16. Karimnagar Districl 33.00
17. Adilabad Districl 33,00
18. Nalgonda District 33.50
19, Mahaboobnagar District 33.00
20, Medak District 33.00
21. Nizarmabad District 33.00
22. Ranga Reddy District 33.00
23. Hyderabad District 23.00

Prampgs
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AMNEXURE - Xi 3 Surveying Total Station & Highways
| I8 3
= 8
2 . INDEX
LIz ‘ 5
8 Chapter - VII
| |8
A - Surveying
7.1 Correction to be applied to measured length 7-1
7.1.1 Carrection for Siape -1
7.1.2 Correction for Temperatura -2
71.3 Correction for Tension fed
7.1-4 Correction for Sag 7-2
7.2 Adjustment Dumpy Level 7-2
721 Adijustment of the perpendicularity between
vertical axis and Level Tube Axis 7-3
7.2.2 Adjustment of the Line of Collimation or the 7-3
b Collimation adjustment
‘] - 7.2.3 Sensitivity af level tube 7-4
i £5
3;__3: 73 Adjustment of Prismatic Compass 75
% 2 73.1 Source of Errors in compass observation 7-5
;E 7.3.2 Testing the Compass [
3 gk
g % El 74  Adjustment of theodolite /-6
: 2 7.4.1 Temporary Adjustment 7-6
§§ 74.2 Permanent adjustment of Theodolite 7-7
h 7.4.3 Adjustment of the line of sight, or collination adjustment 7-8
B - SURVEYING TOTAL STATION & HIGHWAYS
l Introduction 7-12
Basic mapping terms in survey 7-12
Distance Measurement 7-13
t Advantages of Modern Surveying 7-14
Instruments and Methods
Total Station 7-14
i Camponent of Total Station 7-15
632
B




7.6.1
7,6.2
7.6.3

7.6.4
7.6.5
7.6.6
1.6.7
7.6.8
7.6.9

7.8.1

711 Bridges
7111
7.11.2,

Transition Curves

Operations of Total Station
Functions of Total Station

Accuracy and Range of Total Station
Computer Packages

Limitations of Total Station

General Handling Precautions

While Supervising the Total Station
Sources of Errors in Total Station

C - HIGHWAYS

7.6. Roads ( IRC Standards)

Classes of Highways

Design capacity and No. of Traffic Lanes
Width of carriageway and Roadway

for various classes of roads

Road camber or cross fall

Gradient

Sight distance in metres

Transition - Minimum length of transition
Radii for horizontal curves in metres
Extra width of carriage way In curves

7.7 Design Speed
7.8 Hair-pin Bends

79 Horizontal curves

Widening at curves

7.10 Vertical curves
7.10.1

Minimum length of vertical curves

Loading
Desing Principles

7-24
7-30
7-3]
7-31
7- 32
7-32
7-34
7-34

7-35
7-35

7-35
7-38

7-31

7-31
7-31

738

?*3_3-'
7-38

7-38.
7-40

7-40
741

741
74
7-4k

Survaying

7.1.
71.1

Lat

TA - SURVEYING

Corrections lo be applied to measured length

Correction for sloge; C=L(1-Cosa )
hi = height of the instrument
h2 = height of the target

] = measured vertical angle

I slope of the measured line

i n

L length of the measured line

a=0+5§8, Sinfd =(h1-h2)Cosa/L

58 = 206265 (h1-h2) Cosé /L

(1)  Hh =h2 56 =0, a=0

{2) ifhl1 <h2 and 6 is +ve, 58 is -ve

(3) lfh1 > ha2 and 0 is-ve, 50 is +ve
ifa s +ve, 68 Is +ve

(4} Hhl<h2 and B8 ls-ve, 50 Is-ve
By
- . hi=ha
-
- ET_
-
A, ==
i I‘a
h, B
A
I
L ﬁ: 1
A
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| ] ;;_ Adjustment of Dumply Lavel
1. ection for temperature : : : - =
71.2 GB;HL nlt {';m{ %) eral 421 Adiusiment of the Perpendiculaniy between Vertical Axis and Level Tube Axis:
h 5
| st 1. Setup the instrument on firm ground, and level carefully in two positions at right
Tes
Where L = the measured length annles 1o each other,
@ = Coelficient of linear expansion of the tepe metal , D e ’ . ;
= 10,60 1o 12.2 ( x 1078 ) / °C for steel 2. ISwmg lh? telescope throuoh 180°, If the bubbie remains central, the adjustment
b = field temperature of the tape Rt
t, = lemparature at which measuring tape is slandardised diustment -
. If not bring the bubble haltway back by the adjusting screws, connecting the
7.1.3. Correction for Tension bubble lube to the lelescope
LT, T,) Adiustmant - 2
= AE 2. Lavel up, and repeat the lest anc adjustmeant until commect.
| h 7.2.2. Adjustment of the Line of Gollimation ar the Collimation Adiustment
| Where L The measured length Test 1. Peg 2 points, A&B (see fig.) 50 to 120m apart on fairly level ground. Set the
A = Cross sectional area of the lape level between them at C, so that (he eyepiece will almest touch the face of
E - ‘I'rﬂlll"lgls I'F'I'DdurLlS Gf EIHEHG“&F { M'r"H Fi raiu'ﬂ“ing, Staﬂ hEId on A..
;r" : gmzz sz._',;ﬁ:;"t:ﬂ:f = standurdised 2. Level up carefully, and note the reading b of the stafi held on B: then, by looking
* Y through the object glass, obsarve the reading 'a’ of the siaft on A.
3. Transfer the instrument to D near B, level up, and read the stalf on both pegs as
1 714, rreclion for S belore, obtaining the readings ‘s’ and 'd', If the difference of lovel between A
| and B, as deduced from readings 2’ and 'b’ equals that given by 'c'and 'd, the
' (mg)? L3 result is their true difference of level, and the adjustment must be correct, since
| s 0 e such equality could be secured only by a horizontal line of collimation.
uy Adiustment -1,
where, L tape length recorded Il not, compute the true difference of level i
m = mass of tape per unit length ( Kg/m ) betwaen A and B. This is given by the mean of
o = gravitational acceleration the two erronaous differences. f Dbethetrue
T = applied tension (N) difference, of level, and ‘e’ the error introduced ©
in reading the far stall,then, for the case
iustrated,
b-a=D+e and cd=D-a A
D=[{b-a)+(e-d)]/2
7-2 7-3
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Adiustmant-2
By applying D to the reading ¢, compute d, the reading on A at the same levg|
as c. The instrument being still at D turn the lop and bottom diaphragm adjusting
seraws until the line of collimation is directed to d, taking care that the bubble g
in the centre of its run. The line of collimation is now horizontal.

Allernative Method

Test-1. Drive two pegs, A and B, as before. Setup the instrument at C, exactly midway
betwean them, level up carefully, and read a staff on Aand on B. The difference
of the readings a and b is the true difference of level.

. Sel the instrument near one of the pegs and preferably beyond it, al D, level up,
and note the readings ¢ and d of the stalf on the pegs. If the difference belween
¢ and d equals the true difference of levels, the adjustment is correct

Adjustment : It not, by applying the true difference of level to the reading G,
deduce d, the reading of A which would be observed by a horizontal sight from
D, and by means of the diaphragm adjusting screws direct tha linz ol collimation
to d. taking care that the bubble is central,

7.2.3 Sensiliveness of a Level Tube

The sensitiveness or sensitivity of a level tube means its capability of showing
small angular movements of the tube vertically. It depends upon the radius of curvature
of the tube which may vary from 10 to 300m. The larger the radius of turvature, the
greater the sensitiveness (or the longer the bubble, the more sen sitive it is). The
sensitiveness is some times expressed in terms of the radius ol curvature, but it is more
usually expressed in terms ol the angle through which the axis.of the level tube must ba
tilted to cause the bubble to move through one division of the scale, (i.e., the angular
value of one division), or in terms of the angle subtended al the centre by an arc of ong
division of the scale. When so expressed, the sensitiveness varies inversely as the number

of seconds.

The angular value of one 2mm, division of the tube may vary from B fo 45 seconds,
depending upon the type of the instrument, For example, the sensitiveness of the spiril
levels fitted lo the levels varies from 20 to 30 seconds, that of the plate level from 40 to 45
seconds, and that of the allitude level from 8 to 20 seconds.

|

Survaying

7.3. Adjustment of Prismatic compass

7,3.1 Spurce of Error in Compass Observalions
The errors may be classilied as (1) instrumental errors, (2) errors of manipulation
and sighting, and (3) errors due 1o external influences.

(1) Instrumental Errors: (a) The needle niot being perectly straight, (b} the pivol
peing bent, i.e. not being at the centre af the graduated circle, (c) the neecle being sluggish,
i.e. the needle having lost its magnelism, (d) the pivot point being dull, {e) the needle
peither moving quite horizontally nor moving freely on the pivot due 1o ihe dip of the
needie, (f) the plane of sights not being vertical, (g) the graduated circle not being horizontal,
(h) the line of sight not passing through the cenlre of the graduated ring, and (i) the
yertical hair being too thick ar loose.

(2) Errors of manipulation & sighting: (i} Inaccurate centering of the compass ovef the
station accupied, (il) Inaccurate levelling of the compass box (the compass box not being
horizontal) when the instrument is set up. (i) Imperfact bisection of the ranging rods at
stations or other objects. (lv) Carelessness in reading the needle or in reading the
graduated circle through the prism ina wrong direction. (v) Carelessness in recarding the

observed readings.

(3) Errors due to extemnal influences: (i) Magnelic changes in the atmosphera on glouay of
stormy day, (ii) Irregular variations due lo magnetic storms, garthquakes, sun spols, lunar
perturbations etc., (iil) Variations in declination viz., solar annual and biannual, (v) Local
attraction due to proximity of steel structures, electric lines elc.

7.3.2 Tesling the Compass

The compass (surveyor's or prismatic) should be tested in the lollowing manner 1o
see If it is trustworthy (i.e. in good working order).

1.To see if the needle is horizontal when the compass is properly levelled. If not,
slide the rider (small coil of brass wire) towards the high and so as to make it perfectly
horizontal. In the case of the prismatic cormpass, the dial should be balanced by correclly
setting the rider,

2. Tofind if the needle is straight and the pivot s al the centre of the graduated
circle. Read both ends of the needle. The difference in the readings pointed to by the
Narth and South ends of the needie will be exactly 180 0 if the needle be straight and the

pivet in the centre, If the ditference is not equal 1o 180 %t may be due to pivat not baing in
the centre of to a bent needle or to bath. If the difference between the two end readings for

7-5
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—
sifterant positions of the compass is constant, it may be taken that the pivol is in the
tar and Ihe siror is due to the needle not being straight. To correct it, bend the neadlg’
nt. If the differance in the readings is not constant the correction is made by bending

s ol &nd straightenirig the needls,

A. To =scarfain il the needle is sluggish. It will riot be exaclly on the magnelly
sridian when it comes to rest. Sluggishngss of the needle may be caused by the loss gl
imagneusm o by the bluniness of the supporling pivot, bul it s more clien due 1o the
uilhess of the pivet rather than to the loss of magnetism. To delecl it, sighl any objegy
and take the reading. Turn the sights away and immediately bring them back and resight
than same object and observe the reading. The two readings will be same, provided the
needlz Is sensitive and the pival point sharp.

sliarnatively, after the firsl reading is laken, displace the needle by means of a piecs gf
siz=l say, & key and again take the reading. The reading will be the same as belore, §
ihere is no: lnction on the pivot and the needle is not sluggish.

4 Te find il the sights are vertical and fixed diametrically oppesite to each othar,
Suspend a plumb line in front of the compass. Level lhe compass and sight the-string. |f
ine sights are verlical, the eye vane, object vane, and the string will be parallel and in the
same line.

5 To see il the line of sight passes over the zeros on lhe circle. Stratch a line horse
#ir balween the slits and see whether il passes over the N.and S marks(zeros).

5. Tu detect if there be any cbservational efror or errors due o external influgnce. Take
the fore and back bearings ol a line. These will differ exactly by 180 ? | if the working is
correct and there are no exlamal infiuences.

Limits of precision ! In the case of the prismalic compass the least value hal can

= eovmated is 15 minutes and, (herefore, the permissible error per bearing should never

axcesd this amount. The angular error or closure or summation ermar in minutes should
nol exceed 15 N where N is the number of stations or sides ol a traverse.

The retaiive errar of closure should betweaen 1 in 300 lo 1 in 600.
7.4  Adjustment of theodolite
7.4.1 Jemporary adjustmenls

1. Setting over tha station

2. Levelling up

3.Elimination ol paraliax.

Swm_pfng

Selting up: This includes bath centaring of the instrument over the slation by the
plurnb bob and its approximate levelling by manipulation of the tripod legs only. First, hold
lhe inslrument off the ground with the legs spread oul and plumb bob hanging approximately
over lhe station. On being lowered 1o the ground it will nol be seriously oul of centre. and
Ihe exacl centering and approximate levelling may be completed by small radial and
tangential motions of two legs and the pushing of all three inle the ground. On a hill side,
place one leg uphill,

Levelling up:

1. Turn the upper plate until one leval tubes is parsllel to any par of screws. The
ather tube will be parallel io the line joining the third screw and the point midway
betweaan the first pair.

2. Manipulate any pair of screws le bring the bubbls 1o the centre of its run In the
tube to which they are paralil, In lurning the screws, Lhe thumbs move lowards or
away from each other and the left lhumb musl be movead i the direction in whigh
the bubble is required 1o lravel.

3. Level the other tube with Ihe remaining screw by using one hand anly,
Elimination of parallax:

1. Turn the locussing strew until no obiject can be distinguished in the field, or point
the telescope to the sky, Adjust the eye-piace until he cross hairs appear in sharp
locus.

2. Point the telescope towards tha object, and keeping the aye on the cross-hair
lhe focussing screw until the image appaars in sharp focus. The image and hairs
should then be in the same plane, but the eve should be moved aboul to tesl
whether any relative movement between them can be observed. |l necessary,
adjust the locussing screw unlil Ihe apparant movernen! is eliminated.

7.4.2 Permanenl Adjustments of Theodolile
1. Adjustment of the Plate Level: Object: To set the axis of the plate lavel tubes

perpendicular to the verlical axis,

Test- 1 Set up the instrument on firm ground. Fix the lower clamp, and level the plate
bubble carafully.

2. Swing the upper plale through 180°. If the bubble remains cantral, the adjustment
Is correcl.
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Adjustment-1: 1t nol, bring the altitude level, attached to the Li:fdsi?ﬁz ::al-lr;as«:: r;dpE.
arm, parallel to a pair of lavelling screws. If this tube is mnr:.ut|= S
it imately level by hand, clamp the vertical mr&:lde.Fn comp ol
ml':u:p\?ar;ﬂan?atangant screw or the levelling SCTews, if it is mounted Ezhhre e
:?;nw use the levelling screws. Turm thr!:lugh g0? and centre the bt
%evalliﬁg screws. Repeat until the bubbie is central in these two pos ;

i he centre of its run. Bring it half-way
i ough 1802 the bubble will leave | its rur
ﬁﬁrbngt::lwilling screws and the remainder b},l,r the veﬂim_ﬂ circle 1311?::1 scraw
or the zﬁp s-rews. Repeat until the bubble remains central in any positiart.

3. The vertical axis is now truly vertical. By means of the adjusting screws of the
piate jevels bring the bubble of each to the centre of its run.

. : ; h lirnati ustment
?.4.awmgﬂmm.4wm

Object: To make the line of sight coincida with the optical axis of the telescope.

Horizontal Hair: Test

1.Set up and level the instrument carefully, with all the clamps fixed, tak;a r:icdili:g
n}t a Imglﬁng staff held upon a firm point few hundred feet away. Notethe r

and the vertical angle. : .

o Unclamp, transit the telescope and swing through 180 setthe vertical circle 1o

ﬂ'.lﬂ same angle as before. ~

3, Again read the staff. If the previous reading is obtained, the adjustment is correct.
Adjustment. 1 _

1. It not, move the diaphragm by the top and bottom capstans until the staff reading

15. the n:uaan of those previously oblained,

2. Repeat until no error is perceplible on changing face.

Vertical Hair: Test: o
1. Set the instrument on a tairly level stretch of gn_}und and in such a position tha
a.aighl of about 90m may be obtained on gither side. Level up.

' instrument by thrusting a chaining
h a point A at about S0m from the ins _ .
iﬁ?ﬂ: m: gmund. or otherwise, Sight A, and clamp the horizontal movement

3. Transit, and mark @ at aboul the same level as A and so that OB=0A
ai:pmximately,
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4. Unclarmp, swing through 180 %, and again sight A and clamp.

5. If, on again transiting, the line of sight intersects B, it is perpendicular to the
horizantal axjs.

Adjustment:

1. It not, mark C in tha line of sight. Measure out from C towurds B a length CD=
{1/4) CB, and mark D.

2. By means of the diaphragm side capstans bring the vertical hair to D.
3. Repeal until no error is perceptible on changing faces.
Adjustmenil of the Horizontal Axis:

Object: To make the horizontal axis perpendicular to the vertical axis, so that it is
truly horizontal when the instrument is levelled up.

Test: 1. Set the Instrument in such a position that a highly inclined sight may be obtained

to a well-delined point A,e.q. the final of a steeple. Level up very carefully, and
sight A.

2.With both clamps fixed, depress the telescope, and mark a point B on the ground
in the line of sight.

3. Unclamp, transit the telescope, and swing through 180 9, Sight on B and with
the horizontal movements clamped, elevate the telescope. I the line of sight again

cuts A, the horizontal axis is truly horizontal, and is therefore perpendicular to the
vertical axis.

Adjustments: 1. If not, let the hairs appear at C, opposite, A, by means of the adjusting

screw at the trunnion support on one standard bring the line of sight from C to D,
estimated midway towards A.

Adjustmenits: 2. Again perform the Test, making a new point 'B' on the ground and repeal
the tesl and adjustment until no error Is detected on changing face,

Adjustment of the Telescope Level: Object: To place the axis of the level tube
altachead 1o the telescope parallel lo the line of sight.

Tes! and adjustment: The procedure is exactly the same as in the “two peg”

adjustment of the dumpy level the adjustment being made by means of the screws
attaching the level tube 1o the telescope.




Civil Engineers Hand Baok
Adjustment of the Vertical Index Frame

Object: To make the veriical circla read zero when the ling of collimaticnis horizontal,

Test: 1. Level the instrumient by plate lavels and by means of the vertical circle clamp and
tangent screw set the vertical circle to read zero,

3. Bring the bubible on the index arm exactly central by means of the clip screw at
{he standard. Observe a laveliing staff held 60m or 90m away and nole the reading.

3. flelease the vertical circle clarmnp, transit the telescape, and again set the vertical
circla 1o read zero, Swing through 180 0 re-level if necessary, and again read the
slaft held on the same paint, Ifthe reading is unchanged, the adjustment is correcl,

Adjustment: 1. It the reading differ, bring the line of collimation on to the mean reading by
turning by the clip screw.

2. Return the bubble of the altitude level to the central position by means of the
adjusting screws attaching it to the index arm.

3, Repeal until no error s discovered in he lesl

Considering now the case of an instrument in which the clip and tangent screws
operate on sgparate arms, the slimination ol index error and the adjustment of the
altitude level are perlormed as iollows, whether the level is mounted on the varniar
arm of the telescope.

Test: As in the last case, |f the level is on the vernier arm, but, if a telescope level only is
fitted, set the bubble ceniral by the levalling SCrews.

Adjustment: 1.1f the readings differ, bring the line of collimation on to the mean reading by
turning the variical circle langenl screw.

5 Return the vernier index to zero by means ol the clip screw.

3. Bring the bubble of the level central by means of the adjusting screws attaching
it either to the vernier arm of the telescape.

4 Repeal until no error is discoverad in the tesi,

Surveying Total Station & Highways

CONCEPTS OF TOTAL STATION SURVEY
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7.8 SURVEYING TOTAL STATION
1.0 INTRODUCTION:

Surveying is the process of determining the earthen features and transferring its
relative position on to the paper. Surveying principles can be applied In a variety of
ways to accomplish the aim of position finding. The preferred survey method for both
two and three dimensional position finding has changed through the years in response
to the advances in technology. Different methods considered in modern surveying
include precise leveling & traversing, Astronomical surveying, Photogramentry, EDM,
Remote sensing, GIS, GP5, DGP5elc,

2.0 BASIC MAPPING TERMS IN SURVEYING:

To be able to map Irrigation applications and ta operate the total station and
data collector effectively, itis necessary to know some basic mapping concepts related
to how locations are designated. It Is essential that one (s familiar with how to use a
compass and how to read topographic maps. In fact, itis recommended that one
know how to map a site using-a compass and measuring tape or pacing before learning
how to use the total station, If the cardinal directions and distances are understood
well, then one will be able to know if he or she is using the total station correctly, The
cardinal directions refer to north, east, south, and west, which are essential reference
points for site mapping. Depending on the mapping project it may be more approprate
to record locations relative to true rather than magnetic north. It is important to know
about azimuths and bearings, and how either of these readings along with distance can
be used to plot the location of a point. One needs to know how to read and determine
UTM (universal Transverse Mercator) coordinates. The total station records points by
transiating the azimuth and distance between the site datum and the point being recarded
into UTM a coordinates, Therefore, it Is crucial that one should understand the
relationship between azimuths/bearings and distances, and UTM coordinates.

2.1 An azimuth is any direction read on a 360° circle, which relates to the cardinal
directions. North is read as both O° and 360°, east as a0° south as 1807, and west as
270°, When using a compass to map a site, points are plotted according to the azimuth
between the site datum and the point, and the distance between them is recorded

generally in meters (m).
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2.2 Regardless, the site datum is the reference point for all locational data recorded at
a site and, therefore, it is where all mapping activities must begin. The total station
serves the same purpose as a compass In terms of keeping track of how azimuth
designations relate to actual directions. However, it differs in that it can not determine
true or magnetic north by itself; an external compass must be used to determine narth,
and then the direction Is set on the total station,

2.3 When site mapping, engineers generally employ a combination of azimuths/beings
and UTM (Universal Transverse Mercator) coordinates. Among various reasons, what
map systems are used depends on the nature of the mapping project; the location on
earth, and what cartographic conventions are used in that region.

3.0 EDMs And TOTAL STATION:
3.1 DISTANCE MEASUREMENT:

There are three methods of measuring distance between points 1) Direct distance
measurement (DDM) such as the one by chaining or taping i) Optical distance
measurement (ODM) such as the one by tacheometry, horizontal subtense method or
telemetric method using optical wedge attachments iii) Electrormagnetic distance (EDM)
such as the one by Geodimeter and, Distomat.

The method of direct distance measuremenit in unsuitable in difficult distance
measurement is unsuitable in difficult terrain and sometimes impaossible when
obstriictions occur, The problem was overcome after the development of optical distance
measuring methods but in ODM method also the range Is limited to 150 m and the
accuracy obtained is 1 in 1000 to 1 in 10000. Electromagnetic Distance Measurement
enables the accuracy up to 1 in 100000 over ranges up to 100 km,

3.2 ELECTRONIC DISTANCE MEASUREMENT:

Electromagnetic distance measurement (EDM) equipment consists of an aiming
head/recelver unit set at one end of the line to be measured and pointed towards a
reflective glass prism set up at the other end. An electromagnetic beam is emitted by
aiming head, projected towards the prism, reflectad back and analyzed to determine
the distance.
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2.2,1TYPE OF EDM INSTRUMENTS

Depending upon the type of carrier wave employed, EDM Instruments can be
classified under the following three heads.

i) Micro Wave Instruments

i) Visible light Instruments

i) Infra red Instruments

Ristomat is a very small compact EDM particularly useful in bullding construction,
Civil Engineering Construction, Cadastral and detail survey, particularly in populated
areas where 99% of distance measurements are less than 500m.

4.0 ADVANTAGES OF MODERN SURVEYING INSTRUMENTS AND METHODS:

) Traditional survey methods are laborious and Lime consuming

i) Familiar manual procedures have been integrated and automated
lii) Fully automatic electronic measurement

Iv) Digital display of staff reading and distance

v) Single measurement or averaged repeal measuremants.

vi) Data storage in Instrumentis possible

vii) Direct transfer to Personal computer of data stored in Instruments
viii) Online operation through integrated interface to computer.

5.0 TOTAL STATION:

Instrument of choice for the modern surveyor integrates an electronic digital
theodolite, a electronic distance measuring instrument and a computer in to single
unit. The resulting hybrid instrument is calied a “Total Station” A total station automatically
measures and displays distance and direction data (both horizontal and vertical angles)
and results to its computer,

Hence the total station instrument is a combination of

. Distance measuring instrument (EDM)
b. Angle measuring instrument (Theodolite)
C. A simple micro processor
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The total station ermits a laser signal that bounces off the prism reflector at the
{op of the rod and then returns to the gun, The distance and slope at which the faser
peam travels provides the basis on which the data collector calculates the azimuth to
nd elevation of the point on which the rod Is placed. I

The total station emits a laser signal that bounces off the prism reflector at the

of the rod and then returns to the gun. The distance and slope at which the |aser
;rn travels provides the basis on which the data collector calculates the azimuth to
ynd elevation of the point on which the rod Is placed.

50 COMPONENTS OF TOTAL STATION:
161 GUN:

The total station is referred to generlcally as the gun. The process of sighting
ihe rod with the gun, and then recording the locational data using the data collector, Is
seferred to as "shooting” points.

1.1 OPTICAL PLUMB BOB:

There is the optical plummet telescope, or optical plumb bob that looks like
another knob and is located immediately to the left of the data screen. The optical
jumb bob can be viewed through to see the ground directly below the center of the
n. When using this plumb bob, the gun can not be screwed inta the tripod, since it
nlll obscure the view. The gun must be sitting on top of the tripod loosely, so that it can
% shifted around until it is positioned directly over the marker. When looking through
e knob, there are two black circles and one dot arranged in a "bulls-eye” lashion that

ow the user to line up the gun precisely on a location.

1.2 EYEPIECE AND SIGHTING COLLIMATOR:

The easiest way to line up the crosshairs on the prism reflector is to rely on the
ighting collimatos, or sight, which is located on the top of the gun below the carrying
liBhdle. The sight can be used to get the gun into rAnge with great accuracy without
yng to look throuah the eyepiece. The key Is to line up the triangle viewed in the
lght on the prism reflector. This should place the prism reflector close encugh to the
fosshairs such that the focus adjustment knobs can be locked down without having to
ok through the eyepigce, Once the knobs are locked down, the user can look through
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the eyepiece and make fine-grained adjustments to line up the prism reflector on the
crosshairs perfectly. However, it will take some practice using the sight and knowing.
how the sight works in order to do this accurately every time, '

There are two ways to focus the eyepiece such that bath the prism reflector ang
the crosshairs can be viewed clearly. First, if the prism reflector is blurry, rotate the
gray ring, or objective focusing kniob, that encircles the eyepiece until ILis clear. Second,
if the crosshairs are blurry, adjust the small black knob that is part of the eyepieca,
which is known as the reticle focus know.

6.1.3 BATTERY:

Battery is attached to the gun an the right hand side when facing the eyepiece
and data screen. The battery locks into place with a locking lever at the top of the
battery. It is essential that the battery be re-charged daily when conducting fieldwark:
There should always be-at least one fully charged spare battery In case the one being
used needs to be replaced.

6.1.4 ENVIRONMENTAL BOX:

The data collector s stored In an enviranmental box to prevent the elements:

from penetrating into the equipment. In particular, the environmental box prevenis:

heavy misting and light rain from affecting the performance of the data collecion
However, one note of caution Is that condensation can bulld up inside the environmental
box in humid and sunny conditions, In humid environments, it is recommendad that
the data collector should be taken out of the environmiental box when not In use and
allowed to “breathe.” Furthermore, it may be necessary to clean the contacts on [he
data collector reqularly, even nightly, to prevent potential problems. Too much humidity
(more than 90% relative humidity) can corrode the contacts such that data cul!ec’t_;;!_'
can not read information from the gun, and therefore can not record points. In general
the data collector should be stored In moderately cool, shady, and dry conditions 88
much as possible when it Is not being used.

6.1.5 HP-48CX CALCULATOR AND TDS-48GX SURVEY CARD:

The data collector is composed calculator with TDS-48GX survey card that &
inserted into the back of the calculator. The data collector referes to the calculattd
when the survey program is enabled.
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1.6 BATTERIES OF CALCULATOR AND RAM CARD:

There are.lwu parFs of the data collector that use batteries: the calculator and
e RAM card.. It is essential that there are always spare batteries in the field. Whenever
e s preparing to go into the field to conduct site mapping, make sure that extra
iteries of both kinds are included in the bag in which the data collector is stored.

| .ThE calculator is operated using three AAA alkaline batteries. To change the
..enes, open the environmental box by unscrewing the two spring- vaded screws
pated on the front of the box when viewing the calculator, Then, lift the calculator out
efully and turn it over. The batteries are located inside the calculator at the base of
& backside,

The RAM card Is located immediately below the survey card In the back of the
alculator. The card uses one 3-volt lithium battery (CR2016) that should be replaced

bout once a year, When the battery is low, it will be indicated by a symbol displayed
the data collector screen

1.7 LEVELING SCREWS:

There are three leveling screws located at the base of the gun, which allow the
i to be leveled once it is secured to the tripod. 'When one of screws is turned to the
. IJT. lowers that side of the gun. When it is moved to the left, it will raise the gun on
t side. When adjusting the leveling screws, use the leveling bubble, or circular level,
gated next to where the connector cable for the data collector Is Inserted. The

cess of using the circular level to adjust the leveling screws appropriately is referred
a5 coarse-grained leveling.

When setting up the gun on the tripod, It is useful to have all of the leveling
g set at the same level, It Is best to have them all rotated the same number of
ins so that they are positioned at a middle height. This allows for the screws to be
ed up or down when leveling the gun,
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1. NOMENCLATURE AND FUNCTIONS

1.1. Nomenclature
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*1) The pasition of vertical motion clamp and tangent screw will differ depend ori the markets.

7-19




h

surveying Total Station & Hig[:_w_aﬁ-__

12. BATTERY SYSTEM

1.1. Nomenclature

In case Of On-board batlery

Incase of External battery
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S5/

Chalek
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6.1.8 FOCUS ADJUSTMENT KNOBS:

There are two focus adjustment knobs located on the right-hand side of the gun
when facing the data screen. These knobs allow the gun to be rotated 360 horizontally
and vertically from s base on the tripod. As long as the prism reflector is visible, the
knaobs allow the user to line up the gun with the rod regardiess of its relative horizontal
pr vertical location,

The lower knob that just out from the gun to the right is the knob that controls
the horizontal orientation of the gun. There are two separate adjustments on the knob,
of which one is closer to gun than the other. The closer part of the knob is referred to
as the horlzontal lock clamp and the further part is referred to as the horizontal tangent
screw, when horlzontal lock clamp is turned all the way to the left, or towards the gun,
it is totally loose and the gun can be rotated in any horizontal direction. When it is
turned all the way to the right the gun is locked in that position and can not be moved
horizontally.

The second knob is located above the lower knob and just out in a forward
direction from the gun. The upper know controls the vertical orientation of the gun, of
which the parts are referred to as the vertical lock clamp and vertical tangent screw. In
contrast to the horizontal lock clamp, when the vertical lock clamp is turned all the way
to the right, it is loose and the eyeplece can be rotated up or down. The gun Is locked
in position when the vertical lock clamp Is turned all the way to the left. Whenever a
point is being shot, it is essential that the lock clamps be locked down In this manner.

The horizontal and vertical langent screws contral the fine-grained adjustment
once the lock clamps are locked down. This means that the lock clamps can be locked
down when the prism reflector Is close to being centered on the crosshairs viewed in
the eyepiece. Then, fine-grained adjustments can be made such thal the prism reflectar
i5 lined up perfectly with the crosshairs.

—
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6.1.9 DATA SCREENS:

_rii___'____'—_ e E_:] @
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6.2 PRISM REFLECTOR:

The Prism reflector is an updated version of the stadiarod that Is used n
conjunction with conventional optical transits. The Prism reflector itselfl is the small
square. Shaped piece that contains a circular mirror,  This piece is atiached to the
metal rod by screwing its base into the top of the rod.

The total station emits a laser signal that bounces off the prism reflector at the
top of the rod and then returns to the gun. The distance and slope at which the lases
beam travels provides the basis on which the data collector calculates the azimuth to
and elevation of the point on which the red is placed.

There are two black spring-loaded grips on the rod used to adjust the hieighl
The rod can be extended ar shortened when the grips are depressed by wrapping the
palm of the hand around them, The rod measures 1.65 m in height at its shortest, and
can be extended to a maximum of 3.78 m using both of the grips.

The most important aspect of holding the rod when recording points is to maintain
as much accuracy as possible. First the base of the rod need to be placed precisely at
the location that is to be recorded. If the rod can not be placed directly on the polnty
then position it as close as possible and record the difference in the field notes.
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It is Important that the rod is level to ensure that the elevation Is recorded
correctly. The rod has a bullt-in leveling bubble for this purpese. The person holding
the rod should stand In a stable position (it Is best to have your legs spread apart
somewhat) and then firmly hold the rod near where: the leveling bubble is located.
Onca the person s in position and the rod is leveled, the point Is ready to be recorded,

While the point is being shot, the person should keep lis/her eyes on the leveling
bubble to make sure that the rod doesn't move,

The tatler the rod is, the more difficult it is to keep It level in windy and Inhospitable
conditions. Consequently, points should be recorded at the lowest rod helght possible
to make it earier on the person holding the rod. The rod height can be changed at any
time and as many times as necessary. Howaver, it is critical that the person using the

total station is notified each time the rod height is changed so that it can be adjusted
on the data collector.

If the rod holder loigets to tell the person using the total station that the rod

height has been changed, then the error can be written down in the field notes and
corrected later.

6.3 TRIPOD:

Several types of tripods that can be used to support the gun, most of which
being simple In thelr design and use, The primary differences betweeh tripods Include
material, maximum height, and weight. Materials include wood aluminum, and wood/
fiberglass, of which aluminum tripods are the lightest (13-14lbs.) and wood/fiberglass
ones (16-18 Ibs.) are the heaviest and most durable. The kind of tripod used depends
on the circumstances of the mapping, including whether the tripod has to be carried for
lang distances, If conditions are windy, and other factors.

For complex mapping projects, such as ones with multiple mapping stations,
more than one tripod Is recommended, Having several tripods to work with will allow
for more efficiency when occupying multipie mapping stations and using muitiple back
sight points. The tripods, along with tripod bracket (for leveling purposes), can be sat
up such that the location of the gun and prism are easily interchangeable.
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6.4 MECHANICAL PLUMB BOBE:

There is the mechanical plumb bob that can be used for the same purpose. The
four companents of the mechanical plumb bob are stored along with the gun. One,
there is a small metal bar that is shaped like a V with a hock extending from the base
of the V. which allows for the plumb bob to be attached to the tripod, The ends of the
top of the V are inserted into the base of the tripod screw, Two there is the string that
axtents between the metal bar and the plumb bob. The string is attached to the hook
at the base of the V. Three, there is a metal strip that has two holes in it and is curved
on both ends, The string fs threaded through the metal strip such that it can be used
to adjust the length of the string. Four, there is the actual plumb bob that Is attached
to the other end of the string and should hang immediately above the marker.

7.0 OPERATIONS OF TOTAL STATION
Setting an Instrument over a Point and Leveling the Instrument

7.1 Roughly set the tripod over the point by holding two legs and set the third past the
point. Move the two legs thal you are holding until the top of the 1npncl is approximately
aver the point. Make sure that the top of the tripod is roughly level . Press the legs of
the tripod firmly iivto the ground, Screw the instrument onto the tripod, Make sure that
the leveling screws are even, If they are not even, screw each one of the screws so that
it is in the middle of its leg,

7.2 The plumb bob can be used to position the instrument over the point. The aptical
plummet is quicker and, easier to use than a measured plumb bob. Look through the
optical plummet and determine its location relative to the paint (you sometimes have
to place your foat next to the point to determine its location). Adjust the location of the
tripod (if necessary) to find the point in the optical plummet by lifting two legs and
pivoting he instrument an the third leg while looking through the opfical plummet.
Centre the optical plummet exactly en the point,

7.3 Level the tripod base, Carefully adjust the triped legs (one at a ime) up or down
to centre the drcular level on the instrument. Check that the optical plummet is still on
the point.

7-24

Surveying Total Station & Highways

13. PRISM SYSTEM

Arrangement according to your needs is possible.
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Use the above prism after setting them at the same height as the instruments. To adjust
the height of prism set, change the position of 4 fixing screws,

7-25




surveying Total Station & Highway's

7.4 Level the instrument plate bubble using the plate level,

7.4.1 Align the level so that |is axls Is parallel to the line between two of the leveling
SCrews.

7.4.2 observe the location of the bubble. Move both |eveling screws with your thumbs
equal amaunts in opposite directions. Centre the level exactly between the wo large
fines. *Left Thumb Rule: Both thumbs move in or bath thumbs move out. The level
follows the direction of the left thumb.

+.4.3 Rotate the instrument 90 degrees so that the bubble is aligned over the third
screw, Use that screw only to centre the bubble exactly.

7.4.4 Turn the Instrument to its original positicn gas in a.). Level again if necessary.
Continue this process until the bubble stays centered as the instrumient is rotated.

7.4.5 Check the optical plummet. Tf it Is slightly aff of the point, loosen the instrument’s
attachment screw on the tripod. Carefully slide the instrument exactly over the point
while looking through the optical plummet. Do fot rotate the instrument. Tighten the
clamp. Then re-level the plate level.

7.5 Assembling and Holding the Prism (Prism Boy)
2 5.1 Attach the prism onto the top of the rod.
7.5.2 Place the tip of the rod’s base on the centre of the point that is to be measured.

7.5.3 Usually the height of the rod should stay at 1.5 m. This is.the distance from the
tip of the rod that is on the point to the centre of the prism. The lower the rod is, the
more accurate the measurement. If the person running the instrument cannot see the
prism, then you should raise the rod. Tell the person running the instrument the height
of the rod or target (HT). the person running the instrument will use the HOT key to
change the helght of the target.

7.5.4 Position the prism so that it is facing the Instrument. Hold the rod so that the
circle bubble Is centered.

Surveying Total Station & Highways

7.5.5 Keep the prism in position until the person running the Instrument says "Okay"
or "Good.”

Sighting a Point

Unlack the vertical and upper clamps. Sight in the reflector so that the crosshairs on the
telescope are in the centre of the prism. To do this, use the optical sight(Finder). Align
the aptical sight arrow with the prism rod or prism. Lock the upper clamp. Look through
the telescope and find the prism. Lock the vertical clamp. Use the fine-tuning Knobs on
the ends of the clamps to centre the crasshalrs on the centre of the prism.

7.6 Using the Tolal Station

The following is a step-by step procedure of how to use the total station after the
instrument is leveled,

7.6.1 Turn on the Total station. Press the [power] button. The person assigned to
instrument setup will perform this step.

7.6.2 Create the Job. Press the [menu] key. Press [1] Job. Press the [menu] key.

Press [1] create. Input Job name (for example: wal-group =5409), Press the [enter]
kixy.

7.6.3 $et the Horizontal Angle to 0.sight in a point along the N-S baseline looking
north. Sight the crosshairs on the bottom of the rod. Lock the horizontal angle (use the

upper clamp0. Press the [ANG) KEY. Press [1] key for Horizontal Angle 0O-set. The
harizontal angle s now 0.

?.E.d,Instrument Station Setup From a known Peint, A point Is assigned at the
site that the total station will be set. The coordinates of this point will be known In
relation to the site datum. The site datum'’s coordinates are x:1000 m, ¥:1000 m, Z:100
m. The instrument station must be set up before any data points (shots) can be recorded.

Press the [STN] key to display the menu screaen.

Press the [1] key for "known" coordinates, A screer is displayed for Input of the
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station point information (5T:). The station point Is the point that the instrument Is
over, Input *1"for the station name and the coordinates of the point. If the point number/
name has already been recorded its coordinates are displayed. If the input  point is
new, the screen walts for the input of coordinates of the point that the  ifstrument
station Is set on In relation to the site datum. We will know these  coordinates . Input
the height of the instrument (HI:). Measure (in m ) the height of the instrument from
the ground to the center of the eyepiece, Input the code (CD:} "ST” for the station
point. Press the [ENT] key. The screen changes to the menu display  for methods of
setting the back sight point,

The screen menuy still displays methods of setting Lhe back sight point, Press the
[1] key to select “"coordinates " Input the biack sight point name (PT:). The back sight
point name for the point that we use for the excavation's back sight point will always be
the next point after the station point {or 2). Input the height of the target (HT). The
height of the target is usually 1.5 m, but this might change. Input the code (CD:). The
code is always "BS" for back sight. Enter the coordinates of the back sight point, Press
the [ENT] key. Set the prism on the back sight point and sight in the prism. Press the
[ENT] key.

The station is recorded and the HA (horizontal azimuth) is calculated between
the two points from the input coordinates, The BMS{Basic Measurement Screen) is
displayed but no coordinates are displayed. Now all of the points measured will be
referenced to the site datum.

7.7 Perform the Back sight Check. To make sure that the total station is on the
grid system, take a measurement of a known point (see#7 for measurements).IF the
measurement 5 correct then record the shot as the next consecutive point number
after the back sight and the code BAC, IF the measurement is wrong then the total
station should be re-set up.

7.8 Shoot the Laser Level. The laser level will be tied to the site datum {we will
calculate the distance below the datum) The X, Y, £ will be recorded relative to the
datum, The total station setup will measure and record the laser level before any of
the measurements (or shots) are taken and before the laser level is turned on. The Z
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of the laser level is set to 1001.13, This is the height of ;the laser level relative to the
height of the site datum. The Prism Boy places the center of the prism exactly on the
location what the laser is emitted. The height of the target is now O, so the person
rurining the instrument will use the HOT key to change the height of the farget. The
laser level must be set to 1001.13, so the Prism Boy must move the laser level up or
down then wait for the person running the instrument to measure and read the 7
coordinates, The rod person adjusts the laser level, and the person runmning the
instrument will measure the elevation (Z) unit it s 1001,13. The coordinates of the
laser level are then recorded. The person assigned to the total station setup performs
this task. The code for the laser level is LL. The lotal station s now ready to take
measurements,

7.9 Taking Measurements (Shooting a point, taking a shot, recording a shot/
point)

Take the Measurement: Make sure that the X,Y,Z are displayed on the BMS
menu. If they are not displayed then press the (DSP) key uritil they are displayed.
Have the Prism Boy position the prism on the paint. Sight In the center of the [rism on
the crosshairs. If the height of the target is not 1.5m, press the (HOT) key. Select HT
and input the height of the target that the rod person reads to you from the prism rod.
Press the (MSR) key.

Record the Measurement: Write the X,Y,Z coordinates on the EDM form. Press
the (REC) key to record the measurement into the spedified job's database. Raw and
coordinate (XYZ) data are recorded. The point name input screen Is displayed, Enter
the point information for the point name (PT), such as "8" Enter the height of the target
(HT:) (a.k.a. height of the rod that the prism s on, usually 1.5m). Enter the code
(CD:). Use the code list to identify what the point item is. Enter the code for that item
this infarmation onto the EDM form. Wrile any comments about the shot on the EDM
form that might help you when mapping. Be sure to press ENTER.

7.10  Putting the Instrument to Sleep or Turning the Instrument Off

Sleep: After taking a measurement, and if no one is waiting to use the instrument,
put the instrument to sleep. Press the PWR) key, then press the (4) key to put the
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station point information (ST:). The station point is the paint that the Instrument s
over. Input "1"for the station name and the coordinates of the point. If the point number/
name has already been recorded its coordinates are displayed. If the input  point is
new, the screen waits for the input of coordinates of the point that the  Instrument
station is set on in relation to the site datum. We will know these  coordinates . Input
the height of the instrument (HI:). Measure (In m ) the height of the instrument fram
the ground to the center of the eyepiece. Input the code (CD:) "ST* for the station
paint. Press the [ENT] key. The screen changes to the menu display  Tor methods of
setting the back sight point.

The screen menu still displays methiods of setting the back sight point. Press the
[1] key to select "coordinates ." Input the back sight point name (PT:), The back sight
paint name for the point that we use for the excavation’s back sight point will always be
the next point after the station peoint (or 2). Input the height of the target (HT). The
helght of the target is usually 1.5 m, but this might change, Input the code (CD:). The
cade Is always "BS" for back sight. Enter the coordinates of the back sight point. Press
Fi;z:rﬁmﬂ key. Set the prism on the back sight peint and sight in the prism. Press the

ke,

The station s recorded and the HA (horizontal azimuth) is calculated between
the two points from the Input coordinates, The BMS(Basic Measurement Screen) is

displayed bul no coordinates are displayed. Now all of the points measured will be
referenced to the site datum,

7.7 Perform the Back sight Check. To make sure that the total station Is on the
grid system, take a measutement of a known point (see#7 for measurements). If the
measurement Is correct then record the shot as the next consecutive point number
after the back sight and the code BAC, If the measurement is wrong then the total
station should be re-set up.

7.8 Shoot the Laser Level. The laser level will be tied to the site datum (we will
calculate the distance below the datum) The X, Y, Z will be recorded relative to the
datum. The total station setup will measure and record the laser level before any of
the measurements (or shots) are taken and before the laser level is turned on. The 2
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of the laser leve! s set to 1001.13. This is the helght of ;the |aser level relative to the
height of the site datum, The Prism Boy places the center of the prism exactly on the
location what the laser is emitted. The height of the target is now O, 50 the person
running the instrument will use the HOT key to change the height of the target. The
laser level must be set to 1001.13, so the Prism Boy must move the laser level up or
down then wait for the person running the instrument o measure and read the Z
coordinates, The rod person adjusts the laser level, and the person running the
instrument will measure the elevation (Z) unit It is 1001.13. The coordinates of the
lacer level are then recorded, The person assigned to the total station setup performs
this task. The code for the laser level Is LL. The total station is now ready to take
measurements.

7.9 Taking Measurements (Shooting a point, taking a shot, recording a shot/
point)

Take the Measurement: Make sure that the XY,Z are displayed on the BMS
menu. If they are not displayed then press the (DSP) key uritil they are displayed.
Have the Prism Boy position the prism on the paint. Sight in the center of the prism on
the crosshairs. If the height of the target Is not 1.5m, press the (HOT) key, Select HT
and input the height of the target that the rod person reads to you from the prism rod.
Press the (MSR) key.

Record the Measurement: Write the X,Y,Z coordinates an the EDM form. Press
the (REC) key to record the measurement Into the specifiad job's database. Raw and
coordihate (XYZ) data are recorded. The point name Input screen is displayed. Enter
the point infarmation for the point name (PT), such as "8" Enter the height of the target
(HT:) (a.k.a. height of the rod that the prism Is on, ysually 1.5m). Enter the code
(CD:). Use the code list to identify what the point item is. Enter the coda for that item
this information onto the EDM form. Write any comments about the shat on the EDM
farm that might belp you when mapping. Be sure to press ENTER.

7.10 Putting the Instrument to Sleep or Turning the Instrument Ooff

Sleep: After taking a measurement, and if no one is waiting to use the instrument,
put the instrument to sieep. Prass the PWR) key, then press the (4) key to put the
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station to sleep, Make sure that the upper and vertical clamps are unlocked and the
lens cap is on the eyepiece.

Off: To turn the instrument off, press the (PWR) key, then press the (ENT) key,
This will same all of the instrument settings.

8.0 FUNCTIONS OF TOTAL STATION:

a. It simultaneously measures the angle, distance and record with the help of EDM,
Theodolite, and micro processor respectively. Recording facility saves lot of
time and creates facility to store the data for long time.

k. Correcting distances with the following factors Instzntaneously:

i Prism constant: It is the distance between the centra of prism rod on vertical axis
and the point of reflection of laser beam on the cubiodal prism. Most of the
prisms having prism constant from lcm to 1.3cms and depends on the
manufactures.

Il Atmospheric and temperature constant: The atmospheric pressure and
temperature at the instrument and at the place of prism may not be same when
the survey is at hill ranges. In case, both are fed to total station before shooting
the paint, it will automatically correct forth coming distances with the help of pre
programme fed to micro processor. Similarly, correction required due to curvature
of earth and refraction.

¢)  Computing the point elevation: With the help of the trigonometrical equations
and data collected through EDM, Total Station can find elevation of any point (In
the same vertical plane) like towers, pillars, building heights etc.,

d)  computing the coordinates at every point: Total Station can generate Northing,
Easting and elevation of every point where the prism reflector |s placed with
reference to the known point coordinates and datum,

&)  Remote Elevation Measurement (REM): The prism reflector Is set directly below
the place to be measured and by measuring the prism height, the height of the
target can be found out. This makes us easy to determine the height of electrical
power lines, suspension bridge cables and other large items used in construction.
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) R:amute Distance Measurement (RDM): Horizontal distance, slope distance,
difference In height and percentage of slope between the reference point and

the observations point are measured. In a particular traverse, a missing line
measurement can also the:made with this function.

g) Ithasthe Data transfer facility from the total station instrument to the computer
software (compatible) and vise versa . The point whose coordinates are krnown
but the location ‘at field is not know, then this stakeout technology in Total
Station will be useful to identify the point location at field. This will help the
irrigation Engineers to set a curve in canal alignment within reasonable time.
By way of traditional procedure it takes longertime.

h)  Conversion of units: With the help of micro processor, the units can be changed
(from MKS to FPS or fromEPS to MKS) without much effort,

i) Recection: when the coordinates of occupied point is not know and occasionally
there are twa points whose coordinates are avallable near by, then Total Station
can give coordinates of such occupied point.

9.0 ACCURACY AND RANGE TOTAL STATION:

Angular accuracy of Total Station =0.5 sec to 7 sec (for the recent instrument
models) otherwise it is 1 to 20 sec.

. L
Linear accuracy of Total Station varies from 1mm to 10mm per kms.

Range of total station with Single Prism is upto 2.50 kms

Two Prisms —up to 5to 7 kms
X Three prisms —up to 10 to 12 ks
Nine Prisms - up to 100 km

10.0 COMPUTER PACKAGES:

The following post processing computer software packages are In Use for various

jﬁgfneeﬁng applications

1. ArcPad 2. Arcview 3.Arcinfo 4. Micro station, 5 Erdas 6. Surfer
lAuto plotter 8. CivilCAD3D 9. Phrhagutas 10, Surveyaid etc,, ’
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11.0 LIMITATIONS OF TOTAL STATION:

.

b & |

‘i

h.

1t is not a Rugged instrument: It is a sensitive electronics operat_ed machine ang
it shall be handled carefully and it is to be callbrated at every six manths,

Prism verticality is questionable: The attitude of the prism boy plays a major roll
In surveylng with Total station. Enough training shal! be given and an awareness
shall be created about the importance of prism verticaliby,

Visibility Is must: There are so many apprehensions prevalling in the market that
Total Station can do any thing. It can not measure the distance from the occupied |
point to-an invisible point.

More expensive: The cost of the instrument varies from Rs.5.0 Lakhs to R.slu,n
Lakhs. As the cost of instrument is r ore when compared to the safaryof
departmental Engineers, They have the fear of handling.

Amount of error Is greater at short distances: Keeping in view of the constrains
of timer placed in the total station, amount of error Is greater at short dis.ancess
Experienced surveyors says that itis not advisable to measure the distance be];m
30m.

Height of instrument and height of prism is ta fed manually: This one of tlu-
disadvantage with Total Station, It may lead to malpractices or wrong entriésy

Awareness on battery maintenance shall be known to the persons handling the
total station.

12.0 GENERAL HANDING PRECAUTIONS OF TOTAL STATION:

a.

b.

Before starting work or operation, be sure to check that the instrument K
functioning correctly with normal performance.

into the sun can result in sericus damage to the eyes, Damage o tr_1e ins
could also result from exposing the instrument's objective lens to direct sunlight

1
Do not aim the instrurnent directly into the sun: Alming the instrument m ‘
|

The use of a solar filter is suggested to alleviate this problem.

&
7-32

——— SE—

Surveying Total Station & Highways

Setting the instrument on a tripod: When mounting the Instrument on a tripod,
use a wooden tripod when possible. The vibrations that may occur when using
a metallic tripod can affect the measuring precisien,

Installing the tribrach: If the tribrach is installed incorrectly, the measuring precision
could be effected, Occasionally check the adjusting screws on the tribrach, Make
sure the base fixing lever Is locked and the base fixing screws are tightened.,

Guarding the instrument against shocks: When transporting the Instrument,
provide some protection to minimize risk of shocks. Heavy shocks may cause the
measurement to ba faculty.

Carrying the instrument: Always carry the instrument by its handgrip.

Exposing the instrument to extreme heat: Do not leave the insttument In extreme
heat for longer than necessary. It could adversely affect lks performance.

Sudden changes of temperature: Any sudden change of temperature to the
instrument or prism may result in a reduction of measuring dislance range, |.e
when taking the instrument out from heated vehicle. Let instrument acclimate
itself to ambient temperature,

Battery level check: Confirm battery level remaining before operating.

Memory backup: The back-up battery bullt in the instrument needs to be charged
approximately 24 hrs. before using it for the first time after purchase. Connect
the fully charged battery to the instrument in order to change the back-up battery.

Taking the battery out: Leaving the Instrument without the battery for more than
an hour will cause the mermorize data to be lost, due to low voltage of the back-
up battery. Connect the battery as soon as possible or execute RAM back-up.

No responsibility: of the seller or manufacturer for loss of data stored in the
memory In case unexpected accidents.

Battery Cover: Completely close the battery cover before using. If the battery
cover is not completely closed, Instrument will not operate normally, regardless

of whether the battery cover is opened while in operation, operation will
automatically be us pended.
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13.

14.

Power OFF: When turning off the Power, be sure to turn off the power switch,
Do riot turn off the power by removing the battery.

Before removing the battery, press the power switch and confirm that the powe
is off, Then remove the battery.

While using the external power source, do not turn off with the switch on the
external power source.

If the above-mentioned operating procedure is not followed, then the next time
that power is turned on, it will be necessary to reboot the instrument.

WHILE SUPERVISING THE TOTAL STATION WORK:
Follow itemns mentioned below carefully.

Have keen observation on the prism boy's attitude. When his precision is required,
use the prism tripod, to avoid human error,

The position of prism shall always be on hard surface instead of soft seil.

Focusing shall be exactly at the centre of prism, with the help of cross hairs and
prisim plate,

While measuring the instrument height and prism height, enough attention shall
be diverted. Also, have keen observation while entering the above data.

Note the location and coordinates of station paint and back sight so that specified
intermediati points can be checked.

SOURCES OF ERRORS IN TOTAL STATION:

Instrumental errors: Error caused imperfection In instrument.

Natural errors; Errors due to changing condition in surrounding environment.
Human errors: Errors due to limitations in human senses

Random errors: Like Placement of instrument targeting the prism, placing prism
tip, circle reading etc,,
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7. C Highways
7.5 ROADS (1.B.C. STANDARD)
'7.5.1. Classes of Highways:
1. National Highways (M.H.) 2. State Highways (S.H.)
3. Major District Road (M.D.R.) 4, Other District Roads (0.D.R.)
5. Village Roads (V.R.)
7.5.2 Design capacity and No, of Traffic Lanes:
[ Traffic Very light | Light Medium Heavy Very Heavy
Clossification A B A B (2]
Average upio 201 | 5N 751 1001 | 1501 2501 Over
Daily 200 to to to o lo to 5000
Tonnage 500 | 750 1000 1500 | 2500 5000
No. of 1 1 1 1 2*or 4% or B
Traffic lane  Lane
Lanes divided divided
" in addition 9ft. wide Cycle track on each side where required.
g In addition Sf. wide Cycle track and gft. wide fool path where required.
7.5.3 Width of carriageway and roadway for various classes of roads:
1: Width of camiageway
A-Roads Single Lane Twolanes Twolanes  Mulli lane
withaut with pavements
raised kerbs raised kerbs  per jane
a. Mational and State Highways 3.75m 7.0m 7.5m 3.5m
b. Major Districl Roads 3.70m - - .
c. Other District Roads 3.75m -
d. Village Roads 3.75m .
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2. Width of roadway for roads other than in hilly lermain

a. Mational and State Highways 12.00m
b Major District Roads 8.00m
= Other District Roads 8.00m
d.  Village Roads 7.50,

L For multi-lane carriageways, the width of roadway will be governed by
factors such as central verge, footpaths, cycle tracks, elc., and width of roadway is tobe
designed according to the requirements in each case. [

i, In case of State Highways having a single lane carriageway, the wid*hof
roadway could be reduced in 9m provided *hat the possiblitity of widening the carriageway
to 2 lane Is very remote.

a. Clear width ol carriageway on road bridges
- Single-lane bridges 425m
b. Two-lane bridges 7.50m
c Bridges of divided highways with four-lane dual carageway (2 lanes on either side
the central dividing verge) 7.50m (for each two lane carriageway) ]
7.5.4 Boad camber of ¢ross fall:
a, Water bound macadum road 1in 48
1 in 36 in heavy rain fall regions.
b. Black topped road 1in 50 (2%)
¢. Concrete road 1in 72 (1.4%)
d. Shoulders 1 in 33 (3%)
g. [Earth roads 3 to 4 parcent
. Gravel or wbm surface 2.5 1o 3 parcent
g. Thin bituminous surfacing 2.5 to 2 percent
h.

High type biluminous surfacing or cement concrele surfacing 2.0 to 1.70 parcant

755 Gradienl (maximum);
a. Fiat and Rolling terrain
b. Hilly terrain upto 300m above MSL 1IN201In161in 14
G Steeps over 300m above MSL 1iN201iIn151in 12
* For short distance not exceeding 60 min a km (3000 in 2 mile)

Aulling Limiting Exceptional®
1in301in201in 15

| Highways
-
256 Sight Distance in Metres:
T Over taking Safe stopping Safe stopping
(for Minimum fior ruling
Design Speed Design Speed)
al Plair tetrian 475 m 120m 170 m
[ b) Rolling terrian 310m 80 m 120m
c) Hilly terrain
( Mountainous) 50m B0 m
| d) Hilly terrian steep - 40m 50 m

Superelevation:
Should normally be 1in 225 R/VZ ore = V4 225 R

Where R-Radius in Metres, V-Design Speed in Kmph, e=Superelevation in m (with Maxi-
murn of ¢ i) Plain & Rolling terrain 1 in 15 (6.7%) i) Hilly terrain 1 in 10 (10%)

75.7 Transition: Minimum length of transition
Design Speed in Kmph ao 40 50 65 BO
Min. Length of transition CUrve (m) 16 16 16 23 30
75.8 Radii for Horizontal Curves in Metres;
Absolute (min) Ruling (min)
a}  Plain termain 250 aro
b) Rolling terrain 155 250
c)  Hiily terrain (Mountainous) 50 BO
dj  Hilly terrain (steep) 30 50
MINIMUM CURVE RADII - HILL ROADS
Radius Mountainouys lerrain Steep lemain
Highways Areas nol Snow bound  Areas not  Snow bound
Classification Affected by  Ar=as affectied areas
SNOW by snow
alN.H. and S.H. S0m BOm a0m 33m
b) Major District Read 30m 33m 14m 15m
¢} Other District Road 20m 23m 14m 15m
d) Village Road 14m 15m 14m 16m
737
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Note:The minimum radii have been calculated from the formulae: e= v¥/225R

or, R=0.008V%/(e x 1) Where R is the minimum radius in meters.

v=the design velocity in kilometres per hour : e= The roadway superelevation (0o
for snow-bound areas and 0.10 for areas not affected by snow) and I= the lateray

Highways

friction factor assumed as equal to 0.15.

7.5.9 rad width of carr n Curves:

Radius of Curves in Metres Uplo 60 61150
Extra width in Metres 0.9 0.6

7.6 Design Speed

151-300 Owver 300
0.3 il

The following design speeds should be adopted for various categories of roads:

Terrain Classification Design speed
and classification
NH
1)Plain terrain a} Rulling design speed 100
b) Minimum desigi speed B0
2)Rolling terrain  a) Ruling design speed 80
b) Minimum design speed 65
3)Mountainous  a) Ruling design speed 50
b} Minimum design speed 40
4)Steep a) Ruling designspeed 49

b) Minimum design speed ao
7.7 HAIR-PIN BENDS

Speed in kms. per hour

SH Mdr Odr vr
100 B0 65 50
BO 65 50 40
B8O 65 50 40
65 50 40 35
50 40 a0 25
40 30 25 20
40 30 26 25
30 20 20 20

i} A hair-pin bend may be designed as a circular curve with transition curves
at each end. Allernatively, compound circular curves may bie provided.
i) The following design criteria should be adopted for the planning of hairpin bends

a) Max. design spead
(]| Min. width at apex
i) National and State highway

il) Major district roads & other district roads
iii} Village roads

c) Minimum radius for the inner curve
d) Minimum length of the transition
e) Gradient Max

Min
j] Superelevation

20 km.p.h, .

Double lane 11.5m
Single lane 9.0m
7.5m

B.5m

14.0m

15.0m

1in40

1in200

1in10

Minimum vertical clearance = § metres from the highest point of carriage way.
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7.8. HORIZONTAL CURVES:

(1) Length of transition curve (should be higher of the following two values).

a) By rale of change of centrifugal acceleration
L = 0.0215V3/CR
wherel. = Langth of transition curve in meires

Vo= Design speed in kmph

R = Radius of circular curve in metres

S Allowable rate of centrifugal acceleration in Mfsec.2

c = BO/75-v {subject 1o maximum of 0.B and minimum of 0.5)
b) By rate of change of Superelevation.

L = 2.7V?/R For plain and Rolling Terrain

L = 1.0V4/R For Mountainous and steep terrain

(2) Extra width of pavemeant at Horizontal curves

Radiusof upto20 211040 41060 E110700 10110200 above 300
Curvefm)

Extra

width(m)

Two-lane 1.5 1.5 1.2 0.9 0.6 nil
Single lane 0.9 0.6 0.6 nil nil nil

{3 Shift of the transitcurve : S=L2/24 R

{(4) Total tangent length : T= (R + S ) tand + L/2
Where @ is deviation angle.

(5) Total curve length : K= (R8 /B0 ) + L

&) Length of circular curve :c =K - 2L
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7.8.1 WIDENING AT CURVES 7.9.1

MINIMUM LENGTH OF VERTICAL CURVES

Design speed Maximum grade change

(% nat recuring a vertical curve)

Extra width of earmageway required at curves is given by the follewing formuli ; Minimumilength of Verlical Curve

W_={nx 18/RC)+0.1V/ Rc

Where We = Extra width in metres. V= design speed in km.par hour 30 1.5 15
Re= design radius n metres n= number of laneas 50 1.0 30
Considering the design speeds and rinitnum radii for various classes of roads, itis 60 0.8 40
recommended thal the pavement should be wideried al curves by the following a0 0.6 50
amounts:
a) Single lane roads:
Radius of curve Exira width 7.10.0 BRIDGES
14 to 20m 1.5m
+20 1o 30m 1.2m 7.10.1 Loading
+30 10 B0m 0.9m i) Single lane of IRC class "AA loading checked for 2 lanes of IAC Class
+60 to 150m 0.6m A’ loading (within cetain municipal limils in certain existing OR contemplated
above 150m No widaning lo be done industrial areas along certain specified highways.)
b Two lane roads: ii) I.LH.C Class "A' Inading for permanentBridges and culverts in other
Radius of curve Extra width localities.
#3010 40m 1.5m iil} Temporary Bridges |IRC Class B'
+ 40 to G0m 1.2m Axle Load = 8165 Kg
+ 60 10 100m 0.89m Maximum Permitted wheel load = 4082 Kg
+ 100 to 150m 0.6m
above 150m Mo widening to be done. 7.10.2 DESIGN PRINCIPLES:
7.9 VERTICAL CURVES U A high-level bridge is designed to allow all floods to pass through its vents,
(a) Summit curve (1) Equation of Summit curve ; 2. A submersible bridge is designied to be over topped in floods but the intar-

ruption to traffic during floods greater than or equal to 2 days at a time and greater
Summit ¥ = X/e where than or equal to 6 limes in a year.
Y = Intercep! between the grade the onginand the curve inm
¥ = Horizontal difference from the origin.

a=2UN

Depth of foundation (inerodible sirata} =1.330.1+ proper grip.

where D = max. scour depth
Depth below scour 2m, lor piers & abutments with arches.

Nhere L = Length of summit curveinm
Less than or equal to 1.2 m - do- supporting other types of superstructura.

P = Deviation angle equal o algebraic difference belwean the two grades.

7 - 40 7 -41
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711  Transition curvés INDEX
Spiral curve should be used for the transitions. The length of the transition required
may be cakculated from the following formula Chapter - 8
| LS =0.0215 VE&/CRe
Where V= design speed in kmy/hr GENERAL

Rc = radius of circular curves in metres, and c+ BO/{75+v)
Subject to value of 0.46 for speed above 100 km.p.h. and a value of 0.76 for speeds
less than 30 km.p.h. 1.5. CODES

The minimum length of transition provided shall be as under:
g provi B.1. For Spillway, Non-overflow and Earth Dams

g-2 to 8-
a) 15m, for desian speeds upto 40 km./hr.
b) 20m for design speeds 40 1o 50 kmfhr _ )
Where the deflection angle is small, it may be advantageous to provide a liansitional 8.2 For L.I. Schemes (Excluding Dry Pit Type) 8-7 to 8-8

curve all through omitting the small circular arc in between.

8.3 For CM & CD Works and Mechanical Components

89 to 8-12
B4 Building ConStIUCHION ....ossnsrsssarssrssisssmussssnrsnsmmsssssrarasssssns 8-13
B.4.1 BRI VIO o v s 8 SRR s R PR AR SO SR s 813
B.4.2 MRS oo siiisnsiessrasmissbrnsss sl s o ki (L AR SR A AT Bh s rams 3-13‘
B43 PRINS in COMIMON LS ouvviversessssssssmsasinsssssnsssssarsenssssrassinsas B-14
844 Specifications for residential buildings ........cocomimmmennenin 8-16
B.44.1 Foundations and PHNtH ..c.eeuesismmmssimsimsmmsssssssasssssss B16
B.4.4.2 T | e e A S PO MR e A PP S B-17
B44.3  Floorand roof SIabs ..., B-18
BAGd  FIOOMNG cvvererrurirsrarassssssssssmssssirsssstsspesssarassonsisssnssarassnssen 8-18
B.4.45  DoOrs and WINAOWS ....cocciiirimimmmmsmarmmmmmmmmssssssssansssssinssassss B-19
B.4.4.6  Wall fiMISHES cvvvseeerssrraransersassnssnmsnressssssssnnmmarassssrssssssarens 8-20
8.44.7  Temacing over flat roofS ..o icinninienisnsnssssssnssnsssssnasains 8-20
I B.44.8  Rough estimation for cost of bulldings ......ccammmmmrmmrenniranninns 8-20
I 8449 Brief specification for important works
I in building CONSITUCHON v.vvciiiveeassrsmersmerssnesismmamsaasassssnsnness 822
8.44.10 Stripping time for reinforced concrete .........oaniiiarnnnsnanns 8-24
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8.44.13
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8451
8452
8.4.5.3
8.5.1

8.5.2

B J.1
8.7.2
8.8

8%

8.10
8.11
812
8.13

Water suppply requirement for buildings .......ooviiiiiiss 8-24
OCCUPANE 0BT 1.vverirermrsassnsnnamsssmsssstsssssstinssis st B-24
Useful notes for laying RCC columns and foobNgS..covieniniinnns 8-25
USeful notes for laying RCC SIabS ....vimmmmmmerimsiissiaiissinne: 827
Theoritical cement calculation for various items of work........ g-29
Fair estimation of cement and steed in bulldings .......ccceneene B8-33
Task on Outturn per day per skilled IBBOUT wocoviieiiniiinnnsas 834
Horse Power requirements to lift different quantities

of water to 3m to 30m elevation ... B-35
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General

IS CODES FOR SPILLWAY, NON-OVERFLOW DAMS

' S.No. " COMPONENT 1.5.CODE No.
| 1 - Rﬂewmr_c;apaclw-Maximum flood discharge - 5477-1971
SPF/PMF/ 500/ 1000/ yvear flood and fixing of spillway capacity and | 11223-1985
| | considering gate innpeithre condition.
F. Site Selection 6?56—1989
| 3 | "Permeal:nliw In rock below Gravity Dams 11716-1985
4 Ir-situ Permeahliity test 5529-1985
.5_ - Selertion of Spill ways and dissipaters 10137-1982
6 Foundation treatment —Consolidation Grouting- - 606E-1994
Pressure grouting
7 Design Criteria of solid Gravity Dams - 6512-1984
stability analysis, Load combinations, Loads
_"‘ Factors of safety against sliding
Fetch and free board computations
‘8 | Hydraulic design of High Ogee Overflow Spillways Ogee Praofile, 6934-1943
U/fS and D/5 Quadrants, computation of Coeffident of discharge,
provision of Breast wall etc,,
9 Hydraulic Design of Bucket type Energy dissipater 7355-1985
{(2) Salid Roller iI:r]lSi:.‘.Eed Ralier
(ciTrajectory Bucket
10 Hydraulic jJump type stilling basins 4997-1968
11 Structural arrangement of energy dissipater for splllways 11527-1985

B-2

General
T’ i Drainage arrangements of Energy Dissipators,Spacing 11772-1986
of contraction joints, size and spacing of half round pipes-details
i of no fine concrete blocks.
13 | Water stops at transverse contraction joints in Spillways, 12200-200]
OF dams and at junctions of galleries
14 Construction of Spill ways-preparation of foundations and anchorage, 11155-1994
maximum size of aggregates for different components, blocks
kengths elc.,
15 Galleries and other openings in dams ~drainage gallery, inspection | 129661990 &
gallery, instrumentation gallery ,adits ,.sump wall and pump 1992 pads 162
| chambers stair wells, lift etc., general and structural design
16 Curtain Grouting from galleries —spacing ,depth of arouting ,size and 11293-1993
inclination of grout holes-pressure of grouts etc,, Part-2
17 Shear parameters at interface of foundations of Dam with TraG-1991
Rock In-situ shear test on rocks
18 : General construction of plain and R.C.C.for dams | 457-1957
19 | Aggregates Fine and Coarse for concrete | 383-1997
| (reatfirmed)
20 HYSD bars and wires for concrete Reinforcement 1786-1990
= (Reaffirmad)
E_ Drainage system for gravity dams, their foundations and abutments | 10135-1985
i | (8) spacing ,slze and depth of drainage holes
_l [bj_ stz of porous concrete and formed dralng
22 Earth Quake resistant design of structures selsmic zone, and 1893 -1984
computations, hydrodynamic (oroes and values at different part-1-2000
| glevations




Generaj

[ 1 . _-_:_I - = General
23 Dewatering dunng construction 9759-1981 - [ T e |
(Reaffirmied- (e} | Selsmuc instrumeritation for river valley profects | 4967-1968
L | B 1998) | Ill"_" N ] e ___fEiJG_C'-_M}_ e
24 i Extreme weather concreting 2851 - 19?5_'_"" |-£F ]_ i‘lsrrlmentr. for temperature measurament inside dams = I_ES?.#}_-H?I_
(1) Hot weather (Reaffirmed- ] __Resﬁtanr_n WIJE thurmnmeters - f?:ain,ﬁ.] A
(2) Cold weather 2002) . STRUCTURAL DESIGN
25 Temperature control of mass concrete for dams 14591~ 199;_ | _1_ Pier, Cr-fﬁt 13551-1992
26 Computation of seepage —provision of sump well and pump 4721-2000 1 2 Bucket{roller/trajectory) 7365-1985
chamber-size of sump etc,, e 11772-1986
27 | Radial gates ~radius, trunion level efc.; } #ﬁZi-zﬂrm_* 3 Galleries, Adits, Sump well and pump chamber 12966~
28 Instrurdentation ?436‘:&”__"? | Stair _-.-.Iell_and Lifts = _ _ mgu[part-_? J_
{a) Locaticn of measuring instruments in concrete & rasonry dams, -1997 ._" Stilling basin 11772-1986
{b) | Selection, splicing,installationand providing protection to the open | 10334-1982 5_ Training walls and divide walls | 12720-1993
ends of cables used for connecting type measuring devices Iny 1] | Air v‘ent- pipes [
concret and masonry dams. ! 7 ' Walkway bridge-steel 800-1984
© Pare pressure measuring devices Electrical Resistance type cell, | B282-1976,1994 (1998
| Vibrating Wire type cell, (parts-182) Reaffirme)
(1998- | Concrete 456-2000
Reaffirmed) |8 Spillway bridae N IRC codes —
(200011~ '
| Reaffirrned)
(d) : Deformation measuring devites in concrete and masonry dams: | 10434-1982
| part-1 resistance type joint meters. (part-1)
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BIS CODES FOR EARTH DAMS |

8IS Code no 875-(Part 11T) 1987and 1893-1984( Reaffirmed 2002 Design Loads other m
Earti Quake for Buildings and Structures and Earth quaks analysis of the structures

BIS Code no 10635-1993/Reaffirmed 1998-Guide Line for Free-board naqmrenmm:_'h

Embankment dams I

BIS Cotie 1498-1970/ Reaffirmed 2002/ Classification and ldentification of soils for Gengrgt
Enginearing purpase

BIS Cade no 7894-1975 ( Reaffimed 1997)- Code of practice for stability analysis of eanh

dams

8IS Code 8414-1977 (Reaffirmed 1999) Guide Lines for Design of Under seepags contgl
measures for earth and rock fill dams

BIS Code 94249-1999, Code of practice for Drainagr system for Erath and Rock fill dams

BIS Code no 8237-1985/ (Reaffirmed 1999) Code of practice for Protection of Slope le
Reservoir Embankmants

BIS Code no 7436(Part 1)-1993/ (Reaffirmed 1998) Guide for Types of rnaaauremﬁmﬁ
structures in River Valley projectsand criteria for cholce and location measurning 'EnstrumuP
Part 1 - For Erath and Rock fill dams J

.
815 Code 7356(Part 1) -2002/Reaffirmed 1998 Code of Practice Instrumentatios
maintenance and observatiuns for pore pressure measurements In Earth dams and @
fill dams Part I-Porous tube peizometers and Part 11 Twin tube hydrostatic peizomelers

RIS Code no 7500-2000 — Code of Practice for installation and observation of cru'ssdn_i
for measurements of internal vertical movements in Earth dam

l(_ General
eren es n 4 xcludin
5.NO B.1.S Code Number | Year Code of practice for
1 BHRA Manual on * Hydralic design of
= il . Pump sumps and Intakes”
3_ | IRC Manual on L.1.Schemes
Maniual on water supply and treatment prepared by
the Expert committee, Govt. of India, Ministry of
‘___ E Urban development,
New Delhi determining the acceptability of Hazen-
3 Williams
e 1999 | Coefficient (Value of "C") '
| _;I_ 783 1985 | Laying of concrete pipes
5 5822 1994 | Code of practice for Laying of electrically weided steal
|- plpes for water supply
i 784 2001 | Pre-strassed concrete pipes ( Including fittings)
i 458 1988 | Per-cast concrete plpes(with and without
1 Reinforcement)
|__E-_ 456 2000 | Plain-and Reinforced Concrete
=5 1915 1989 | Specifications for steel cylinder pipe with concrete
lining. and coating
10 3589 2001 | Specifications for steel pipe for water and sewerage
| ) (168.3 to 2540 mm Outside Diameter)
|_ 1 11639 (p -1&2) 1986 | Critetia for design of surface penstocks
12 §00 1984 steal structures
13 B22 | 1970 | Cade of ,.7ocedure for inspection of Welds
14 4853 1982 | Recommended practice for Radiographic inspection
| ; ) of fusion welded butt joints In steel plpes
15 1182 1683 | Recommended practice for Radiographic inspection
) — | of fusion welded butt joints in steel plates
16 2062 1999 | Steel for general structural purposes - specifications

8-7



Genery| ! AE General

! 17 5504 | 1997 | Specifications for spiral welded pipes LIST OF 1.5.CODES ON CANAL ALIGNMENT & DESIGN OF CM & CD
|| 18 5330 1984 | Design of Anchor or thrust blocks 1 WORKS AND OTHER IMPORTANT REFERENCE BOOKS
= L
| 19 | 5P 16 1980 | Design Alds for IS - 456 ——--,.. 5.No.| DESCRIPTION B CODE NO / REFERENCE |
20 SP34 Hand Book oh concrele reinforcement detailing || Guide for Planning and fayout of Canal System for Irrigation | 15:5968-1087
| 21 875(1-5) | 1967 | Dead Loads; Imposed Loads: Wind Loads 2 Critenia for Design of Cross Section for Unlined !
| Snow Loads; Spl and Combination Loads i Canals in alluvial salls 15:7112-1973 '
| 22 1893 (part -1) 2002 Earthquake Resistant Design of Structures - | ,3 Code of practice for Design of Cross Section of Lined Canals| [S:4745-1968 |
R —l- s — - —
General provisions and Buildings , 4 Code of practice for laying Catnent Concrete/
23 2911 1979 Des 3 : { Pile Foundat ——= Stone Slab lining on canals 15:3873-1993
T o Ouln : wlito n-da__c_:r. 2 — 5  Guldeiines for un'wlgq of Enals in Expansive soils 15:9451-1994
24 IRC-78 2000 | Standard specifications for road bridges - | 5 Criteria for design of Hydraullc Jump type stiling
Foundations and Sub-structures I | basins with horizontal and sioping apron. 1S:4907-1968 mL _
25 2950 1981 | Design and construction of Raft foundations 7 Critenia for hydraulic design of Cross Regulators for canals | 15:7114-1973
> K g ] Guide for lpcation, selection and hydraulic design of
26 6403 1981 Derenn.inaﬂnn of Bearing Capacity of shallow, Pl Eikaiaas 1S:6936-1992
- founeations 9 Code of practice for design of cross drainage woirks ¢
27 272001-41) 1987 | Methods of test for solls part - I, (General features) 15:7784(part-1}-1993
28 2131 1981 Methods of SPT for soils 10 Code of practice for design of cross dralnage works
art - 2, (section -1,Aqueducts) 15:7784 (part-2/section-1)-1995
29 8009(p2) 1980 | Calculation of settiements of foundations | et % { LyMpleces) Lt 2
1 - — 11 Code of pragtice for desion of cross dralnage warks: part -2
30 10262 1982 | Recommended guidelines for concrete mix design {section -2 super passages) 1S:7784 (part-2 | secticin-2)-2000
3l 383 1970 | Coarse and fine aggregates from natural sources for | [ 12 Code of practice for design of cross drainage works;part-2, | -
concrete | (s=ction-3 canal Syphons) | IS:7784 (part? | Section-3)-1996
iz 1786 1985 | HYSD Bars and Wires for concrete reinforcemient 13 ' Code of practice for design of cross drainage wirks: part-2, _
33 2974 (P -5) Design and construction of Machine foundations || (setion-4 Level crossings) . 15:7784 (part-2/-section-4)-15939
 for design of cross dral ksipart - 2
34 4326 1993 | Earthquake Resistant Design and construction of A L L i Lt it B
bulldings (section-5 Syphon Agueducts) 15:7784 (part-2/-section-5)-2000
35 11920 " =z etail s : 15 Code of practice for laying of concreta pipes 15:783 - 1985
139 Bict! '_E etailing for RL.Cost res sudjectsd o 16 Specification for precast concrete pipes (with & without
Selimic fofoes Reinforcement). | 15:458 - 1988
36 11508 1988 Recommendations for cement mortar lining for cast 17 Standard spedfications and code of practice for road hndgeni
iron , mild steel and ductile - iron pipes (Fittings for = s=etion - 1, General features of Design RC:5- 1998
transportation of water) 15 | Staridard specifications and code of piractice for road
! | bridges, section - I1, Loads and Stresses. IRC: 6 - 2000
8-8 ' 8-9
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15 Standard specificatinns & code of practice for road bridges, i
section =111, Coment Concrete (Plain and Reloforced). IRC: 21 - 2000
20 Standard. specihcations B code of practice for road bridges i
section - IV; Brick, Stone and Block Masonry. IRC : 40 - 19495
21 Standard specifications & code of prachice for road bridges, 1
|- section - VI, Foundations and Sub structure. IRC ; 76 - 2000
22 Standard specifications and code of practice for road B
bridges cettion-0, EEBHI'I-}&_P?E'II :_If__Lasmn'rEl'i: Bganng& I IRC : 83{Part IT) - 1987
= Potket Book for Bridge Engineers 2000 MOST 2000 |
24 | MOST Standard Pans 1
a) Standard plans: for salid slab type hioh MOET Standard plans of 19??._-
way hldg-es Walume - 11
b} Standardt plans for high way bridages, MOST Standard plans of 1983,
Concrete T- Baam Bridges Volume - 111
c) Standard plans for 3.0 m o 10m span RCC MOST Standard plans of 1991
Solid Slah Super Striscture with B0 without Moot paths.
d) Standard plans for High way Bridgas RCC T-Beam &
Slab Super Structure - Span from 10m 10 24Mm with MOST Standard plans of 1992
12m width
2) Staridard drawings for Road Bridges solld siab Super o
| Structure [15% & 30° ) skew span 4m to 10m MOST Standard plans of 1992
| {with and without foot paths)
f1 Standard drawings for Road Bridaes solid slab Super
structure (20°:25% 8350 ) skew span 4m to 10m MOST Standard plans of 1992
{with and without foot paths)
g) Standard drawings for Rosd Bridges solld siab Super
strutture (22.5°,35%) skew span 4m to 10m MOST Standard plins of 1996
(with & without foot paths)
25 Code af Practice for Cobcrete Structures foi storage of 15::3370 - (part [)- 1965
Hepulds, Part - [ (Gereral reguirement) i
26 Code of Practice for Concrete Structures storage of liguids,
Part - 11 (Reinforced Concrete Structure) 15: 3370 - {part 11)-1965
27 Code of Practice for Plain and Relnforcad concrebe 1S: 456 - 2000
28 Code of Practice for Design and Construction of Raft

Foundations: Part 1 :Design.

I5:2950 (part 1) - 1981

8- 10
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9 Code of Fractio for Design and Construction of Pile
Foundations, Fart [ ;Concratea. 15:-2911:Part 1 © 1979
| 30 Code of Practioe for Disign and Constnuction of Piles, ==
| section 1, Driven cast in situ Conicrete Plles 15: 2911:Part | : Sectiori 1: 1979 |
31 Code of Practice for Design and Construction of Pies,
I Section 2 , Bored cast in sitiu Concrete Piles fS: 2911:Part | @ Seclion 2: :9;
i 31 Code of Practice for Design and Construction of Piles, =
Part 3, Under reamed Plles 15 : 2911 i_ﬁ'_.!'t‘}_ﬁ:_l_?“ﬂg_ |
| 32(a) | Code of Practice for Besign and Construction of foundations
In Soils-Genreal WMMIS IS : 1804-1986 {R.A__lnﬂg}___
33 Design aids for Reinforced Concrete to 15:456 - 1978, SP-16 .- 1980 : =
34 | Hand Book of Cancrate Reinforcement and Detalling SP- 34 (S&T) - 1987 :
35 Current Practices Try Canal desion in India CBIP , Technital Report no - 3
36 | Design prar:tices._‘Far Unlined incised Canals CBIP , Techmical Reqan no -7
37 | Manual on Trrigation and Power Channels a1 - !I:_'I_.!p_ln:aul:ﬂ::;: 171 |
Ell Design of weirs an permeable foundation CBI - Publication no: 12
39 Desion of Small Dams | USBR
40 | Manual on Canal Falls | cw & PC Publication
41 | TVA Hand Book —— |
42 Test Book of Imgation Manual | W.M.EE_




General
LIST OF 1.S CODES FOR MECHANICAL COMPONENTS
| IS:CODE No.
S.No.| YEAR DESCRIPTION T
{latest)
| 15:800-1994 | General construction In steel code of practice

2 IS:8B07-1976 | Code of practice for Design, manufacture,erection

3 | 15:3177-1999 |Code of practice for Electric overhead traveling cranes
and Gantry cranas other than steel work cranes

(| 15:4622-1952 | Recommendations for fixed wheel gates structural design
15:4623-2000 | Recommendations for structural design of Radial gates

15:5620-1885 | Recommendations for structural design criteria for low
| head slide gates

7 15:13591-1992 | Criteria for design of Lifting Baams

[5:6938- I‘JB‘B_ ICDdE of practice for design of Rope drum and chain Hoists

for Hydraulic Gates

9 15:9349-1986 | Recommendations for structural design of medium and

"hi-gh head slide gates

10 15:10210-1993 | Criteria for design of hydraulic hoists for gates
11 15:11228-1983 | Recommendations for design of screw haist for hydraulic gates
12 | 15:11388-1985| Recommendations for design of Trash racks for intakes

13 | 15:11855-1986 | General requirements for rubber seals for hydraullc gates

14 15:14177-1994 | Guide lines for painting system for hydraulic gates and hoists

1 Materials:- The materials to be adopted are as given the relevant 15 codes for the type of
gates
2 Welding:- Welding shall conform to 15:816 and other relevant 1S codes,

MNote:- BIS codes shown are indecative. Latest codes with updated amendments, if any, shall be
followed

8.4 BUILDING CONSTRUCTION
8.4.1 BRICK WORK

Damaged Bricks can be used in internal walls that will be plastered.

PLUMB LINE need only be used at the ends of walls and then use a sinng to get a
straight wall batween

The plumb line should always fall to the bottom course, not Lo the brick immediately
bielow,

FOR QORDINARY SMALL HOUSES

4%2" binck walls can be used tor short stretches of wall,
9" brick walls are adequate for almost all walls.

13%2" brick walls are very rarely necessary.

You can build a:4%" brick wall, If the wall is too long and too high it will 1all aver.

But if the lengths of wall are shorter, they will support and strengthen adjoining walls and
nol fall over.

So a house with walls that go in and out like this will be strong, will not fall over, and can
carry the weight of a roof.

8.4.2 MORTARS -

CEMENT and SAND

1 part of Cement : 8 parts of sand. This sets quickly Use cement anly if nothing
eige is available

LIME and SAND

1 part ol lima : 3 parts of sand. This sets slowly This can be used for all types

but is strong ol brick work.

LIME CEMENT and SAND
1 part Cement . 4 paris lime : 14 parts sand
Thig sets nearly as quickly as cement,

Use this if you need the
mortar to set mare guickly
than lime mortar.
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7.1-4

Correction for Slope
Correction for Temperature
Correction for Tension
Correction for Sag

Adjustment Dumpy Level
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General

Cement Paints :

cement paints are supplied in powder form and are available in 5 Kg. container or 25 Kg.
and 50 Kg. drums. Cement paint powder and water is mixed as per directions of
manufacturer. Only sufficient quantity is mixed at a time lo meet an hour's working
requiremient.

Enamel Paints :

Enamel Paints are of various qualities, Superior quality enamels cost quite high and cheaper
inferior quality enamels are also available.

Enamels have hard mirror-like gloss. Top quality gloss enamel is used for exlerior use
and to withstand rugged conditions such as finishing trucks, transport coaches, machinery,
furniture fixtures, shining sign-board, loys e.l.c.

The paints have an average covering capacity of 14-16 - sq.meters per litre and they are
avafiable in 20 litre, 4 litre and 1 litre as also 100 ml., 200ml., packing.

Colour Management

Introduction

The term colour management connotes actions involved in Designing, Choosing,
Arranging, Placing, Coordinating and Controlling the 'inputs' of colours to achieve desired
effective ‘outputs’ - colour schemes useful to Architects, Artists, Impressionists, Exterior/
Interior Decorators, Graphic Designers, Fashion Designers, Process Colour Printers and
painters.

Colour management, therefore, presupposes knowledge of colours and their
characteristics, psychological impact and emotional instinct associated with some colours
and colour combinations to produce colour schemes acceptable to end users or
professionals. The final impact would, however, depend on the physiological perceptions
of the target audience.

There are a number of colours, but all of them are blending of three primary colours -
Red, Yellow, and Blue, plus varying degrees of Black and white. With green, Purple and
Brown, these colours 'the living palette' make up hues that we see in daily life.

PRACTICAL APPLICATION

Choosing colours , be it a fun 1o some ane or far mare serious purposes , is by no means
a simple task. There is more to choosing an effective colour combination than simply
picking the colours that appeal to ones. The Picking is colour management action, for the
combination should be logical, based on the scientific relationship of different colours,
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H-;:ir placement or arrangement and co-ordination, turning to harmony for appropriale desired
effect.

Select background colour first. For interior painting, pale or pastel colours for walls and
ceiling, then pick a darker or vivid colour for the molding and then trim.

For exterior painting of buildings, observe design (frent elevation and also other sides).
The first selection of colour should be for the largest area i.e. body colour then go for the
nex! largest and so on-contrasl colour if felt necessary to give effect to design aspecis -
columns-bends-boarders-projections-sunken portion, etc.

Limit the number ql colours. Whatever may be the combination of colour - two, three, or
four, take one dominamt colour that sets the tone for the whole colour scheme, the others
should be clearly subordinate in hue, value and intensity.

Use natural colours, Natural colours by definition are harmonious.
Use familiar colours. Avoid uncommon colour like Magenta, Cyans, Purple.

All said and done, and clear though an array of colours may appear on a design to some,
a greal number of lactors affect the parception of them, including physiclogical capacity
and immeasurable powers of emotional association and above all, stylish preference.
Colours may often have tremendous emotional and personal impact on accourt of
psychological factors, rather than from any scientific application and delermining application
and determining agreament in reactions to colours is sometimes difficult. However, most
pecple do agree that same colour combinations imply heat and some cold and that some
bring forth pieasure and others pain. Red can be among the other things, either a welcome
or a warning signal conveying either warmth or danger. The 'Voice' of colour depends
largely on the colours that are placed next, to it - the esserice of this exercise-COLOUR
MANAGEMENT.

8.4.4 SPECIFICATIONS FOR RESIDENTIAL BUILDINGS

8.44.1 Foundation & Plinth
Sl.No. ltem Specifications
1 2 3
1. Foundations And Plinth (i) 15 em to 20 cm thick cament coricrete

(1:5:10) or lime concrete (with stone or
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brick aggregates) with 40 per cent (1:21o
3} mortar

fiy Brick work or Randam Rubble (R.R) stone
masonry in cement maortar (1:8) or lime
mortar (1:2:10/3)

Nate:

a) Higher contents of cement or lime 1o be used only when required under local conditions.
b) Ariti- termite treatment of foundation as per I5: 6313be provided in lermite -infested
areas.

¢} Under - reamed piles are recommended in black catton soil, being effective and
economical.

d} Depth of foundations will depend upon local conditions . National Building Code provides
far a minimum foundation depth of 50 cm which would be adequale in normal conditions,
a) Plinth height will depend on local conditions like fiooring , sub-soll water level etc. In
well - drained area, the plinth height need not be mare than 30cm.

8.4.4.2 WALLS: (i) Brick wark (ii) R.R. slone masonry

(i) precast stone block masonry (usually 20cm thick }
(iv) Timber posis and Ekra walling (with reeds , split
bamboo or expanded metal)

{v) Timber posls and planks (vi) Precast RCC posls
and 11.5 em brick nogging.

Naote: a) Whenever stone masonry is required due to non - availability of bricks or whenever
brick wall thicker than 23cm becomes necessary due 1o poor quality of bricks , use of
precast stone blocks item (iii) is recommended as they would be usually found more
economical.

b) In brick work and R.R. masonry , mortar mixes usually used are cement mortar (1:8) for
one and two storeyed construction and (1:6) in construction higher than two storgys, or
cement lime mortar (1:2:9) or lime mortar (1:2:to 3) . However, the moriar to be actually
used will depend on locally available materials and the actual strength of masonry required.
The strength of mortar should match the strength of bricks. Thickness of walls and mortar
mixes (or strength design of walls ) should be worked out as per provisions of National
Bullding Code.
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¢) For earthquake resistant construction of load- bearing walls structures zones I, IV and
V., 15:4326 should be referrad 1o

8.4.4.3 FLOOR AND ROOF SLABS: (i) RCC slab M15(1:2:4)

{ii) Precast roofing Systems, core units, channel
units, doubly curved shells etc.,
{iily Reinfarced brick panals
{iv) Brick tiles over timber joists
{v} Brick jack archies with precast RCC joists
(vi) Stone putty slabis (100 15cmihick)
{vii) 40 to 50 mm stone siabs (like Agra stone )
over precast RCC ar wooden joists
{viiiiMadras terrace flooring over timber joists
{ix} Sloping roof with A.C / C.G.] shests Manglore
tiles , slates, shingle, efc.
Note:
a) For economy , RCC slabs should be desighed as per limit state theory or yigld line
method and high strength deformed bars should be preferably used as reinforcement .
Where roofs are used in heavy rainfall regions they may be preferably laid ina
sloping pasition,
b} Use of item {ii} results in saving of cament and steel and leads o faster work..
¢) ltems (i) to (v) can be used where bricks of a good quality are available,
d) lfems (vi) to (vii} can be used in Delhi / Rajasthan areas where sultable stone slabs are
avallable
2} ltam {wviii) is used in ceriain areas ol Karnataka , Kerala and Tamil Nadu,
f ltem (ix) is appropriate in heavy , rainfall regions like Assam , Kashmir, Himachal Pradesh,
Eastern and Weslern coastal regions.
g} Saving in cement and steel can be effected through the adoption of iterns(ii) to (ix).
B.4.4.4 FLOORING: (i) 30to 35mm thick CC 1:2:4 flooring 1o be used
aenerally, Belter specifications like miosale flooring
should be confined anly to bath and W.C.s of all
type of quarters and living and dining reoms of
quarters.

{ii) In ground floor , use 75-80 mm thick lean
sancrete base with lime concrete or CC1:5:10.
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'5.4.4.5 DOORS ANDWINDOWS
A-Frames (i) Wooden frames - Generally a stze of100X60mm
is adequate tor door frames (This fhay be
increased to 120mm XE0mm where lly- prool
shutiers are also provided) . The size of the frames
could be reduced up lo 7SmmX60mm in the case
of windows.

(il)M.S. sections (sizes generally used are
40XA0XBmm T.section or 45X30X5 mm angle iron
section.).

(i} Precast RCC frame (100X75) mm size.

WNote:a) For wooden frames locally avallable seasoned timber as deodar |, sal, Bijasal,
Fillamarudu, Karimarudu, Hollock etc. and olher secondary speciesas per15:399- 1864
may be used.
‘B- Shulters {i} Panelled or ballened and braced shutlers for
doars and partly or fully glazed shutiers for
windows made of Deodar , Kail or other lacally
available secondary species of timber

(i) Commercial typeblack board flush shutters,
(iil) Wood particle board panelied or flush shutters.
{iv) Kitchens may be provided with fly- prool
shutters,

(v} Extarnal windows o be provided with simple
arills made of M.S.raunds and flats.

(vi) Oxidised iron fittings to be generally used. Only
in special quarteranodisedaluminium fitlings may
be used,

Note :

-a) Shutter thickness: 35mm is usually adequate for shutters of over 8O0 mm width

. Thickness could be reduced to 30 mm for shutters of less width.

b) For secondary species of timber please refer to IS : 398 - 1964,

£} Windows opening area - 10- 12% in hot and dry regions. 16 - 18% in hot and hurmid
regions.
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B8.4.4.6 WALL FINISHES
d) Internal Surfaces

12 mm thick plaster with cemanl mortar (1:6) igr
cement lime mortar (1:2:9) finished with whijs

—

General

waslh.
7
b) External Surfaces (i Same as above (finished with colour wash)
(i) Cement fime pointing.
Naote :
a) The thickness of plaster on rough surface of brick work may be increased to 16mm.
b) The thickness may be reduced to 10mm for plastering precast masonry blocks, B

c} Plastering on external surfaces need not be done in case of A.R. slone masonry any

precast masonry blocks.

8.4.4.7, TERRACING OVER
FLAT ROOFS

(i} The top of roof slab shall be painted wilh
bitlumen.

(it} On the bitumen painted roof shall be laid 10cm
thick mud phuska and 2.5 em thick mud gobin
plaster to be overlaid by Hlat brick tiles,

If earth suilable for mudphuska is not available

use lime concrete terracing 7.5 cm average | 8.

thickness. Where guality of lime concrete is nal
satistactory , it needs to be overlaid by a layeral
pressed clay tiles or two layers ol country liat tiles
or 30 to 35 cm thick 1:2:4CC panels. .,

8.4.4.8 Rough Estimate for Cost of Buildings

Name of ltem

Labour

Cost ol Malerijal

Foundation upto and including plinth
Superstructure

Second Storey

Direct and overhead cost

a) Direct on actual work

b AR S

Percentage of Tolal cost

3010 35
7010 65
1510 20
B0 1085
75 10 85 of 1st storey

B5

10.

b) Overhead costs due 1o establishment
supervision, incidentals etc

Sanitation and Elactrification

a) Sanitary and water supply

b} Electric installations withoul Fans
c) Electric Fans

Cost break-up of different companenis
a} Earthwork in Excavation and fillirig
b) Foundalion Concreting

c) Damp prool course

d) Brick work

&) Roaling

1} Doors, Windows and Ventilators

g) Plastering and Pointing

h} White-and colour washing, painting

i} Miscellaneous

Cost ol matenial and labour { Probables )
a) Bricks

b} Cement

¢) Steel Bars

d) Timber

&) Lime

1) Labour

g) Miscellaneous

15

7o g

1-2
41086
e

34

20
18-20
10
244
4-8

15
15
15
156
5

30
5

Material required on plinth area basis for single storey buildings -

per square metre of plinth-area ( Probables )

a) Brick
b) Cement
c) Steel

500 Numbers
1.5 bags
10 kg
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8.4.4.9 BRIEF SPECIFICATION FOR IMPORTANT WORKS IN BU[LEI.‘JI_I;E:

CONSTRUCTION

PART - 1. CIVIL WORKS

B W =

e

10.

Ll A
12.
13.

14,

156.

16
17,
18.

Earth work excavations in all soils for foundation of parmow width,

Supplying and filling in foundation and basement with sand

Filling basement with excavated soifs in layers and consolidation.

Cement concrete 1:5:10, using 40mm broken stone jally for foundation .

R.R. masonry in C.M. 1.5 for foundation and basement with bond stanes and
simultaneous flush pointing in CG.M. 1:5

Brick work in C.M  1:3/1:5/1:6 for foundation and basament .

Damnp proof course in C.M.1:3/1:4 mixed with water proofing compound at 2% by
weight ol cement .

Brick work in C.M.1:5/1:6, using ....... Bricks of size...... [orsuperstructure in Ground.

Floor/First Floor /Second Floor etc.

Supplying and erecting shuttering for RCC plane suraces such as column foatings,
plinth bearn ete.in foundation &basement.

Supplying and erecting centering lor sides and soffits including structuring Uplo
3.29m

a) for RCC fioar slabs, rectangular beams lintels, bed blocks, staircase waist slabs,
canopy etc.

b} For vertical slabs , congrete walls, RCC columns sunshades ete.

c} For curved column surtaces including circular columns,

Cement Congrete 1:2:4,using 20mm size broken stone jelly for all RCCworks.
Plain Concrate 1:2:4/1:3:6 using 20mm size broken stone jelly.

Supplying , fabricating and placing in position MS/High strength steel grills for all
RCCworks.

Supplying and fixing TW/C.W. frames lor doors , windows and all ventilators,

= Single shutter fiwo shutters with stee! grilis /without steel grills ete.

Supplying and fixing shutters for doors, windows and ventilators including labour,
wrought and put up

- with multipanel glazed shutter panel/ - with single panel glazed shutler

- with 3 panel glazed shutier /- with TW/C.W/Andaman padauk fly proot shutters

- with vertical glazed louvers for ventilators,

Supplying and fixing TW/C.W weldmesh doors /windows /ventilators.

Floor with cuddapah siabs of 40mm thick , over 20mm ecm 1:3.

Cement concrete 1:5:10, using 40mm hard broken stone for llooring.
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Weathering course in brick jelly 20mm size lime concrete in<pure slaked lime (lime
1o brick jelly in the proportion of 12.5:32).
Paving the floor with meosaic by hydraulic pressed square liles over a base layer of
C.M.1:3< 20mm thick.

Finishing the ficoring with mosale in- situ over a base layer of C.M. 1:3,20mm thick
and top layer of 12mm thick mosaic in situ marble chips.
Dadooing walls with mosaic in- situ work wilh a base layer of C.M.1:3:. 4mm thick
and a top layer of 8mm thick mosaic in situ , using marble chips.
Providing granolithic floor finish with plain concrete 1:2:4, using hard broken stone
of 10mm and 12mm size ;-
-20rnm thick for residence /-25mm thick for offices /~-40mm thick for warkshop
&godowns.
Finishing the top of roof with one course ol machine pressed liles of size
200mimx200mmx200imm in C.M. 1:3 with water prooling compound at 2%by weighl
ol cement .
Dadooing the walis with glazed square tiles of 150mmx150mmx5mm in C:M. 1:2
and painting with C.M.1:2.
Brick partition wall of thickness 11,5cm, using Country Bricks/Stock bricks! Il
Class bricks in C.M. 1:3.

Plastering the surfaces of walls with C.M. 1:5, 12 mm thick in brick masonry/
20mm thick in RR masonry,
Special ceiling plastaring and finishing the exposed surfaces of RCC works in C.M,
1:3; 10mim thick.
While washing with frashly burnt shell lime-with one coat/- two coals.
Colour washing two coats with freshly slaked shell lime.
Supplying and painting the walls with two coats of Cemenl paint.
supplying and painting the Celling or walls with two coats of synthetic enamel paint/
plastic emulsion paint of approved quality.
Painting new work with two coats ol synthetic enamel paint of approved quality.
Painting new Iron work with two coats of synthetic enamel paint of approved quality.
Providing and fixing AC/PVC Downwall pipes with fixtures.
TWICW wrought and put up for AC sheet roofing.

Precast RC slab 20/25mm thick using 10mm & below hard broken jelly.

Precast AC slab 40/50/75 mm thick, using 20mm hard broken |elly.

Supplying and fixing MS grills for doors, windows & ventilators,

Supplying and lixing TW hand rail with size of 150 X 50mm,
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8.4.4.10 Stripping time for Reinforced Concrete
{ As per IS ; 456-1978 ( Clause 10.3})

—_—

Note : 1 In formal circumsiances and where ordinary Portland cement is used, lorms may
be generally be removed after the expiry of the following periods :

a)  Wall, columns and vertical laces of
all structural members

2410 48 hours as may be decided by
the engineer - in charge.

b)  Siabs (props left under) 3 days
c) Bearn soffits (props left under) 7 days
d) Removal ol props under slabs
1) Spanning upto 450 m 7 days
2)  Spanning over .50 m 14 days
e} Removal of props under beams and

arches <
1) Spanning upto 6 m 14 days
2) Spanning over 6 m 21 days

For other cements, the stripping time recommended for ordinary Portland Cement may
be suitably modified.

Note ; 2 The number of props left under, their sizes and disposition shall be such as to ba
able to salely carry the full dead load ol the slab, beam or arch as the case may be
together with any other live load likely to occur during curing of further construction.

8.4.4.11 Water Supply requirements for buildings : ( As per part IV of NBC 1983)

Water Supply for residences : The requirements regarding water supply, drainage and
sanitation for residences shall assume that a minimum waltar supply of 200 litres pef
head per day is assured together with full flushing systam.

Nate : The minimum value of water supply given as 200 litres per head per day may be
reduced to 135 litres per head per day for houses for Lower Income Group (LIG) and
Economically Weaker Sections of Society (EWS) depending upon prevailing conditions.

8.4.4.12 Occupant Load - (Para 7.3 - Part IV of N.B.C - 1983.)
For determining the exact quantily required, the number of persons within any floor area.

or the occupant load shall be based on the actual number of occupants, but in no case
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igss than that specified below

Occupant Load
Floor Area in m?/person.

Group of Occupancy

Residential 125
Fducational 4
Institutional 15

$.4.4.13 USEFUL NOTES FOR LAYING OF RCC COLUMNS AND FOOTINGS
1. EXCAVATION OF TRENCH

1. A trench lor the fooling of size given in the drawing providing 15¢m extra on lour
sides to get required size of fooling al the boltom of trench shall be excavated.

2. The depth of the pit should be minimum 1m and should be decided by the consulting
engineer il the hard strata is not met with in 1m depth.

3. Any deviations regarding the depth of pit should be referred to the consulting engi-
neer.

|l BASE CONCRETE

4. All the lobse materials at the battom of the pit should be removed before laying the
base concrete.

5 The base concrete should be of 23 cm thick with c:c {1:4:8) using 40mm size down
grade metal.

6 The base concrete should be tamped well to get dense concrele.
. FOOTING CONCRETE

7. The foating concrete mix shall be V.R.C.C (1:1%2:3) (M 15) using 20mm hard bro-
ken graded metal,

8. Cernent slurry should be put over the base concrete before laying fooling concrete.

. Minimum cover of 5cm should be provided for the reinforcement of footing.
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1 & . - - i
0. Pinvibrater musi be used for vibraling the concrete of more than 10 cm.

11.  Machine mixing should be dane,

12, Minimum 4 cubes of 15.0m X 15 cm X 15 cm should be extracted during concrety

and should be gol tested for 14 days and 21 d '
&
record shall be maintained. s B

IV. STEEL

13. Tor steel grader40 shall be used unless specified in the drawing.

14. The steel should be free from rust.

15, i i
5. Comect dia of steel should be used with correct spacing and cover as specified in.

the drawing.
16. The reinfercement bars should be tied properly.
V. SAND, CEMENT AND METAL

17. i
The cement shiould be fresh without lumps, cement more than 3 months old should

be gol tested for its strength. Wa o
: - Water cement ralio is maintained for workability of the
mix and the wet mix should be placed with in 30 minutes to obtain maximum ‘.i?rﬂﬂﬂh:

18. Approved brand cement shall be used.
1 : +

9. The 20mm size metal should be crusher metal and should be free from dust.
20,

(. The sand should be free from dust, Inorganic materials and pebbles.
2

1. The sand shall be screenad for removing over size materials.
22. Coarse sand only shall be used for concrete work.
VI. coLumn
2

4. The concrete mix for the column shall be as specified in the drawing
25. Steel form work should be used

26. i
The over lapping length for column bars should be 35D where D is the dia of the
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27.

2B.
29,

31.

bars. The column bars should be verfical.

The leg of the column bar should be minimum 45 cm and should be tied to the footing

mial.

Minimurn 4em cover should be provided for reinforcement.

The column should be vertical through out the fioors and no eccentricity is allowed.

Pin vibrator must be used to vibrate the concrete.

Minimum 4 cubes of 15 em X 15 cm X 15 cm size should be extracted during
concrete and should be got tested for 14 days and 21 days strength for each days

wark and record shall be maintained.

-

8.4.4.14 USEFUL NOTES FOR LAYING OF R.C.C.5LAB

|. FORM WORK

h %

Steel form work is advised for neat and level ceiling.

The form work shall be strong and should withstand the impact loading of concrate.

2.
All the holes in the form work shall be closed 1o avoid possible bieeding of concrete
during vibration.
3. The centering shall be removed only after the concrele attains the desired strength.
Il. PRECAUTIONS
4. The column levels shall be at the same jevel (or lower ) with respect 10 the bottomn of
the beam of maximum depth.
5. All the column junctions are cleaned and no oil should be seen on column surface.
i, STEEL
6 12.5mmclear cover for slab reinforcement and 25mm cover for beam reinfarcement
shall ba maintained.
2 The steel should be frash and free from rust and correct diameter of steel shall be

used.
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8  Overlapping length shall be 45 times the dia of the reinforcement.

9.  For the rods of dia above 6mm the TOR steel of grade 40 and the bars of 6mm dia
shall be in MS grade.

10. All the reinforcement steal shall be tied effectively with binding wire at the joints.

11. The reinforcement shall be got checked by the design engineer before slab is cast.

IV. MATERIALS

12. The sand shall be screened and shall be free from dust and silt.

13. Coarse sand shall be used for RCC works, machine crushed 20mm size down grade
metal shall be used for RCC works.,

14. Always fresh cement shall be used and should not contain lumps and 3 months old
cement shall be tested for its strength properties.

V. CONCRETE

15. The RCC mix (1:2:4) M15 with 20mm down grade metal shall be used for slab and
beams.

16. Machine mixing and measurement boxes shall be used for loading the sand and metal
in to the hopper.

17. Pin vibrator for beams and pan vibrator for slab shall be used.

1B. The thickness of slab shall be provided as per drawings.

19. The water cement ratio and workability of concrete are to be maintained under the
supervision of an Engineer.

20. 5or6concrete cubes of 15cmX15cmX15cm size shall be extracted and tested for its
compressive strength at 14 days and 21 days age.

21, The junctions are to be treated with cement slurry between old and new concrete
whenever there is time delay. Lapping shall be maintained at the junctions of oid and
new layers.

22, In case of rain during concreting the concrete shall be covered with gunny bags
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23,

Vi

24,

available at sile to avold erosion of concrete.

Curing shall be done for minimum of 21 days with 1" depth ol standing water. Start
curing on the next day of work, before sun rays fall on the concrele.

LEAK PROQF TREATMENT

The top of the roof shall be plastered with CM (1:4) mixed with 1 kg of ACCO prool
compound per 1 bag of cement and fine rendering shall be done over the plastering.

NOTE: Any devialions of the above shall be brought to the notice of the engineer before

8.4.5.1

execution of the work.

THEORETICAL CEMENT CALCULATION FOR VARIOUS
ITEMS OF WORK.

Description of work Cement for 1 Cum of work

or 10 S¢.m of Finished

Surface

kgs
Cement mortar 1:2 720
Cement mortar 1:3 480
Cemeril mortar 1:4 360
Cement moriar 1:5 288
Cement mortar 1:6 240
Cement morlar 1:8 180
Cement concrete 1:11/2:3 0.45 X 960 = 432
Cemenl congrete 1:2:4 045 X 720 = 324
Cement concrete 1,3:6 0.45 X B0 = 216
Cement concrete 1:4:8 0.45 X 360 = 162
Cement concrete 1:4:10 0.38 X 360 = 137
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Cement concrete 1:5:10

Cement concrete 1:5:121/2

Special ceiling plastering for RC slabs
and beams with cement mortar

1:3,10 mm thick - 10 sqm

Providing through vertical joint with

15 mm space filled with bituminous
conpound ... with c.m. 1:3, 15 mm
thick - 10 Sq.m

Brick work in cement mortar (1:6) using
Bricks of size 9" X 4 3/8" X 2 3/4"
Bricks of size 8 3/4" X 4 1/4" X 2 3/4"
Bricksof size 8 3/4" X 41/4" X 21/4"
Bricks of size 19cm X 9cm X9 cm
Bricks of size 19cm X9 ecm X 5.7 cm
Granolithic flooring c.c. 1:2:4 using 20mm
thick using 12.5 mm size jelly

Pebble ash plastering 1:5 /12 mm thick
20mm thick

Honey comb brick work using bricks of
19 cm X 9cm X9cmiin cm. 1:3
Brickwork 10cm, thick-partition walls using
1class bricksin c.m. 1.3

Plastering withc.m 1:5, 12 mm

thick (20sq.m). 0.12 X (20/10) X288 =
Cutstone in cement mortar 1:2

0.45 X 288 =130 kas/cum
0.38X 288 =110 kgs/cum

0.10X 480 =48 kgs/ 10 sqm

0.15X480 =72 /10 sqm

=0.25X240=60/ 1 cum
=0.28X240=67.2/1cum
=0.30X 240 = 72 /1 cum
=0.22X 240 = 52.80/ 1 cum
=0.27X 240 = 64.80/ 1 cum

0.09%X324= 2916/ 10m?
40.32 Kg /10 5q.m
63.36 Kg/ 10 5q.m

0.7 X 288 = 201.6/10 Sq.m

0.14 X480 = 67/ 1 cum

69 /20 Sq.m
0.16X720= 115/1cum

General

Coursed Rubble masonry in ¢.m.1:2- 1 st Sort
Coursed Rubble masonry inc.m. 1:5- 1 st Sort
Coursed Rubble masonry in'c.m. 1:2- Il nd Sort
Coursed Rubble masonry in ¢.m. 1:5- |l nd Sort

Random Rubble masonry in ¢.m. 1:3
Random Rubble masonryin c.m. 1:6

Damp proof course in c.m, 1:4, 20mm thick -10 Sq.m

Manulacturing sand cement blacks

of size 60 X 30 X 20 c.m. in C.M

1:8 and packirig them in C.M 1:6in
aprons and revetments -1 Cum
Manulacturing sand cement blocks

of size 60 X 45 X 15c.m.inC.M

1:6 and packing themin C.M 1:6 in
aprons and revelments -1 Cum

Finishing the floor with 20mm cementl
concrete {El'iis pattern - 1 sl Sort -Mo sand
to be used ) - 10 Sg.m

Paving Hydraulic pressed cement masaic

tiles of size 20cm X 20cm X 20mm thickness

with c.m. 1:3, 20mm thick and pointed
with same cement -10 Sq.m
Terraced roofing with birick on edge,
75mm concrete, 2 courses of flat

tiles to top and 1 coal of cement
plaster 1:3, 15mm thick

028X 720= 202 kgf1 Cum
028X288= B1 o,
032X 720= 230 gy
032X288= 892 1o

0.34 X480= 163 »»

0.34 X240= B2 3
021X360= 756 kg /10Sq

manufaciuring 171.0
packing 14.4

manufacturing 228

packing 14.4
17
021 X480 = 1
cm. (:24 X 480 = 115

Plastering - 0.15 X 480 =72
Pointing - 0.05 X 480 = 24
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Reinforced concrete 1:2:4  roofing
125mm thick, two courses of flat tiles
with C.M, 1:3-10 Sa.m

Terrace flooring with one course of pressed

tiles 20em X 20cm X 20mm using CM 1:3
10-8q.m

Pointing Flat tiles

Pressed tiles

Plastering with C.M. 1:3, 12mm thick - 10 Sq.m

Plastering with C.M. 1:5, 12mm thick - 10 Sq.m

(For country bricks) 1:5,12mm thick - 10 Sq.m
Plastering with ¢:m 1:3,20mm thick - 10 Sqm
Stucco Plastering 12mm thick using
blue granite chips of size 10mm and
below over a base plastering

in C.M 1:5, 12mm thick - 10 Sq.m
Pointing with CM 1:3 Aush pointing
Brick work - 10 Sq.m

Pointing with C.M 1:3 fush pointing
Random Rubble Masonry - 10 m#
Pointing with CM 1:3 to full depth
of tiles{ marble slabs, pressed tiles,
ornamental thes ) - 10 Sg.m

125X 0.45

Flattiles 0.27X 480= 130

0.04x 4.80 = 19

0.05X480= 24

0.12x480 = S8

0.12x288 = 35
0.14x288= 40
0.22x480= 106

Base 1:5-0,12 X 288 = as

0.06x480 = 29

0.09x4B0= 43

0.04 x 480 = 19

Ganamal
Pointing with C.M 1:3 cuddapah
slabs to full depth - 10 Sq.m 0.05 x 480 = 24
Painting with C.M, 1:3 square
brick fiooring - 10 Sq.m 0.05 x 480 = 24
8.4.5.2 Table : Fair Estimate of Cement and Steel in Building Works
Residential Office Bulldings Commercial Bldgs
Bidgs {Muiltistoreyed) such as Bus stands,
Load bearing | Framed Restaurents etc.
1. Cement 16to 20tons{ 12to1Stons | 25tons 22 5tonns
(I) For 100 sgm| (320to400) | (240tp300) | (500) (450)
of plinth area| bags bags bags bags
2. STEEL
(i) For 100sqm of
plinth area. 1810 2.0 15 25 2.25
tonnes tonnes tonnes tonnes
(ii) For 1 cumof
RCC 100 Kgs 80Kgs 150Kgs | 120Kgs
(iif) ForRs1.0laki 1.5tonnes | 1.20tonnes | 2.00tonnes|1.75tonnes
cost estimate
( 1989-90 ) rates
Various sizes
Dia 6mm 15% 1% 10P6 10%
8 mm S0P 0% 0% 25%
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10 mm 15% 10% 10% 15% 25cm C.C. fioor 7.50 sgm per mason
12 mm 10% 15% 15% 10% Timber Iraming sal or leak wood 0.07 cum per carpenfer
16 mm 10% 15% 10% 20% - Do - Country wood 0.15cum per carpanter
20 mm - 5% 15% 10% Door or Window shutter panel or glazed 0.70 sqgm per carpenter
25 mm - 10% 10% - Do - battened 0.80sgm per tarpenler

For Foundation & Basement of Framed Structures ( Upto 4 storeyed ) alone Single Allahabad tiling or Mangalore tiling 6.00sgm per tle layer

CEMENT

For 100sgm of 2.0 tonnes 1.751tonnes 2.5 tonnes  2.25 tonnes 8.5.1 Horse power required to lift dilferent quantities of water to

Plinth area (40 bags ) (35 bags ) (50bags) (45bags) elevalions 3m to 30m

STEEL H.P.={ Quantity of rpm x Head in metres x 2 / 60x76 } Assuming 50% elficiency of pump.

S s Qtyinl HP ired for the elevati f

, yinlpm required for the elevation o

Plinth area 500kg 400kg 850kg  750kg A o som ?Sm G " gl el

Materials required for single Storey Building 500 0.66 1.10 219 3.29 439 5.48 6.58

*Cement :3.50 1o 4.00 Bags / sqm of Plinth area 1000 1.32 218 4.39 6.58 B8.77 10.96 13,16

“Stesl : 12 Kgto 15 Kg / Sgm of Plinth area 1500 1.87 3.29 6.58 9.87 13.16 16.45 18.74

* Bricks - 250 10 300 nos / sqm of Plinth area 2000 2.63 439 8,77 13.16 17.54 21.93 26.32

2500 3.29 5.48 10.96 16.45 21.83 27.41 32.88
3000 3.85 658 13.16 19.74 2632 32.89 35.47
3500 4.61 7.68 15.35 23.03 30.70 38.38 46.05
4000 528 8.77 17.54 26.32 35.09 43.86 52.63

8.4.5.3 Task or out turn per day per skilled fabour

White washing or colour washing three coals 70.00 sgm per white washer 4500 5.92 9.87 19.74 29.61 3947 4934 59.21
| White washing or colour washing door 5000 568 10.96 21.83 32.89 43.86 54.82 | B5.79
| A" 200.00sqm per vihite washer 5500 7.24 1206 2412 3618 4825 6031 17237

R L ‘ LI 6000 7.89 1316 2632 3947 5263 €579 7895

i FRCROraR Wows 0000 SO i L 6500  BS5 1425 2851 4276 5702 7127 8553

Painting large surface one coat 35.00 sqm per painter 7000 9.21 15.35 20.70 46.05 61.40 76.75 9210

Distempering one coal 35.00 sqm per painter 7500 9.87 16.45 3289 4934 6579 8224 9868

8-34 ‘ 8-35
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| NORMS FOR ELECTRICAL INSTALLATION IN RESIDENTIAL BUILDING Where :

1/2 HP monoblock, cenrifugal motor pumpset is adequate in case of open wall RMD = revolution of meter dise in time 1,

with suction height upto 26 teet - for a family of sight. f—.:[ ;t]st: constant in watt hours per revolution of disc (generally found stamped on the

I = time in seconds

1/2 H.P. jet motar - pumpset is adequate in case of open well or bore well with " [ nm aesnQ®
2CHIC Spee i = e —
suction height ranging from 26 feet to 50 feet - for a family of eight. DRGSR ofia purpe (Metric)ng e
8.5.2. COST OF ELECTRIC PUMPING Specilic speed of a pump (British/U.S.) ng=ng /H ¥4
To purnip one gallon of water in one minute against a head of one foot with 100% overall Conversion factor : If ng = 1 Metric, it is 12.9 British and 14,2 U,S, specific speeds

efficiency requires 0.0001 89 kilowatts. Pumping 1,000 gallons per minute per foot head
al 100% efficiency requires 0.189 kilowatls,

. . 8.6 TRIGONOMETRICAL FUNCTIONS OF
The following farmula can be used for determining power costs of pumping. ANGLES

Angle
Cost per 1000 gallons lor each foot of head s =
Deg.Radn _Chord Sine Tan Cot __Cos  Chord  Radian Deg,
0.183 X R 0.00315 X R 6 0 0 0 0 0 1 1414 15708 90
= mmmaseas—aaaa meeemem e T 078 017 0175 0475 57.2800 9098 1402 1.5533 89
PE X ME. X 60 0.PE, 2 0349 035 0349 0349 286363 .9994 1389 1.5359 g8
Where : | 3 0524 052 0523 .06524 190811 .9986 1327 15184 87
[ T 3
R = Powet cost per kilowatt hour. 4 0698 070 0698 .DE?H 14,3006 9976 1.364 15010 B85
FPE. = Pump efficiency 5 .0873 087 0872 .0875 11.4301 8962 1,351 1.4B34 85
. - 8 1496 139 392 1405 71144 8803 1.312 1.4312 e
ost par hour a 1571 157 1564 1584 653138 Qg77 1
: : - - : : 3138 . 299 14137 B
- ,ﬁ_‘??c,l'l,a_g,%?? l_lTﬁ_l??r_nf‘ _r.r.f’. _t?*,ai_ij?d_ ?(E . 10 .1745 74 A7360 4763 56713 8848 1288 13963 80
O.PE. 11 1920 Jd92 1808 1944 5.1446 o816  1.272 1.3788 79
12 2094 209 2079 2126 4.70486 8781 1259 1.3514 78
To determine H.P. at electric mater 13 2268 226 2 2250 2309  4.3315 8744 1245 1.3439 77
RMD. X K X 3600 } 14 2443 244 24189 2493 4.0108 8703 1231 1.3265 78
HR(atmeter) s-=-=-= —==-s=v--= 15 .2681 281 2588 2679  3.7321 G653 1217 1.3080 75

-
=4
£
L=
o

2793 278 2756 28B7 3.4874 613 1.204 1.2915 74




General Gardes
8.7.1. ELECTRICITY - GENERAL USEFUL FACTS

| rd__Sin Tan Cot Cos Chord  Radian Degq.
2967 296 2924 3057 3709 9%3 1110 1.2741
3142 S313 G050 3249 3.0777 9511 1176 1.2566
3316 3300 3256 3443 29042 8455 1171 1.23692
01 47 34200 3640 27475 9397 1147 1.2217
.3665 364 3584 3839 26055 9336 1.133 1.2043
3840 382 S A0 24751 9272 1.118 1.1868
A014 399 3907 4245 23559 9205 1104 1.1694
4182 416 4067 4542 22460 9135 1.089 1.1519
4363 433 4226 4663 21445 9063 1075 11345
4538 450 4384 4877 2050 8988 1.060 1.1170
4712 467 4540 5095 0 19626 8910 1.045 1.0956
4887 484 4695 5317 1.8807 .8829 1.030 1.0821
5061 501 4848 5543 1.B040 .B746 +1.015 1.0645
226 518 5000 5774 1.7321 .8660 1.000 1.0472

0.745 kw - 23,000 ft.lbs,per min.
1.104 melric HP " ¥6.11 kg.mfsec
75 m.kg/sec
1,000 watt Hours {or) 1 kilowalt hour
H.P. X 33,000 (R.PM. X 2}
watt / volis
(Kilowatt input X Efficiency) /0.746
(Volts X Amps) / 1,000
ratio of True Power/Apparent power
Kilowalt / K.VA,
{(1.73 X volts X Amps X p.p) / 1000 ]

1. H.P. =745 walls

1. Metric H.R

1. B.O.T. unit

Tarque (ft.lbs)
Current, Amperes
Motar Quiput in H.P.
K.VA,

Power factor

(I | N 1 Y O T O {1 1

True power in 3 phase
Circuit In kilowatt

Single phase motor Amperes
Two phase molor Amperas
Three phase amperes

1 Electrcal unit ( B.O.T. )

H.P. X 746 / (Efficiency X volts X PF)

H.P X 746 / (Efficiency X volts X PF X 2)
H.P X 746 / (Efficiency X volts X PF X 1.73)
1 kilowatt hour

A0Pe Y PO rOPr oo rEYOIRP Y s '

mwmnpwmu

5411 531 5150 6009 16643 8572 | 985  1.0123 1 kllowett (W) 5 il
85585 551 5299 6249 1.6003 .8480 970  1.0297 = 1.341 horse power
5760 .568 5446 6494  1.5399 .B387  .954 9948 =1.360 Metric horse power
5934 585 5582 6745 14826 8290 939 9774 1 Kilowatt hour (KWH) =3.413B.ThU. 5
6103 601 5736 7002 14281 8192 923 9599 = 500 Galonks 3
6283 618 5878 7265 13761 .809 908  .9425 T sty
6458 635 6018 7535 13270 7986 .892  .9250 Az - 1076 ik,
= 6632 651 6157 .7813 12799 7880 .877  .9076 - 0.2520 calories
6807 668 6293 .BO98 12349 7771 .86l 8901 1 Calone ( cal.) = 3,088 foot pounds
6981 .684 6428 .8391 1.1918 7650 .845  .8727 = 3698 B. Th.U,

o
&
g

6561 .8693  1.1504¢ 7549  .B29 8552

:?1? 6691 9004 11106 7431 .B13 8378 8.7.2 AN IDEA WHAT CAN BE DONE APPROXIMATELY

"

GEIZBEINVELERAYUVELRETRRA2BIINY

’ J305 733 68820 9325 10724 7314 797 8203 By one unit of Electricity in the House Hold
J870 749 6947 9657 10355 7193 .781 8029 Raise 2500 gallons of water over 50 ft
_— JE4 765 7071 10000 1.0000 7071 .765 7854 , Light One 40 watt lamp 25 hrs
o Make B0 cups of water lo bath temperature
2 Operale A floor polisher of vacuum cleaner six hours

8-38 B- a9
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Run A sewing machine for 20 hrs #.8. CONVERSION TABLE
Run A washing machine to do two weeks washing for'six persons 1. LENGTH
Run A 10" fan for 150 hrs 1inch = 254cms 1 em = 0.393701 inch.
Run A ceiling fan for 10 hrs 1 fi = 30479 cms 1 cm = 0.0328 fest
Milk 52 cow 1yd = 0.91438 cms T m = 1.00361 yds
Separate 3000 gallons of milk 1 mile = 1.608344 km 1 km = D.62187 mile
Churn & Work 180 Ibs. of water ilurlong = 201.188 metres 1metre = 0.004971 furfong
Heal 2 gallons of water 100'chain =  0.03048 km 1m = 3,280B4 feet
Make 10 Ibs. of ice
2. AHEA
The probable cansumption of electricity by apgliances in general use in hrs/ Unit 1 in? = 64516 m.m? 1mm? = 0.00155 m.m?
Lamps { Vacuum or filament type) 1 2 = 00929 m* 1m® = 10,7639 12
Marked 20W 50 hrs 1 yd? = 0.836127 m? 1m? = 1.196068 yd?
Markad 40W 25 hrs 1 Acre = (4840 sq, yards) 1hecltare = 2.4698676 acre
Marked 80W 16 hrs =  (L.40468 hectare = 10,000 sq.m.
Marked 100W 10 hrs 1 acre =  4046.856 m? 1 m* = 0000247 acres
Night Lamp 200 hrs 1s5q.mile = 2589988 km?=640 Ac 1 m® = 0.386106 mile®
1 mile? = 258900 hectare (ha) 1ha = 0,00386 mile®
Eires
Markad 1KW/{1000W) 1hr 3.VOLUME AND CAPACITY
Marked 2KW(1000W) % hr 1 inch?® = 16.3871 cm® 1 em? = 0.0610237 inch?
1 f3 = 0.0289168 m® 1 m = 353147113
lrons | Tt = 28.316 litres 1 litre = 0.035315 1
Marked 330W 3 hrs = B6.24 gallons
Marked 500W 2hrs | lacreft = 1233.50m? 1 md = 0.00081071 acre ft
1 yd? = 0.764555 m? 1 m? = 1.30795 yd°
Cookars 1 acre fi = 0.1234 hectare metres 1 hectareml = 81037 acre fi
(4 to 5 KW) Varying with nature of use, generally one unit per day for each person ina lacréft = 1613.33yd” 1 yd® = 0.00061984 acre ft
small family where all cooking is done by electricity. 1 ya? = D.764555 Kilo litres {kilolitre = 1.30795 yd3
Water heaters (Storage type) for bath - 3 to 4 units per bath 1 Imp gallon= 4,54596 litres 1 litre = 0.219975 Imp gallon
1 US.
Boiling vessals (¥ pint capacity ) big gallon = B8.78531 litre 1 litrer = 0.284179U8S.big gailon
Milk heater, shaving water mugs etc 25 to-30 oparations/unit
. FLOWRATE- VOLUME ;
Fan ( small ) : 10 15 hrs. One cusec day 1.9835 Acre fest
Vaccum cleaner : 4 hrs _ 0.0864 Million cubic feet
Cloths washing machine : 4 hrs ! 8.64 Hectare Metre

One cusec day 0.0B64 Million cuble Metres
8- 40 8-41
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4.WEIGHT

1 Ib average
1 kip

1 poundals
T owt

1 ewl

1ton

11an

1ton (2240 bs)

1 Tela
1 miaund
1 seer

1 ounce (ave)

1 Tola
1 kg
1 Tonne

0.4535929 kg
1000ibs (ave)
0.13825 newlons
50.802 4.Kg
0.50B024 Quintals
19.684 cwt
1016.0536 kgs
1.01606 MT
0.0118635 kgs

= 37.324157 kgs
0.9331086 kg
28.35 gm

= 0.411429 ounce

= 9.8B07 Newtan

= 9.807 Kilo Newton

0o moo W

Il

5. WEIGHT PER UNIT LENGTH

1 lbfinch
1 Ibfyd

1 lfyd
1 b/t

1 lbfineh
1 ka/m
1 Tonfl

6. DENSITY
1 Ibfineh?
1 b3
1 ihlyd®
1 Ibfinch®
1 Infinch?®
1 gmicm®
| Tiyd®
1 Thyd®
1 Ibfew.in
1 Ibfcu it

mmwn mmnu

n

mmwn fou

o

o

17.8582 kg/m
0.496055 kg/m
0.333333 Ib/ht
1.48882 kg'm
12.00 b/t

1 Vkm
3.3335 t/m

27.68032 gm/icm®
16.0187 kg/m?
0,593278 kg/m?
27679.900 kg/m?
1728 Ibs/hts?

1000 kg/m?
1328.959 kg/m?
1.328959 Um?
27.68032 gmvc.c,
16.0187 kg/cu.m

B

1 kg

11b {ave)
1 nawton
1ckg

1 Quintal
T owt

1 kg
1MT
1kg

1 kg

1 kg
1gm

1 ounce
1 Newton

1 Kilo Nawton

1 kg/m
1 kg/m
1 I/t
1 kg/m
1 I/
1 Vk.m
1Hm

1 gmicm?
1 ka/m?

1 kg/m?®

1 kg/m?®

1 b3

1 kg/m3

1 kg/m?®
1 Um3

42

nmou

]

| [

[ | I

= 220462 |bs average
= 0.001 kips

= 7.233 poundals
=0.01968 cwit

= 1.89684 cwi(100 kg)
= 0.08081 lonnes
=0.00098421
=0.98415 tonnes
=85.735 Tolas
=0.0267923 Mound

= 1.07169 seers
={.03527 nunce (ave)
= 2. 43056 Tolas

= (3,1020 kgs

=0.102 Tonnes

0.055996 Ibfinch
2.015306 Ib/yvd
3.000 1o/t

0.6720 Ibsfh
0.083333 |bsfinch
1 kg/m

0.30000 vt

0.0361267 Ib/ inch®
0.06243 I/t

+ 1.68555 lo/yd®

0.0000361272 Ib inch®
0.0005787 Ibfinch?
0.001 gmsicm?
0.75246 X 107 tyd®
0.752488 tyd?

General

7.5TRESS
1lbfinch® = 0.7030 kg/lcm? 1 kglem?
1 b = 486243 kg/m? 1 kg/m?
1tinch® = 1.576 kg/mm? 1 kg/mm?
1T = 1.0943 kg/em? 1 kglem?
1 Tif2 = 10837 yYm? 1 Um?
1kglem® = 10Um? L Um?
1 kg/mm?® = 9.807 Newton/mim® 1 Newtan/mm? =
1kglem® = 0.09807 Newton/mm? 1 Newton/mm? =
1lbisqin = 0.7030 kg/sq.cm 1
T British Tan
8. POWER
1HP = 0.74570 KW 1T KW, =
{British H.P.}
1HP = 1.01387 M.H.F. 1MHE =
1HPR = 74570 Watts 1 Watt =
1 H.P hour = 2.68452 X 10% Joules 1 Joule =
1 HP hour = 541.189Kilo calorles 1 Kilo calory =
1 H.BE hour = 074570 kilowatt hrs 1 kilo watt haur =
1 cheval vapour=
1 Metric/min = =
8. VELOCITY
1 ftfsec = 0.3048 m/sec 1 metrefsec =
1 kmhr =
1emfsec = 0.022369 miles/hr 1 milafhr =
1 lt/sec = [0.68182 miles/hr 1 mile/hr —
1 m/sec = 2236936 miles/hr 1 mile/hr =
1 Ifsec = 1.08728 km/hir Tkihr ¢ =
10. DISCHARGE
(Cusecs)
1ft¥sec = 0.028317 m¥sec 1 m¥sec =
1 glfsec = 4.,5460 lit'sec 1 litisec =
11. SPEED
1 mile/hr = 1.608344 km/hr 1 krvhr =

mnnu

14.223 Ihfinch?
0.205 b/
0.635 tinch?
0.91383 vit?
0.914 UH?

0.1 kg/em®
0.102 kg/mimi2
10.20 kglem®
Metric Ton

1,34102 H.R

0.68632 H.P. (British)
0.001341 H.P

0.3725 X 108 H.P. hour
0.00155%9 H.FP. hour
1.341 H.P. hour

75 kg.m/sec = 736
walls (Matric H.E)
0.65616 infsec

3.2808 fi'sec
27.7778cmisec
44.704 cmisec
148867 Hisec

0. 44704 metred sec
0.91134 fUsec’

(Cumecs)

B8-43

35.3147 1t¥/sec
0.21997 glfsec

0.52137 mile/hr
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12, MOMENT r

r—b b —
! Iibfest  =0.138 kgcm 1 ibin = 11521 kgem e T, 02894 | "1T T =042d  ry=o4d
1 kgcm =105tm 1 kg metre =  7.2231bfeet z0289b r=042b d v z032b
1tm = 105kgems I-o— — l', L i i 47
1 kg.metre. = 9.807 Newton metre 1 Newton metre= 0.102 kg.mt —
1 ton metre = 9,807 kilo Newton metre 1 kilo Newton mit=  0.102 ton metre t =0 b
| 13.PRESSURE @ “'- I L 0-424d _j r::u-sad
1 atmosphere = 14.7 |bsfinch? 1lbsfinch® =  0.06805 atmasphere ¥ Yvz0-21 b -02b
= 1002 m of wateg column Tx=0-40dm -—“—.i . _L F’
1inch.of Hg = 0.491145 Ibsfinch® 1 Ibsfinch® =  2.03808 irich of Hg g —
{inch. ol Hg = 0.0345316 kg/em? 1 kglem® = ——u

=  736.6mm of Hg at NTP

=1 Atmosphers =0 Ty=0:
1 bift? 4.8868 kg/m® 1 mm of Hg 2.78507 Ibs/it® b = J- & ab 154 ¢

28.95898 inch of Hg - "
¥ 1 =025d I"I T, =039d

n
L[}

| Ibfinch® = 2.30672ftofwater 1ftofwater =  0.433515 Igfinch?
= 0.0703 kg/em® ) T =0-354 ] =0-40d 1 T.=031d
1ftol waler = 003048 Kgfem® 1 kg/em? = 32,8084 it of waler .[ d
= 14.223 ibsfinch? :, z024b
1torvsqem = 10.9387 lonnes/m? = 10.20 m of water Col 7 B :
14, MISCELLANEOUS
1 z0.5d a

1 Ib/sec - 0.4535024 kglsec 1 kgfsec =  2.204523 lbsisec :{ :" 5 :b [ I [ Tx =036d r I T =042d

1 lb/sec = 1,53293 tenihr 1 thr B 0.612396 bisec =0 b Tu=O

1 degree = B0 Minula 1 Minute = 0.0167 degree J" b "M‘O 'f o b b

1 degree = 0.017453 Aadians  1Radlan =  57.206 degrees (b T
' 1 fatham = B leel 11t =  0.1655 fatham f} zomod

= T, ~0-3gd ped

1 LN.M. = 1.852 kilo Metres 1 KM. = 0.53996 INM -, " x>0

1LN.M. = 1.15078 Miles 1 Mile = 0.8580876 INM vy "0-2th 4 ¥y *o-6ob ? 2025b
| 1 Ib/acrefday = 0.122 gmfday/sq.m. 1 Ib/acre/day = 1.22 kgiHa/day A

0

1 Ibiday/cu.ft 16.0 kg/day/cu.m i Ib/day/sqft =  0.0049 gm/day/sq.m

as APPROXIMATE RADTI OF GYRATION OF
15. TEMPERATURE STRUCTURAL ELEMENTS
C/5 = (F-32)/9;
C = Temperature in Centigrade, F = Temp. in Fareignheil.

8-44 ‘
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T/sht T/ME

Block masonry in 1:3 cement
mortaraverage crushing strength
of biock not less than

500 lbs/sq.n 2y 27
1000 Ilwsisg.in b 66
2000 Ibsfsq.in 9ty 104
Solid cement conrete block 1:3 15 164

masonry in cement
(As per the IRC siandard the following are the safe working stresses in tension for masonry)

15t class dressed stone or 1:3 1.30 14
cement concrete
Block masonry In cemant mortar

Ist cdlass dressed stone or 1.2 0.65 7
cement concrete
Block masonry in cement mortar

Ist class brick masomy in 1:3 1.30 14
cement mortar

In lime martar 1:2 0.65 7
Lime concrete masonry with stone 0.65 7

metal and hydraulic lime mortar

Note:
1) It is uneconomical to use cement maortar richir than (1:6) for bricks af ardinary grade (Hyderabad brick
whose strength s around 35 kgfcm? } as it does not improve s bearing strength proportionately,

7) Camination uf windiparthquake loads - Increase the permissible stresses by 33% (wind and earth-
quake does not simul@necusly act)

3 As lintel beam Bmarings/coloumn bases ete (o increase upto 20% Is permissible (focal stress) and the
contact area may be checked for this uniformly distribution pressure.

4) For eccentric loadings - 25% extess permissible provided there is not tension in masonry.

5 permissible stress in shear and or tension should be not mare than 10% of the allowable comparative
stresses,
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Quality Control

'S AND

TH WOR

(IS CODES, 2720, 4701, 8237, 9451, 4081, 1200)
EXCAVATION OF CANALS :

DO's

DO NOTS

Fix up the centre line and set the curves

correctiy.

Take working levels, real variation In
ground levels and dassification of soils as
per Govt. Mema No. 1970-12/72-11, dated
4-7-1994,

Get top soll vegetation (organic/inorganic)
etc. removed.

Provide treatment with CN.S. Soils in B.C.

Reaches (expansive solls)

Form spoll bank as per drawing and away
from side drain with suitable gaps for

drainage into the valley,
Form Dowel Bank, as per drawing.

Form Inspection path to a uniform
langitudinal gradient and with gentle
transverse slope towards drains.

Compact over excavation/breakage portion
with suitable soils, gravel, spalls.

1.

Do not avold approval of the deviation
statement.

Avoid over break and loosening of canal,

Do not mix up useful solls with other soil of

cutting

Quality Control
FORMATION OF EXBANKMENTS
Do's DO NOTS
L Get the i ‘
_ top spoil, vegetation and sand | 1 g not raise the Bank in plecemeal,
patcnes removed to complete depth.
2. Do not allow new layer without ifi
2. Scarify the ground and wet properly. ) e i
and wetting of old layer,
3. Obtain P.D. OMC for the useful sails and
boirow slle, 3. Do not allow new layer unless required
degree of compaction is achieved.
4. Provide C.0.T.5 according to height of
barik. 4. Don't leave any loose layver un-rolled at the
5. Raise embankment to full width with end of the day in rajpy season.
uniform harizontal layer of 25cmthickness. | 5. Don't aliow compacted layer to be mare
6. Break clods, remove roats, big baulders than 150mm.
ather materials etc,, larger than 80mm
6. No new |a
from the solls used in embankment, e i e
molstured [ayer Is either completely
7. Supplement deficit moisture whenever removed or allowed to dry
required. .
7. Don't dump solls in heaps,
B, Provide 0.45 Mtr. Extra offset on both sides " "
of bank. 8. Den't dump the soils in water and slush,
9. Compaction with 8 to 10 to Tonnes Power | 9. No. of roller passas should not beless than
raller, vibro max roller 10
10, Conduct fielc i
: eld compaction tests and | g pg ot forget to provide settlement
determine compaction efficisncy.
allowance of 2cm/mitr. Helght of bank,
11. Check embankment profiles periodically.
11. Don't use expansive soils In banking,
12. Ensure 8 minimum No. of Passes.
13. Provide 10% allowance in setting profile
of the embankment.
9-3
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CANAL LINING

DO'S

DO NOTS

FOR FOUNDATION

11.
12.

13

14.

15.

16.

18.

Check the canal prism and verify the bed
levels,

Check the gradation analysis of fine and
CoArse aggregals to the requirement of mix
at batching plant.

Allow the ingredients of fine and coarse
atgregate as per required mix by weigh
batching.

Check the calibration of weighing machine
at batching plant,

Check the water meter and its discharge.
Check the batch of cement, its make and
test results.

Check the water cement ratio and record
the slump.

Check whether any retarders and air
entraining agents are added.

Maintain load register.

. Record the No. CC Cubes cast and ji<

compressive stremgth,

Cure CT Lining with water for 28 days.
Ensure smeoth surface with paver roller
passes.

Ensure the contraction and coristruction
joints as per approved diawing.

Check the thitkness of C.C. Lining for each
panets.

Checking placing of mastlc pad at
structures of contruction joints,

Allow concreti lining at temperature
betwesan 15%C and 32°C.

. Check periodically the coefficient of

variation in the compressive strength of
cement.

The batching plant to be used shall confimm
to the requirements of 15 4925-1968,

14,

11.
12.

13,

14.

Do nat allow the concrete aver lqose
subarade,

Bo not allow lining without wetting
subgrade.

Do net allow C.C. Lining manually without
vibration.

Do not allow segregation of concrete while
laying through discharge corveyor.

Da not allow concrete directly an subgrade
from transit mixer.

Do not form contraction joints over
longitudinal drains,

Do not fill up contraction jolnts with sealing
compound without cleaning with air water
jet or sand blast.

Do not allow any projections or contraction
Joint over the surface of the lining

Do not allow the C.C. Lining without
applying suitable primar to sides,

Do not remove the channels immediately
before setting of C.C.

Do not use untested cement,

Do not allow to sink the porous plugs in
the drains,

Do not afiow fining without making proper
arrangements for curing with water,

The Co-efficient of variation In the
compressive strength of cement should
not be more than 8%,

DO's

DO NOTS

T

10.

11,

12. Allow admixtures as per 1.S, 9103-1979,

Verify dimensions and foundation levels as
per drawing. ]

Wet the foundation surface td a depth of
150 mim or to impermeable material,

Ensure the rock surface free from oll,
objectionable coating unsound fragments,

Check-up correct batching of ingredients,
Check the batch of cements and its make.

Check-up water cement ratio and slump
test,

Ensure uniform mixing,

Ensure proper compaction with vibrators
and keep stand-by vibrator and nesdles,

Operate Immersion type vibrators nearly
In vertical position to vertical drain,

Cure with water for 28 Days.

Compact with suitable bedding materials
in case of over excavations and with M-5
grade concrete in case of rock,

1

10,

Do not forget to compare bearing capacity
of actual soils met with design strength,

Don't lay the foundation concrete without
wetting the surface.

Do not lay the concrete under water and
over siush.

The minimum mixing time should not be
less than 2 min,

Do nat forget to keep stand by vibrator and
needles.

Do not place cancrete in raw In sufficiently
heavy to wash mortar from concrete.

Do not forget to cast the cubes.
Da not allow segregation of conorete.
Do not use unsatisfactory mibe

Don't allow admixtures which will Karm the
strength of concrete,

-4
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FOR STRUCTURE :

Do's

DO NOTS

Check the farm work.

Apply cement slurry after cleaning the
surface at vertical joints.
Clean and cover with a layer of 10 to 15

mim thick mortar of the same priportion
of cancrete mix for horizontal joints.

Place the concrete at temperature
between 15°C to 30°C.

The concrete shall be discharged with In
half an hour after introduction of the mix

water and cement.

Avaid abrupt surface irmegutanties.

Do not deviate from specified dimensions
of cross section fram - &mm to +12mm.

Do not allow concreting until all form work
installation of items to be embedded and
preparation of surface involved are

approved.

MASONRY
(IS codes 1597, 1812, 1200, 383, 269, 2116)
Do's DO NOTS
1. The stone shall be of uniform colour, | 1 pg not use stones other than granite of
texclure, strong, hard durable, ’
crushing strength less than 1000 kgs/
2. Dressing of C.R.S. Stone to a depth of 5q.cm.
F5mm on all four sides.
2. Do not allow brushing more than 40 mm
3. Wet the stones before placing in position on the face.
clean and cover with fresh mortar,
3. Do not allow stones of length more than
4. Place stones in layers to the line and plumb. 3 times the helght.
5. Provide weep holes at 2 mitrs interval | 4. Do not allow stone of breadth less than
" ,
staggered as per drawing. height of 3% of thickness of wall,
6. Chisel
isel dress the comer stones, 5. Do nat allow breaking of vertical joints less
7. Face stones shall be laid alternately In than 75 mm.
headers G
and stretchers. 6. Header shall not project not less than 10
8. Provide band stones at 2 mtrs, Interval in cm beyond stretcher.
each layer and mark.
7. Do not place stones in position without
9. Place the hearting stones on Its broadest cleaning and wetting.
face,
8. Do not allow skin stones, weathered
10. Ensure perfect hearting to make the stones,
masonry water tight.
9. Do not pigce stane in position without
11. Mortar shall be used within 30 min. after wetting,
discharged from mixer,
9-7




Quality Control

DO's

DO NOTS

12, Sieve analysis for sand shall be done
periodically which confirm to !

I.5. Sleve % of passing
Designation

4,75 mm 100

236 mm 90 to 100
1.18 mm 70 o 100

600 microrn 40 to 100
300 micron S to 70
150 micron 0 to 15

13. For flush pointing the maortar shall be
finlshed off flush and level with edges of
the stones.

14, Joints shall be racked out to minimum depth
of 12 mm when the mortar |s green.

15. Cure the masonry with water for 2 weeks.

16. Cure the plastered surface with water for
14 days!

17. Cure the pointing surface with water for 7
days.

10. Smallr stones shall not be placed nlower
course.

11. Joints thickness should not be more than
12 mm.

17. Da not allow mixing less than 3 minutes far
thorough mix,

13, Do not add more water than required ©

have a consistency of S0 mm to 130 mm.

14. Avoid spreading of mortar over the surface
of the masonry.

15. No Pointing to be commenced without
washing and wetting the joints thoroughly.

REINFORCED CEMENT CONCRETE S5LABS
(Is codes 2502, 1786)

DO's

DO NOTS

1. Check the reinforcement as per drawing.

2. Provide asphaltic pad and water stopper
as per drawing.

1. Do not pass without proper cover,

2. Do not allow less lengths in over laps.

Quality Control

LINING SUBGRADE

DO'sS

DO NOTS

10.

Check the model Section to the canal
profile .e., bottom or lining.
Check the canal profile with reference to
model sections,
Remove roots and stumps completely from
sub-grade.
Compact over-excavation in soils with
gravel duly wetted,
Compact ovér -excavation In rocky area
with gravel spalls and aggregate spalis and
aggregate duty wetted.
Provide treatment with C.N.5.50ils In
expansive sdils e, 0.6 mtis, thick for
discharge up to 50 cusecs.
Provide Porous plugs of size 375 mm long
% 100 mm dia In each panel with local filters
of graded metal and sand size 600 x 600
750 mm.
Provide fonaitudinal and transverse drain
of size 600 x750 mm filled up with graded
metal and sand as per drawing.
Check whether porous plugs are freely
draining. or not.
Mote down December water table for
providing longitudinal drains and other
relief measures (as per drawing).

Do naot allow concrete lining on lopse
subgrade.
Do not allow any oot or stumps to be on
sub-grade.
Do not allow lining in expansive sciis
without treatment with C.N.S, Soils,
Do not place the porous plug below the
surface of the lining.
Do not allow lining without wetting the sub-

grade suitably,
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| 12 | If air-entrained concrete whether W/C ratio
CHECKING SLIP TO ACCOMPANY THE PROPOSALS FOR DESIGN MIX CONCRETE: | increased accordingly? — ~
Package No: | Reasans for adopting air -entrained concrete: ]
Circle: _ Recommended air -entrained agent:
e 13 | Whether W/C ratio comply with agreement ?
Division 14 Recommendation | Accepted / not —ai:-oepted
5 Whether PCC/ RCC pPCC/ RCC SNO | DESCRIPTION OF TESTS | PERMISSIBLE VALUES FREQUENCIES REMARKS
5= = 1 Cemant
3 Maximum size of coarse aggregate | mm I | 3} Specific Gravity Graater than 3 3
| 4  Intended use and exposure: B - b) Inihal Setting Time | Not Less than 30 minutes
5  Exposure condition If not ‘moderate’ reasons for ¢) Final setting me | Greater than 800 minules
the same dl Specilic surface OPC Greater than 2250 cm® fgr >
! 3 T 1} Ry Blain's air Parmeability one-igst from For
B ree of Quality, control If not reasons for same . mors
Deg = Q Ly L] 1] good ; 8) Cuble strength Conszgnment having | details
7 Reguired slump mm - 3 days, 7 days, 28 days )| samabalch & No. of | refer 1S 269
8 Sand grade tie sAime Fardory 15 1488
9 Max W/C ratio permitted as per 0.55 for RCC & 0.60 Cemenl | Min Compressive Strength (Kg/sacrn)
: — Grade 3days | 7days | 28 days
| | agreement: for PCC 8] 43 Grade | 220 290 | 430
| 10 Whether air -entrained OR not -air if air- entrained reasons b) 53 Grade | 270 | 5%
! entrained N for same — .= 1 2 Coarse Aggregate
a) Gradafion
11. PROPOSED MIX DESIGN: ez |% passing for graded aggre-
| gata of nominal size
W/C Ratio | ] Desg  |40mm |20mm | V6mm |12 8mm
Water Ltrs Bmm 100 One test dady For mors
- - —_— — §3mm datus
- Cement Kgs d0mm |95-100 100 refer 5 383 4
Sand Kgs . M mm j3570 |85-100 [100 100 (Part 1 1o 8)
Coarse aggregate Kgs 16 mm 80-100 5515
- s 12.5mm S-100
Total Kgs Wmin |10-35 [2555 |aov0 dnes
Air-Content Yo _ 475mmins (00 |00 o0
9-11
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b] Specific Gr Minimum -2 6
€} Water abscrption le=s than 5% whan mmersed In watar for
24 hours
d) Aggregate crushing 45 % for Mass Concrets, 30 % for o bes] Whanaver
value Wearning surfaces Quary
e} Aggregaile impact 45 % for Mass Concrate, 30% for Changes or strata chiangs|
value VWearnng surlacas
fi - Abrasion value 50 % for Mass Concrete, 30 % for Occurs
Wearing surlaces
4] Soundness iest Less than 12 % when lestad with Nas 50,
Lass than 18 % when teslad with MgSoy
h) Flakiness index Less (han 35 %
i) Elongation indaix Less than 35 %
5HO | DESCRIPTION OF TESTS PERMISSIHLE VALUES FREQUENCIES REMARKS
3 Fine Agrregate
a) Gradation 15 sieve Percaniage passing for grading
Zona-i | Zone- 1l | Zone -l | Zons W
100 | 100 100 o )
ald.F5mm | 80-100] 90100 | 90100 | 95100
Bl23Gmm | 60-85 | 75100 § 85400 85100 § | Oneiesfinmoming | For more
) 118mm | 3070 |5590 [75-100 | 90:100 [ | onesest i Mmoo Detais 383
d) 600 micon | 1534 | 3538 [e078 | B0-100 E152383
) 300 micron | 5-20° | B-30 1240 15-50 . (Part 110 8)
Nola : Whate the grading falis outside the fimits of any
particular grading of zone of sigves othar than 600 micron
15 gigvs by a lofsl amount not excesding 5% it shall be
regarded as faling wilhin the grade
Aggrenate conforming to Grading Zane -should not ba
used in reinforced conenete
bj Fineness Moduli | 2.00-3.20 B
o) % sit & clay contant | Less than 3%
d] % deslitesrizs materials| Lass fhan 5% A5 pat
8] % Soundness Less than 10 % When tested with Na, 0, reguireman
Less than 15 % Whan tested with MaS0,

Quality Contral
SO | DESCRIPTION OF TESTS PREMIESIELE VALUES
FREQUENGIES MARKS
4 Water =
i) PH Gng <
b} Suspended Matter Less than 0.2 %
¢} Orgénic Matter Less than {2 %
d} Inomanio Matjee Less than .3 % tor more
€] Chionides Lessthan 0.2 % for PCC details refar
Lesa than 0.1'% for ROC I5 456, 18 516]
15 456,15 51
1l Sulphates Less than 0.05 % i
3 Conerafe
a) Mix design Cubes should satisly the target sirengths adopted in mi deqign Formore |
b) Shumg 8 Rosd work & b0 30 mami details refur
b Beams and Stabs -~ 50 4 100 mm I5 458, 18 516
) Walls 75 o 150 mm Tiwlee for Shif IS3100, 188444
— d] Vibrated Concrele ™ 15 1035 mm 151998, |5 33
&) Mass Concrete 25 10 25 mm 5p23
) Termpseralurn Batwenn 15 1o 32 deg © For mass concrme one
d} Linil weighl 2400 Kyysleuim far plain concrets, 2500 Kgslown REG | spocimen for 150 Ciam
8) Cubte Strangth Minimiam Charactersiic Strengh of Proposed mix For siuctursl concrats foue
] hon destuctivis lest Minimum Charatertic atrangth of Proposed mix Spaciment uplo 50 Cum
&
¥ Rebound Hamimes and 12 cubes (502 2na
— 1 #ach element of siucture
g} Corg e Mol 55 Iha:ﬁ%ur:mmmmwm Qi test for 2000 sgm ol
and 85 % on average of alleast 3 sampla fining and ane test bor each
Note : Az per pradatio
ity nd:uhm”x‘ﬂ? o cormection fer element of struciure
& Wartor
8} SHumy i ey
) . ps tesi For waorkaility Speciman to becastat the _ |15:1567 (P14 P2
bih Linit weighi for Proportions rate of one sampls of ; : ‘
fi it . 1
u. ingradien 3 cubes for 100 Cum of
£) 50 mm size of OM best specimen| meteg for 28 days strength Measatay and lested for
di Permeabifty test for svery M | 3.0 Lugeons lmit for rear faca | thair 28 days strength ,
2.5 Lugeons for front face
7 Brichs
il Water absorplion after 24 Hourss Less fhan 20 % for mare detalls
b) Siza 150 x 180 xS0mm 181077
9-13
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|

SN0 | DESCRIFTION OF TESTS PREMESSIBLE VALUES FREQUENCIES REMARKS
o) Densiy
d} Compreswe sirangth Graater (Han 40 Kg fsgem 1
—l
8 Rough Stone
a) Soundness when required
b} Abraton For more datads. |
1 1aler
o Water absormon Less than 5% when immarsad in watar for 24 hours IS1121, IS4 &
d) Density | 151128
&} Crushing strength -Grants Greale than oregusl o 1000 kgl cum »
| Rainforcemeant
a) Dameter Satindy the requirsd diameter | 1) The spacing of the
B Wesgnt in kgsim langih Satisly the raquired whigth reinfaroantant ods & be
chadind
£ 0.2 % Progf strengih Gregter than Yield sfress 2\ The Dveitap Bnaths Foy mare detalls
Provided shall ba checkad raler 15 2502,
! shall ba 450 15,1786, I5 5525
d) Ulsmaii rensile sireniglh- 1 % more than the actual
farFe 415 0.2 % Progl
siress bl nol less than ) The cover shall be chocked
£85 NV Sgmim
&) " alongation Mild steel -23% 4} The bearing capacity of the
HYSD -Fe 41514 5% From work shaft be verifisd
1} Bierid and rebend test Satistactory
10 | Drilling & Grouting Afergroufng another fest hola | The folowing fest ane reguired
2] Loging of the drilling shall ba drilled & that area before starting of grouting =
Dperations and tesied for the 1] The logging of the drilkng
Permashility opeations and core recivery
b Permaabiiity st shall be analyssd for the seam
and the vokds In the subsirata
2] The Parmaabiity test shall | For mose
be conducted dnd there i any | delals reler
Waksr loss will give an Indics- |15 BOBE, IS
tan of the covitation &= liled, | 5529, 15 4096
9-14
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SNO | DESCRIPTION OF TESTS PHEMISSIELE ViLUES FRECUENCIES REMARKS
3j Theinput materials e ) |is 11918 -15?
cement, sand amd mortar shalf
be goi t:stad =
The fofowing tests are
fequired during evecubion of
wrk 1
1) The cement grout consump
bon at every slage of grouting
shall be bserved & analysed
wilh melerénce 10 (he cone
losses previously obsarved,
2] The cement and sand baing
uzod shall be gol iEsted at the
regular Ireguency afier
Qrouteny, anpiher fest hola
shall be drifed in thal ares
and testd of the permeatdly
| Lining
a] No fine concrete and panis Compressive strength for Faor marne detaiis
Loncrais cylinder 15¢m dia & J0cm hit 15 3873, 15 6508
shall ot less than 70 kga/sgem
jle- Permeatility shall be 500 Litf
min sgm with 10 m head of
watar
b} Filler in sxpansion Jaint
Asphalt 80 W -30% by Vel
Sand 51% by Vol
Cament 17 % by Vol
£l NS Soifs for bed Heap cut into length 2% by IS 3673
volume Propation materals az
per 1S 3873 The sails fo be ——
used for CNS layers shall be
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Quality Control
SN0 | DESCRIPTION OF TESTS PREMISSIBLE VALUES FREQUENCIES REMARKS
The weight shall not increass by
(1.4% or decrease by 0.3%
The dimension shaf not alier by 1.0%
14 | Bearing capacity of strata Shiould be ensouned for Ihe “of &l the importani
sbress indicated in design/ stuchures
drEwings
15. | Embankments For more defais
&) Cul-gff - Pesmeabiliy Less than 10" om ! sec rafer
Filters - test for matal | gand |5 USER sarth
Gradation for metal IS5 Sieve % pasaing manal
B mm 100 |5-1458 18770 Fa8s
A)mm  BD-56 1873, 19-5529.
Mmn B4-24 1965, 11293,
Wmm §4-8 11532, 14550,
4. 25mm 25-0 14954
| Unifarmity Coefficiant | Cu-DBO/D 0 #5 forsand
>4 for matal
il Coeffiecient of Curvaturs | Co= D30 1 {D10xDE0) e
betwean 1103
M [ D15offitee | >4and <30
Di5base _
v} 0 15 of filter <5
D 85 of basa |

¥

D50 olier | <25

D 50 of base J

vi) Relative Dengity

gn - EmaxE

E max - E miin

indlvidual samiphe should nol be

less than 0% and average

shall ned be logs than B5%

E max=volds ratio in loose siate

E min=voids rato in compacted

Quality Control
S0 | DESCRIPTION OF TESTS PREMISSIELE VALUES FREQUENCIES REMARKS
teested for the following
propeies oidy (<2 micron ) -
15 1o 20% ailt
(0, 06mm -0.002mm}-30 1o 403%
gand (2mm -0.08mm) 30 tod0%
grains (2=mmid o 10%
plasticity Index lass than 30%
but >15% It should have 'C'
and & ranging from 10.342 Knim?
and 25 10 20,684 o
27,579 Kni® and 12%40 147
d) Marrum back fill behind The materiat shall, be tested for
revetment the following propertes Fing
passing 75 micron < 10%
Licuid fimit < 0%
Plasticity index < 6%
12 Bearings
8] Hafdness 60+5 IRHD IS : 3400
b} Min Tansie strength 17 Mpa 153400
¢} Min. giangation &l break AQ0% 15 :3401
d) Max: comprassion al les] IS : 3402
e} Accalaratad aging 15 : 3403
| Max. change Ih Herdness + 15 IRHD 15 : 3404
g} Max.change In tensile strength | -15% 15 ; 3405
h) Max.changa in elogafion 40% I5: 3406
13 | Rubber water stop
8] Tensilestrength Min 116 kgidgm For more
b} Ullimate sfangation Miin 300% Intammation
¢) Tear resistance Min 49 kgsisgm rafar |5 976G
d) Sliffnass flexure Min 24 8 kgslecm
@) Alksli st Aftar 7 days of immarsian,
weight shal increase by 0.25%
and gacreasse by .15
Afier 26 days immerson,
9-16
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Quality Control

Quality Control

SNO | DESCRIPTION OF TESTS PREMISSIELE VALUES FREGUEMCIES REMARKS
Thicknass of eath lalyer shal
be less than 150 mm
¢} Compaction Oina imgi whaenavar bomow for miom detais
areg chonges I5 4701, 15 2720
(Part 1 {o 30)
1) Gradagon usng Hydromater
anafss
2} Atienbarg limils tested for suitability for casing
3} Sp. Gr & voids ratio and hearting soils as per dasagn
4) Proctor compaticn >8i% of Proctor dansily For 150Gy m of Eadtwork
{Field density) controlled within ~ or -1% omc | o in each layar lajd on
d) Swell pressurs I swell pressure=50 KNSgm, | embankmeni
CMNE layer shall be provided as
peris 3873, 8451
&) Diftersnce free swell [ DFS = 50, swell pressure st
shall be conducied
f] Total solubse solids present
g} Suitabiity of sois Based on soll classification ! | Ona 1asl in one waek
dasigns of every 3 m of embankmant
h) Stabdiity of soils Based on sod classification /
designs
i] Pemmeabity Fieki permaability by Japanise
method 107 cm | sac
j| Reveimeant bed
pitching & rock tog as per item 2,36
k) Shrinkage factos One fast in o wesk or
Sm of embankment
[} Triaxcal shear =l Tested for CE& & valuas One 1ozt in a weak,
gvery 3 m of ambankman
i) Gid proctar ksl Testad for 98% PO Qe test per day los individual
bomow area & molsiune
and comant
A per Enginear -in Chisd (Imgation] circular DCE -1/0 T/ MPMEE] 29384 [2005 -1 di26.12.05
a) 10% of the este sonducted by the EPC sgency should be not checked by the Third Party Quality Conbigl Agency apan
fram conducting independant tests, - _
b Tests condicied be EPC agency and Third Party Quaity Conirel agency should Invariably be checked by depanment

Cuality Control staff

16 MECHANICAL TESTS MANUFACTURING STAGE REMARKS
1. HYRALLIC GATES AND HOISTS &
ALLIED EQUIFMENT
@} Manufacinunng & instaBafion stage | 8) EM pars, getes and homsts:
b} Swaight & co-planany accuracy b} Straighiness and co-planary accuracy be
checkad for &l matarials and ds componénis jigs
¢} Fabricafion ilerances ci Fabricaiion tolerances checked and
malntained as per 1S 72151974 elc
d] Wekdments d} inspection and esting of waldmnets (as per
15 8226231804810 3558-1080:87 B0-1878;
J654-1061:2685-1978 and ASME-Section
a] NOT Tasfing 8] And labest aedition for size of welds. Edge
1) liguild penetrate tesling preparation-weld procedures o vanous joinis
{15 3658-1880) Jeint prepatation-pa of slectodes-rool gap.,
Selection of electodes lor sath componen] as
&) magnetic partice hegting per the standards and recommendation of
(I5 3703-1560) miznlfastures for its lood bearing capacity and
sirength of walds. Praheating of alecirodes weld
3 ullrasonic esting (15 3064-1981) travels spead for sutomatic welds =nd mamsal
& ensurs follow of weld designs and procedures
4] radicgraphic testing &) Tesding for soumdness and sirength of
152595 % 15 1188 welds (DPT. X rays and gamma ray)
1) Dresiructie [esting M1 (1): \ensils, compression, slongation, hamdness,
1] Physical properties empact, orsion elo.,
2} Chemical properties 1. {2} wed analysis, spacira analyris
g) Rubber s=ais o) Shore's hardness and water sbsmption 15: 3400-1280
h) Stesl win ropes h) wire rope and lifing socketassembly, load 18: 23651977 £ 2228
tesling of ropa and 3ockel assambly
] Welding electrodes i} AsperlS codes. 15 - 1442.1864,
I5: 8141974,
IS R15-197T4E-7018
[}  PaniTests jl Surace preparation sand blastng and painting | 15: 14177-19594

a5 per specification

9-18
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Quality Control

MECHANICAL TESTS

MANUFACTURING STAGE

REMARKS

ih)

Tests for Radial Gates

Il Tests for machined dems: test for alowances

#) Pre tengioning in anchor rod

and tolerances as per drawings BIS apacdica.

b Trumnion centre: coplanar and

tians for all tams and componants for which

paraliel bo il

machining operations are involved. {such as:

luming, planning. grinding, maig, gear

habbing, drum scolring, driling, boring and

slotling elc.

¢} Inclingtions of yoke and anchore = [mensional accuracy and critical
girder and &5 co-plans accuracy dimensions of E.M parts al least in 300mm

intervals on asssemibly,

d] Radius of skin plsle & wall plate = Assemblies and sub-assamblies as par
drawings and specified tolarances {ls codes
7718.10086-1966, sic)

2 Side seal face o face = (imensional acourscy and critieal

N} Levslof harizontal girder paramaiars of componants | assambly of gates

a) Site wald testing strength as per |5 codes.

Gate assembly * roller assombly * scale

assembly * guide rofier assembly * roflar cage

asgambly * tunnions and pins assemily®

yoks girder assembly * support / chair * end g

box units. assembly, Caniral drive units

assembly " conkrol panels “wire rope and liting

socks! assembly * gate lifting nwaswing dial

indicator gauge.

= Shop painting - surtace preparation

painting process

uality Control
MECHANICAL TESTS MANUFACTURING STAGE HEMARKS
Additional tests for Ratial Gates " Pra tensioning of anchore mods® frunnion
tenires: co-planer and paraliar to il * chair
Invekrest plate: co-planer and parallel io sa ol
inclinafion of yoke and anchor girders and #is
©t-plansr acowacy “radius of st pate and
wall plate * side sea| face 1o face" leval of
horizontal girder” mdivs of skin plate and wae
piale * pra tension of anchorages * site wald
design-and sequence * sits weld testing for
sSkength and quality as par |5 codes |
e Only one longiudinal joint pemssiis,
o Wedding shall ba testad @ 5% by radicgraphy
e and 35% by ulrasound hlr:t;rrg S BOO-1984,
1) water conductor and penstocks | = Chpcks of dimensianal sccuracy {Cylinder I5 Z26-1875,
8] Raw matedal tests-tensile, dimensicns, angle Incass of bends, coplanar | 15 814-1991,
bend physical tesis ate accuracy of flanges after welding aridior I5 816-1283,
jointing shels/pipes alc. 15 35892001,
bl Wakiding tests = Welding-subimerged ardimanusl ar IS 5822-1884,
welding of shedls and bands 154353, 1S 2825,
¢} NOT = 0PT, AT, UT ale IS 4225, 1S 823,
) Fiydrostabe jesi = Hydro static test 2 timas of warking 15 2595 & 1S 1182,
Prossre. I3 36641981,
8) Paint test = Painting: surface preparation. sand 13 3658- 1960,
blasting & painfing as per spackication, IS 3703-1980
INSTALLATION | ERECTION
= Thomugh testing & check up of

components for quality and dimensional

= Tasis aftar Heat ireatment of specified

accuracy be done on shifting to srection st

companients,

Ensure any defect unnaficed during fabrication

should be rectified bafore installation

= Chacking of crifical dimensions of al

EM. parts &t lmast in 300mm Intsrvals {on

9-21
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Quality Control )
b — uality Contr
MECHAMICAL TESTS MANUFACTURING STAGE REMARKS
aasembly and installaion) during erection, ;E!:IHM-I‘PCTL”TIIES‘TS MANUFACTURING STAGE REMARKS
before & afier concreling, 25 per 154622 and 1on-desirutive tesi = After instalation, the puimps dhall be oprated | As per rafeyant
f : : an | S
7718 etc. a6 spplicabls wilh In iojérance & || 61 Fiekd Testing 1o Provie satsfdctony performance B1S Specifications
lirvits. "rodler Irack canire lo centre-seal track b} Motor
cenire to conlre-side gulde centre 10 centre® =
veriicatty of roller ua:ci seal frack. Side ouide 1_HY tests = HV tests on fleld cofs assembic 4 on pales
T enry e 2) Impadance & vollage tast ¥ Impedence 8 voliage test on fiekd coils
| track * co-pl of rollar rack and seal rack 3] Stilic Mot tont S
. ] F i I} c
| wnanhamu.ahiﬁ; DIS:J:-:II:H Ia--::: nfs:r :::sm 4] Cailibration of over spagd devicas = Calibration of over speed devices
5 1L} L5l na |
| = a = :ﬁzmga:jﬁ ] 5) Insulsbon resistance fest o insulalion resistance test i accuracy of fater
TG-S =z ]
— A o Win N Xt
| = Testing of welds-far strength and nd fotor windings RTD 8 BTD iasts on excitatibn L ek
& Regulabon Epaipments

soundness-OPT. X rays and gamma ray

= Testing of all electromagnetic valves Arief

- I;::Iasm; of nubsber sealing and pre- B = ey
= anmentofne shafs L 16) TypeTests = On the compistely assemtdy motor and A3 per relsisind 515
Drain holes 1o horizontal bears. Fumin asm.m;iaza:l auxifianes shall be carried cut 51 Specifcationg
brackals hoists bridges. =
: ;;T;T:;d :L g:l;: ::j i:::si-ls T - 5| Eanthing & lighkening & prabectian Type tgrs. Balvanizing ;.nc'sls. Welding lests, Eanth | 15: 2300-1568. 15+
surface cleaning for abrasive biasting (Swedish ?:I::"-b- test Earify reststance tests of ot m.t_’:: :ga? [
standards. §. A25 whilslough) und or o i I8 2633-1985
15; 5805-1888) paint specification binder solids ' ]5 d.ﬁg-:ga.:
15:3775.106
pigments, aﬁd-lllfmft 5@“& driers sic:- d) _Swichgear, Power & contml cables § As parspecificalions & slandards .:; ;-:? :alui:il: BIS
Thickne-s of pant in microns. nssumentalion and conlre! - datg Spacifications
ommunication SystEms-other rmad =
IV} Lift Irrigation machinery Eguipment =
a) Pump sots
1] Smndard ninning test
2] NPSH fest = Puimps shall be tested in accomance with
stipulaions of Hydraulic institule standards a5 .
appicable
3| 0P iasts on shaft and impeliar = Mechnical Balancing, Visial nspaction —
41 Nome & Vibration = Noise and vibration shaill bs measured at shop
and lo be mepeated al site alss, L
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uality Control .
Quality Quality Conty

]
TEGORIZA F DEFECTS OF TESTS RESULTS FOR ANALYSIS EXISTING TEST DETAILS IN QUALITY MONITORING SYSTEM
| In general the defects/short comings for not confirming to the required standards of the tests performed S.No.| Material Name Test Name Ca
for ensuring QA/QC of the warks both in-situ and in the laboratory, may be placed under the following cat- tegory
egary depending upon the type of tests and the site conditions, f——— — - _ Defect
| 1 Borrow Solls omMC 4
Category A: Fallure of tests and no scope for rectification, 18 ———— — = i A
| | Borrow Sails Soils Classifications
Action : 1. Tobe rejectsd. 5 Sails = i B
| 2. If alredy used - Agreement concluding Authority to assess the impact and initiate 12 e Pl Attenberg limits C
I action either by recovery If not detrimental else reconstruction by removing the same at ; Sails Permeability test I T T—
the cost of the agancy, ile — — _
ki _ Sails Shear Test B
Example : 1. In case of foundations, SBC not conflrming but foundations already executed, then nio 3 Embankment oMC |
payment, immediate analysis of Impact, alteration of design if possibile, recovery st penalty == — = __Fr= B
glse reconstruction of the work corponent at the cout of the agency | Embankment | Proctor Density |
Only Agreement concluding Authority is authenticated for necessary action. : Embankment Cl:!f'ﬂff permeability B L |
Emban ———
2, similary for borrow area conveyance for earth work, CNS solls etc. Upon testing if — kment Filters 8
| found not suitable shall not be allowed. If already used, the earth, shall be removed i Embankment Shrinkage, Swel etc. B
| it is detnmental else stltable recovery as penalty to be imposed duly carrying out the 4 Lining
rectification. L i CNS 5ﬁ||_5 B
: : 9 Filter | ioi
Only Agreement concluding Authority is authenticated for necessary action, = 1 ) ERpenSon Joint | B
8 ning Morrum Back fill behind revetment c
MNote : Certain tests categorized under category B will also be escalate to under this category, based on Foundation Earth - -
the site conditions. The Head of the department is the authority to take necessary action, ! — i | Safe bearing Capacity A
; i : 6 Cement Specific Gravity
Category B : Non  Confirming to specified limits but scope for rectification, B
: . e Cement Cubes Strength
Action L, Analyse and go far remedy action within the time frame. . = - _ B
. Coarse Aggregate Flakiness m
2.  Remedy action out imed, then to be secalated bo category A, for action from the agreement P . O
cancluding Authority. ggregate Gradation c
Coar e Li
3. 1f escalation from Category C then unit officer in coordmation with Soperintendent Englneis, . Aggregate Impact T_Eﬂt c
Quality Control to study the impact and propose recovery accordingly. ! Coarse Aggregate Abrasion i c
4, If the above beyond rectification, immediate stopage of payment and to escalate it to Coarse Aggregate Soundness 1 E
categary A from agreement concluding authority to initiate necessary action, Coarse Aggregate Cm shing
| Example: 1. Tests for cement, OMC for embankment, P.D. test etc. _E| Fine Aggregate slit Content C
i Category C : Non conformity of initial tests for materials, preparatory tests, linear measurements £tc | Fine Agaregate Gr;;datinn e
Action : 1. Tobe rejected and removall of the same from the site to be ensured. A Hr"?-_‘ Aggregate Bulkage = c
1 2. After rejection if used, then to escalate to category B for unit officer to take to necessary [ — Fine Aggregate Silt & Clay content C
action in coordination with Superintendingt Engineer, Quality Contral, Fine Aggregate Soundness c
9-25
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9 Water FH
Cﬂ e —— T —— e e
= Mcrete Compressive Strength R
| Concrete Sump — —————— | A
S Concrete Core Test D ———E_
10 Mortar T Stump e e . A |
e
— gﬂi _Permeabiity T
ricks Water Absorption e = 0
= Compressive Strength ’
Lo Saund i =
E = ness, A.[:rrasmn, Density, Compressive Strength c
——2Teter, Weight, 0.2% Proof Strength, ————————
=  Ultimate Tensija strength — —
. e —
— Critical Dimensions o, ———1 A =
= _embedded parts R
- FullloadTest ~——————— | B
Fulload Test i
No Load Test D s
T Critical Dimensions B S A
i Load Test a1 e bl
= | SCADATest ——— | A
Load Test " <
18 Pressure Main Welding Test A
Hydraulic Load Test .
A

_ Hydrostatic Test
Full Load Test ==~ —————— A
| _Testing for Vibrations ———— A
SCADA Tests —— ] B
Size ==t S|l B
c

d later ba

conditions Provision will

be given esQlate fromCto g to A et
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Engineering the future

[

Operating on the National Scale In the Infrastructure Sector,

Oynamic Management, Competent Executives, Dedicated Workmen.

Extenslve Construction Capability in Complex Structires, Major Dams,

Canals, Aqueducts, Barrages, Highways, Tunnels, et

State - of - the - art Plant & Machinery,
Quality Construction to critical time schedules.

Turnover of Rs. 17,442 Million.
Oeder book of Warth Rs. 1,20,000 Million,

o
@

Regd, Office
Sama Helghts
Siddhivinayak Society
Karve Road, Pune -411 038,
Phi+91-02-2543 5474
Fax 1 +91-02-2543 5484

SOMA ENTERPRISE LIMITED

Corporate Office:

14, Avenue 4, Banjara Hills,
Hyderabad - 500 034,

Ph : +91-40-6663 6666
Fax : + 91-40-2332 1286

E-mail:info@somaenhterprise com
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