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Indian Standard

CODE OF PRACTICE FOR
DESIGN AND CONSTRUCTION OF PILE
' FOUNDATIONS
PART Il UNDER-REAMED PILES

( First Revision )

0. FOREWORD

0.1 This Indian Standard (Part III) (First Revision) was adopted by the
Indian Standards Institution on 26 May 1980, after the draft finalized by
the Foundation Engineering Sectional Committee had been approved by
the Civil Engineering Division Council. =~

0.2 Under-reamed piles are of bored cast in situ and bored compaction
concrete types having one or more bulbs formed by suitably enlarging the
borehole for the pile stem. With the provision of bulb(s), substantial
bearing or anchorage is availeble. These piles find application in-widely
varying situations in different types of soils where foundations are required
to be taken down to a certain depth in view of considerations like the need
(a) to avoid the undesirable effect of seasonal moisture changes as in
expansive soils; (b) to reach firm strata; (c) to obtain adequate capacity
for downward, upward and lateral loads and moments; or (d) to take the
foundations below scour level.

0.3 When the ground consists of expansive soil, for example black cotton
soil, the bulb of the under-reamed pile provides anchorage against uplift
due to swelling pressure -apart from the increased bearing. In case, of
filled-up or otherwise weak strata overlying. the firm strata, enlarged base
in the form of under-reamed bulb in firm strata provides larger bearing
area and piles of greater bearing capacity can be made. Inloose to medium
pervious sandy and silty strata, bored compaction piles can be used as the
process of compaction increases the load bearing capacity of the piles.
Under-reamed piles may also be used under situations where the vibration
and noise caused during construction of piles are to be avoided. The
provision of bulb(s) is of special advantage in under-reamed piles to resist
'uplift and they can be used as anchors.

0.4 This standard was first published in 1973. This revision has been
undertaken to bring it in line with other Indian' Standards on pile
foundation.
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0.5 The recommendations made in this code are based on the general
principles applicable to pile foundations and the experience of construction
of a large number of engineering works.

0.6 In the formulation of this standard due weightage has been given to
international co-ordination among the standards and practices prevailing
in different countries in addition to relating it to the practices in the field
in this gountry. Considerable assistance has been given by Central Building
Research Institute, Roorkee, for preparing this standard.

0.7 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, expressing
the result of a test shall be rounded off in accordance with IS : 1960*. The
number of significant places retained in the rounded off value should be the
same as that of the specified value in this standard.

1. SCOPE

1.1 This standard (Part III) covers the design and construction of under-
reamed piles having one or more bulb(s) formed along the stem. ’

2. TERMINOLOGY .
2.0 For the purpose of this standard, the following definitions shall apply.

2.1 Allowable Load — The load which may be applied to a pile after
taking into account its ultimate load capacity, pile spacing, overall bearing
capacity of the ground below the pile, the allowable settlement, negative
skin friction and the loading conditions including reversal of loads.

2.2 Batter Pile (Raker Pile) — The pile which is installed at an angle to
the vertical.

2.3 Bearing Pile — A pile formed in the ground for transmitting the load
of structure to the soil by the resistance developed at its tip or along its
surface or both. It may be formed either vertically or at an inclination
(Batter Pile) and may be required to take uplift. When it is primarily
meant for resisting uplift or pull it is called an ‘Anchor Pile’. If the pile
supports the load primarily by resistance developed at the pile point or
base it is referred to as an ‘End Bearing Pile’ and if the load is supported
primarily by friction along its surface, the pile is termed as ‘Friction Pile’.

2.4 Bored Cast in situ Pile — A pile formed within the ground by
excavating or boring a hole within it, with or without the use of a temporary
casing and subsequently filling it with plain or reinforced concrete. When
the casing is left permanently it is termed as cased pile and when the casing

*Rules for rounding off numerical values (revised).
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is taken out it is termed as uncased pile. In installing a bored pile, the
sides of the borehole (when it does not stand by itself) is required to be
stabilized with the aid of a temporary casing, or with the aid of drilling
mud of suitable consistency. .

2.5 Bored Compaction Pile — A bored cast in sity pile with or without
bulb(s) in which the compaction of surrounding ground and freshly filled
concrete in pile bore is simultaneously achiéved by suitable method.  If the
pile with bulb(s), it is known ‘under-reamed bored compaction pile’.

2.6 Cut-Off Level -— It is the level where the installed pile is cut-off to
support the pile caps or beams or any other structural components at that
level.

2.7 Datum Bar — A rigid bar placed on immovable supports.

2.8 Factor of Safety — The ratio of the ultimate load capacity of a pile
to the safe load of a pile.

2.9 Initial Test — It is carried out on test pile(s) generally made for the
purpose with a view to determining the safe load or ultimate load capacity
or hoth.

2.10 Kentledge — Dead weight used for applying a test load on pile.

2.11 Multi-Under-Reamed Pile — An under-reamed pile having more
than one bulb. The pile having two bulbs is known as double under-

reamed pile.

2.12 Net Displacement — Net movement of the pile top after the pile
has been subjected to a test load and subsequently released.

2.13 Routine (Check) Tests — It is carried out on a working pile with a
view to determining displacement corresponding to the allowable load.

2.14 Safe Load — It is a load on a pile derived by applying a factor of
safety on ultimate load capacity of pile or as determined by pile load test
or as obtained in accordance with 5.2.3.3.

2.15 Test Pile — A pile which is selected for load-testing and whlch is
subsequently loaded for that purpose. The test pile may form a working
pile itself if subject to routine load test with up to one and one-balf times
the safe load in case of compress1on test and equal to safe load in uplift and
lateral thrust.

2.16 Total Displacement (Gross) — The total movement of the pile top
under a given load.

2.17 Total Elastic Displacement — This is the magnitude of the
5
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displacement of the pile due to rebound caused at the top after removal
of given test load. This comprises two components as follows:

a) Elastic displacement of the soil participating in load transfer; and
b) Elastic displacement of the pile shaft.

2.18 Trial Pile — One or more piles, which are not working pile, that may
be installed intially to assess load carrying capacity of the piles. These
are tested either to their ultimate bearing capacity or to twice the estimated
safe load.

2,19 Ultimate Load Capacity — The maximum load which a pile can
carry before failure of ground (when the soil fails by shear) or failure of pile
materials.

2.20 Under-Reamed Pile — A bored cast in situ or bored compaction
concrete pile with an enlarged bulb(s) made by either cutting or scooping
out the soil or by any other suitable process. ’

2.21 Working Load — The load assigned to a pile according to design.

2.22 Working Pile — A pile forming part of foundation of a structural
system.

3. NECESSARY INFORMATION

2.1 For the satisfactory design and construction of bored cast in situ and
bored compacted under-reamed piles and pile foundation, the information
on the following aspects is necessary:

a) Site investigation data as laid down in IS :1892-1979* or any
other relevant Indian Standard. Sections of trial borings, supple-
mented wherever appropriate by penetration tests, should incor-
porate datafinformation sufficiently on soil condition below the
anticipated level of pile tip. :

The nature of the subsoil both around and beneath the proposed -
pile should be indicated on the basis of appropriate tests of strength,
compressibility, etc. Ground-water levels and conditions (such as
artesian conditions) should be indicated. Results of chemical
tests to ascertain the sulphate and the chloride content and ground-
water should be indicated particularly in areas where large scale
piling is envisaged or where such information is not generally
available. . '

b) A qualitative indication of the degree of expansiveness of soil is
given in Appendix A. The free swell test will be carried out
according to I8: 2720 (Part-XL)-19771.

¢) In case of bridge foundations, data on high flood level, maximum
scouring depth, normal water level during working season, etc.

*Code of practice for subsurface investigations for foundations (first revision).
tMethod of test for soils, Part XL Determination of free swell index of soils.

6
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In case of marine construction, necessary information as listed in
1S:4651 (Part I)-1974* should be provided. ’

d) In case rock is encountered, adequate description of the rock to
convey its physical conditions as well as its strength characteristics
should be indicated.

In case of weathered rock, adequate physical descriptioh and its
expected physical behaviour on boring should be indicated.

€) General plan and cross section of the building showing type of
structural frame, including basement, if any, in relation to the
proposed pile cap top levels.

f) The general layout of the structure showing estimated loads,
vertical and horizontal, moments and torque at the top of pile
caps, but excluding the weight of the piles and caps. The top
levels of finished pile caps shall be clearly indicated.

g) It is preferable to have the dead load; equipment and live loads
separately indicated. Loads and moments for wind and earth-
quake should also be separately indicated.

h) Sufficient information about structures existing nearby should be
provided., ‘

3.2 As far as possible, all information in 3.1 shall be made available to
the agency responsible for the design andfor construction of piles andjor
foundation work.

3.3 The design details .of pile foundation shall indicate the information
necessary for setting out the layout of each pile within a cap, cut-off levels,
finished cap levels, orientation of cap in the foundation plan and the safe
capacity of each type of piles, etc.

3.4 Due note shall be taken of the experience of under-reamed and other
piles in the area close to the proposed site and any soil strata report thereof.

4. MATERIALS

4.1 Cement — The cement used shall conform to the requirements of
IS:269-1976%, IS: 455-1976%, IS: 8041-1978§, IS : 6309-1973}} or 15:1489-
19764.

"*Code of practice,for planning and design of ports and harbours, Part I Site investigation
(ﬁf:;clﬁ -y d low heat Portland (th )
Specification for ordinary and low heat Port cement (third revision).
;Spedﬁmﬁon for Portland and slag cement (third revision).
§Specification for rapid hardening Portland cement. .
iSpecification for supersulphated cement, .
{Specification for Portland pozzolana cement (second revision).

7



IS : 2911 (Part III) - 1980

4.2 Steel — Reinforcement steel shall conform to IS: 432 (Part 1)-1966*
or IS:1139-19661 or IS :1786-1979% or IS :226-1975§. The stresses
allowed in steel should conform to IS : 456-1978||.

4.2.1 For under-reamed bored compaction piles, the reinforcement cage
shall be prepared by welding the hoop bars to withstand.the stresses during
_compaction process.

4.3 Concrete
4.3.1 Materials and methods of manufacture for cement concrete shall

in general be in accordance with the method of concreting under the
conditions of pile installation.

4.3.2 Consistency of concrete for cast in situ piles shall be suitable to the
method of installation of piles. Concrete shall be so designed or chosen
as to have homogeneous mix having a flowable character consistent with
the method of concreting under the given conditions of pile installation.

in achieving these resulis, minor deviations in the mix proportions used in
structural concrete may be necessary. _

4.3.3 Slump of concrete shall range between 100 mm to 150 mm for
concreting n water-free unlined boreholes. For concreting by tremie, a
slump of 150 mm to 200 mm shall be used.

4.3.4 In case of tremie concreting for piles of smaller diameter and
depth of up to 10 m, the minimum cement content should be 350 kg/m3 of
concrete. For piles of large diameter andfor deeper piles, the minimum
cement content should be 400 kg/m? of concrete. For design purpose, the
strength of concrete mix may be taken equivalent to M15 and M20, res-
pectively, for concrete with cement content of 350 kg/m?® and 400 kg/m3.
Where concrete of higher strength is needed, richer concrete mix with
higher cement content may be designed. In case of piles subsequently
exposed to free water or in case of piles where concreting is done under
water or drilling mud using methods other than the tremie, 10 percent extra
cement over that required for the design grade of concrete at the specified
slump shall be used subject to the minimum quantities .of cement specified
above.

4.3.5 For the concrete, water and aggregates specifications laid down
in IS:456-1978|) shall be followed in general. Natural rounded shingle
of appropriate size may also be used as coarse aggregate. It helps to give
high slump with less water cement ratio. For tremie concreting aggregates
having nomiinal size more than 20 mm should not be used.

#Specification for mild steel and medium tensile steel bars and hard drawn steel wire

for concrete reinforcement, Part I Mild stecl and medium tensile steel bars (second revision).

Specification for hot rolled mild steel, medium ténsile steel and high yield strength steel
deformed bars for concrete reinforcement (revised).

+Snacification for cold workad hioh strancth daformed steal hawe fas anmanata safofowan
P CCIRTANCH 10T CO8 WOIZSG Riga SWENga QOIS 5w&s Sals 2107 COnIITIT Iaanioice-

ment (second revision). .
§Specification for structural steel (standard quality) (fifth revision).
‘Code of practice for plain and reinforced concrete (third revision).

8
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4.3.6 The concrete for piles in aggressive surroundings due to presence
of sulphates, etc, should have a concrete mix of appropriate type of cement
in suitable proportion.

4.3.6.1 If the concentration of sulphates (measured as SO,) exceeds
one percent in soil or 2 500 parts per million (ppm) in water a mix using
400 kg/m3 of sulphate resisting Portland cement should be used. For soils
with 0-5 to 1 percent of sulphates or ground water with 1 200 to 2 500 ppm,
the mix should have 330 kg/m3 of sulphate resisting Portland cement. For
concentrations lesser than above concrete mix with 330 kg/m® ordinary
Portland cement or 310 kg/m? sulphate resisting should be used. In place

of ordinary Portland cement, pozzolana cement/blast furnace slag cement
may be used.

4.3.6.2 Concentration of sulphates up to 0-2 percent in soil and 300
ppm in water may be inconsequential.

4.3.7 For bored compaction piles rapid hardening cement (see 4.1) shall
not be used. To facilitate construction, admixtures for retarding the
setting of concrete may be used.

5. DESIGN CONSIDERATIONS

5.1 General — Under-reamed pile foundations shall be designed in
such a way that the load from the structure they support, can be transmitted
to the soil without causing any soil failure and without causing such settle-
ment, differential or total, under permanent transient loading as may
result in structural damage andfor functional distress. The pile shaft
should have *adequate structural capacity to withstand all loads (vertical,
axial or otherwise) and moments which are to be transmitted to the subsoil.

5.1.1 In deep deposits of expansive soils the minimum length of piles,
irrespective of any other considerations, shall be 3-5 m below ground level.
If the expansive soil deposits are of shallow depth and overlying non-expan-
sive soil strata of good bearing or rock, piles of smaller length can also be
provided. In recently filled up grounds or other strata or poor bearing,
the piles should pass through them and rest in good bearing strata.

5.1.2 The diameter of under-reamed bulbs may vary from 2 to 3 times
stem diameter depending upon the feasibility of construction and design
requirements. In bored cast in situ under-reamed piles the bulb diameter

shall normally be 2:5 times, and in under-reamed compaction piles two
times.

s 5.1.3 For piles up to 30 cm diameter, the spacing of bulbs should not
exceed 1-5 times the diameter of bulb. For piles of diameter greater than
30 cm spacing can be reduced to 1-25 times the stem diameter.

5.1.4 The top-most bulb should be at 2 minimum depth of 2 times the
bulb diameter. In expansive soils it should also not be less than 1-75 m
below ground level. The minimum clearance below the underside of pile

9
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cap embedded in the ground and the bulb should be a2 minimum I-5 times
the bulb diameter.

5.1.5 Under-reamed piles with more than two bulbs are not advisable
without ensuring their feasibility in strata needing stabilization of boreholes
by drilling mud. The number of bulbs in case of bored compaction piles
should not exceed two in such strata.

5.1.6 The minimum diameter of stem for borehole needing stabilization
by drilling mud should be 25 cm.

5.1.7 The minimum diameter of stem for strata consisting of harmful
constituents, such as sulphates, should be 30 cm.

5.1.8 For guidance typical details of bored cast in situ under-reamed pile
foundations are shown in Fig. 1.

5.1.9 For batter piles, a batter of 30° for piles in dry ground conditions
and 15° with horizontal for water or drilling mud filled holes should generally
not be exceeded. The under-reamed compaction piles are normally
constructed up to a batter of 15°.

5.2 Design of Piles — The load carrying capacity of under-reamed pile
depends mainly on the pile dimensions and soii strata. Axial load on a
pile is transmitted by point bearing at the toe and the projected area of
the bulb(s) and skin friction along the pile stem. Depending upon the
nature of soil and pile geometry, in addition to the skin friction on stem,
friction can develop on the soil cylinder between the extreme bulbs. In
under-reamed compaction piles, the mechanism of load transfer remains the
same but soil properties improved by compaction process are considered.
In uplift load, point bearing component at toe is absent but unlike other
straight shaft piles, point bearing on an anular projection of the bulb is
present. Lateral load and moment are sustained by horizontal soil reaction
developed along the pile length, which depends on several factors.

The design of piles shall be such that it has an adequate factor of safety:
a) as a structural member to transmit the imposed loads, and

b) against failure of strata due to reaching ultimate strength. Further
it should ensure that the desired limit of settlement is not exceeded.

5.2.1 Pile as a Structyral Member — The pile should have adequate strength
to sustain the design loads. The pile cross-section should be checked for
combined effect of vertical loads (compressive and uplift) and/or lateral
loads and moments. The stem should be designed as a short column
considerating both concrete and steel (see 5.2.2) by the limit state method
or working stress method. In case of latter, the permissible increase in
stresses shall be taken for wind and seismic loads. (see IS : 875-1964* and
IS : 1893-19751.)

*Code of practice for structural safety of buildings: Loading standards (revised).
tCriteria for earthquake resistant design of structures (third revision).

10
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5.2.2 Reinforcement in Piles — The provision of reinforcement will depend
on nature and magnitude of loads, nature of strata and method of installa-

tinn T+ should be adeauate for vertical laoad. lateral Inad and maments
Tion. 4t Snoula 0C adcqualce lor verilcal 10ag, iatera: i0ad and moments,

acting individually or in combination. It may be curtailed at appropriate
depth subject to provision given in 5.2.2.1 and 5.2.2.2.

5.2.2.1 The minimum area of longitudinal reinforcement in stem
should be 0-4 percent of mild steel (or equivalent deformed steel). Rein-
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forcement is to be provided in the full length irrespective of any other
considerations and 1s further subject to the condition that a minimum
number of three 10-mm diameter mild steel or three 8*mm diameter high
strength steel bars shall be provided. The transverse reinforcement as
circular stirrups shall not be less than 6-mm diameter mild steel bars at a
spacing of not more than the stem diameter or 30 cm whichever is less.

In under-reamed compaction piles, a minimum number of four, 12-mm
diameter mild steel or four 10-mm diameter high strength steel bars shall
be provided. For piles of lengths exceeding 5 m and or 37-5 cm diameter,
a minimum number of six 12-mm diameter bars of mild or high strength
steel shall be provided. For piles exceeding 40 cm dia, 2 minimum number
of six 12-mm diameter mild or high strength steel bars shall be provided.
The circular stirrups for pxles of lengths exceeding 5 m and diameter exceed-
ing 37-5 cm shall be of 8 mm diameter bars.

5.2.2.2 For piles subjected to uplift loads, adequate reinforcement shall
be provided to take full uplift which shall not be curtailed at any stage.

5.2.2.3 For piles up to 30 cm, diameter, if concreting is done by tremie,
equivalent amount of steel placed centrally may be provided.

5.2.2.4 The minimum clear cover over the longitudinal reinforcement
shall be 40 mm. In aggressive environment of sulphates, etc, it may be
increased to 75 mm.

5.2.3 Safe Load — Safe load on a pile can be determined from (a) calculat-
ing ultimate load from soil properties and applying suitable factor of safety,
(b) load test on pile as provided in IS : 2911 (Part IV)-1979*, and (c) safe
load tables.

5.2.3.1 Safe load from ultimate load capacity — The ultimate load capacity

af 2 nile can he caleulated from eoil nronerties The o1l nronerties required
Ul & Puc Call OC Carlliailtl 11011 SUL pauptiuls. 4110 5L prOpCIuds ICquirca

are strength parameters, cohesion, angle of internal friction and soil density.

If these properties are not available directly from laboratory and field tests,
thevy mav be lnrhwar-ﬂv obtained from in situ nPnPtr;\hnn test data rTQ 4062

(Part I1)-19761 and IS : 6403- -1971%]. The success of the approach essenti-
ally depends how realistically the soil properties are determined or deduced.

a) Clayey soils
For clayey soils the ultimate load carrying capacity of an under-reamed
pile may be worked out from the following expressions:
Qu= Ap-NcCp +A4a.Ne.C'a +CB,'A3’ + «.Ca.4

where
Q,ii (_kg) = ultimate hpnﬂno‘ r‘znnmfv of n!]c,
Ap (cm?) = cross-sectional area of pllc stem at toe level;

*Code of practice for design and construction of pile foundations: Part IV Load test on
piles.

tMethod for subsurface sounding for soils: Part III Static cone penetration test (first
revision).

$Code of practice for determination of allowable bearing pressure on shallow foundations.
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bearing capacity factor, usually taken as 9;
cohcsxon of the soil around toe;

w4 (D% —D?) where Dy(cm) and D (cm) are the
under-reamed and stem diameter, respectively;
average cohesion of soil around the under-reamed
bulbs;

reduction factor (usually taken 0-5 for clays);
average cohesion of the soil along the pile stem;
ciaidn ma nsman AL Ll gbasa e Al

sUriact arca Ul Liic sSiuiil, aliu

surface area of the cylinder circumscribing the under-
reamed bulbs.

The above expression holds for the usual spacing of under-reamed bulbs
spaced at not more than one-and-a-half times their diameter,
Note 1 — The first two terms in formula are for bearing and the last two for friction

components.

Note 2 — If the pile is with one bulb only the third term will not occur.
NotE 3 - For calculating uplift load first term will not occur in formula.

b) Sandy soils

For sandy soils the following expression be used:

r=n

Qu= Ap.(b.DANA+ Ndp.Ng) +4s (3.Dun AMAANg T dy.

where
Ap (cm?)
4s (cm?)

n
A (kg/cm?)

Ny and Ny
dr (Cm)

dy (cm)
K

3

d, (cm)
d, {cm)

ll

1

r=1

+4.mDAK tan $x (@ +d2—d?)

n/4-D?, where D (cm) is stem diameter;
7/4(D2—D?) where Dy (cm) is the under-reamed
bu]b dlameter,

number of under-reamed bulbs;

average unit weight of soil (submerged unit weight in
strata below water table);

bearing capacity factors depending upon the angle
of internal friction;

depth of the centre of different under-reamed bulbs
below ground level;

total depth of pile below ground level;

earth pressure coefficient (usually taken 1-75 for sandy
soils) ;

angle of wall friction (may be taken equal to the angle
of internal friction ¢);

depth of the centre of first under-reamed bulb; and
depth of the centre of the last under-reamed bulb.

Note 1 — The first two terms in the formula arc for bearing component and the
last one for friction component.
Note 2 — For uplift bearing on tip, 4p wnll not occur.

13
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Note 3 — Nawill be as specified in 1S : 6403-1971* and N, will be taken from Fig. 2.
This factor, apart from the angle of internal friction ¢ depends upon the method of
installation of pile and the component containing this factor will generally be over
estimated (up to about twice) in bored piles.

c) Soil strata having both cohesion and friction

In soil strata having both cohesion and friction or in layered strata having
two types of soil, the bearing capacity may be estimated using both the
formula, However, in such cases the load tests will be a better guide.

d) Compaction piles in sandy strata
For bored compaction piles in sandy strata, the formula in 5.2.3.1(b)
shall be applicable but the modified value of ¢ will be used as given below:

$1 = ($+40)/2 -

where
¢= angle of internal friction of virgin soil.
The values of Ny, Nq and 8 are taken corresponding to ¢;
The value of the earth pressure coefficient K will be 3.

) Piles resting on rock

For piles resting on rock, the bearing component will be obtained by
multiplying the safe bearing capacity of rock with bearing area of pile
stem plus the bearing provided by the bulb portion.

f) Factors of safety

To obtain safe load in compression and uplift from ultimate load capacity
generally the factors of safety will be 2'5 and 3, respectively. But in case
of bored compaction piles with bulb diameter twice the shaft diameter, the
factor of safety in compression should be taken 2-25.

5.2.3.2 Safe load from pile load tests — The safe load on pile(s) in com-
pression uplift and lateral can be determined by carrying out load test
on piles in accordance with IS : 2911 (Part IV)-1979%f. In sizable work
(more than two hundred piles) where detailed information about the strata
and the guidance of past experience is not available, there should be a
minimum of two pile load tests before finalizing the safe load on piles.
Note — It is unlikely that two similar pile load tests give the same load-deflection
viour. Also, ground conditions, position of water table, moisture content in soil
and desiccation of top strata, can affect the load tests conducted at different times of
the year. These factors should be kept in view while deciding the safe load.
5.2.3.3 In the absence of actual tests and detailed investigations, the
safe load on under-reamed piles of bulb diameter 2-5 times the stem
diameter may be taken as given in Appendix B.

*Code of practice for determination of allowable bearing pressure on shallow foundations.
i"L‘('Jode of practice for design and construction of pile foundations: Part IV Load test on
piles.

14



IS : 2911 (Part III) - 1980

500

100

50

10

/

20

25

30

35

40

ANGLE OF INTERNAL FRICTION &

Fic. 2 Bearing Caraciry FacTor Ny

45



18 : 2911 (Part III) - 1980

5.2.3.4 The lesser of the two safe loads obtained from 5.2.3.1
and 5.2.3.3 should be used in designs. Higher values can be used if
established by initial load tests.

5.2.3.5 Permissible increase over safe load on piles

a) Overloading — When a pile designed for a certain safe load is found
to fall just short of the required load carried by it, an overload of
up to 10 percent of the safe load on pile may be allowed on each
pile. The total overloading on group should not be more than 10
percent of the safe load on group, nor more than 40 percent of the
safe load on single pile. :

b) Transient loading — The maximum permissible increase over the safe
load of a pile as arising out of wind loading is 25 percent. In case
of loads and moments arising out of earthquake effects the increase
over the safe load on a pile may be limited to the provisions contained
in IS : 1893-1975*. For seismic loads, under-reamed piles shall be
treated as point bearing piles. The seismic and wind forces will
not be considered to act simultaneously. For transient loading arising
out of superimposed loads, no increase generally may be allowed.
For broken wire conditions in transmission line tower foundations,
permissible increase will be as provided in IS : 4091-1979%.

Note — If any increase in load on a pile has already been permitted for reasons
other than 5.2.3.5, the total increase over safe load including those of 5.2.3.5 shall not
exceed 50 percent.

5.2.4 Negative Skin Friction or Drag Down Force — When a soil stratum
through which a pile shaft has penetrated into an underlying hard stratum,
compresses as a result of either it being unconsolidated or it being under
a newly placed fill or as a result of remoulding during driving of the pile,
a drag-down force is generated into the pile shaft up to a point in depth
vi'lhere the surrounding soil does not move downward relative to the pile
shaft.

Note — Estimation of this drag-down force is still under investigation, although a
few empirical approaches are in use, The concept is constantly. under revision and,
therefore, no definite proposal is embodied in this standard. (Recognition of the existence
of such a phenomenon shall be made and suitable reduction shall be made to the allow-
able load where appropriate. There is no evidence to show that the use of drilling
fluids for the construction of piles affects the skin friction.)

5.2.5 Lateral Load on Piles — A pile may be subjected to transverse force
from a number of causes, such as wind, earthquake, water current, earth
pressures, effect of moving vehicles or ships, plant and equipment, etc. The
lateral load carrying capacity of a single pile depends not only on the
horizontal subgrade modulus of the surrounding soil but also on the structural
strength of the pile shaft against bending consequent upon application of a
lateral load. While fonsidering lateral load on piles, effect of other

*Criteria for earthquake resistant design of structures (third revision).
$Code of practice for design and construction of foundations for transmission line towers
wnd poles (first revision).

16



IS : 2911 (Part III) - 1980

existent loads including the axial load on the pile should be taken into
consideration for checking the structural capacity of the shaft.

Piles under the action of lateral load and moment can be analysed by
the modulus of subgrade reaction approaches. Due to the presence of
bulbs, under-reamed piles tend to behave more as rigid piles and the analysis
can be done on rigid pole basis, Normally reinforced long single bulb
piles which are not rigid may be analysed after the generalized solutions
of Matlock and Reese for sandy soils and Broms for clayey soils. For lateral
loads with or without axial loads, up to those given in the Table 1 of
Appendix B, no analysis may be necessary, if external moment is not acting.
In the absence of actual in situ test values from prototype pile load test,
the modulus of subgrade reaction values may be taken from the Table 2
given in Appendix C.

Norte — It may be kept in view that modulus of subgrade reaction is a critical factor
in the above analysis, yet there is no precise method for determining it. Therefore,
it will be realistic to ascertain the adequacy of design by field tests.

5.2.6 Batter Piles (Raker Piles) — Raker piles are normally provided
where vertical piles cannot resist the required applied horizontal forces.
In the preliminary design the load on raker -pile is generally considered to
be axial. The distribution of load between raker and vertical piles in
a group may be determined by graphical or analytical methods. Where
necessary, due consideration should be given to secondary bending induced
as a result of the pile cap movement, particularly when the cap is rigid.
Free standing raker piles are subjected to-bending moments due to their
own weight or external forces from other causes. Raker piles embedded
in fill or consolidating deposits may become laterally loaded owing to the
settlement of the surrounding soil.

$.2.7 Spacing of Piles
5.2.7.1 Spacing of piles shall be considered in relation to the nature

of ground, the types of piles and the manner in which the piles transfer the
load to the ground.

5.2.7.2 Generally the centre to centre spacing for bored cast in situ
unter-reamed piles in a group should be two times the bulb diameter (2Dy).
It shall not be less than 1.5 Dy. For under-grade beams the maximum
spacing of piles should generally not exceed 3 m. In under-reamed com-
paction piles, generally the spacing should notbe less than 1-5 Dy. If the.
adjacent piles are of different diameter, an average value of bulb diameter
should be taken for spacing.

5.2.8 Grouping and Layout

5.2.8.1 For bored case in situ under-reamed piles at usual spacing
of 2 D,, the group capacity will be equal to the safe load of individual
pile multiplied by the number of piles in the group. For piles at a spacing
of 1-5 D, the safe load assigned per pile in a group should be reduced by
10 percent.

17
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In under-reamed compaction piles, at the usual spacing of 1-5 D, the
group capacity will be equal to the safe load on individual pile multiplied
by the number of piles in the group.

Note — In under-reamed compaction piles, the capacity of the group may be more
than given in 5.2.8.1 on account of the compaction effect.

5.2.8.2 In non-expansive soils, when the cap of the pile group is cast
directly on reasonably firm stratum it may additionally contribute towards
the bearing capacity of the group.

5.2.8.3 The settlement of pile groups depends upon soil and pile
characteristics, spacing, group size method of installation and magnitude -
and nature of loading. In clays sometimes long term settlements can
become important while in sands almost all the settlements will be over
quickly.

A group of free standing piles is likely to settle more than a single pile
but this increase may be marginal if the safe load on the piles is according
to 5.2.3 and 5.2.8.1.

Note 1 — The settlement, in -case of piles in sand, are generally computed from

empirical relations. A suggested relationship for estimating settlements of free standing
under-reamed pile groups in sands is:

Sg= V/B[DxS,
where
Sg = settlement of group in cm,
S; = settlement of single pile in ¢m; piles are under the same safe load per pile,
B = distance between outer piles centre in cm, and
D = pile stem diameter in cm.

In clays the immediate settlements are computed using theory of elasticity and the
long term settlements by consolidation theory. For the later, the pile group is consi-
dered as a footing at the centres of the lowermost bulbs.

It may be noted that computed settlements, by the above approaches particularly for
piles in clay, are very large as compared to actually occurring in practice.

Note 2 — For the groups with caps resting on ground settlements are comparable
with an isolated pile.

Note 3 — In the case of under-reamed compaction piles with cap resting on ground,
which is very often the case, the settlements of groups may be even less than the settlement
of an isolated pile.

5.2.8.4 In case of structure supported on single pile/group of piles,

- resulting into large variation in the number of piles from column to column
it is likely that a high order of differential settlement may result depend-
ing on the type of subsoil supporting the piles. Such high order of
differential settlement may be either catered for in the structural design
or it may be suitably reduced by judicious choice of variations in the actual
pile loadings. For example, a single pile cap may be loaded to a level
higher than that of a pile in a group in order to achieve reduced differential
s?ttl?lment between two adjacent pile caps supported on differential number
of piles.

18
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5.2.8.5 In load bearing walls, piles should generally be provided
under all wall junctions to avoid point loads on beams. Positions of inter-
mediate piles are then decided by keeping door openings fall in between
two piles as far as possible.

5.3 Grade Beams

5.3.1 The grade beams supporting the walls shall be designed taking
due account of arching effect due to masonry above beam. The beam with
masonry due to composite action behaves as a deep beam.

For the design of beams, a maximum bending moment of w{2/50, where
w is uniformly distributed load per metre run (worked out by considering
a maximum height of two storeys in structures with load bearing walls
and one storey in framed structures) and [ is the effective span in metres,
will be taken if the beams are supported during construction till the masonry
above it gains strength. The value of bending moment shall be increased
to wl?/30 if the beams are not supported. For considering composite
action the minimum height of wall shall be 0-6 times the beam span. The
brick strength should not be less than 30 kgf/cm2. For concentrated loads
and other loads which come directly over the beam, full bending moment
should be considered.

5.3.2 The minimum overall depth of grade beams shall be 150 mm.
The reinforcement at bottom should be kept continuous in all the beams
and an equal amount may be provided at top to a distance of quarter span
both ways from the pile centres.

The longitudinal reinforcement both at bottom and top should not be
less than three bars of 10 mm diameter mild steel (or equivalent deformed
steel).

Stirrups of 6-mm diameter bars should be at a 300 mm spacing which
should be reduced to 100 mm at the door openings near the wall edge up
to a distance. of three times the depth of beam. No shear connectors are
necessary in wall.

5.3.3 In expansive soil, the grade beams shall be kept a minimum of
80 mm clear off the ground. In other soils, the beams may rest on ground
over a levelling concrete course of about 80 mm (see Fig. 3). In this case,
part load may be considered to be borne by the ground and it may be
accounted for in the design of piles. However, the beams should be designed
as per clause 5.3.1.

5.3.4 In case of exterior beams over piles in expansive soils, a ledge

projection of 75 mm thickness and extending 80 mm into ground (se¢ Fig. 3)
shall be provided on outer side of beam.
5.4 Design of Pile Cap — Pile caps are generally designed considering
pile reaction as either concentrated loads or distributed loads. The depth
of pile cap should be adequate for the shear for diagonal tension and it
should also provide for necessary anchorage of reinforcement both for the
column and the piles.
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5.4.1 The pile caps may be designed by assuming that the load from co-
Iumn or pedestal is dispersed at 45° from the top of the cap up to the mid-
depth of the pile cap from the base of the column or pedestal. The reaction
from piles may also be taken to be distributed at 45° from the edge of the
pile, up to the mid-depth of the pile cap. On this basis, the maximum
bending moment and shear forces should be worked out at critical sections.

5.4.2 When pile reactions are considered as point loads, the critical
section for shear in diagonal tension is taken at a distance equal to half
the depth of cap from the face of the column or pedestal. For bending
moment and shear for bond, the critical section is taken at the face of the
column or pedestal. In computing the external shear or the critical section
the entire reaction of any pile of diameter D whose centre is located at D/2
or more outside the section shall be assumed as producing shear on the
sectidbn; the reaction from any pile whose centre is located at D/2 or more
inside the section shall be assumed as producing no shear on the section.

For intermediate positions of the pile centre, the portion of the pile
reaction to be assumed as producing shear on the section shall be based on
straight line interpolation between full value at D2 outside the section and
zero value inside the section.

5.4.3 The cap may also be designed as a solid slab carrying concentrated
loads from piles. A square/rectangular pile cap can be divided in four

rrxar\n-n]qufrqnnwniAa] areas hv drawing r‘xao’nnal lines at 45° from the
igular/trapezocal rom ine

corners. When the pile is cut by the line, the load on this pile is shared

equally between the adjacent areas. The reaction of piles under an area
will be taken towards nroducinge shear. The bending moment are assumed

222 0 LAXCH 1OWArGs PDIOAUULCIING siical, CLAINY INnoment € aSsuImmea

to act from the centre of piles under an area at the face of the nearest
pedestal or column.

TT ALt cap shall be taken as width analvse the
5.4.4 Full dimension of the Cap snan O taxen as widtin to analyse the

section for bending and shear in respective direction. Method of analysis
and allowablé stresses may be according to IS: 456-1978*,
5.4.5 The clear overhang of the pile cap beyond the outer most pue in
the group shall normally be 100 to 150 mm, depending upon the pile size,
5.4.6 The cap is generally cast over a 75 mm thick levelling course of
concrete. The clear cover for main reinforcement in the cap slab shalil be
not less than 73 mm.

5.4.7 The pile should projcct 40 mm into the cap concrete.
6. EQUIPMENT AND ACCESSORIES

6.1 The selection of equipment and accessories will depend upon the type
of under-reamed piles, site conditions and nature of strata. Also it will
depend on economic considerations and availability of manually or power
operated equipment.

*Code of practice for plain and reinforced concrete (third revision).
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6.2 A typical list of equipment for manual construction is given in
Appendix D.

6.3 Bore holes may be made by earth augers. In case of manual boring,
an auger boring guide shall be used to keep the bores vertical or to the
desired inclination and in position.

After the bore is made to the required depth, enlarging of the base shall
be carried out by means of an under-reaming tool.

6.4 In ground with high water table having unstable pile bores, boring and
under-reaming may be carried out using a suitable drilling mud. General
guidelines for bentonite drilling mud are given in Appendix E. In normally
met soil strata, drilling mud can be poured from top while boring and under-
reaming can be done by normal spiral earth auger and under-reamer.
The level of drilling mud should always be about one metre above water
table or the level at which caving in occurs. In case of very unstable strata
with excessive caving in, continuous circulation of drilling mud using suitable
pumping equipment and tripod, etc, alongwith modified auger and under-

reamer may be used.

6.5 Sometimes permeable strata overlying a rim clayey stratum may be
cased and normal boring and under-reaming operation may be carried out

in clayey stratum.

6.6 To avoid irregular shape and widening of bore hole in very loose strata
at top, a casing pipe of suitable length may be used temporarily during
boring and concreting.

6.7 For improved control over the inclination of batter piles, a tripod hoist
with fixed pully should be used for lowering in of under-reaming tools.

6.8 For placing the concrete in bore holes full of drilling mud or subsoil
water, tremie pipe of not less than 150 mm diameter with flap valve at the

bottom should be used.

6.9 For batter under-reamed piles, the reinforcement cage should be placed
guiding it by a chute or any other suitable method. If concreting is not
done by tremie, it should be done by chute.

6.10 In under-reamed compaction piles, suitable devices should be used for
guiding the movement of drop weight and specified core assembly for its
vertical driving. For operating the drop weights of adequate capacity,
suitable winch with hoisting attachment should be used.

7. CONSTRUCTION

7.1 Under-reamed piles may be constructed by selecting suitable installation
techniques at a given site depending on subsoil strata conditions and type
of under-reamed pile and number of bulbs.
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7.2 In construction with the equipment given in 6, initially boring guide
is fixed with its lower frame levelled for making desired angular adjustment
for piles at batter. Boring is done up to required depth and under-reaming
is completed.

7.2.1 In order to achieve proper under-reamed bulb, the depth of bore
hole should be checked before starting under-reaming. It should also be
checked during under-reaming and any extra soil at the bottom of bore hole
removed by auger before reinserting the under-reaming tool.

7.2.2 The completion of desired under-reamed bulb is ascertained by
(@) the vertical movement of the handle, and (4) when no further soil is
cut.

7.2.3 In double or multi-under-reamed piles, boring is first completed
to the depth required for the first (top) under-ream only and after complet-
ing the under-reaming, boring is extended further for the second under-
ream and the process is repeated.

7.3 Control of Alignment — The piles shall be installed as correctly as
possible at the correct location and truly vertical (or at the specified batter).
Great care shall be exercised in respect of single pile or piles in two-pile
groups under a column. As a guide, for vertical piles a deviation of 1.5
percent and for raker piles a deviation of 4 percent shall not normally
be exceeded. In special cases, a closer tolerance may be necessary. Piles
shall not deviate more than 75 mm or one quarter the stem diameter,
whichever is less (75 mm or D/10 whichever is more in case of piles having
diameter more than 600 mm) from the designed position at the working
level. In the case of single pile under a column, the positional deviation
should not be more than 50 mm or one quarter of the stem diameter which-
ever is less (100 mm in case of piles having diameter more than 600 mm).
For piles where cut-off is at substantial depths, the design should provide
for the worst combination of the above tolerances in position and inclination.

In case of piles deviating beyond these limits, corrective measures where
necessary may be taken in the form of increasing pile size, provision of
extra reinforcement in the pile, redesign of pile cap and pile ties. If the
resulting eccentricity cannot be taken care of by the above measures, the
piles should be replaced or supplemented by one or more additional piles.

Note — In case of raker piles up to a rake of | in 6, there may be no reduction in the
capacity of the pile unless otherwise stated.

7.4 Concreting shall be done as soon as possible after completing the pile
bore. The bore hole full of drilling mud should not be left unconcreted
for more than 12 to 24 hours depending upon the stability of bore hole.

7.5 For placing concrete in pile bores, a funnel should be used and method
of concreting should be such that the entire volume of the pile bore is filled
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up without the formations of voids and/or mixing of soil and drilling fluid
in the concrete.

7.5.1 In empty bore holes for under-reamed piles a small quantity of
concrete is poured to give about a 100 mm layer of concrete at the bottom.
Reinforcement is lowered next and positioned correctly. Then concrete
is poured to fill up the bore hole. Care should be taken that soil is not
scrapped from sides if rodding is done for compaction. Vibrators shall

not be used.

7.5.2 If the water is confined up to the bucket length portion at the
toe and seepage is low, the water should be bailed out and concreting
should be done as in 7.5.1.

ud or by

y maintaining

o
1 g

water hea;i within the bor(; hole, the bo{tom of bore h;le shall bg carefull;'
cleaned i ud, and pile bore will be checked

far 1te de
ior 1ts G2

=)
<
T
o
173
=N
=}
o 0
o+
g
=
jons
=g}
o
123
=
D A~
et
E.
@
3

Concreting shall be done by tremie method. The tremie should have a
valve at its bottom and lowered with its valve closed at the start and filled
up with concrete. The valve is then gpened to permit the flow of concrete
which permits the upwards displacement of drilling mud. The pouring
should be continuous and tremie is gradually lifted up such that the tremie
pipe opening remains always in the concrete. If the final stage the quantity
of concrete in tremie should be enough so that on final withdrawal some
concrete spills over the ground.

Note ! — The concrete should be coherent, rich in cement (not less than 350 kgfjm?)
and of slump not less than 150 mm.

Note 2 — The tremie pipe should always penetrate well into the concrete with an
adequate margin of safety against accidental withdrawal of the pipe is surged to discharge

the concrete.

T

o misn

2 Thenila shanld ha conereted wwhalley har doncn o o T 0L o el T 0 3 *u
L < 4 1C puc sino

should not be changed par
he pile.

emrte and tha el 1 3 tat
CTHIIC aliu LIC 1LTUIUU O UCPOsItion

dbec -
dbec y by i
way up the pile, to prevent the laitance from being entrapped

5
E
=]

-

Note 5-— Normally concreting of the piles should be uninterrupted. In the excep-
tional case of interruption of concreting, but which can be resumed within 1 or 2 hours,
the tremie shall not be taken out of the concrete.  Instead it shall be raised and lowered
slowly, from time to time to prevent the concrete around the tremie from setting. Con-
creting should be resumed by introducing a little richer concrcte with a slump of about
200 mm for easy displacement of the partly set concrete. If the concreting cannot
be resumed before final set-up of concrete already placed, the pile so cast may be rejected,
or used with modifications,

Note 6 — In case o_f withdrawal of tremie out of the concrete, either accidentally
or to remove a choke in _ihc- tremie, the tremie may be re-introduced in a manner to
prevent impregnation of laitance or scum lying on the top of the concrete already deposited
in the bore.
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7.5.4 In inclined piles, the concreting should be done through achute

or by tremie method.

o

7.5.5 For under-reamed bore compaction piles, the pile bore is first filled
up without placing any reinforcement. Concreting is done as in 7.5.1
depending upon situation. Soon after, the specified core assembly shall
be driven and extra concrete shall be poured in simultaneously to keep the
level of concrete up to ground level. If hollow driving pipe is used in core
assembly, the pipe-‘shall be withdrawn after filling it with fresh concrete
which will be left behind.

NotTe — In under-reamed bored compaction piles, concreting should be uninterrupted
and notes {5) and (6) under clause 7.5.3 will not apply.

7.5.6 The top of concrete in a pile shall be brought above the cut-off
level to permit removal of all laitance and weak concrete before capping
and to ensure good concrete at the cut-off level for proper embedment into
the pile cap.

7.5.7 Where cut-off level is less than 1-5 metre below working level,
concrete shall be cast to a minimum of 300 mm above cut-off level. For
each additional 0-3 m increase in cut off level below working level, addi-
tional coverage of 50 mm minimum shall be allowed. Higher allowance
may be necessary depending on the length of the pile. When concrete is
placed by tremie method, it shall be cast to the piling platform level to
permit overflow of concrete for visual inspection or to a minimum of one
metre above cut-off level. In the circumstance where cut-off level is below .
ground water, the need to maintain a pressure on the unset concrete equal
to or greater than water pressure should be observed and accordingly .
length of extra concrete above cut-off level shall be determined.

7.5.8 Defective Pile — In case, defective piles are formed, they shall be

ramovad ar lafr in nlanca swehiclavan 1o sonuvenient withaisd affacting ner
TCmoOvVEQ Or 161t 1l prace wiiCncver is convenicnt wiwoutr anccung pir-

formance of the adjacent piles or the cap as a whole. Additional piles
shall be provided to replace them as directed.

7.5.9 Any deviation from the designed location alignment or load capa-
city of any pile shall be noted and adequate measures taken well before
the concreting of the pile cap and plinth beam if the deviations are beyond
the permissible limit.

7.5.10 Estimation of Concrete Quantity — The extra concrete required for
each bored cast in situ under-reamed bulb of 2-5 times the stem diameter
may be taken equal to a stem length of 4 to 4-5 times its diameter, depending
on the nature of strata and other site conditions. The volume of concrete
actually placed shall be observed in the case of few. piles initially cast and
the average figure obtained may be used as a guide for working out the
quantities of the concrete and cement for subsequent piles.
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For under-reamed compaction piles the amount of concrete used is about
1-2 times of the under-reamed cast in sitz piles.

Note — If the estimates of concrete consumption is on the volume of bore holes and
not on the basis of concrete quantity actually consumed, the concrete used may be found
smaller than estimated and cement consumption may work out to be less.

7.5.11 Recording of Pile Details — A competent person at site should keep
records of "necessary information about the construction of piles. The
followirig may be recorded:

a) Date and sequence of installation of piles in a group;

b) Pile details — Length, diameter of stem and bulbs, number of bulbs,
type of pile, reinforcement, etc;

c). Cut-off level and working level;
d) Method of boring;

e} Ground water level;

f)" Any other information.

APPENDIX A
[Clause 3.1(b)]

DEGREE OF EXPANSIVENESS

A-1. The degree of expansiveness and consequent damage to the structures
with light loading may be qualitatively judged as shown below:

Degree of Differential free
expensiveness swell, percent
Low Less than 20
Moderate : 20 to 35
High 35 to 50
“Very high Greater than 50

A-1.1 In areas of soil showing high or very high differential free swell
values, conventional shallow strips footings may not be adequate.

26



IS : 2911 (Part III) - 1980

ADDLDATRIYIWV T
AXrrLoiNuviLAa D

(Clauses 5.2.3.3 and 5.2.5)

SAFE LOAD ON UNDER-REAMED PILES

»n1 CARE TOAD TARIE

aF=ae WiAA Bi AINSIAAF A SARSAIRL

B-1.1 The safe bearing, uplift and lateral loads for under-reamed piles
given in Table 1 apply to both medium compact (10<N < 30) sandy soils
and clayey soils of medium (4<<N <« 8) consistency including expansive
soils. The values are for piles with bulb diameter equal to two-and-a-half
times the shaft diameter.

The columns (3) and (4) of on Table | provide the minimum pile lengths
for single and double under-reamed piles, respectively, in deep deposit of
expansive soils. Also the length given for 375 mm diameter double under-
reamed piles and more in other soils are minimum. The values given tor
double under-reamed piles in columns (9) and (13) are only applicable in
expansive soils. The reinforcement shown is mild steel and it is adequate
for loads in compression and lateral thrusts [Columns (8), (9), (16) and
(17)]. For uplift [Column (12) and (13)], requisite amount of steel should
be provided. In expansive soils, the reinforcement shown in Table 1 is
adequate to take upward drag due to heaving up of the soil,

The concrete considered is M 15. The cover requirements will be as
provided in 5.2.2.

B-1.2 Safe loads for piles of lengths different from those shown in Table 1
can be obtained considering the decrease or increase as from columns 10, 11,
14 and 15 for the specific case.

B-1.3 Safe loads for piles with more than two bulbs in expansive soils and
more than one bulb in all other soils (including non-expansive clayey soils)
can be worked out from Table 1 by adding 50 percent of the loads shown
in columns (8) or (12) for each additional bulb in the values given in
these columns. The additional capacity for increased length required to
accommodate bulbs should be obtained from column (10) and (14).

B-1.4 Values given in columns (16) and (17) for lateral thrusts may not

he inereased or decreased faor chanoe in nile langirhe Alann for multicunder
0C INCreasta or 4accreasca Ior caange in puce engtias.  Auso 107 mulii-under

reamed piles the values should not increase than those given in column (17).

For longer and/or multi-under reamed piles higher lateral thrusts may be
adonted after establichine from field laad tests

allUpPtll aliti Colaalsiiilng IO Ll 2Call oSS,

B-1.5 For dense sandy (N >>30) and stiff clayey (N >>8) soils, the safe
loads in compression and uplift obtained from Table 1 may be increased by
25 percent. The lateral thrust values should not be increased unless the
stability and strength of top soil (strata up to a depth of about three times
the pile shaft diameter) is ascertained and found adequate. For piles in
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loose (4< N «10) sandy and soft (2« N <4) clayey soils, the safe loads
should be taken 0-75 times the values shown in the Table. For very loose
(N < 4) sandy and very soft (N < 2) clayey soils the values obtained from
the Table should be reduced by 50 percent.

B-1.6 The safe loads obtained from Table 1, should be reduced by 25
percent if the pile bore holes are full of subsoil water of drilling mud during
concreting. No such reduction may be done if the water is confined to the
shaft portion below the bottom-most bulb.

B-1.7 The safe loads in uplift and compression given by in Table 1 or
obtained in accordance with B-1.2 to B-1.6 should be reduced by 15 percent
for piles with bulb of twice the stem diameter. But no such reduction is
required for lateral ioads shown in Table 1. *

B-1.8 The safe loads for under-reamed compaction piles can be worked
out by increasing the safe load of equivalent bored cast in sifs under-reamed
pile obtained from Table 1 by 1-5 times in case of medium (10< N «< 30)
and 1-75 times in case of loose to very loose (N < 10) sandy soils. Depend-
ing upon the nature and initial compactness of strata, pile geometry and
lay-out of piles, this increase may be up to a factor of 2 and initial load tests
are suggested to arrive at final safe load values for design in case of sizable

works Thea valiies of lataral 1aade shanld nat he inereased by more than
WOrks, 1 i€ Vaiuls Oi iatfrai 10aGs sndlaG not ©of 1nlreéastG oy more tnan

1-5 times in all cases. In obtaining safe load of compaction pile the reduc-

tion for pile bore holes full of subsoil water or drilling mud duripg concreting
chould bhe takan 15 nercant inctead of 25 nercent as oiven in R-1.6 T"\p

vvvvvv SORUC waalll aJ pPplIClliv iSiall Ol 40 PUITCIlL al givii 4ii &8<i.9. 115

reduction for piles with twice the bulb diameter is to be taken 10 percent

instead of 15 percent as given in B-1.7. The provision of reinforcement

uided as stipulated

in under-reamed comnaction lles will also he o
n 1 co C V De guiged stipulate

n
ML =i CRIICQ Lipaliiliy pPLis Viia &i50

in 5.2.2.1.

B-1.9 The safe loads in Table 1, and the recommendations made to obtain
safe load in different cases (B-1.2 to B-1.8) are based on extensive pile
load tests. The loads thus obtained may be taken equal to two-thirds the
loads corresponding to deflection of 12 mm for loads in compression and
uplift. The deflections corresponding to respective safe loads will be about
6 mm and 4 mm. The deflection at safe lateral load will be about 4 mm.
The values given in Table 1 will be normally on conservative side. For
working out ultimate compressive and uplift loads, if defined as loads
corresponding to 25 mm deflection on load-deflection curve, the value
obtained from Table 1 can be doubled.. But in case of lateral thrust twice
the values in Table 1 should be considered corresponding to deflection of
12 mm only.

B-1.10 The permissible increase over safe loads obtained from Table 1
should be taken as stipulated in 5.2.3.5 for respective conditions. Also the
group capaeity should be obtained in accordance with 5.2.8.
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TABLE 1 SAFE LOAD FOR VERTICAL BORED CAST IV SITU UNDER-REAMED PILES IN SANDY AND
CLAYEY SOILS INCLUDING BLACK COTTON SOILS'

Size LeNaTH MiLp SteeL COMPRESSION Sare Loaps 1N UpLIFT REsisSTANCE LATERAL
REINFORCEMENT THRUST

,—e—.—..A—-——..“ f‘——‘&—“'ﬁ A — A .
Dia- Under Si Double Longntudmal ng! Smgle Double In- De- Single Double In- De- éingle Double
meter reamed un r- under- Rcmforccment spacing under- under- crease crease under- under- crecase crease under- under-

of dia- d remed . — of6mm reamed reamed per per reamed reamed per per  rea
pile  meter dia 30em 30cm 30cm  30cm
rings Length Length length length
cm cm m m No. Diamm cm t t t t t t t t t t

(1 2 ()] 4) ()] @ ®) ® (10) an - (12 (13) (14) (15) ae  an

20 50 35 3.5 3 10 18 8 12 09 0-7 4 6 0:65 0-55 10 12
25 62:3 35 35 4 10 22 12 18 1-15 0-9 ] 9 0-85 070 1-5 1-8
30 75 35 35 4 12 25 16 24 1-4 1-1 8 12 105 0-85 2:0 24
375 94 35 375 5 12 30 24 36 1-8 1-4 12 18 1-35 1-10 30 36
40 100 3-5 40 6 12 30 23 42 19 15 14 21 1-45 115 3-4 40
45 112:5 35 45 7. 12 30 35 52:5 215 1.7 17:5 2575 160 1.30 40 48
50 125 3:5 50 9 12 30 42 63 24 19 21 315 1-80 1.45 4-5 54

0861 - (IIX 2reg) 1162 : SI
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B-1.11 For piles subjected to external moments and or larger lateral loads
than those given in Table 1, the pile should be designed properly and
requisite amount of steel should be provided.
Note — For obtaining safe loads from Table 1, ‘N’ value (standard penetration test
value) a weighted average should bef'taken up to a depth equal to the bulb diameter

below the pile toe. In case of predominantly silty soils, the guiding ‘N’ value for
obtaining safe loads may be taken between the values given for sandy and clayey soils.

APPENDIX C
(Clause 5.2.5)

MODULUS OF SUBGRADE

C-1. The values of the constant of modulus of horizontal subgrade reaction
n, in sand or the modulus of subgrade reaction, K, in clay may be taken
from Tables 2 and 3.

TABLE 2 TYPICAL VALUES OF m

Soi. Tyre rn IN kg/cm?

r

Dry Submerged ’

Loose sand . 0-260 0-146
Medium sand 0-775 0-526
Dense sand 2-076 1-245
Very loose sand under repeated loading — 0-041

TABLE 3 TYPICAL VALUES OF K (for preloaded clay)

UNGONFINED RANGE OF PromanLE
COMPRESSIVE “vVALUE oF K vALUE of K
STRENGTH kg/em?® kg/cm?
kg/cm?
02 to 0-4 7 to 42 i 7-73
1 to2 32 to 65 48-79
2 to4 65 to 130 97-73

4 - 19546
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APPENDIX D
(Clause 6.2)

EQUIPMENT FOR UNDER-REAMED PILES
(MANUAL CONSTRUCTION)

D-1. EQUIPMENT

D-1.1 Normally the following equipment will be required in manual
operation; .

a} An auger;
b) An under-reamer;
¢) A boring guide; and

d) Accessories like spare extensions, cutting tool, concreting funnel,
etc.

D-1.1.1 For the piles of size larger than 30 cm and for larger depths
additional equipment required will be a portable tripod hoist with a
manually operated winch.

D-1.1.2 For piles in high ground water table and unstable soil condi-
tions, boring and under-reaming shall be carried out with bentonite slurry
using suitable equipment. Tremie pipe shall be used for concreting.

D-1.1.3 The additional equipment normally required for under-reamed
compaction pile are the following:

a) Drop weight for driving the core assembly, and
b) Pipe or solid core.

APPENDIX E
(Clause 6.4)

BASIC PROPERTIES OF DRILLING MUD (BENTONITE)
E-1. PROPERTIES

E-1.1 The bentonite suspension used in bore holes is basically a clay of
montmorillonite group having exchangeable sodium cations. Because
of thepresence of medium cations, bentonite on dispersion will break down
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into small plate like particles having a negative charge on the surfaces and
positive charge on the edges. When the dispersion is left to stand un-
disturbed, the particles become oriented building up a mechanical structure
of its own, the mechanical structure held by electrical bonds is observable
as a jelly like mass or jell material. When the jell is agitated, the weak
electrical bonds are borken and the dispersion becomes fluid. -

E-2. FUNCTIONS

E-2.1 The action of bentonite in stabilizing the sides of bore holes is pri-
marily due to the thixotropic property of bentonite suspensions. The
thixotropic property of bentonite suspension permits the material to have
the consistency of a fluid when introduced into the excavation and when
undisturbed forms a jelly which when agitated becomes a fluid again.

E-2.2 In the case of a granular soil, the bentonite suspension penetrates
into the sides under positive pressure and after a while forms a jelly, The
bentonite suspension gets deposited on the sides of the hole and makes the
surface impervious and imparts a plastering effect. In impervious clay,
the bentonite does not penetrate into the soil, but deposits only a thin film
on the surface of the hole. Under such conditions, stability is derived from
the hydro-static head of the suspension.

E-3. SPECIFICATION
E-3.1 The bentonite suspension used for piling work shall satisfy the
following requirements: _

a) The liquid limit of bentonite when tested in accordance with
IS: 2720 (Part V)-1965* shall be more than 300 percent and less
than 450 percent.

b) The sand content of the bentonite powder shall not be greater than
7 percent.

Note — The purpose of limiting the sand content is mainly to control and reduce the
wear and tear of the pumping equipment.
c) Bentonite solution should be made by mixing it with fresh water
using pump for circulation. The relative density of the bentonite
solution should be between 1:034 and 1-10.

d) The differential free swell shall be more than 540 percent.

*Methods of test for soils: Part V Determination of liquid and plastic limits (first revision).
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AMENDMENT NO.1  JANUARY 1983
TO
I1S:2911 (Part III)-1980 CODE OF PRACTICE
FOR DESIGN AND CONSTRUCTION OF
PILE FOUNDATIONS

PART Il UNDER-REAMED PILES
( First Revision )

Alterations
( Page 12, clause 5.2.2.1, line 9 ) ~— Substitute ¢ of * for ‘ or *.

( Page 12, clause 5.2.3.1, line 6 ) — Delete the words ‘and IS : 6403-
1971%°.

( Page 12, foot-note with ¢ §° mark ) — Delete.

([ Page 13, clause 5.2.3.1(b) ]:

a) Lines 3 and 4, value of © Q,° — Substitute the following for the
existing matter:

‘Q-=Ap(iD‘rNY+'rdr~Nq)+A.(iDun‘rN'{‘|- ML= "
F4xDyKtand (&8 + 4 — dat) o
b) Line 9 — Substitute ¢ y( kg/cm®)* for ¢ A( kg/cm®)°.
c) Line 10 — Substitute ¢ Ny’ for ¢ M.’.

( Page 14, Note 3 ) — Substitute the following for the existing note:

‘Notz 3 — Ny will be as specified in IS : 6403-1981* and Ny will be taken from
Fig. 2. Thu u bued on Berezantseu’s curve up to¢ = 85° and Vesic’s curves

beyond ¢ =
[ Page 14, clause 5.2.3.1 (d), line 7 ] — Substitute < Ny * for < M2*,

( Page 14, foot-note with * * * mark ) — Substitute the following for
the existing foot-note:

¢ *Code of pﬂctlce for determination of bearing capacity of shallow foundations
(first revision ).



( Page 15, Fig. 2 ) — Substitute the following for the existing figure:
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ANGLE OF INTERNAL FRICTION ¢

Fi6.2 Bearine Caracity Facror Ng

( Page 32, clause E-3.1, line 4) — Substitute ¢IS:2720( Part V)-
1970¢ * for < IS : 2720( Part V )-1965*°,

-
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&

T4
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AMENDMENT NO. 2  SEPTEMBER 1984

0
E OF PRACTICE FOR DESIGN
F

1S:2911(Part 3)-1980 COD
AND CONSTRUCTION OF PILE FOUNDATIONS
PART 3 UNDER-REAMED PILES
(Pirst Revision)
Alterations
(Page 8, clause 4.2, line 1) - Substitute

'1S: b32(Part 1)-1982%' for 'IS:k32(Part 1)-1966%".

(Page 8, foot-note with '*' mark) - Substitute
the following for the existing foot-note:

'®Specification for mild steel and medium tensile
gteel bars and hard drawn steel bars and hard drawn
steel wire for concrete reinforcement: Part 1 Mild
steel and medium tensile steel bars (third revision).

(Page 11, clause 5.2.2.1, first sentence) -
Substitute the following for the existing sentence:

'The minimum area of longitudinal reinforcement (any

tune aw owada) within tha ntla shaft ahall ha N b
UJW A¥: 9 Eluucl A Wwilhii wic y‘.&c QDiFEEL v DIIGA L VT Ve Y

percent of the sectional area calculated on the
basis of outside area of the shaft or casing if
used.’

o

.4.2 and 5.4.3) - Delete.

-~ .

alauco
’ . PUBINAS

(Page 21, clause 5.4.7) - Substitute '50 mm'
for *h0 mm'.



Addenda

(Page 6, clause 2.19, line 2) - Add the following

words after the ul\ﬂt‘ 1Qhanw within +tha hraavad? an
ViAo Wi wlad Wil wwa UV ad wawviiall viie vlacacv ab

‘evidenced from the load settelement curves'.

(Page 9, clause 5.1) - Add the following in the
end:

'and shall be designed according to IS:456-1978 Code
of practice for plain and reinforced concrete (third
revision).'

{Pane 1

Rge =5

in the end:

eclause 5.2.3(c) - Add the

(BDC 43)
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AMENDMENT NO. 3 JULY 1987
TO

IS : 2911 ( Part 3 )-1980 CODE OF PRACTICE FOR
DESIGN AND CONSTRUCTION OF
PILE FOUNDATIONS

PART 3 UNDER-REAMED PILES
( First Revision )

( Page 8, clause 4.3.4 ) — Substitute the following for the existing
clause:

‘4.3.4 The minimum grade of concrete to be used for piling shall be
M-20 and the minimum cement content shall be 4C0 kg/m? in all condi-
tions. For piles up to 6 m deep M-15 concrete with minimum cement
content 350 kg/m? without provision for under-water concreting may be
used under favourable non-aggressive subsoil condition and where con-
crete of higher strength is not needed structurally or due to aggressive
site conditions. The concrete in aggressive surroundings due to presence
of sulphates, etc, shall conform to provision given in IS : 456-1978|l.

For the concrete, water and aggregates specifications laid down in
IS : 456-1978|| shall be followed in general. Natural rounded shingle of
appropriate size may also be used as coarse  aggregate. It helps to give
high slump with less water-cement ratie. For tremie concreting aggre-
gates having nominal size more than 20 mm should not be used.’

( Page9, clauses 4.3.6.1 and 4.3.6.2 ) — Substitute the following
for the existing clauses:

‘4.3.6 The averagecompressive stressunder working load should not
exceed 25.percent of the specified strength at 28 days calculated on the
total cross-sectional area of the pile. If in the portion of the shaft above
the top under-reamed a permanent casing of adequate thickness and of
suitable size is used, the allowable stress may be suitably increased.’

[ Page 14, clauses 5.2.3.1(c) and 5.2.3.2 }see also Amendment

Fg(;g %’)] — Substitute ‘IS : 2911 ( Part 4 )-19841° for ‘IS : 2911 ( Part 4)-

( Page 14, foot-note with ‘t’ mark ) — Substitute the following for
the existing foot-note: ’

“tCode of practice for design and construction of pile foundations: Part 4 Load
test on piles ( first revision ).’

[ Page 16, clauyse 5.2.3.5(b), last sentence | — Delete.
( Page lG,foot-note with ‘Y mark ) — Delete.

Gr1



( Page 17, clause 5.2.5, second para and Note ) — Substitute the
following for the existing matter:

‘A recommended method for the determination of depth of fixity,
lateral deflection and maximum bendirg moment required for design is
given in Appendix C for fully or partially embedded piles. Other
accepted methods, such as the method of Reese and Matlock for fully
embedded piles may also be used. Due to the presence of bulbs, under-
reamed piles tend to behave more as rigid piles and the analysis can be
done on rigid pile tasis. For lateral loads with or without axial loads,
up to those given in Table 1 of Appendix C, no analysis may be necessary
if external moment is not acting.

Note — Because of limited information on horizontal modulus of soil and

refinements in the theoretical analysis, it is suggested that the adequacy of a
design should be checked by an actual field load test.’

( Page 23, clause 1.3 ):
a) ( Lines 7 and 11 ) — Substitute ‘sixth’ for ‘quarter’.

b) ( Line 13 ) — Add the following matter after the word ‘depths’:
‘( below ground level ) or high ( above ground level ).

( Page 26, clause A-1, column heading of informal table ) — Substitute
‘Free swell, percent’ for ‘Differential free swell, percent’.

( Page 30, Appendix C ) — Substitute the following for the existing
Appendix including Fig. 4 and 5:

‘APPENDIX C
( Clause 5.2.5)
DETERMINATION OF DEPTH OF FIXITY, LATERAL

DEFLECTION AND MAXIMUM MOMENT OF
LATERALLY LOADED PILES

C-1. DETERMINATION OF LATERAL DEFLECTION AT THE
PILE HEAD AND DEPTH OF FIXITY

C-1.1 The long flexible pile, fully or partially embedded, is treated asa
cantilever fixed at some depth below the ground level ( see Fig. 4 ).

C-1.2 Determine the depth of fixity and hence the equivalent length of
the cantilever using the plots given in Fig. 4.

where T=35 v % and R=4 ,\/ [‘E<.i( K; and K, are constants given
1 2

2



in Tables 2 and 3 below, Eis Young’s modulus of the pile n}ateriﬁl in
kg/cm® and I is the moment of inertia of the pile cross-section in cm* ).
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TABLE 2 VALUES OF CONSTANT K, ( kg/cm? )
TyPE or SoiL VALUE
'Dry Submerged }
Q) 2) (&)}
Loose sand 0:260 0-146
Medium sand 0-775 0-525
Dense sand 2:075 1-245
Very loose sand under — 0-040

repeated loading or
normally loading clays
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58 FOR FIXED HEAD PILE

FIG. 5 DETERMINATION OF REDUCTION FACTORS FOR
COMPUTATION OF MAXIMUM MOMENT IN PILE
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TABLE 3 VALUES OF CONSTANT KX, ( kg/cm®)

UNCONFINED COMPRESSIVE VALUE
STRENGTH
kg/cm?
(¢)) )]
0:2to 0°4 775
1to2 48-80
2to 4 97-75
More than 4 195-50

C-1.3 Knowing the length of the equivalent cantilever the pile head
deflection (¥) shall be computed using the following equations:

Y (cm) =—Q(—L—;£—?—LF—)1 ...for free head pile
_Q(Li+Le)
12 El

where Q is the lateral load in kg.
C-2. DETERMINATION OF MAXIMUM MOMENT IN THE PILE

C-2.1 The fixed end moment (M) of the equivalent cantilever is higher
~than the actual maximum moment (M) of the pile. The actual maximum

moment is obtained by multiplying the fixed end moment of the equiva-
lent cantilever by a reduction factor, m given in Fig. 5. The fixed end
moment of the equivalent cantilever is given by:

...for fixed head pile

Mg=Q (L,+ Lt) ...for free head pile
=_Q_(&2'_"£) ...for fixed lfead pile

The actual maximum moment (M) = m (MF).’
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