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Preface

This Manual presents a systematic way to help engineers master different
disciplines of civil engineering in a easy manner and within a short time. |
feel proud to introduce the new method “VC-Q&A Method”, which makes
use of the easy-reading style of Q&A to achieve efficient and effective
mastering of different fields of civil engineering.

Unlike other professionals, civil engineers are “deemed” to be equipped
with a wide range of engineering knowledge. It is extremely rare that civil
engineers are solely responsible for a particular field of engineering without
touching on other disciplines. To put it simple, when one builds a structure,
you not only have to understand its concrete nature itself, but also its
foundation, its associated drainage and sewage infrastructure. Therefore, it
is of utmost importance for civil engineers to appreciate and learn other
disciplines of civil engineering other than their own expertise.

In fact, the idea of “VC-Q&A Method” originates from my past learning
experience. My knowledge of different fields of civil engineering was
acquired mainly through the curious questioning of prevailing civil
engineering practice and subsequent tedious searching for answers. This
mode of critical thinking and the essence of issues are embodied into this
Manual. The essence of “VC-Q&A Method” is to let readers experience my
previous thinking path through my Q&A and guide them to use Q&A
approach to learn and study further. | wish that this Manual presents a big
step forward in helping practicing engineers to learn different fields of civil
engineering in the most interesting and easy way.

Should you have any comments on this manual, please feel free to send to
my email askvincentchu @yahoo.com.hk and discuss.

Vincent T. H. CHU
July 2010
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1. VC-Q&A Method

1.1 Principle

The spirit of VC-Q&A Method lies in the fact that civil engineers are mostly
specialized in a particular field in civil engineering but in day-to-day work
they have to face technical issues of all fields of civil engineering. For
instance, a concrete engineer has to handle drainage works and
foundation works in a construction project of pumping station.

VC-Q&A Method is devised to improve the knowledge of engineers in
different fields of civil engineering. The knowledge in each field of civil
engineering is presented in question-and-answer (Q&A) format to enable
engineers to_easily grasp the essence and key points of knowledge in
particular_civil engineering fields in the shortest time. The Q&A is not
intended to cover ALL aspects of knowledge in a particular field of civil
engineering. In fact, it only presents the key issues, knowledge and
concerns and inspires engineers to study further on these topics. In short, it
serves:

Purpose 1: Given limited available time, engineers could obtain the most
and relevant knowledge in a particular field of civil engineering

Purpose 2: The Q&A presentation format induces engineers to look for
further knowledge. The Q&A stimulates critical thinking of engineers,
inspiring them to study further.

1.2 Features of VC-Q&A Method

The VC-Q&A Method involves the usage of this Manual to grasp the
knowledge of different field(s) of civil engineering through Q&A style in the
shortest time.

1.2.1 Different Civil Engineering Fields

In VC-Q&A method, it includes twelve fields of civil engineering namely,
bridge works, concrete works, drainage and sewage works, marine works,
foundation, roadworks, slopes and earthwork, tunneling, site investigation,
waterworks, steelworks and general issue.
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Engineers choose the field(s) of engineering that they intend to improve
their knowledge.

1.2.2 Objectives

There is a list of objectives stated at the beginning of each Module. This is
intended to give readers an rough idea the topics that are covered by the
Module. An objective no. is assigned to each element and for those
questions which fall into the ambit of this element, the objective no. shall
appear at the end of the question. This helps readers identify the questions
related to the objective in a easy manner.

1.2.3 Sub-topics under Civil Engineering Field

In VC-Q&A method, the Q&A are well organized into sub-topics under a
particular civil engineering field. For example, for bridge works it would be
categorized into different parts as follow:

Part I: Bridge Design (Level One)

Part Il: Construction Method (Level One)

Part Ill: Bearings and Expansion Joints (Level One)
Part I: Bridge Structure (Level Two)

Part Il: Long Bridge (Level Two)

Part Ill: Prestressing Works (Level Two)

This allows engineer to select the sub-topics that they are mostly
concerned and interested and get the required knowledge in the fastest
manner.

1.2.4 Classification into Level

In VC-Q&A method, the Q&A are classified into two different levels:

Level One — The Q&A contained in this level are core and essential
knowledge that are highly recommended to engineers to read as a first
step should they need to get familiar with this particular field of civil

engineering.

Level Two - The Q&A contained in this level are more difficult and
specialized.
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Engineers are recommended to go through Level One as the first step,
followed by Level Two if they have sufficient time.

1.2.5 Q&A Format

All questions are designed and tailor-made based on the following rules:
(a) They are not common, simple and easy questions; instead most of the
questions are frequently-asked-questions raised by engineers who mostly
ail to find out the answers.

(b) They bring out the key issues and points of a particular subject

(c) The questions are those that a specialist in different fields may ask

(d) They allow engineers to understand why a particular subject is relevant
in practice

There is flow from question to question and it is highly recommended to
read the questions sequentially.

1.3 Learning Steps

Step 1. Select a Module (i.e. a particular field of civil engineering)

Step 2. Read through the Objectives to understand the topics that are
covered by the Module.

Step 3. Select a Part in Level One
Step 4. Read all questions sequentially in the sub-topic
Step 5. Select a Part in Level Two

Step 6. Read all questions sequentially in the sub-topic

1.4 Merits of VC-Q&A Method

(a) Effectiveness and Efficiency in Learning

This method is a very effective and efficient in mastering different
disciplines of civil engineering in shortest possible time. The question
format is easy to read and digest and points out the key answers and
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issues in a few sentences. It saves engineer’'s time to read numerous
technical books and journals in order to get one answer.

(b) Non-boring format

The question format itself is more easy-to-read than engineering books full
of monotonous paragraphs. It allows engineers to skip from one question
to another which promotes reading of the whole Module/Sub-topic. Also,
the manual incorporates difficult questions which are frequently raised by
specialists who could not find out the answers. When reading through the
questions, readers should be able to identify certain questions which has
been raised by them previously without successfully looking up the
answers.

(c) Stimulation in Further Learning

The questions itself are mostly raised by practicing engineers in that
particular filed. As such, it enlightens readers and leads them to ask further
questions.
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2. Module One: Bridge Works

Objectives
Element | Description | Objective No.
Bridge Design
Bridge Form Precast prestressed beams with in-situ | BF1
concrete top slab
Multiple-cell box girder BF2
Skew Bridge BF3
Span Continuous multiple-span SAl
Arrangement
Simply supported multiple-span SA2
Span ratio SA3
Bridge Deck | Sucker deck principle BDD1
Design
Grillage Analysis BDD2
Null point Analysis BDD3
Bridge Abutment | Orientation of wing walls BAl
Earth pressure on abutment BA2
General Design Shear Lag GD1
HA and HB Load GD2
Construction Method
Bridge Span-by-span construction BC1
Construction
Incremental launching method BC2
Balanced cantilever method BC3
Segmental Box | Stitching SBGB1
Girder Bridges
Match casting SBGB2
Bearings and Expansion Joints
Bearings Design | Orientation of bearings Bl
Preset B2
Types of Bearings | Pot bearing TB1
Elastomeric bearing TB2
Expansion Joints | Joint continuity EJ1
Bridge Structure
Bridge Structure Diaphragm BS1
Transition slab BS2

10
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Element Description Objective No.
Split piers BS3
Shear keys in abutment BS4
Shock transmission unit BS5
Abutment BS6
Truss Vierendeel girder T1
Warren Truss, Howe Truss and Pratt T2
Truss
Long Bridge
Long Bridge Type | Cable-stayed bridges LBT1
Suspension bridges LBT2
Aerodynamic Flutter AB1
Behaviour
Vortex-induced vibrations AB2
Prestressing Works
Prestressing Type | External prestressing or internal PT1
prestressing
One-way prestressing or two-way PT2
prestressing
Prestressing Prestressing Reinforcement PC1
Component
Grout PC2

11
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Level One (Core FAQS)

Part |I: Bridge Design

1. What are the main potential benefits in using th e bridge form of
precast prestressed beams supporting in-situ concre te top slab?
(BF1)

The potential benefits of using the bridge form of precast prestressed
beams supporting in-situ concrete top slab are:

(i) For bridges built on top of rivers and carriageway, this bridge form
provides the working platform by the precast beams so that
erection of falsework is not required.

(i) This bridge form generally does not require any transverse beams
or diaphragms (except at the location of bridge supports), leading
to reduction of construction time and cost.

(iii) It creates the potential for simultaneous construction with several
spans.

2. What are the potential advantages of continuous multiple-span
deck over simply supported multiple-span deck? (SAl , SA2)

Movement joints are normally added to bridge structures to accommodate
movements due to dimensional changes arising from temperature variation,
shrinkage, creep and effect of prestress. However, the provision of
excessive movement joints should be avoided in design because
movement joints always encounter problems giving rise to trouble in
normal operation and this increases the cost of maintenance.

Some designers may prefer to add more movement joints to guard against
possible occurrence of differential settlements. However, the effect of
continuity is disabled by this excessive introduction of movement joints.

From structural point of view, the use of continuous deck enhances the
reduction of bridge deck thickness. Moreover, deck continuity allows the
potential increase in headroom in the mid-span of bridges by using sucker
deck principle.

Some designers may prefer to employ the use of simply supported
multiple-span deck to guard against possible occurrence of differential

12



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

settlements. However, the effect of continuity is undermined by the
introduction of movement joints. In essence, the structural reserve
provided by a continuous bridge is destroyed by the multiple-span statically
determinate structure resulting from the addition of joints.

Moreover, the reduction of joints in bridge structures represents substantial
cost savings arising from the construction and maintenance costs of
movement joints. The reduction of deck thickness helps to cut the cost for
both the deck and foundation. In particular, the number of bearings in each
piers is substantially reduced when compared with the case of simply
supported multiple-span deck.

3. For the loading pattern to obtain maximum positi ve moment in a
span of a continuous beam, why should alternative s pans on each
side of the span be loaded? (SA1)

To acquire a maximum sagging moment in a span of a continuous beam,
the general rule is to load the span under consideration and alternative
spans on each side of the span. To account for this rule, let’'s consider the
following example. For instance, loads are applied to the mid-span of a
multiple-span continuous beam. It is noticed that this loads induce positive
moments near mid-span in all even spans. Therefore, if all even spans are
loaded simultaneously, this will result in the increase of positive moments in
all other loaded spans.

Similarly, to obtain maximum negative moment at a support, load adjacent
spans of the support and then alternative spans on each side.

4. What are the advantages of piers constructed mon  olithically with
the bridge deck over usage of bearings?

Basically, piers constructed monolithically with the bridge deck are
advantageous in the following ways:

® Movement of the bridge deck is achieved by the bending
deformation of long and slender piers. In this way, it saves the
construction cost of bearings by using monolithic construction
between bridge deck and piers. Moreover, it is not necessary to
spend extra effort to design for drainage details and access for
bearing replacement. On the other hand, in maintenance aspect
substantial cost and time savings could be obtained by using
monolithic construction instead of using bearings as bridge

13
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articulation.

(i) Monolithic construction possesses the shortest effective Euler
buckling length for piers because they are fixed supports at the
interface between bridge deck and piers.

Note: Monolithic construction means that piers are connected to bridge decks without any
joints and bearings.

5.What is sucker deck principle for variable depth bridge decks?
(BDD1)

For a variable depth bridge deck, the depth of continuous multi-span bridge
deck is increased in pier supports and this absorbs sagging moments in the
mid-span with the consequent increase in hogging moments in pier
supports. As a result, the mid-span depth can be significantly reduced due
to the reduction in sagging moment. In essence, this sucker deck principle
is applied in locations where headroom requirement is of great concern.
Moreover, in terms of structural performance, sucker decks are effective in
reducing dead loads than voided slab of equivalent uniform depth for span
length between 20-40m. In terms of aesthetics point of view, the public
tends to appreciate the structural form of arches and curved soffit rather
than boring uniform deck alignment. Reference is made to Brian Pritchard
(1992).

6. Which type of multiple-cell box girder is better  , cells connected by
top flanges or cells connected both by top and bott om flanges? (BF2)

When the depth of a box girder bridge exceeds 1/6 or 1/5 of the bridge
width, it is recommended to be designed as a single cell box girder bridge.
However, if the bridge depth is smaller than 1/6 of the bridge width, then a
twin-cell or multiple cell is a better choice [56]. However, even for wider
bridges with small depths, the number of cells should be minimized
because there is not much improvement in transverse load distribution
when the number of cells of box girder is increased to three or more.

For multiple-cell box girders, there are generally two arrangements. The
first one is that independent cells are connected by their top flanges only
while the other one is that the cells are connected both at the top and
bottom flanges. From the structural point of view, it is recommended to
adopt the second arrangement. For the case of cells connected by top
flanges only, their flanges are heavily stressed in the transverse direction
owing to flexure which cannot be effectively distributed across the cross

14
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Fig. Box girder with cells connected by top flanges and cells connected both by top
and bottom flanges.

7. What is the exact coverage of HA loading? (GD2)

Type HA loads first appeared in 1945 and the concept of HB load was
introduced in BS 153 in 1954. Type HA loads is the normal loading for
United Kingdom and covers vehicles up to 44 ton. HA loads are
represented by a uniformly distributed load with a knife edge load. HA
loads have covered the following situations:

() More than one vehicle occupying the width of a lane;

(i) Overloading in normal vehicles;

(i) Impact load induced when car wheel bounce when traveling
crossing potholes.

8. Are knife edge loads the representation of wheel axles? (GD2)

In BS5400 the traffic loads for HA loading are given by the uniformly
distributed loads along the loaded length and a knife edge load. In the code,
it is not intended that knife edge loads simulate a wheel axle of vehicles
[16]. Instead, it is just a tool to provide the same uniformly distributed
loading to imitate the bending and shearing effects of actual traffic loads.

9. In grillage analysis of skew bridge, should ask  ew mesh be adopted
or the transverse members are set orthogonal to the main members?
(BF3)

For skew deck, the transverse members are set orthogonal to the main
members to find out the correct moment and deflections. Skew decks

15
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develop twisting moments which is more severe for higher skew angles.
The most economical way of designing reinforcing steel is to place the
reinforcement along the direction of principal moment.

For skew angle less than 35°, it may not be practical to adopt this approach
in the skew region. Instead, the transverse members are kept parallel to
the support line so that a skewed mesh is adopted. The use of skew mesh
suffers from the demerit that it would slightly overestimate the output of
moment and deflections.

\ ﬂ\ I". 'ﬂl \ \ V___i__"‘r__l—_______ﬁ\
\ \ \ \ \ | |
N W W VO W G L N 4
'.‘\‘ ﬂl‘ "-.‘ ‘.‘. T | | | \
| N T T \ \ | ' L\
\ ‘\ "‘. “-. I', \‘\ Y‘ ‘ | f ﬁ
A W W W W U N LN
\I \ \ \ 0
X T _T__F_______I—_Jf\
\ﬂ\ \ \‘. \ \ ‘ | | | A\
\ \ \ \ \ \ S PR ISR I PR R
d L | ] f

DECK WITH SMALL SKEW @ <1%° DECK WITH SMALL SKEW @ >15°

Fig. Different reinforcing arrangement in skewed br idge
10. What are the limitations of grillage analysis? (BDD?2)

In designing the number of cells for concrete box girder bridges, in case the
depth of a box girder bridge exceeds 1/6 or 1/5 of the bridge width, then it
is recommended to be designed as a single cell box girder bridge. However,
if the bridge depth is smaller than 1/6 of the bridge width, then a twin-cell or
multiple cell is a better. However, one should note that even for wider
bridges with small depths, the number of cells should be minimized
because there is not much improvement in transverse load distribution
when the number of cells of box girder is increased to three or more.

For structural analysis of bridges, grillage analysis, which involves the
structure to be modeled as a series of longitudinal and transverse elements
which are interconnected at nodes, is normally adopted.

Grillage analysis suffers from the following shortcomings based on E. C.
Hambly:

() For coarse mesh, torques may not be identical in orthogonal
directions. Similarly, twists may differ in orthogonal directions.

(i)  Moment in any beams is mainly proportional to its curvature only.
However, moment in an element depends on the curvatures in the

16
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beam’s direction and its orthogonal direction.

Grillage analysis cannot be used to determine the effect of distortion and
warping. Moreover, the effect of shear lag can hardly be assessed by using
grillage analysis. By using fine mesh of elements, local effects can be
determined with a grillage. Alternatively, the local effects can be assessed
separately and put in the results of grillage analysis.

11. In the design of a simply supported skew bridge , Which direction
of reinforcement should be provided? (BF3)

In the conventional design of steel reinforcement for a simply supported
skew bridge, a set of reinforcement is usually placed parallel to free edge
while the other set is designed parallel to the fixed edge. However, this kind
of arrangement is not the most efficient way of placing the reinforcement.
The reason is that in some parts of the bridge, the moment of resistance is
provided by an obtuse angle formed by the reinforcement bars which is
ineffective in resisting flexure. In fact, the most efficient way of the
arrangement of reinforcement under most loading conditions is to place
one set of bars perpendicular to the fixed edge while placing the other set
parallel to the fixed end as recommended by L. A. Clark (1970). In this way,
considerable savings would be obtained from the orthogonal arrangement
of reinforcement.

// ////
ol

NORMAL ARRANGEMENT

OF STEEL REINFORCEMENT

/// ///
;T
RECOMMENDED ARRANGEMENT
OF STEEL REINFORCEMENT

Fig. The arrangement of reinforcement in skewed bri  dge.
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12. Why is the span length ratio of end span/approa ch span to its
neighboring inner spans usually about 0.75? (SA3)

From aesthetic point of view, an odd number of spans with a decrease in
length in the direction of abutment is desirable. Moreover, spans of equal
length are found to be boring. However, the arrangement of irregular span
lengths is not recommended because it gives a feeling of uneasiness.

From structural point of view, for a multi-span bridge with equal span length,
the sagging moment at the mid-span of the end span/approach span is
largest. In order to reduce this moment, the span length of end
span/approach span is designed to be 0.75 of inner spans. However, this
ratio should not be less than 0.40 because of the effect of uplifting at the
end span/approach span support.

Note: End span refers to the last span in a continuous bridge while approach span refers
top the first span of a bridge.

13. What is the consideration in selecting the orie  ntation of wing
walls in the design of bridge abutments? (BA1)

There are three common arrangements of wing walls in bridge abutments
based on Dr. Edmund C Hambly (1979):

(i) Wing walls parallel to abutments

This is the simplest and shortest time to build but is not the most
economical design. This design has the advantage that it has least
disturbance to existing slope embankment.

(i) Wing walls at an angle to abutments
This is the most economical design among the three options in terms of
material cost.

(i) Wing walls perpendicular to abutments

Though it is not the most economical design, the wing walls provide a
continuous alignment with bridge decks which provide supports to parapets.
However, they cause disturbances to adjacent structures and utility
services during construction. Moreover, if the bridge is curved, the wing
walls may hinder the road curvature.

One the other hand, when the wing walls are structurally connected to the

18
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abutment, then structural advantage can be taken by the stability of box
structure.

Fa -~ -
Jlr/;& o ] .—-JI ﬁ
l\\ /"ﬁ\

Sl ¢

Fig. Different orientation of wing walls.

14. What is the significance of null point in bridg e deck? (BDD3)

The null point is the position of zero movement in the bridge deck. When
the bridge deck is pinned at a single pier, it provides the location of null

point with no deck movement. However, when the bridge deck is pinned to
more piers, the position of null point has to be calculated. The

19
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determination of null point is important because it serves to estimate the
forces on the piers by deck length changes and to calculate the sliding
movement of sliding and free bearings.

For symmetrical deck founded on two identical fixed piers, the null point
should be midway between the two fixed piers. However, if one pier is taller
than the other, the null point would be shifted to the shorter stiffer pier.

15. What is the effect of shear lag in a typical bo  x-girder bridge?
(GD1)

For multiple-cell box girders, there are generally two arrangements. The
first one is that independent cells are connected by their top flanges only
while the other one is that the cells are connected both at the top and
bottom flanges. From the structural point of view, it is recommended to
adopt the second arrangement. For the case of cells connected by top
flanges only, their flanges are heavily stressed in the transverse direction
owing to flexure which cannot be effectively distributed across the cross
section.

In the structural analysis of bridges, shear lag have to be considered in
design in some circumstances. Shear lag takes place when some parts of
the cross section are not directly connected. For a box-girder bridge, not all
parts of flanges are joined directly to webs so that the connected part
becomes highly stressed while the unconnected flanges are not fully
stressed. In particular, for wide flanges of box-girder bridges axial loads are
transferred by shear from webs to flanges which result in the distortion in
their planes. Consequently, the plane sections do not stay plane and the
stress distribution in the flanges are not uniform. Moreover, there is a
tendency for longitudinal in-plane displacements of bride deck away from
the flange/web connection to lag behind those parts of the bridge in close
vicinity to the flange/web connection.

The effect of shear lag causes the longitudinal stress at flange/web
connection to be higher than the mean stress across the flange. Therefore,
the effect of shear lag has to be catered for in the design of box-girder
bridges, especially for those with wide flanges.

16. How to estimate the earth pressure on abutment? (BA2)

The magnitude of earth pressure coefficient in calculating the earth
pressure on bridge abutment depends significantly on the degree of

20
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restraint provided by the abutment [30]. For example, active earth pressure
is usually adopted for cantilever abutment because there is possible
occurrence of small relieving movements. However, for abutment founded
on piles, the at-rest earth pressure can be assumed in assessing the earth
pressure as the abutment is considered to be rigidly supported by piles and
is fully restrained against lateral movement.

17. Should at-rest, active or passive soil pressure be used in the
design of abutment? (BA2)

At-rest soil pressure is developed during the construction of bridge
abutment. Active soil pressure are developed when the abutment are
pushed forward by backfilled soils at the back of abutment wall. A state of
equilibrium shall be reached when the at-rest pressure is reduced to active
earth pressure. Hence, at-rest pressure is considered when assessing the
stability of abutment while active pressure is adopted when assessing the
adequacy of structural elements of abutment.

Passive pressure is only considered in integral abutment which
experiences passive pressure when the deck expands under thermal other
effects.

Passive pressures are developed when the abutment wall pushes the soils
at the front of abutment. Given that larger movements is required to
mobilize passive pressure than active pressure and the abutment is
designed not to slide under active pressure, it is hormally assumed that
passive pressure does not develop at the front of abutment. Moreover,
there is a possibility that soils may be removed temporarily owing to utility
diversion; it is normally assumed that stability contribution by soils in front
of abutment is ignored.

18. When would torsional stiffness of members be co nsidered in
analyzing a bridge?

If a box-girder type bridge is purposely chosen because of its torsional
strength, then the torsional stiffness and resistance should be considered
in design. However, it is commonly accepted to assume that torsional
stiffness of a beam to be negligible so that it saves the complexity to
provide reinforcement to resist torsion. As such, this would result in higher
bending moments induced in the beam.

If the torsional stiffness has been incorporated in computer model during
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the structural analysis, then it is necessary to check the torsional
resistance of the beam.

19. What are the potential advantages in using ligh  tweight aggregates
in bridges?

The advantages in using in using lightweight aggregates in bridges:

(i) Owing to reduced dead load by using lightweight aggregates, there are
savings in structural material such as the cost of foundation and
falsework.

(i) 1t brings about environmental benefits when industrial waste products
are used to manufacture lightweight aggregates.

(i) It enhances higher durability by having lower coefficient of thermal
expansion which reduces the thermal movement. Moreover, it has
lower permeability and higher resistance to freeze-thaw cycles when
compared with normal aggregates.
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Level One (Core FAQS)

Part Il: Construction Method

1. In the construction of a two-span bridge (span|  ength = L) by using
span-by-span construction, why is a length of about 1.25L bridge
segment is constructed in the first phase of constr uction? (BC1)

Basically, there are mainly three reasons for this arrangement:

(i)

(ii)

(i)

The permanent structure is a statically indeterminate structure.
During construction by using span-by-span construction, if the first
phase of construction consists of the first span length L only, then
the sagging moment in the mid span of the partially completed
bridge is larger than that of completed two-span permanent
structure. To avoid such occurrence, 0.25L of bridge segment is
extended further from the second pier which provides a
counteracting moment, thereby reducing the mid-span moment of
the partially completed bridge.

The position of 1.25 L countering from the first pier is the
approximate location of point of contraflexure (assume that the
two-span bridge is uniformly loaded) in which the bridge moment is
about zero in the event of future loaded bridge. Therefore, the
design of construction joint in this particular location has the least
adverse effect on the structural performance of the bridge.

In case of a prestressed bridge, prestressing work has to be carried
out after the construction of first segment of the bridge. If the
prestressing work is conducted at the first pier which is heavily
reinforced with reinforcement, it is undesirable when compared with
the prestressing location at 1.25L from the first pier where there is
relatively more space to accommodate prestressing works.

Note: Span-by-span construction means that a bridge is constructed from one bridge span
to another until its completion.

2. In span-by-span construction, which prestress la yout is better (i)
single-span coupled cable or (ii) two-span overlapp ed cable? (BC1)

For single-span coupled cable, the length of cable is one span and they are
coupled at the construction joint which is located at 0.25 of span. The use
of single-span coupled cable in span-by-span construction suffers the
following drawbacks:
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(i) Stressing all tendons in one span is time consuming. Moreover, the
construction team has to wait until the concrete has gained enough
strength before all tendons in the span to be stressed.

(i) Extra time is required for coupling of tendons.

(i) The accommodation of coupler requires the lowering of designed
tendon profile. Moreover, the coupler occupies large space in bridge
web which is the region of high shear forces. To avoid generating a
weak point in web, the web has to be locally thickened to maintain
sufficient thickness of concrete.

(iv) Couplers have a higher risk of failure when compared with normal
anchorages. The success of such prestress layout is highly
dependent on the quality of coupler and workmanship because
coupling of all prestressing tendons is carried out at the same point.

(v) The tendon length is only one span long which is economically
undesirable.

For two-span overlapped cable, the cable is two-span long. At each
construction phase in span-by-span construction, only 50% of tendons are
stressed. In most cases, 50% tendons stressing would be sufficient to carry
its self weight upon removal of falsework. As such, it allows the use of more
economically longer cable with a reduction in construction time.

0% 0%, 00%
g 100% g 1007 o 1007 o

A) SINGLE SFAN COUPLED CABLES

50%

50%
G- — -
50%

B) TWO SPAN OVERLAPFED CABLES

LEGEND: —l— COUPLER

Fig. Arrangement of single-span coupled cable andt  wo-span overlapped cable
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3. What is the difference between span-by-span cons truction and
progressive placement? (BC1)

Balanced cantilever construction simply cantilevers segments from a pier
in a balanced manner on each side until the mid-span is reached and a
closure is made with a previous half span cantilever from the preceding
pier.

Progressive placement is similar to span-by-span construction as they both
start from one end of structure to another. In progressive placement,
precast segments are progressively placed in successive cantilevers on
the same side of the same pier. This differs from the span-by-span method
in which segments are cast at alternative sides of the same pier such that
the hogging moment at the pier is counterbalanced. For progressive
placement, temporary stays with temporary tower are placed on the pier to
limit the cantilever stresses and deflections.

4. Central prestressing is normally required during construction in
incremental launching method. Why? (BC2)

The erection condition plays an important role to the structural design of
bridges when incremental launching method is adopted.

Each section of superstructure is manufactured directly against the
preceding one and after concrete hardens, the whole structure is moved
forward by the length of one section. When the superstructure is launched
at prefabrication area behind one of the abutments, it is continually
subjected to alternating bending moments. Each section of superstructure
(about 15m to 25m long) is pushed from a region of positive moment and
then to a region of negative moment and this loading cycled is repeated. As
such, tensile stresses occur alternately at the bottom and top portion of
superstructure section. For steel, it is of equal strength in both compression
and tension and it has no difficulty in handling such alternating stress
during launching process. However concrete could only resist small tensile
stresses and therefore, central prestressing is carried out to reduce the
tensile stress to acceptable levels.

Central prestressing means that the prestressing cables are arranged such
that the resultant compressive stresses at all points in a given cross section
are equal and it does not matter whether tensile stresses occur in upper or
lower portion of superstructure during launching process.

25



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

! ! ! !
! ! ! !
A |

| |
43.......... .........zgi....................2;};....................EF‘....................%S...... S

Mgt g i

N

e e R '-/f\- S S S T L |

mWANW¢MWmhAM

—LILF '\LLLLU‘LL,V

Fig. Bending moment envelope in incremental launchi ng

5. Which of the following methods to reduce cantile ver moment is
better in incremental launching, (i) temporary nose , (i) mast or (iii)
auxiliary piers? (BC2)

The use of mast is an alternative to temporary nose. From practical point of
view, the use of mast requires continual adjustment of forces in the guys
when the superstructure is pushed forward. On the other hand, the
implementation of temporary nose system does not require much attention
during operation.

For large span lengths (>50m) it is advantageous to adopt auxiliary piers
because this helps reduce the central prestress required. However, it may
not be economical for auxiliary piers with height more than 40m.

6. For incremental launching method, the span depth ratio of bridges
is normally low. Why? (BC2)

Bridges constructed by incremental launching method are usually low in
span depth ratio and typical values are 14 to17. With low span depth ratio,
the bridge segments are stiff in bending and torsion which is essential to
cater for the launching process. Such low span depth ratio could tolerate
the discrepancy in vertical alignment on supports over which they slide.
Such differential settlements may occur owing to the shortening of piers
when the superstructure slides over them and the differential deformation
of different piers.
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7. In incremental launching method of bridge constr uction, what are
the measures adopted to enhance sufficient resistan ce of the
superstructure during the launching process? (BC2)

(i) During the launching process the leading edge of the superstructure is
subject to a large hogging moment. In this connection, steel launching
nose typically about 0.6-0.65 times span length is provided at the
leading edge to reduce the cantilever moment. Sometimes, instead of
using launching nose a tower and stay system are designed which
serves the same purpose.

(i) The superstructure continually experiences alternative sagging and
hogging moments during incremental launching. Normally, a central
prestress is provided in which the compressive stress at all points of
bridge cross section is equal. In this way, it caters for the possible
occurrence of tensile stresses in upper and lower part of the cross
section when subject to hogging and sagging moment respectively.
Later when the whole superstructure is completely launched, continuity
prestressing is performed in which the location and design of continuity
tendons are based on the bending moments in final completed bridge
condition and its provision is supplementary to the central prestress.

(i) For very long span bridge, temporary piers are provided to limit the
cantilever moment.

8. Should special design be catered for in bridge p  iers upon jacking
up of superstructure for installation of bearings i n incremental
launching method? (BC2)

After the completion of launching process, the superstructure has to be
lifted up to allow for installation of bearings. This is usually achieved by
means of jacks to raise 5-10mm successively at each pier. In fact, it is
anticipated that no special design is necessary for this operation because
the effect of differential settlements at support should already be checked
in bridge design. Level readings should be checked to ensure that it does
not deviate from the designed figure.

9. Can the use of temporary nose in incremental lau  nching method
reduce the cantilever moment of superstructure to t he value of inner
support moment? (BC2)

When the superstructure is pushed forward, a temporary nose is usually

adopted at the front end of the superstructure to reduce the cantilever
moment for which the central prestress is designed. The length of
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temporary nose is about 60-65% of bridge span.

The bending moment of self-weight for internal spans (equal span) of long
bridge is -0.0833WL? at piers and +0.0417W L? at mid-span (W = unit
weight of deck and L = span length). However, without the use of
temporary nose, the bending moment in the leading pier when the deck
has to cantilever from one pier to another would be -0.5WL?, which is 6
times higher than normal values at support.

Theoretically speaking, it is possible to reduce the cantilever moment to the
value of inner support moment (i.e. -0.0833WL?) with the use of a long
nose. However, from economic point of view, it is would better to adopt
temporary additional prestressing instead of longer nose. Hence, in actual
site practice, the use of temporary nose would not reduce the cantilever
moment of superstructure to the value of inner support moment but only to
achieve -0.105WL?2.

10. What are the main design considerations for tem  porary nose in
incremental launching? (BC2)

There are two main design considerations for temporary nose:

(i) Maximum sagging moment
The maximum sagging moment at the point of connecting the nose
to superstructure occurs when the superstructure is launched far
from the pier. It is estimated to occur at about 75% of the span
length.

(i) Maximum bearing pressure at bottom flange of temporary nose

‘ LT T T
0. 75L e
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Fig. Maximum sagging moment in temporary nose
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11. Why is creep a major concern in balanced cantii  ever method?
(BC3)

In balanced cantilever method, the moment is balanced along the length of
the piers. However, along the extended cantilevers only a part of negative
bending moment is balanced by prestressing bending moment arising from
normal force induced by prestressing. As such, it results in large
deflections induced by concrete creep. These partly unbalanced
permanent loads generate creep which produces unexpected and
unevaluated hyperstatic effect. In fact, the compressive stresses are very
high in lower slab while they are very low in upper slab of bridges.

12. In bridge widening projects, the method of stit  ching is normally
employed for connecting existing deck to the new de ck. What are the
problems associated with this method in terms of sh rinkage of
concrete? (SBGB1)

In the method of stitching, it is a normal practice to construct the widening
part of the bridge at first and let it stay undisturbed for several months. After
that, concreting will then be carried out for the stitch between the existing
deck and the new deck. In this way, the dead load of the widened part of
bridge is supported by itself and loads arising from the newly constructed
deck will not be transferred to the existing deck which is not designed to
take up these extra loads.

One of the main concerns is the effect of stress induced by shrinkage of
newly widened part of the bridge on the existing bridge. To address this
problem, the widened part of the bridge is constructed a period of time (say
6-9 months) prior to stitching to the existing bridge so that shrinkage of the
new bridge will take place within this period and the effect of shrinkage
stress exerted on the new bridge is minimized.

Traffic vibration on the existing bridge causes adverse effect to the freshly
placed stitches. To solve this problem, rapid hardening cement is used for
the stitching concrete so as to shorten the time of setting of concrete.
Moreover, the stitching work is designed to be carried out at nights of least
traffic (Saturday night) and the existing bridge may even be closed for
several hours (e.g. 6 hours) to let the stitching works to left undisturbed.

Sometimes, longitudinal joints are used in connecting new bridge

segments to existing bridges. The main problem associated with this
design is the safety concern of vehicles. The change of frictional
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coefficients of bridge deck and longitudinal joints when vehicles change
traffic lanes is very dangerous to the vehicles. Moreover, maintenance of
longitudinal joints in bridges is quite difficult.

Note: Stitching refers to formation of a segment of bridge deck between an
existing bridge and a new bridge.

13. In joints of precast concrete bridge segments, what are the
functions of applying epoxy adhesive? (SBGB1)

Epoxy adhesive is applied in these joints for the following purposes
according to International Road Federation (1977):

(i) It seals up the joints completely between precast concrete segments
to protect the prestressing tendons;

(i) By filling voids and irregularities along the segment joints, it helps to
reduce stress concentrations otherwise it will be developed; and

(i) It helps in transferring of shear between the joints in case a large
single shear key is used.

14. In precast segmental box girder bridges, the br  idge segments are
usually formed by match casting. It is sometimes ob served that a gap
is formed between adjacent bridge segments. Why? (SBGB2)

To enhance perfect fitting of bridge segments in precast segmental box
girder bridges, segments are usually constructed by match casting so that
it would not impair the serviceability and load bearing ability of the bridge.
The end face of completed segment is adopted as formwork for the new
segment. During the concrete hardening process, the hydration effect of
new segment induces a temperature rise and develops a temperature
gradient in the completed segment. Hence, the completed segment bows
temporarily and the new segment sticks to this bowed shape when
hardened. After match casting, the completed segment retains its original
shape after cooling down while the new segment obtains the profile of
bowed shape. Such bowing effect is even more significant for slender
segments with large height to width ratio.
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Fig. Bowed shape
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Level One (Core FAQS)

Part Ill: Bearings and Expansion Joints

1. In a curved prestressed bridge, how should the g  uided bearings in
piers of the curved region be oriented with respect to the fixed
bearing in abutment? (B1)

To determine the orientation of guided bearings, one should understand the
movement of curved region of a prestressed bridge. Movement of
prestress and creep are tangential to the curvature of the bridge (or along
longitudinal axis) while the movement due to temperature and shrinkage
effects are in a direction towards the fixed pier. If the direction of guided
bearings is aligned towards the fixed bearing in the abutment, the
difference in direction of pretress and creep movement and the guided
direction towards fixed bearing would generate a locked-in force in the
bridge system. The magnitude of the lock-in force is dependent on the
stiffness of deck and supports. If the force is small, it can be designed as
additional force acting on the support and deck. However, if the force is
large, temporary freedom of movement at the guided bearings has to be
provided during construction.

PIERS
FIXED BIRECTION OF DIRECTION OF PRESTRESS
PIER THERMAL AND AND CREEP

SHRINKAGE

MOVEMENT

Fig. The diagram showing how the guided bearings in piers of the curved region is
oriented with respect to the fixed bearing in abutm ent.
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2. What is preset in bridge bearing? (B2)

“Preset” is a method to reduce the size of upper plates of sliding bearings
in order to save cost. The normal length of an upper bearing plate should
be composed of the following components: length of bearing + 2 x
irreversible movement + 2 x reversible movement. Initially the bearing is
placed at the mid-point of the upper bearing plate without considering the
directional effect of irreversible movement. However, as irreversible
movement normally takes place at one direction only, the bearing is
displaced/presetted a distance of (irreversible movement/2) from the
mid-point of bearing in which the length of upper plate length is equal to the
length of bearing + irreversible movement + 2 x reversible movement. In
this arrangement, the size of upper plate is minimized in which irreversible
movement takes place in one direction only and there is no need to include
the component of two irreversible movements in the upper plate.

Note: “Preset” refers to the displacement of a certain distance of sliding bearings with
respect to upper bearing plates during installation of bearings.
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PRESET Fig. Preset in sliding bearing.

3. What is the purpose of leveling pad in bridge be  aring?

Bridge bearings should be installed to lie horizontally on bridge piers and
columns so that it would not induce eccentricity forces on substructure.
However, the bridge superstructure requires different longitudinal and
transverse level and gradient in order to keep in line with the geometry of
the road. As such, it is natural to follow that the superstructure can hardly
meet with substructure horizontally so that a leveling pad is introduced at
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the bottom of the superstructure to join with bridge bearing. Wedge-shaped
leveling pad is commonly used for better concrete mobility at the bridge
bearings.

4. Under what situation should engineers use pot be  arings instead of
elastomeric bearings? (TB1)

In the event of high vertical loads combined with large angle of rotations,
rubber bearings are undesirable when compared with pot bearings. For
instance, elastomeric bearings require large bearing surfaces so that
compression can be maintained between the contact surfaces between the
bearings and piers. Moreover, it also leads to uneven distribution of stress
on the piers and some of these highly induced stresses may damage the
piers. Consequently, pot bearings are better alternatives than elastomeric
bearings in such an scenario as suggested by David J. Lee.

5. Why do most elastomers used in pot bearing are u  sually contained?
(TB1)

To specify space requirements, most pot bearings are designed for high
contact pressures with small contact area with bridges. This also enhances
lower friction values. Under the free state, most elastomers in pot bearings
can hardly sustain this high pressure and hence they are most contained to
prevent overstraining. When properly constrained, the elastomer behaves
like semi-viscous fluid and can safely accommodate angular displacement.

6. Polytetrafluoroethylene (PTFE) is commonly used in sliding
bearings. Why? (TB1)

The choice of sliding surface of bearings is of vital importance because the
sliding surfaces generate frictional forces which are exerted on the
bearings and substructure of the bridge. For instance, PTFE and lubricated
bronze are commonly choices of sliding surfaces for bearings. PTFE is a
flurocarbon polymer which possesses good chemical resistance and can
function in a wide range of temperature. The most important characteristic
of this material is its low coefficient of friction. PTFE has the lowest
coefficients of static and dynamic friction of any solid with absence of
stick-slip movement (David J. Lee). The coefficient of friction is found to
decrease with an increase in compressive stress. However, PTFE do have
some demerits like high thermal expansion and low compressive strength.

In designing the complementary contact plate with PTFE sliding surface,
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stainless steel plates are normally selected where the plates should be
larger than PTFE surface to allow movement without exposing the PTFE.
Moreover, it is recommended that the stainless steel surface be positioned
on top of the PTFE surface to avoid contamination of dirt and rubbish.
Lubricants are sometimes introduced to reduce the friction between the
PTFE surface and the upper stainless steel plate. Hence, the PTFE may
be designed with dimples to avoid the lubricant from squeezing out under
repeated translation movements.

7. What is the purpose of dimples in PTFE in bridge bearings? (TB1)

PTFE is a flurocarbon polymer which possesses good chemical resistance
and can function in a wide range of temperature. The most important
characteristic of this material is its low coefficient of friction. PTFE has the
lowest coefficients of static and dynamic friction of any solid with absence
of stick-slip movement [43]. The coefficient of friction is found to decrease
with an increase in compressive stress. However, PTFE do have some
demerits like high thermal expansion and low compressive strength [43].

In designing the complementary contact plate with PTFE sliding surface,
stainless steel plates are normally selected where the plates should be
larger than PTFE surface to allow movement without exposing the PTFE.
Moreover, it is recommended that the stainless steel surface be positioned
on top of the PTFE surface to avoid contamination by possible
accumulation of dirt and rubbish on the larger lower plates. Lubricants are
sometimes introduced to reduce the friction between the PTFE surface and
the upper stainless steel plate. Dimples are designed on PTFE surfaces to
act as reservoirs for lubricant and these reservoirs are uniformly distributed
over the surface of PTFE and normally they cover about 20%-30% of the
surface area. Hence, the PTFE may be designed with dimples to avoid the
lubricant from squeezing out under repeated translation movements.

8. What is the purpose of dowel bar in elastomeric bearing? (TB2)

Elastomeric bearing is normally classified into two types: fixed and free.
For fixed types, the bridge deck is permitted only to rotate and the
horizontal movements of the deck are restrained. On the other hand, for
free types the deck can move horizontally and rotate. To achieve fixity,
dowels are adopted to pass from bridge deck to abutment. Alternatively, in
case there is limitation in space, holes are formed in the elastomeric
bearings where anchor dowels are inserted through these holes. It is
intended to prevent the “walking” of the bearing during its operation.
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9. How to determine the size of elastomeric bearing  s? (TB2)

For elastomeric bearing, the vertical load is resisted by its compression
while shear resistance of the bearing controls the horizontal movements.
The design of elastomeric bearings is based on striking a balance between
the provision of sufficient stiffness to resist high compressive force and the
flexibility to allow for translation and rotation movement.

The cross sectional area is normally determined by the allowable pressure
on the bearing support. Sometimes, the plan area of bearings is controlled
by the maximum allowable compressive stress arising from the
consideration of delamination of elastomer from steel plates. In addition,
the size of elastomeric bearings is also influenced by considering the
separation between the structure and the edge of bearing which may occur
in rotation because tensile stresses deriving from separation may cause
delamination. The thickness of bearings is designed based on the limitation
of its horizontal stiffness and is controlled by movement requirements. The
shear strain should be less than a certain limit to avoid the occurrence of
rolling over and fatigue damage. The vertical stiffness of bearings is
obtained by inserting sufficient number of steel plates.

10. In the design of elastomeric bearings, why are steel plates
inserted inside the bearings? (TB2)

For elastomeric bearing to function as a soft spring, the bearing should be
allowed for bulging laterally and the compression stiffness can be
increased by limiting the amount of lateral bulging. To increase the
compression stiffness of elastomeric bearings, metal plates are inserted.
After the addition of steel plates, the freedom to bulge is restricted and the
deflection is reduced when compared with bearings without any steel
plates under the same load. Tensile stresses are induced in these steel
plates during their action in limiting the bulging of the elastomer. This in
turn would limit the thickness of the steel plates.

However, the presence of metal plates does not affect the shear stiffness of
the elastomeric bearings.
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Fig. Effect of steel plate in elastomeric bearing.

11. Why do some engineers prefer to use neoprene in  stead of natural
rubber in elastomeric bearings? (TB2)

Some engineers may choose to design elastomeric bearings to sit on the
piers without a connection. The bearing is held in place by frictional
resistance only. Paraffin used in natural rubber would bleed out and result
in significant decrease in friction. As such, elastomeric bearings would slip
away and walk out from their original locations. To solve this problem,
neoprene, instead of natural rubber, is used as elastomer because paraffin
is absent in neoprene bearings.

12. What is the importance of shear stiffness in th e design of
elastomeric bearing? (TB2)

For elastomeric bearing, the shear stiffness is an important parameter for
design because it influences the force transfer between the bridge and its
piers. In essence, elastomers are flexible under shear deformation but it is
relatively stiff in compression. However, elastomeric bearings should not
be used in tension.

Elastomeric bearing should be designed in serviceability limit state only.
The cross sectional area is normally determined by the compressive stress
limit under serviceability limit state. The shape factor, i.e. plan area of the
laminar layer divided by area of perimeter free to bulge, affects the relation
between shear stress and the compressive load. In essence, higher
capacity of bearings could be obtained with higher shape factor.

The long side of the bearing is usually oriented parallel to the principle axis
of rotation because it facilitates rotational movement. The thickness of
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bearings is limited and controlled by shear strain requirements. In essence,
the shear strain should be less than a certain limit to avoid the occurrence
of rolling over at the edges and delamination due to fatigue. Hence, it
follows that higher rotations and translations require thicker bearing. On
the other hand, the vertical stiffness of bearings is obtained by inserting
sufficient number of steel plates. In addition, checks should be made on
combined compression and rotation to guard against the possible
occurrence of uplifting of corners of bearings under certain load
combinations.

13. For elastomeric bearings, which shape is better , rectangular or
circular? (TB2)

Circular bearings have the advantage for standardization because only one
dimension can vary in plan. They are suitable for use in curved and large
skewed bridge as they could accommodate movement and rotations in
multiple directions.

Rectangular bearings are suitable for low skewed bridges. In particular, it is
best suited in bridges with large rotations and movements.

14. What is the advantage of sliding bearings over roller bearings?

In roller bearing for a given movement the roller bearing exhibit a change in
pressure centre from its original position by one-half of its movement based
on David J. Lee. However, with sliding bearing a sliding plate is attached to
the upper superstructure and the moving part of bearing element is built in
the substructure. It follows that there is no change in pressure center after
the movement.

15. What is the importance of shear stiffness in th e design of
elastomeric bearing? (TB2)

For elastomeric bearing, the shear stiffness is an important parameter for
design because it influences the force transfer between the bridge and its
piers. In essence, elastomers are flexible under shear deformation but it is
relatively stiff in compression. However, elastomeric bearings should not
be used in tension.

Elastomeric bearing should be designed in serviceability limit state only.

The cross sectional area is normally determined by the compressive stress
limit under serviceability limit state. The shape factor, i.e. plan area of the
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laminar layer divided by area of perimeter free to bulge, affects the relation
between shear stress and the compressive load. In essence, higher
capacity of bearings could be obtained with higher shape factor.

The long side of the bearing is usually oriented parallel to the principle axis
of rotation because it facilitates rotational movement. The thickness of
bearings is limited and controlled by shear strain requirements. In essence,
the shear strain should be less than a certain limit to avoid the occurrence
of rolling over at the edges and delamination due to fatigue. Hence, it
follows that higher rotations and translations require thicker bearing. On
the other hand, the vertical stiffness of bearings is obtained by inserting
sufficient number of steel plates. In addition, checks should be made on
combined compression and rotation to guard against the possible
occurrence of uplifting of corners of bearings under certain load
combinations.

16. Why are excessive movement joints undesirable i  n bridges? (EJ1)

Movement joints are normally added to bridge structures to accommodate
movements due to dimensional changes arising from temperature variation,
shrinkage, creep and effect of prestress. However, the provision of
excessive movement joints should be avoided in design because
movement joints always encounter problems giving rise to trouble in
normal operation and this increases the cost of maintenance.

Some designers may prefer to add more movement joints to guard against
possible occurrence of differential settlements. However, the effect of
continuity is disabled by this excessive introduction of movement joints. In
essence, the structural reserve provided by a continuous bridge is
destroyed by the multiple-span statically determinate structure resulting
from the addition of excessive joints.

17. How will inclined bridge deck affect joint cont inuity? (EJ1)

Bearings are usually designed to sit in a horizontal plane so as to avoid the
effect of additional horizontal force and uneven pressure distribution
resulting from non-horizontal placing of bearings [43]. For an inclined
bridge deck subject to a large longitudinal movement, a sudden jump is
induced at the expansion joint and discontinuity of joint results. To solve
this problem, an inclined bearing instead of a truly horizontal bearing is
adopted if the piers can take up the induced horizontal forces.
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Fig. The effect of inclined bridge deck on joint di scontinuity.
18. How does the position of bearing affect the con  tinuity of joints?

Expansion joints in a bridge structures cater for movements in transverse,
longitudinal, vertical and rotational forms. The layout and position of
expansion joins and bearings have to be carefully designed to minimize the
future maintenance problem.

The position of bearings affects the discontinuity of a joint [43]. If the
location of a bearing is too far away from a bridge joint, discontinuity of the
joint would be experienced when there is an excessive angular rotation at
the joint. Hence, by keeping the bearings and movement joints close in
position, the discontinuity in the vertical direction can be avoided.

Fig. The effect of position of bearing to the

discontinuity of joint.
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Level Two (Advanced FAQS)

Part I: Bridge Structure

1. What are the advantages of assigning the central pier and the
abutment as fixed piers?

() For abutment pier to be assigned as fixed pier while the bridge is quite
long, the longitudinal loads due to earthquake are quite large. As the
earthquake loads are resisted by fixed piers, the size of fixed piers will
be large and massive. In this connection, for better aesthetic
appearance, the selection of abutment as fixed piers could
accommodate the large size and massiveness of piers. Normally
abutments are relatively short in height and for the same horizontal
force, the bending moment induced is smaller.

(i)  For the central pier to be selected as the fixed pier, the bridge deck is
allowed to move starting from the central pier to the end of the bridge.
However, if the fixed pier is located at the abutment, the amount of
movement to be incorporated in each bearing due to temperature
variation, shrinkage, etc. is more than that when the fixed pier is
located at central pier. Therefore, the size of movement joints can be
reduced significantly.

2. What are the functions of diaphragms in bridges? (BS1)

Diaphragm is a member that resists lateral forces and transfers loads to
support. Some of the diaphragms are post-tensioned and some contain
normal reinforcement. It is needed for lateral stability during erection and
for resisting and transferring earthquake loads. Based on past research,
diaphragms are ineffective in controlling deflections and reducing member
stresses. Moreover, it is commonly accepted that diaphragms aided in the
overall distribution of live loads in bridges.

The main function of diaphragms is to provide stiffening effect to deck slab
in case bridge webs are not situated directly on top of bearings. Therefore,
diaphragms may not be necessary in case bridge bearings are placed
directly under the webs because loads in bridge decks can be directly
transferred to the bearings [56]. On the other hand, diaphragms also help
to improve the load-sharing characteristics of bridges. In fact, diaphragms
also contribute to the provision of torsional restraint to the bridge deck.
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DIAPHRAGM

Fig. Diaphragm.

3. Are diaphragms necessary in the design of concre  te box girder
bridges? (BS1)

Diaphragms are adopted in concrete box girder bridges to transfer loads
from bridge decks to bearings. Since the depth of diaphragms normally
exceeds the width by two times, they are usually designed as deep beams.
However, diaphragms may not be necessary in case bridge bearings are
placed directly under the webs because loads in bridge decks can be
directly transferred to the bearings based on Jorg Schlaich & Hartmut
Scheef (1982). This arrangement suffers from the drawback that changing
of bearings during future maintenance operation is more difficult.

In fact, diaphragms also contribute to the provision of torsional restraint to
the bridge deck.

4. How do engineer determine the number of cells fo  r concrete box
girder bridges?

If the depth of a box girder bridge exceeds 1/6 or 1/5 of the bridge width,
then it is recommended to be designed as a single cell box girder bridge.
However, if the bridge depth is smaller than 1/6 of the bridge width, then a
twin-cell or multiple cell is a better choice as suggested by Jorg Schlaich &
Hartmut Scheef (1982). However, one should note that even for wider
bridges with small depths, the number of cells should be minimized
because there is not much improvement in transverse load distribution
when the number of cells of box girder is increased to three or more.
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5. What are the problems of using transition slabs in bridges? (BS2)

In some designs, transition slabs are provided on the approach to bridges.
For instance, soils in embankment supporting the roads may settle due to
insufficient compaction and sharp depressions would be developed at the
junction with the relatively rigid end of bridge decks [53]. This creates the
problem of poor riding surfaces of carriageway and proper maintenance
has to be carried out to rectify the situation. As a result, transition slabs are
sometimes designed at these junctions to distribute the relative settlements
between the approaching embankments and end of bridge decks so that
the quality of riding surface between these junctions could be significantly
improved and substantial savings could be obtained by requiring less
maintenance.

6. What is the purpose of overlays on concrete brid  ge deck?

After years of servicing, some overlays may be applied on the top surface
of bridges. Overlays on concrete bridge decks achieve the following
purposes [8]:

(i) It aims to provide a smooth riding surface. Hence, it may be applied
during the maintenance operation to hide the uneven and spalling deck
surface and offers a smoother surface for road users.

(i) The use of overlays can extend the life of the bridge deck.

7. What are the purposes of waterproofing in bridge decks?

Waterproofing materials like membranes are applied on top of bridge deck
surface because:

(i) Vehicular traffic (e.g. tanker) may carry dangerous chemicals and the
leakage of such chemicals in the absence of waterproofing materials
may endanger the life of bridges. The chemicals easily penetrate and
cause the deterioration of concrete bridge decks.

(i) In some countries where very cold weather is frequently encountered,
salt may be applied for defrosting purpose. In case waterproofing is not
provided, the salt solution penetrates through the concrete cracks of the
bridge and causes the corrosion of reinforcement.

(i) In the event of cracks appearing on concrete deck, water penetrates
the bridge deck and brings about steel corrosion.

43



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

8. Why are split piers sometimes used when piers ar e built directly
into the deck? (BS3)

When the piers are built directly into deck without bearings, the monolithic
construction creates a portal structure which modifies the bending moment
envelope in the deck when compared with bridges with bearings. For
instance, hogging moments are increased in supports with the decrease in
sagging moments in mid-span of bridge deck. On the other hand, the shear
stiffness of piers is a major concern because it tends to resist length
changes of bridge deck which could not expand and contract readily.

In order to retain the bending stiffness of piers and to destroy the shear
stiffness of pier simultaneously, the piers are split into two parts. The split
pier act like the flange of an “I beam” which is effective in resist bending
moment. The web of the “| beam”, which is responsible for shear stiffness,
is purposely removed so that the resulting split piers could deflect readily
under length changes.

N
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Fig. Split pier
9. What is the significance of spacing of split pie rs? (BS3)

Live loads on one span tend to cause uplift of outer column of the split piers
(twin leaf piers). When the two split piers are designed too close, the uplift
may be greater than the dead load reaction of the outer pier so that tension
is induced in the outer pier. However, if the two split piers are designed to
be adequately far apart, the uplift could hardly overcome the dead load
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leaving both piers in compression. As such, this allows for the use of
pinned bearing. The optimum spacing of twin piers is about 1/25 to 1/13 of
adjacent span.

10. What is the purpose of providing a barrier arou  nd the bridge
piers?

Accidental collision of heavy vehicles such as tractor-trailer with bridge
piers is not uncommon around the world. The consequence of such
collision is catastrophic which may involve the collapse of bridges and loss
of human lives. As such, suitable provisions are made to protect bridge
piers against these accidental collisions. The most common way is to
install a crashworthy barrier which should be designed to be capable of
resisting the impact of heavy vehicles. Alternatively, in some countries such
as the United States, they tend to revise the design of bridge barriers by
requiring the bridge piers to be able to resist the collision of 1,800kN static
force at 1.35m above ground.

11. In bridge columns, why are stirrups be placed a  round the vertical
reinforcement?

In uniaxial compression test of concrete, upon reaching the ultimate load
failure of concrete occurs where major cracks line up in the vertical
direction and the concrete cube would be split up. The development of
vertical cracks involves the expansion of concrete in lateral directions. In
case the concrete is confined in lateral directions, it was observed that the
formation of vertical cracks would be hindered as indicated in past
experiments. As a result, the concrete strength is increased with also a rise
in failure strain.

The above theory is often used in the design of bridge columns. Steel
stirrups are installed at around the vertical main reinforcement. Other than
the function of shear reinforcement, it helps to avoid the lateral deformation
of interior concrete core so that the strength of concrete column is
increased.

12. What are the effects of bridge piers acrossas tream?
The presence of bridge piers across a stream causes constricted flow in
the openings because of the decrease of width of stream owing to the

presence of the piers. Moreover, it creates the following problems from
hydraulic point of view:
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(i) Local scouring at the piers and bed erosion may take place. To avoid
the damage to the foundation of piers, some protective layers of stone
or concrete apron could be provided around the piers.

(i) The head loss induced by the bridge piers causes the backwater effect
so that the water level upstream is increased. Consequently, this may
result in flooding in upstream areas.

13. What is the mechanism of scouring at obstructio ns (e.g. bridge
piers) in rivers?

When the water flow in river is deflected by obstructions like bridge piers,
scouring would occur arising from the formation of vortexes. The
mechanism of formation of vortices is as follows: the flow hits the bridge
piers and tends to move downwards. When the flow reaches the seabed, it
would move in a direction opposite to its original flow direction before
hitting the bridge piers. Hence, this movement of flow before the bridge
piers results in the formation of a vortex. Owing to the formation of this
vertical vortex, seabed material is continuously removed so that holes are
formed at the seabed and this result in local scour at bridge piers. As the
shape of vortices looks like horseshoes, it is sometimes called “horseshoe
vortex”.

14. What is the purpose of installation of shear ke ys in bridge
abutment? (BS4)

In small and medium sized bridges, shear keys are often designed in
bridge abutments to provide transverse support to the bridge
superstructure under lateral loads. They are not intended to carry vertical
loads and they have important applications in resisting seismic loads.

Shear keys in bridge abutment are divided into two types, exterior or
interior. Exterior shear keys have the demerit of the ease of inspection and
repair. The shear keys are designed as sacrificial and it is assumed that
once their capacity has been exceeded, the shear keys would not provide
further support. As such, the bridge columns should be designed to provide
transverse support once the shear keys fail to function.

15. Which bridge parapet is better, steel parapet o r aluminum
parapet?

Steel parapets normal requires painting or pre-treatment with hot-dip
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galvanizing as they are prone to corrosion and they are normally the
cheapest choice for normal containment level of vehicles.

The initial material and setup cost of aluminum parapet is high. They are
free of the problem of corrosion and the design of aluminum parapets does
not require surface protection. However, owing to their high material price,
care should be taken on the design to prevent stolen of parts of parapet.
Moreover, aluminum parapet is lighter than steel and has weight savings
over steel parapets.

16. When should engineers consider using truss with K-bracing?

In the arrangement of triangulated framework in truss structures, it is more
economical to design longer members as ties while shorter ones as struts
(e.g. Pratt truss). As such, the tension forces are taken up by longer steel
members whose load carrying capacities are unrelated to their lengths.
However, the compression forces are reacted by shorter members which
possess higher buckling capabilities than longer steel members [34].

For heavy loads on a truss structure, the depth of the truss is intentionally
made larger so as to increase the bending resistance and to reduce
deflection. With the increase in length of the vertical struts, buckling may
occur under vertical loads. Therefore, K-truss is designed in such as way
that the vertical struts are supported by compression diagonals.

17. What are the characteristics of Vierendeel gird  er? (T1)

The Vierendeel girder design is sometimes adopted in the design of
footbridges. In traditional truss design, triangular shape of truss is normally
used because the shape cannot be changed without altering the length of
its members. By applying loads only to the joints of trusses, the members
of truss are only subjected to a uniform tensile or compressive stress
across their cross sections because their lines of action pass through a
common hinged joint.

The Vierendeel truss/girder is characterized by having only vertical
members between the top and bottom chords and is a statically
indeterminate structure. Hence, bending, shear and axial capacity of these
members contribute to the resistance to external loads. The use of this
girder enables the footbridge to span larger distances and present an
attractive outlook. However, it suffers from the drawback that the
distribution of stresses is more complicated than normal truss structures

a7



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

[42].

0

WIEREMDEEL TRUSS

Fig. Vierendeel Truss.

18. What are the differences among Warren Truss, Ho we Truss and
Pratt Truss? (T2)

A truss is a simple structure whose members are subject to axial
compression and tension only and but not bending moment. The most
common truss types are Warren truss, Pratt truss and Howe truss. Warren
truss contains a series of isosceles triangles or equilateral triangles. To
increase the span length of the truss bridge, verticals are added for Warren
Truss.

Pratt truss is characterized by having its diagonal members (except the
end diagonals) slanted down towards the middle of the bridge span. Under
such structural arrangement, when subject to external loads tension is
induced in diagonal members while the vertical members tackle
compressive forces. Hence, thinner and lighter steel or iron can be used as
materials for diagonal members so that a more efficient structure can be
enhanced.

The design of Howe truss is the opposite to that of Pratt truss in which the
diagonal members are slanted in the direction opposite to that of Pratt truss
(i.,e. slanting away from the middle of bridge span) and as such
compressive forces are generated in diagonal members. Hence, it is not
economical to use steel members to handle compressive force.

HIME TAUZS

Fig. A typical Howe Truss.
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Fig. Warren Truss and Pratt Truss

19. What is the difference between dry joint and we t joint in precast
segmental bridges?

Dry joints have been properly used in the past in which the bridge
segments are formed by match casting. The prevalence in the past is due
to it lower cost and time for construction. There is no gluing material to seal
up the joint. As such, leakage through the joint into the box culvert occurs
from time to time and this may affect the durability of external
post-tensioning tendons. Moreover, owing to the effect of seismic,
temperature and creep, the joints are found to open under these conditions.
Spalling of top concrete slab at bridge joint was also reported.

Wet joint involves the use of epoxy glue at the mating precast segments.
After the application of epoxy glue, a temporary precompression pressure
of 0.3MPa is applied by stress bars at top, bottom and the sides of the
mating precast segments. The epoxy sets under the applied pressure. The
use of epoxy joints provides lubrication to help in the fit-up and alignment of
the mating segments and minimizes the effect of hard point contact
between segments.
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20. Why are precast concrete piers seldom used ins  eismic region?

The use of precast concrete elements enhances faster construction when
compared with cast-in-situ method. Moreover, it enhances high quality of
piers because of stringent control at fabrication yards. The environmental
impact is reduced especially for bridges constructed near waterways. In
particular, for emergency repair of bridges owing to bridge collapse by
earthquake and vehicular collision, fast construction of damaged bridge is
of utmost importance to reduce the economic cost of bridge users.

The precast bridge piers are mostly used in non-seismic region but not in
seismic region because of the potential difficulties in creating moment
connections between precast members and this is essential for structures
in seismic region.

21. Why are coatings sometimes provided at the back faces of
abutments? (BS6)

There are different views on the necessity of the application of protective
coatings (may be in the form of two coats of paint) to the back faces of
bridge abutment [30]. The main purpose of this coating serves to provide
waterproofing effect to the back faces of abutments. By reducing the
seepage of water through the concrete, the amount of dirty materials
accumulating on the surface of concrete would be significantly decreased.
Engineers tend to consider this as an inexpensive method to provide extra
protection to concrete. However, others may consider that such provision is
a waste of money and is not worthwhile to spend additional money on this.
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Fig. Coatings at back faces of an abutment.
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22. What is shock transmission unit in bridges? (BS 5)

Shock transmission unit is basically a device connecting separate
structural units. It is characterized by its ability to transmit short-term impact
forces between connecting structures while permitting long-term
movements between the structures.

If two separate structures are linked together to resist dynamic loads, it is
very difficult to connect them structurally with due allowance for long-term
movements due to temperature variation and shrinkage effect [54]. Instead,
large forces would be generated between the structures. However, with the
use of shock transmission unit, it can cater for short-term transient loads
while allowing long-term movements with negligible resistance. It benefits
the bridge structures by acting as a temporary link between the structures
to share and transfer the transient loads.
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Fig. Shock transmission unit.

23. Should raking piles of a bridge abutment be pla ced under an
embankment? (BS6)

For a bridge abutment to be supported on raking piles with different
orientations, the movement between the ground and the pile group is
difficult to predict. For instance, if some of the raking piles of the bridge
abutment are extended beneath an embankment, then the settlement of
embankment behind the abutment may cause the raking piles to
experience severe bending moment and damage the piles as
recommended by Dr. Edmund C Hambly (1979).

24. Sometimes the side of concrete bridges is obser  ved to turn black
in colour. What is the reason for this phenomenon?

In some cases, it may be due to the accumulation of dust and dirt. However,
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for the majority of such phenomenon, it is due to fungus or algae growth on
concrete bridges. After rainfall, the bridge surface absorbs water and
retains it for a certain period of time. Hence, this provides a good habitat for
fungus or algae to grow. Moreover, atmospheric pollution and proximity of
plants provide nutrients for their growth. Improvement in drainage details
and application of painting and coating to bridges help to solve this
problem. Reference is made to Sandberg Consulting Engineers Report 18

25. Are there any problems associated with Integral Abutment Bridge?
(BS6)

Integral Abutment Bridges are bridges without expansion joints in bridge
deck. The superstructure is cast integrally with their superstructure. The
flexibility and stiffness of supports are designed to take up thermal and
braking loads.

The design of Integral Abutment Bridges is simple as it may be considered
as a continuous fame with a single horizontal member with two or more
vertical members. The main advantage of this bridge form is jointless
construction which saves the cost of installation and maintenance of
expansion joints and bearings. It also enhances better vehicular riding
guality. Moreover, uplift resistance at end span is increased because the
integral abutment serves as counterweight. As such, a shorter end span
could be achieved without the provision of holding down to expansion joints.
The overall design efficiency is increased too as the longitudinal and
transverse loads on superstructure are distributed over more supports.

However, there are potential problems regarding the settlement and
heaving of backfill in bridge abutment. For instance, “granular flow” occurs
in backfill materials and it is a form of on-going consolidation. Settlement of
backfill continues with daily temperature cycles and it does not stabilize.
Active failure of upper part of backfilling material also occurs with wall
rotations. This leads to backfill densification and can aggravate settlement
behind the abutment.

26. What are the functions of sleepers in railway?
The functions of sleepers [7] in railway works are as follows:
() The primary function of a sleeper is to grip the rail to gauge and to

distribute the rail loads to ballast with acceptable induced pressure.
(i) The side functions of a sleeper include the avoidance of both
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longitudinal and lateral track movement.
(iii) 1t also helps to enhance correct line and level of the rails.

Fig. Sleepers.

53



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

Level Two (Advanced FAQS)

Part Il: Long Bridge

1. What are the advantages of cable-stayed bridges  over suspension
bridges for span less than 1,000m? (LBT1)

The advantage of cable-stayed bridges lies in the fact that it can be built
with any number of towers but for suspension bridges it is normally limited
to two towers.

With span length less than 1,000m, suspension bridges require more
cables than cable-stayed bridges. Moreover, cable-stayed bridges possess
higher stiffness and display smaller deflections when compared with
suspension bridges. Generally speaking, the construction time is longer for
suspension bridges.

2. When is single plane or multiple plane used inc  able-stayed bridges?
(LBT1)

For one cable plane to be adopted, the requirement of high torsional
stiffness of bridge deck is necessary to enhance proper transverse load
distribution. Moreover, owing to the higher stiffness of bridge deck to cater
for torsional moment, it possesses higher capacity for load spreading. As a
result, this avoids significant stress variations in the stay and contributes to
low fatigue loading of cables. On the other hand, the use of one cable
plane enhances no obstruction of view from either sides of the bridges.

For very wide bridge, three cable planes are normally adopted so as to
reduce the transverse bending moment.

3. What is the difference between gravity anchorage and tunnel
anchorages in suspension bridges? (LBT2)

Gravity anchorages consist of three main parts, namely the base block,
anchorage block and weight block. The weight block sits on top of anchor
block and its weight is not used for resisting the pull of cables. Instead, its
vertical action presses the cables vertically downward so as to turn the pull
of cables against the foundation.

Tunnel anchorages resist loads from cables by mobilization of shear
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friction between the embedded concrete anchorage and the surrounding
foundation.

4. How does the shape of bridge deck affect the aer odynamic
behaviour?

Two types of bridge vibration that are of special concern are:

(i) Flutter, which is self-induced vibration characterized by occurrence
of vertical and torsional motion at high wind speeds.

(i) Vortex shedding, which is the vibration induced by turbulence
alternating above and below the bridge deck at low wind speeds.

One of the important features affecting the aerodynamic behaviour of a
bridge is the shape of bridge deck. The shape which provides maximum
stability against wind effects is that of an airplane wing, on which the wind
flows smoothly without creating turbulence and there is no separation of
boundary layers. To improve the aerodynamic behaviour of a bridge,
addition of wind fairings and baffle plates could be considered.

5. How do vortex-induced vibrations affect the stab ility of long
bridges? (AB2)

When wind flows around a bridge, it would be slowed down when in
contact with its surface and forms boundary layer. At some location, this
boundary layer tends to separate from the bridge body owing to excessive
curvature. This results in the formation of vortex which revises the pressure
distribution over the bridge surface. The vortex formed may not be
symmetric about the bridge body and different lifting forces are formed
around the body. As a result, the motion of bridge body subject to these
vortexes shall be transverse when compared with the incoming wind flow.
As the frequency of vortex shedding approaches the natural frequencies of
the bridges, resonant vibrations often occur, the amplitude of which
depends on the damping in the system and the motion of the wind relative
to the bridges. Such oscillations may “lock-on” to the system and lead to
hazardous amplification and fatigue failure.

6. How does flatter affect the stability of long br  idges? (AB1)

Flutter is a potentially destructive vibration and it is self-feeding in nature.
The aerodynamic forces on a bridge, which is in nearly same natural mode
of vibration of the bridge, cause periodic motion. Flutter occurs on bridges
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so that a positive feedback occurs between the aerodynamic forces and
natural vibration of the bridge. In essence, the vibration movements of the
bridge increase the aerodynamic load which in turns cause further
movement of the bridge. Consequently, it results in large magnitude of
movement and may cause bridge failure.

7. How does deck equipment (median dividers and par  apets) affect
the aerodynamic response of long-span bridges?

Bridge parapets raise the overall level of bluffness of long-span bridges.
When the solidity ratio of barriers increases, the effect of increasing the
bluffness also becomes more significant. The principal effects of deck
equipment such as median dividers and parapets is that it enhances an
increase in drag forces and a reduction in average value of lift force.

8. In wind tunnel test, why are similarity of Reyno  lds Number between
real bridge and model is often neglected?

Wind tunnel test is often conducted to check aerodynamic stability of
long-span bridges. To properly conduct wind tunnel test, aerodynamic
similarity conditions should be made equal between the proposed bridge
and the model. Reynolds Number is one of these conditions and is defined
as ratio of inertial force to viscous force of wind fluid. With equality of
Froude Number, it is difficult to achieve equality in Reynolds Number.

For instance, for a model scale of 1/40 to 1/150, the ratio of Reynolds
Number between the bridge and the model varies from 252 to 1837 with a
difference of order from 100 to 1000. As such, similarity of Reynolds
Number between real bridge and model is often neglected.
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Level Two (Advanced FAQS)

Part Ill: Prestressing Works

1. What are parasitic forces for prestressing?

In statically determinate structures, prestressing forces would cause the
concrete structures to bend upwards. Hence, precambering is normally
carried out to counteract such effect and make it more pleasant in
appearance. However, for statically indeterminate structures the
deformation of concrete members are restrained by the supports and
consequently parasitic forces are developed by the prestressing force in
addition to the bending moment generated by eccentricity of prestressing
tendons [53]. The developed forces at the support modify the reactions of
concrete members subjected to external loads and produces secondary
moments (or parasitic moments) in the structure.

2. Why type of prestressing is better, external pre  stressing or internal
prestressing? (PT1)

At several locations in the span (i.e. third or quarter points) the tendons are
deviated to the correct tendon profile by concrete deviators in external
prestressing. The advantages of external prestressing are listed below:

(1) Owing the absence of bond between the tendon and structure,
external prestressing allows the removal and replacement of one or
two tendon at one time so that the bridge could be retrofitted in the
event of deterioration and their capacity could be increased easily.
This is essential for bridges in urban areas where traffic disruption is
undesirable.

(i) It usually allows easy access to anchorages and provides the ease
of inspection.

(i) It allows the adjustment and control of tendon forces.

(iv) It permits the designer more freedom in selecting the shape of cross
section of bridges.

v) Webs could be made thinner so that there is a reduction of dead
load.

(vi) It enhances a reduction of friction loss because the unintentional
angular change like wobble is eliminated. Moreover, the use of
polyethylene sheathing with external prestressing has lower friction
coefficient than corrugated metal ducts in internal prestressing.
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(vi)  Improvement of concrete placing in bridge webs owing to the
absence of ducts.

The major distinction between internal prestressing and external
prestressing lies in the variation in cable eccentricity. The deflected shape
of external tendons is not exactly the same as beams because the
displacement of external tendons is controlled by deviators. This is a
second order effect at working load and it is very important at ultimate load.

Based on past research, for small span with shallow cross section (i.e. less
than 3m deep), the use of internal prestressing requires less steel
reinforcement. However, for deeper bridge cross section, the employment
of external prestressing results in smaller amount of steel reinforcement.

3. Under what situation shall engineers use jacking at one end only
and from both ends in prestressing work?

During prestressing operation at one end, frictional losses will occur and
the prestressing force decreases along the length of tendon until reaching
the other end. These frictional losses include the friction induced due to a
change of curvature of tendon duct and also the wobble effect due to
deviation of duct alignment from the centerline. Therefore, the prestress
force in the mid-span or at the other end will be greatly reduced in case the
frictional loss is high. Consequently, prestressing, from both ends for a
single span i.e. prestressing one-half of total tendons at one end and the
remaining half at the other end is carried out to enable a even distribution
and to provide symmetry of prestress force along the structure.

In fact, stressing at one end only has the potential advantage of lower cost
when compared with stressing from both ends. For multiple spans (e.g. two
spans) with unequal span length, jacking is usually carried out at the end of
the longer span so as to provide a higher prestress force at the location of
maximum positive moment. On the contrary, jacking from the end of the
shorter span would be conducted if the negative moment at the
intermediate support controls the prestress force. However, if the total span
length is sufficiently long, jacking from both ends should be considered.

4. Which one is better, one-way prestressing or two  -way prestressing?
(PT2)

During prestressing operation at one end, frictional losses will occur and
the prestressing force decreases along the length of tendon until reaching
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the other end. These frictional losses include the friction induced due to a
change of curvature of tendon duct and also the wobble effect due to
deviation of duct alignment from the centerline. Therefore, the prestress
force in the mid-span or at the other end will be greatly reduced in case the
frictional loss is high. Consequently, prestressing, from both ends for a
single span i.e. prestressing one-half of total tendons at one end and the
remaining half at the other end is carried out to enable a even distribution
and to provide symmetry of prestress force along the structure.

In fact, stressing at one end only has the potential advantage of lower cost
when compared with stressing from both ends. For multiple spans (e.g. two
spans) with unequal span length, jacking is usually carried out at the end of
the longer span so as to provide a higher prestress force at the location of
maximum positive moment. On the contrary, jacking from the end of the
shorter span would be conducted if the negative moment at the
intermediate support controls the prestress force. However, if the total span
length is sufficiently long, jacking from both ends should be considered.

5. What are the three major types of reinforcement used in
prestressing? (PC1)

(i) Spalling reinforcement

Spalling stresses are established behind the loaded area of anchor blocks
and this causes breaking away of surface concrete. These stresses are
induced by strain incompatibility with Poisson’s effects or by the shape of
stress trajectories.

(i) Equilibrium reinforcement
Equilibrium reinforcement is required where there are several anchorages
in which prestressing loads are applied sequentially.

(ii) Bursting Reinforcement

Tensile stresses are induced during prestressing operation and the
maximum bursting stress occurs where the stress trajectories are concave
towards the line of action of the load. Reinforcement is needed to resist
these lateral tensile forces.

6. Why is spalling reinforcement needed for prestre  ssing works in
anchor blocks? (PC1)

Reinforcement of anchor blocks in prestressing works generally consists of
bursting reinforcement, equilibrium  reinforcement and spalling
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reinforcement. Bursting reinforcement is used where tensile stresses are
induced during prestressing operation and the maximum bursting stress
occurs where the stress trajectories are concave towards the line of action
of the load. Reinforcement is needed to resist these lateral tensile forces.
For equilibrium reinforcement, it is required where there are several
anchorages in which prestressing loads are applied sequentially.

During prestressing, spalling stresses are generated in the region behind
the loaded faces of anchor blocks [14]. At the zone between two
anchorages, there is a volume of concrete surrounded by compressive
stress trajectories. Forces are induced in the opposite direction to the
applied forces and it forces the concrete out of the anchor block. On the
other hand, the spalling stresses are set up owing to the strain compatibility
relating to the effect of Poisson’s ratio.

7. What are the functions of grout inside tendon du cts? (PC2)
Grout in prestressing works serves the following purposes:

(i) Protect the tendon against corrosion.

(i) Improve the ultimate capacity of tendon.

(i) Provide a bond between the structural member and the tendon.
(iv) In case of failure, the anchorage is not subject to all strain energy.

8. In prestressing work, if more than one wire ors  trand is included in
the same duct, why should all wires/strands be stre ssed at the same
time? (PC1)

If wires/strands are stressed individually inside the same duct, then those
stressed strand/wires will bear against those unstressed ones and trap
them. Therefore, the friction of the trapped wires is high and is undesirable.

9. What is the optimum size of cable duct for prest  ressing? (PC1)
The cross sectional area of duct is normally 2.5 times that of the area of
prestressing steel. The size of ducts should be not designed to be too small
because of the followings:

() Potential blockage by grout

(i) Excessive development of friction
(i) Difficulty in threading prestressing tendon
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10. What is stress corrosion of prestressing steel? (PC1)

Stress corrosion is the crystalline cracking of metals under tensile stresses
in the presence of corrosive agents [44]. The conditions for stress
corrosion to occur are that the steel is subjected to tensile stresses arising
from external loading or internally induced stress (e.g. prestressing).
Moreover, the presence of corrosive agents is essential to trigger stress
corrosion. One of the main features of stress corrosion is that the material
fractures without any damage observed from the outside. Hence, stress
corrosion occurs without any obvious warning signs.
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3. Module Two: Concrete Works

Objectives

Element | Description | Objective No.

Concrete Material

Concrete Material | Definition of concrete CM1
Cement CM2
GGBS and PFA replacement CM3
Aggregates CM4

Durability Carbonation D1
Shrinkage D2

Concrete Structure

Concrete Cover Cs1

Structure
Chamfer CS2

Precast Concrete | Lifting hoops PC1
Lifting anchors PC2

Construction of Concrete Structure

Compaction Vibrators C1
Over-vibration C2

Pumping Blockage PC1

Concrete

Formation of | Construction joint FJ1

Joints

Fresh Concrete Effect of rain FC1
Adding water/liquid nitrogen FC2

Tests on Concrete

Test Compressive strength T1
Schmidt hammer test T2
Slump test T3

Concrete Joint and Cracking Design

Joint Expansion/Contraction/Isolation joint J1
Joint sealant J2
Joint filler J3
Waterstop J4

Cracks Design C1
Crack types C2
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Element | Description | Objective No.

Formwork and Curing

Formwork Release agent F1
Formwork pressure F2
Late removal F3
Falsework F4
Curing Curing compound C1l
Plastic sheet C2

Steel Reinforcement
Steel Spacing SR1
reinforcement

Steel areas SR1
Anchorage/Lap length SR3
Rusting SR4

63



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

Level One (Core FAQS)

Part I: Concrete Material

1. Can grout replace concrete in normal structure?

The mixture of cement and water alone cannot replace concrete (Longman
Scientific and Technical (1987)) because:

(i) Shrinkage of grout is several times that of concrete with the same
mass.

(i) The effect of creep of grout is far more than that of concrete.

(i) Heat of hydration of cement with water is more than normal concrete
and this leads to the problem of severe cracking.

2. What are the differences between epoxy grout, ce  ment grout and
cement mortar? (CM1)

Epoxy grout consists of epoxy resin, epoxy hardener and sand/aggregates.
In fact, there are various types of resin used in construction industry like
epoxy, polyester, polyurethane etc. Though epoxy grout appears to imply
the presence of cement material by its name, it does not contain any
cement at all. On the other hand, epoxy hardener serves to initiate the
hardening process of epoxy grout. It is commonly used for repairing
hairline cracks and cavities in concrete structures and can be adopted as
primer or bonding agent.

Cement grout is formed by mixing cement powder with water in which the
ratio of cement of water is more or less similar to that of concrete [63].
Owing to the relatively high water content, the mixing of cement with water
produces a fluid suspension which can be poured under base plates or into
holes. Setting and hardening are the important processes which affect the
performance of cement grout. Moreover, the presence of excessive voids
would also affect the strength, stiffness and permeability of grout. It is
versatile in application of filling voids and gaps in structures.

Cement mortar is normally a mixture of cement, water and sand (typical
proportion by weight is 1:0.4:3). It is intended that cement mortar is
constructed by placing and packing rather than by pouring. They are used
as bedding for concrete kerbs in roadwork. They are sometimes placed
under base plates where a substantial proportion of load is designed to be
transferred by the bedding to other members.
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3. What is the difference between no-fines concrete , lightweight
concrete and lean concrete? (CM1)

Pervious concrete is sometimes called "no fines" concrete. It is designed
with high porosity and allows water to pass though. It is commonly used in
concrete pavement so as to reduce surface runoff and allow the recharging
of ground water. The high porosity is achieved by a network of
interconnected void. "No fines" concrete has little or no fines and contains
just enough cement paste to cover the surface of coarse aggregates while
maintaining the interconnectivity of voids.

Lightweight concrete is characterized by low density (1,400kg/m? to 1,800
kg/m®) and is made of lightweight coarse aggregates. In some cases, even
the fine aggregates are also lightweight too. The primary use of lightweight
concrete is to reduce the dead load of concrete structures.

Lean concrete, which is also known as cement bound material, has low
cementitious material content. It has low concrete strength and is
commonly used as roadbase material.

4. What is the difference between foam concrete and cement grout?
(CM1)

Foam concrete is mainly composed of cement, water and air pores with
filler (such as PFA, sand etc.) without any course aggregates. The air
pores are formed by agitating air with a foaming agent. The typical size of
air bubbles is around 0.3-0.4mm in diameter. For cement grout, it mainly
consists of cement and water.

Foam concrete is characterized by have low density and low cost when
compared with normal concrete. The density of foam concrete is around
400 — 1600 kg/m3. Therefore, the low density enhances low dead load and
has extensive applications when low loadings are required. Foam concrete
does not require compacting and hence imposes no lateral forces on
adjacent structures. Moreover, it also displays good resistance to water
and produces high level of sound and thermal insulation. However, it
suffers from the demerit that it have low compressive strength only (e.g.
less than 15 MPa) which is drastically different from cement grout which
possesses high compressive strength. There is recent development of
foam concrete as road sub-base.
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5. What is the difference between “High strength co  ncrete” and “High
performance concrete”? (CM1)

There is common confusion about the terms “High strength concrete” and
“High performance concrete” and it appears that they refer to the same
thing. In fact, “High performance concrete” refers to the concrete which has
been specially designed to achieve a certain particular characteristics such
as high abrasion assistance and compaction without segregation. It may
turn out that the designed concrete would possess a high strength but this
is obviously not the original intention.

“High strength concrete” is designed to have concrete strength of 70MPa
and more.

6. What is the difference between no-fines concrete , lightweight
concrete and lean concrete? (CM1)

Pervious concrete is sometimes called "no fines" concrete. It is designed
with high porosity and allows water to pass though. It is commonly used in
concrete pavement so as to reduce surface runoff and allow the recharging
of ground water. The high porosity is achieved by a network of
interconnected void. "No fines" concrete has little or no fines and contains
just enough cement paste to cover the surface of coarse aggregates while
maintaining the interconnectivity of voids.

Lightweight concrete is characterized by low density (1,400kg/m? to 1,800
kg/m®) and is made of lightweight coarse aggregates. In some cases, even
the fine aggregates are also lightweight too. The primary use of lightweight
concrete is to reduce the dead load of concrete structures.

Lean concrete, which is also known as cement bound material, has low
cementitious material content. It has low concrete strength and is
commonly used as roadbase material.

7. What is the purpose of adding gypsum in cement? (CM2)

Gypsum is a mineral and is hydrated calcium sulfate in chemical form.
Gypsum plays a very important role in controlling the rate of hardening of
the cement. During the cement manufacturing process, upon the cooling of
clinker, a small amount of gypsum is introduced during the final grinding
process.
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Gypsum is added to control the "setting of cement". If not added, the
cement will set immediately after mixing of water leaving no time for
concrete placing.

8. Can rapid-hardening cement be used in water-reta  ining structures?
(CM2)

Normal Portland cement is usually adopted in water retaining structures.
Where sulphates or chemical agents are anticipated in groundwater,
sulphate-resisting cement may be used to guard against sulphate and
chemical attack. However, it is normally not advisable to use
rapid-hardening cement in water-retaining structures because it involves
greater evolution of heat during hydration process, leading to increased
shrinkage cracks which form the location of potential leakage in the
structure. It is only applicable in cold weather condition where the rate of
hydration is low.

9. Is it desirable to use concrete of very high str ~ ength i.e. exceeding
60MPa? What are the potential problems associated w ith such high
strength concrete?

To increase the strength of concrete, say from 40MPa to 80MPa, it
definitely helps in improving the structural performance of the structure by
producing a denser, more durable and higher load capacity concrete. The
size of concrete members can be significantly reduced resulting in
substantial cost savings. However, an increase of concrete strength is also
accompanied by the occurrence of thermal cracking. With an increase in
concrete strength, the cement content is increased and this leads to higher
thermal strains. Consequently, additional reinforcement has to be
introduced to control these additional cracks caused by the increase in
concrete strength. Moreover, the ductility of concrete decreases with an
increase in concrete strength. Attention should be paid during the design of
high strength concrete to increase the ductility of concrete. In addition, fire
resistance of high strength concrete is found to be less than normal
strength concrete as suggested by Odd E. Gjorv (1994).

Though the tensile strength of high strength concrete is higher than that of
normal concrete, the rate of increase of tensile strength is not proportional
to the increase of compressive strength. For normal concrete, tensile
strength is about one-tenth of compressive strength. However, for high
strength concrete, it may only drop to 5% of compressive strength.
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Moreover, owing to a low aggregate content of high strength concrete,
creep and shrinkage increases.

10. What is the advantage of using GGBS as replacem ent of cement in
concrete? (CM3)

From structural point of view, GGBS replacement enhances lower heat of
hydration, higher durability and higher resistance to sulphate and chloride
attack when compared with normal ordinary concrete. On the other hand, it
also contributes to environmental protection because it minimizes the use
of cement during the production of concrete.

However, it is identified that there are still some hindrances that prevent the
prevalence of its usage in local market. Technically speaking, GGBS
concrete suffers from lower rate of strength development which is highly
sensitive to curing conditions. In this connection, certain site measures
have to be introduced to the construction industry to ensure better quality
of curing process in order to secure high quality of GGBS concrete. On the
other hand, designers have to be cautious of the potential bleeding
problem of GGBS concrete.

Another major hurdle of extensive use of GGBS concrete lies in the little
source of supply of GGBS. As Hong Kong is not a major producer of steel,
GGBS as a by-product of steel has to be imported overseas and this
introduces higher material cost due to transportation and the supply of
GGBS is unstable and unsteady.

11. Which of the following cement replacement mater  ial is better, PFA
or GGBS? (CM3)

(i) Similarities

Both GGBS and PFA are by-products of industry and the use of them is
environmentally friendly. Most importantly, with GBS and PFA adopted as
partial replacement of cement, the demand for cement will be drastically
reduced. As the manufacture of one tonne of cement generates about 1
tonne of carbon dioxide, the environment could be conserved by using less
cement through partial replacement of PFA and GGBS.

On the other hand, the use of GGBS and PFA as patrtial replacement of

cement enhances the long-term durability of concrete in terms of
resistance to chloride attack, sulphate attack and alkali-silica reaction. It
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follows that the structure would remain to be serviceable for longer period,
leading to substantial cost saving. Apart from the consideration of
long-term durability, the use of PFA and GGBS results in the reduction of
heat of hydration so that the problem of thermal cracking is greatly reduced.
The enhanced control of thermal movement also contributes to better and
long-term performance of concrete.

In terms of the development of strength, PFA and GGBS shared the
common observation of lower initial strength development and higher final
concrete strength. Hence, designers have to take into account the potential
demerit of lower strength development and may make use of the merit of
higher final concrete strength in design.

(ii) Differences Between GGBS and PFA

The use of GGBS as replacement of cement enhances smaller reliance on
PFA. In particular, GGBS is considered to be more compatible with
renewable energy source objectives.

The replacement level of GGBS can be as high as 70% of cement, which is
about twice as much of PFA (typically replacement level is 40%). Hence,
partial replacement of GGBS can enable higher reduction of cement
content. As the manufacture of one tonne of cement generates about 1
tonne of carbon dioxide and it is considered more environmentally friendly
to adopt GGBS owing to its potential higher level of cement replacement.

The performance of bleeding for GGBS and PFA varies. With PFA,
bleeding is found to decrease owing to increased volume of fines. However,
the amount of bleeding of GGBS is found to increase when compared with
OPC concrete in the long term. On the other hand, drying shrinkage is
higher for GGBS concrete while it is lower for PFA concrete.

In terms of cost consideration, the current market price of GGBS is similar
to that of PFA. As the potential replacement of GGBS is much higher than
PFA, substantial cost savings can be made by using GGBS.

12. How does pulverized fly ash function as cement replacement?
(CM3)

Pulverized fly ash is a type of pozzolans. It is a siliceous or aluminous
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material which possesses no binding ability by itself. When it is in finely
divided form, they can react with calcium hydroxide in the presence of
moisture to form compounds with cementing properties.

During cement hydration with water, calcium hydroxide is formed which is
non-cementitious in nature. However, when pulverized fly ash is added to
calcium hydroxide, they react to produce calcium silicate hydrates which is
highly cementitious. This results in improved concrete strength. This
explains how pulverized fly ash can act as cement replacement.

13. What are the functions of coating on concrete?

In designing protective coating on concrete structures, stoppage of water
ingress through the coating is normally required. Since chloride ions often
diffuse into concrete in solution and cause deterioration of concrete
structures, the prevention of water transmission into the coating certainly
helps to protect the concrete structure. However, if water gets behind the
coating from some means and becomes trapped, its effect may not be
desirable. Firstly, vapour pressure would be developed behind the surface
treatment and this leads to the loss of adhesion and the eventual peeling
off of the coating. Moreover, the water creates a suitable environment for
mould growth on concrete surface.

In fact, the surface treatment should be so selected that it is impermeable
to liquid water but it is permeable to water vapour. This “breathing” function
enhances the concrete to lose moisture through evaporation and reject the
uptake of water during wet periods.

14. What is the significance of Flakiness Index and Elongation Index?

Flakiness Index is the percentage by weight of particles in it, whose least
dimension (i.e. thickness) is less than three-fifths of its mean dimension.

Elongation Index is the percentage by weight of particles in it, whose
largest dimension (i.e. length) is greater than one and four-fifths times its
mean dimension.

Flaky and elongated particles may have adverse effects on concrete and
bituminous mix. For instance, flaky and elongated particles tend to lower
the workability of concrete mix which may impair the long-term durability.
For bituminous mix, flaky particles are liable to break up and disintegrate
during the pavement rolling process.
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15. Should cement and aggregates be measured by wei ght or by
volume? (CM2)

Measurement of constituents for concrete is normally carried out by weight
because of the following reasons [55]:

() Airis trapped inside cement while water may be present in aggregates.
As such measurement by volume requires the consideration of the
bulking effect by air and water.

(i) The accuracy of measurement of cement and aggregates by weight is
higher when compared with measurement by volume when the
weighing machine is properly calibrated and maintained. This reduces
the potential of deviation in material quantity with higher accuracy in
measurement for the design mix and leads to more economical design
without the wastage of excess materials.

16. What are the applications of no fines concrete? (CM1)

In some occasions no fines concrete is used in houses because of its good
thermal insulation properties. Basically no fines concrete consists of coarse
aggregates and cement without any fine aggregates. It is essential that no
fines concrete should be designed with a certain amount of voids to
enhance thermal insulation. The size of these voids should be large
enough to avoid the movement of moisture in the concrete section by
capillary action. It is common for no fines concrete to be used as external
walls in houses because rains falling on the surface of external walls can
only penetrate a short horizontal distance and then falls to the bottom of
the walls. The use of no fines concrete guarantees good thermal insulation
of the house.

17. What is the difference between dry-mix method a nd wet-mix
method in shotcrete?

Shotcrete is not a special product of concrete and it is not a special
method of placing concrete.

In dry-mix method the dry cementitious mixture is blown through a hose to
the nozzle, where the water is injected immediately. The dry-mix method
appears to be better for low volume placements. The nozzleman should
pay great attention in adding the necessary amount of water during
shooting operation.
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Wet-mix method involves the pumping of ready mixed concrete to the
nozzle. Compressed air is introduced at the nozzle to impel the mixture
onto the receiving surface. The wet-mix method is more favorable for large
volume placements. Rebound is less than in the dry-mix method. The
nozzleman does not need to be concerned with the control on water
addition.

18. What is the difference between carbonation and carbon dioxide
attack? (D1)

For carbon dioxide attack, carbon dioxide dissolves in water to form a weak
acid called carbonic acid. It would dissolve the cement matrix. However,
the amount of carbon dioxide from the atmosphere is usually not sufficient
to cause harm to concrete structures until additional source of carbon
dioxide is available (e.g. decaying vegetable matter).

Carbonation is the process of converting alkaline hydroxides in concrete to
carbonates by reaction with carbon dioxide. The significance of
carbonation lies in the reduction of pH of pore water in concrete structure
from 12-13 to 8-9 so that it drops the protection to steel reinforcement. The
process takes place at concrete surface and spreads inwards. The passive
nature play an important role in steel corrosion as it prevents corrosion
even in the presence of water and oxygen. This passive nature is derived
from a stable and thin layer of iron oxide formed at the surface of steel
reinforcement. However, if the pH of concrete is dropped, this passive
oxide layer becomes unstable and corrosion may start once water and
oxygen supply is available.

Stress would be generated owing to the occurrence of shrinkage. For
instance, concrete at surface tends to dry more rapidly than the interior,
leading to differential shrinkage. This results in the formation of internal
balancing forces in which there is tension on concrete surface with
compression in the interior concrete. About 90% of ultimate concrete strain
occurs in the first year.

When the water is allowed to absorb water, only part of shrinkage is
reversible. Water loss from gel pore with C-S-H and capillary pres can be
readily replenished. However, water loss from the space between C-S-H
layers cannot be easily replaced with water. Once water is lost from the
space between C-S-H layers at the first place, the bond between the layers
becomes stronger and the layers would get closer together, thus making it
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difficult for water to re-enter into the reduced space.
19. What is the mechanism of plastic settlement in fresh concrete?

Within a few hours after the placing of fresh concrete, plastic concrete may
experience cracking owing to the occurrence of plastic shrinkage and
plastic settlement. The cause of plastic settlement is related to bleeding of
fresh concrete. Bleeding refers to the migration of water to the top of
concrete and the movement of solid particles to the bottom of fresh
concrete. The expulsion of water during bleeding results in the reduction of
the volume of fresh concrete. This induces a downward movement of wet
concrete. If such movement is hindered by the presence of obstacles like
steel reinforcement, cracks will be formed.

20. What are the differences in the behavior and pr operties of
recycled-aggregate concrete when compared to normal -aggregate
concrete? (CM4)

Higher porosity of recycled aggregate compared to natural aggregate leads
to a higher absorption. Moreover, recycled aggregate has lower specific
gravity than natural aggregate and will make concrete with higher drying
shrinkage and creep. Such differences become more significant when
there is an increasing amount of recycled fine aggregates. Recycled
aggregates also contain more chloride than normal aggregates which may
affect the durability of concrete. Moreover, excessive recycled fine
aggregates can also generate a harsh concrete mix with low workability.

21. Why are recycled aggregates and recycled concre te aggregates
not suitable for “High strength concrete”? (CM4)

Not all aggregates are suitable for producing “High strength concrete”
because the strength of aggregates may control the ultimate strength of
concrete once they are crushed apart before the failure of cement paste.

Recycled aggregates and recycled concrete aggregates are normally not
recommended in producing “High strength concrete”. Owing to their
intrinsic effect of reduced compressive strength, it requires increased
cement content to counterbalance this effect in normal concrete situation.
However, in the case of “High strength concrete”, the very high cement
level has already been adopted which offers little scope for further increase
in cement content.

73



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

22. Is shrinkage in concrete a totally reversible p  rocess? (D2)

In drying shrinkage, the excessive water which has not taken part in
hydration process would migrate from interior of concrete core to the
concrete surface. As a result of evaporation of the water moisture, the
volume of concrete shrinks. The reduction in volume owing to moisture loss
is termed shrinkage. In fact, aggregates in concrete would not cause
shrinkage and helps to resist the deformation.
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Level One (Core FAQS)

Part II: Concrete Structure

1. What is the main purpose of chamfers in concrete structures?
(CS2)

Some would suggest aesthetics as the answer of the question. Others may
consider safety on the contrary because chamfered edge is less liable to
damage to the concrete structure and any objects hitting on it. However,
the main reason of the provision of chamfer is to make formworks easier to
pull out after concreting operation. It is not uncommon that concrete is
getting adhered to formwork and tore away during removal of formwork. In
fact, the formation of a sharp nice corner is practically difficult and the
concrete at corners is easily chipped and broken into pieces during the
removal of formwork. Hence, the provision of chamber could protect the
corner from chipping when striking formwork.

2. If a contractor proposes to increase concrete co  ver beyond
contractual specification (i.e. 40mm to 70mm), shal | engineers accept
the proposal? (CS1)

In contractual aspect, based on the requirement of General Specification of
Civil Engineering Works (1992 Edition), the tolerance of concrete cover is
between +5mm and —5mm and engineers should not accept sub-standard
work because they do not possess the authority to change the acceptance
criteria. In case engineers consider contractor’'s proposal acceptable in
technical point of view, consent has to be sought from the employer
regarding the changes in acceptance criteria.

From technical point of view, the effect on cracking due to an increase in
concrete cover should be considered. In general, there are three main
parameters which govern crack width, namely tensile strain at the point
considered, the distance of longitudinal bar to the concerned point and the
depth of tension zone.

For the second factor, i.e. proximity of longitudinal bars to point of section,
the closer a bar is to this point, the smaller is the crack width. Therefore,
closely spaced bars with smaller cover will give narrower cracks than
widely spaced bars with larger cover. Therefore, with an increase of
concrete cover, the crack width will increase which is undesirable.
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3. How does concrete cover enhance fire resistance? (CS1)

In the event of exposing the concrete structures to a fire, a temperature
gradient is established across the cross section of concrete structures. For
shallow covers, the steel reinforcement inside the structures rises in
temperature. Generally speaking, steel loses about half of its strength
when temperature rises to about 550°C. Gradually, the steel loses strength
and this leads to considerable deflections and even structural failure in the
worst scenario. Hence, adequate cover should be provided for reinforced
concrete structure as a means to delay the rise in temperature in steel
reinforcement.

4. In designing concrete structures, normally maxim um aggregate
sizes are adopted with ranges from 10mm to 20mm. Do  es an increase
of maximum aggregate size benefit the structures?

To answer this question, let’'s consider an example of a cube. The surface
area to volume ratio of a cube is 6/b where b is the length of the cube. This
implies that the surface area to volume ratio decreases with an increase in
volume. Therefore, when the size of maximum aggregate is increased, the
surface area to be wetted by water per unit volume is reduced.
Consequently, the water requirement of the concrete mixes is reduced
accordingly so that the water/cement ratio can be lowered, resulting in a
rise in concrete strength.

However, an increase of aggregate size is also accompanied by the effect
of reduced contact areas and discontinuities created by these larger sized
particles. In general, for maximum aggregate sizes below 40mm, the effect
of lower water requirement can offset the disadvantages brought about by
discontinuities as suggested by Longman Scientific and Technical (1987).

5. What the preferable size of cover blocks? (CS1)
The purpose of cover blocks are:
I.  Maintain the required cover.
ii. Prevent steel bars from getting exposed to the atmosphere so
that steel corrosion may result.

iii.  Place and fix reinforcement based on design drawings.

As cover blocks after concreting shall form part of concrete structure, it is
preferably that the cover blocks shall possess similar strength to the
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concrete structure. Moreover, the size of cover block should be minimized
so that the chances of water penetration to the periphery would be
reduced.

6. Do engineers need to cater for corrosion protect ion of lifting
anchors in precast concrete units?

The corrosion of lifting anchors in precast concrete units has to be
prevented because the corroded lifting units cause an increase in steel
volume leading to the spalling of nearby surface concrete. Consequently,
steel reinforcement of the precast concrete units may be exposed and this
in turns results in the corrosion of steel reinforcement and the reduction in
the load carrying capacity of the precast units. To combat the potential
corrosion problem, the lifting anchors could be covered with a layer of
mortar to hide them from the possible external corrosion agents.
Alternatively, galvanized or stainless steel lifting anchors can be
considered in aggressive environment.

7. What are the potential problems of excessive con  crete covers?
(CS1)

In reinforced concrete structures cover is normally provided to protect steel
reinforcement from corrosion and to provide fire resistance. However, the
use of cover more than required is undesirable in the following ways [25]:

(i) The size of crack is controlled by the distance of longitudinal bars to the
point of section under consideration. The closer a bar is to this point,
the smaller is the crack width. Therefore, closely spaced bars with
smaller cover will give narrower cracks than widely spaced bars with
larger cover. Consequently, with an increase in concrete cover the
crack width will increase.

(i) The weight of the concrete structure is increased by an increase in
concrete cover. This effect is a critical factor in the design of floating
ships and platforms where self-weight is an important design criterion.

(i) For the same depth of concrete section, the increase of concrete cover
results in the reduction of the lever arm of internal resisting force.

8. Is mild steel or high yield steel suitable as li  fting hoops in precast
concrete? (PC1)

The strength of high yield steel is undoubtedly higher than mild steel and
hence high yield steel is commonly used as main steel reinforcement in
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concrete structures. However, mild yield steel is commonly used in links or
stirrups because they can be subjected to bending of a lower radius of
curvature.

For lifting hoops in precast concrete, it is essential that the hoops can be
bent easily and hence mild steel is commonly adopted for lifting hoops
because high yield bars may undergo tension cracking when it is bent
through a small radius.

9. Where is the desirable location of lifting ancho rs in precast
concrete units? (PC2)

It is desirable that the position of anchors be located symmetrical to the
centre of gravity of the precast concrete units. Otherwise, some anchors
would be subject to higher tensile forces when compared the other anchors
depending on their distance from the centre of gravity of the precast
concrete units. As such, special checks have to be made to verify if the
anchor bolts are capable of resisting the increased tensile forces.

it
|'.||I
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CONCRETE AMCHOR

Fig. A typical concrete anchor.

10. What is the purpose of installation of resilien t bearings in
buildings?

When railway tunnels are built close to buildings, ground-borne vibration is
transmitted to the building by means of compression and shear waves [36].
When structural members (e.g. wall) of a building have natural frequencies
similar to the frequency at the source, the response of the structures would
be magnified. This effect is even more significant when the building is
designed with small number of movement joints. Consequently, the
vibration can be felt inside the building and noise associated with such
vibration is produced. To avoid this, vibration isolation can be implemented,
sometimes by providing resilient bearings at column heads in buildings.
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11. What is the function of cladding in concrete bu ildings?

Cladding refers to the external layer of the building which provides the
aesthetic effect. Apart from the external appearance of the building, the
main use of cladding is to protect the building structure from weather in one
of the following ways:

(i) Cladding is made of impermeable materials so that rain water could
only access the building through joints. However, properly designed
joints with sealant could completely keep out the rain infiltration.

(i) Cladding is made up of porous material (bricks) which absorbs rain
during rainfall and subsequently dries out. Water could hardly
penetrate into the building given that the cladding is of sufficient
thickness with low permeability.

12. What is the purpose of applying spatterdash bef  ore rendering and
plastering?

Spatterdash is a mixture of one part of cement to one and a half parts of
coarse sand with enough water. The mixture is thrown forcibly onto the wall
so that the impact removes the water film at the interface between
spatterdash and the substrate leading to the improvement in adhesion. The
spatterdash should cover the substrate surface completely and form a
rough texture. Spatterdash serves as an effective mechanical key to
prevent rendering and plastering material from sliding or sagging. The
roughness of spatterdash improves adhesion by providing a positive “key”
for plaster to grip. The improper application of spatterdash affects the
subsequent bonding of rendering with substrate.

13. What is the purpose of adding polyethylene film in interior slabs
sitting on grade for building structures?

Membrane materials, such as polyethylene film, are commonly used to
reduce vapour transmission from soils to concrete slab. They are often
termed “vapour retarder” and are placed on the underside of concrete
slabs sitting directly on soils for building structures. Protection from
moisture is essential because floors inside buildings are normally covered
with carpet and tiles and penetration of water vapour through concrete
slabs could result in the failure of adhesives in tiling, discoloration of
flooring products and fungal growth.
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14. What is the mechanism of formation of pedestria  n level winds
around buildings?

When a building blocks the wind blowing across it, part of the wind will
escape over the top of the building. Some will pass around the edges of the
building while a majority of the wind will get down to the ground. The
channeling effect of wind for an escaping path, together with the high wind
speeds associated with higher elevations, generates high wind speeds in
the region at the base of the building. At the base level of the building,
there are three locations of strong pedestrian level winds:

(i) Arcade passages — wind flow is generated by the pressure difference
between the front and the back of the building.

(i) At the front of the building — high wind is produced by standing vortex.

(iii)) At the corners of the building — high wind is induced by corner flow.
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Level One (Core FAQS)

Part Ill: Construction of Concrete Structure

1. Should large-diameter or small-diameter vibrator s be used in
compacting concrete? (C1)

There is a general rule regarding the size of vibrators in compacting
concrete. The diameter of the vibrator should be a quarter of the wall
thickness of the concrete being cast. In general, large-diameter internal
vibrators have higher amplitude with lower frequency while small-diameter
internal vibrators have lower amplitude with higher frequency. In particular,
small-diameter internal vibrators with high frequency are normally used in
compacting high slump concrete.

2. What is the problem of over vibration of fresh ¢ oncrete? (C2)

For proper compaction of concrete by immersion vibrators, the vibrating
part of the vibrators should be completely inserted into the concrete. The
action of compaction is enhanced by providing a sufficient head of concrete
above the vibrating part of the vibrators. This serves to push down and
subject the fresh concrete to confinement within the zone of vibrating
action.

Over-vibration should normally be avoided during the compaction of
concrete. If the concrete mix is designed with low workability, over-vibration
simply consumes extra power of the vibration, resulting in the wastage of
energy. For most of concrete mixes, over-vibration creates the problem of
segregation in which the denser aggregates settle to the bottom while the
lighter cement paste tends to move upwards [40]. If the concrete structure
is cast by successive lifts of concrete pour, the upper weaker layer (or
laitance) caused by segregation forms the potential plane of weakness
leading to possible failure of the concrete structure during operation. If
concrete is placed in a single lift for road works, the resistance to abrasion
is poor for the laitance surface of the carriageway. This becomes a critical
problem to concrete carriageway where its surface is constantly subject to
tearing and traction forces exerted by vehicular traffic.

3. What are the problems if reinforcement is in con  tact with internal
vibrators? (C1)

During concreting, if internal vibrators are placed accidentally in contact
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with some of the reinforcement bars, some undesirable effects may result.
The most obvious one is that the reinforcement bars may become
damaged or displaced if loosely tied.

Air bubbles tend to move towards the source of vibration. For poker
vibrators touching the reinforcement bars, air pockets may be trapped in
the vicinity of the reinforcement because the vibration generated by
internal vibrators attracts these air bubbles. Consequently, the bond
between the reinforcement and surrounding concrete would be impaired.

To produce good surface finish close to densely-packed reinforcement
cage, workers may insert the poker vibrators in the gap between the
reinforcement cage and formwork because the reinforcement cage tend to
damp down the vibration effect when the vibrators are placed at a distance
from the formwork. However, concentrated vibration within the cover region
causes the migration of finer cement mortar to this region and results in
changes in concrete colour. If the concrete cover is small, the chance of
getting the poker vibrators jammed within the gap is high and the formwork
is likely to be damaged by the vibrators.

4. What are the reasons for blockage in pumping con  crete? (PC1)

Concrete pumping is commonly adopted in highly elevated locations for
which access for concrete trucks is difficult. Construction works can be
speeded up by using concrete pumping because a larger volume of pours
can be achieved within a specified duration when compared with normal
concrete placing methods.

Blockage may occur during pumping operation for the following two
common reasons [18]:

(i) For saturated concrete mixes, the pump pressures may force water out
of the concrete resulting in bleeding. The flow resistance is then
increased and may contribute to the blockage of pipelines.

(ii) If the cement content (or other components of concrete mixes that

increase the frictional forces) is high, a higher frictional resistance to
pumping may develop and the concrete may not be pumpable.
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5. How does rain affect the freshly placed concrete  ? (FC1)

Rain may affect the water cement ratio at top portion of freshly placed
concrete provided that the concrete is not properly protected from rain. To
substantially change the water-cement ratio of the concrete at the surface
of the slab, external energy must be supplied to the system such as
troweling passes with excess water on the concrete surface. The energy
supplied by the finishing operations pushes the excess water into the slab
surface creating a high water cement ratio in the near surface of the
concrete so that its strength and durability is reduced. Sometimes, the
damage to the concrete surface is apparent since the texture of the surface
is easily damaged after the initial curing period. When the surface strength
is affected, the long-term durability of the concrete may be reduced.
However, the concrete strength and durability below the surface would not
be affected.

6. Why is liquid nitrogen added to fresh concrete s  ometimes instead
of ice block/chilled water? (FC2)

Traditionally, chilled water and ice have been employed to reduce the
temperature of concrete mix in hot weather condition. Chilled water has a
limitation in its cooling potential. For instance, even if all mixing water has
been converted into chilled water, the temperature reduction achieved in
concrete mix is only about 2.7 °C. The complete/partial replacement of
mixing water with ice may be a better alternative in terms of cooling
potential because ice possesses power from heat of fusion. However, it
presents practical difficulty in ensuring homogeneous distribution of ice
within concrete mix and the complete melting of ice. Unmelted ice block
may be hidden in concrete mix and if it melts before concrete setting it
creates high water cement ratio locally. In case unmelted ice block melts
after concrete hardening, large voids would be formed which impairs the
concrete strength and durability.

Liquid nitrogen is supercooled and has a very high cooling potential.
Fresh concrete can be cooled inside a read-mix truck by injection of liquid
nitrogen. Liquid nitrogen is kept at a temperature of -196°C in storage
tank. Once liquid nitrogen is added to fresh concrete mix, nitrogen in
liquid form changes to gaseous state under normal atmospheric pressure
in a very short time (e.g. milliseconds).
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7. What are the potential problems of using liquid nitrogen to cool
concrete? (FC2)

Based on the results of past research, there is minimal impact on the
properties and performance of concrete by liquid nitrogen (LN). The
addition of liquid nitrogen appears to decrease the slump value of fresh
concrete. However, the slump loss is not caused by liquid nitrogen but by
previous hot concrete mix, i.e. the slump of LN-cooled concrete is the
same of original hot concrete. Liquid nitrogen can also be observed to
extend the setting time of concrete.

The safety of workers is one of the major concerns when using liquid
nitrogen. The extremely low temperature of liquid nitrogen is dangerous to
workers as prolonged contact of liquid nitrogen with skin cause severe
burns and frostbite. Most concrete mixing drums may not be capable to
endure the thermal shock brought about by liquid nitrogen.

8. Should on-site addition of water to fresh concre te be allowed?
(FC2)

The addition of water to fresh concrete in truck mixer upon arrival at the
location of concrete is allowed only if some design mixing water is held
back during initial mixing stage. Addition of water in excess of design
mixing water would definitely cause an increase of water cement ratio
leading to a reduction of concrete strength.

The purpose of adding water to fresh concrete is to increase the
workability to facilitate placement of concrete. The use of water-reducing
agent or superplasticizer could help resolve the problem but extra
attention has to be paid on the segregation issue. In case there is some
buffer in the amount of water in fresh concrete so that addition of water
would not result in exceeding the designed water cement ratio, water
could be added based on the following rule of thumb: 5 liters of water per
m? of concrete gives about 25mm increase in slump.

9. What are the reasons in setting maximum and mini  mum time for
concreting successive lift in water-retaining struc tures?

Maximum time for concreting successive lifts is required for concrete
structures to reduce the potential differential strains. However, minimum
time is needed to allow for possible shrinkage and thermal contraction to
take place in the event of alternative bay construction before concreting to
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alternate bays. Otherwise, cracking may result which is undesirable in
water retaining structure.

10. Why shouldn’t internal vibrators be forced down into fresh
concrete? (C1)

Internal vibrators operate by generating impulses which liquefy the fresh
paste so that the internal friction between aggregates is reduced. As a
result of vibration effect, the mix become unstable and trapped air would
rise to the top while aggregates would settle to the bottom.

Internal vibrators should be allowed to fall in fresh concrete under its own
weight and should not be forced to drag down into concrete. The reason
behind this is that the use of force to push down internal vibrators would
leave a mortar channel in fresh concrete and this result in the formation of
weak concrete along this channel.

11. What is the function of rebate in a typical con  struction joint? (FJ1)

Construction joints are created on sites to facilitate the construction
process. However, if improperly constructed, the completed construction
joints will leave an uneven scar on the concrete surface and affect
significantly its appearance. To avoid this, a rebate is formed during the
first pour of one side of construction joint. After the other pour is concreted,
it will hide the uneven joint inside the rebate.

Fig. A rebate.

12. Where are the desirable locations of constructi  on joints? (FJ1)
Construction joints are normally required in construction works because
there is limited supply of fresh concrete in concrete batching plants in a
single day and the size of concrete pour may be too large to be concreted
in one go.
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The number of construction joints in concrete structures should be
minimized. If construction joints are necessary to facilitate construction, it is
normally aligned perpendicular to the direction of the member. For beams
and slabs, construction joints are preferably located at about one-third of
the span length. The choice of this location is based on the consideration of
low bending moment anticipated with relatively low shear force [10].
However, location of one-third span is not applicable to simply supported
beams and slabs because this location is expected to have considerable
shear forces and bending moment when subjected to design loads.
Sometimes, engineers may tend to select the end supports as locations for
construction joints just to simplify construction.

13. What are the potential problems for retardation of fresh concrete?
Retardation of fresh concrete has several advantages as follows:

(i) A rapid hydration process results in loss in concrete strength because
the concrete will have a poorer structure with a higher gel/space ratio
compared with the concrete with a lower hydration rate.

(i) During the hydration process, a substantial heat of hydration will be
generated. If the hydration process is carried out too swiftly, it will cause
a rapid rise in temperature and results in considerable early thermal
movement in concrete.

(iii) In hot weather concreting, the loss of workability is substantial. In order
to ensure sufficient compaction of fresh concrete, it is necessary to
extend the time for fresh concrete to remain plastic.

14. What are the major problems in using pumping fo r concreting
works? (PC1)

In pumping operation, the force exerted by pumps must overcome the
friction between concrete and the pumping pipes, the weight of concrete
and the pressure head when placing concrete above the pumps. In fact, as
only water is pumpable, it is the water in the concrete that transfers the
pressure.

The main problems associated with pumping are the effect of segregation
and bleeding. To rectify these adverse effects, the proportion of cement is
increased to enhance the cohesion in order to reduce segregation and
bleeding. On the other hand, a proper selection of aggregate grading helps
to improve the pumpability of concrete.

86



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

Level One (Core FAQS)

Part IV: Tests on Concrete

1. Some concrete specification requires the testing of compressive
strength for both 7 days and 28 days. Why? (T1)

7-day compressive strength test results are usually not used for
acceptance purpose but for information only. Instead, 28-day compressive
strength test results are commonly adopted for acceptance purpose.

7-day compressive strength test results are often used to monitor the gain
of early strength and they are estimated to be about 64% to 70% of the
28-day strength. As such, it serves as a warning signal to both concrete
producers and contractors should the 7-day compressive strength test
results are far less than 75% of the 28-day strength. Nowadays, most
concrete placement schedule are very tight and it is of paramount
importance for contractors to get to know as soon as possible the
occurrence of low 7-day compressive strength test results. As such, the
contractor could implement suitable measures promptly to get better
quality control procedures at construction site and to monitor closely on
sampling, molding, and testing of the test cubes so as to avoid the
recurrence of the production of low-strength concrete in the coming
concrete batches.

2. Is Schmidt hammer test a standard test for testi ng concrete
strength? (T2)

The Schmidt hammer test involves hitting the in-situ concrete with a
spring-driven pin at a defined energy, and then the rebound is measured.
The rebound depends on the surface hardness of the concrete and is
measured by test equipment. By referring to the some conversion tables,
the rebound result of the test can be used to determine the compressive
strength of the concrete. Although past investigations showed that there is
a general relationship between compressive strength of concrete and the
rebound number, there is a wide range of disagreement among various
research workers regarding the accuracy of estimation of strength from
Schmidt hammer. In fact, there is about a variation of 15-20% in concrete
strength measured by the method.

Schmidt hammer is in not a standard test for acceptance testing of
concrete strength. It is only a test used for estimating the strength of
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concrete in structure and it can hardly be considered as a substitute for
compressive strength test.

3. Is compressive strength test required for standa rd mixes of
concrete? (T1)

In some countries like Britain, specification for concrete does not normally
require cube tests for standard mixes of concrete. The quality control of
standard mixes in Britain is achieved by checking if the appropriate mix
proportions are adopted during the mixing of concrete. However, in Hong
Kong the requirement of testing for compressive strength is still required for
standard mixes in the specification because it is impractical to inspect and
check all constituent materials (e.g. cement, aggregates etc.) for concrete
for compliance. As there is high variability in mixing materials owing to
variance in the origin of production of constituent materials in Hong Kong,
there is a risk that the end-product concrete does not comply with the
design requirements even though the mix proportions of standard mixes
are followed closely by engineers.

4. In concrete compression test, normally 150mmx150 mmx150mm
concrete cube samples is wused for testing. Why isn’ t
100mmx100mmx100mm concrete cube samples used in the test
instead of 150mmx150mmx150mm concrete cube samples? (T1)

Basically, the force supplied by a concrete compression machine is a
definite value. For normal concrete strength application, say below 50MPa,
the stress produced by a 150mmx150mmx150mm cube is sufficient for the
machine to crush the concrete sample. However, if the designed concrete
strength is 100MPa, under the same force (about 2,000kN) supplied by the
machine, the stress under a 150mmx150mmx150mm cube is not sufficient
to crush the concrete cube. Therefore, 2100mmx100mmx100mm concrete
cubes are used instead to increase the applied stress to crush the concrete
cubes.

For normal concrete strength, the cube size of 150mmx150mmx150mm is
already sufficient for the crushing strength of the machine.

5. If concrete compression test fails, should Schmi dt hammer test be
adopted as an alternative test to prove the concret e strength? (T1)

The Scmidt hammer test is based on the elastic rebound of hammer which
presses on concrete surface and it measures the surface hardness of

88



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

concrete. Since the test is very sensitive to the presence of aggregates and
voids at the concrete surface, it is necessary to take more than 10 readings
over the area of test. However, it should be noted that Schmidt hammer
test measures surface hardness only but not the strength of concrete.
Therefore, it may not be considered a good substitute for concrete
compression test.

6. In carrying out compression test for concrete, s hould test cubes or
test cylinders be adopted? (T1)

Basically, the results of compression test carried out by using cubes are
higher than that by cylinders. In compression test, the failure mode is in the
form of tensile splitting induced by uniaxial compression. However, since
the concrete samples tend to expand laterally under compression, the
friction developed at the concrete-machine interface generates forces
which apparently increase the compressive strength of concrete. However,
when the ratio of height to width of sample increases, the effect of shear on
compressive strength becomes smaller. This explains why the results of
compression test by cylinders are lower than that of cubes. Reference is
made to Longman Scientific and Technical (1987).

7. Is slump test a good test for measuring workabil ity? (T3)

Though slump test is originally designed as a measure of workability, it
turns out to be an indicator of excessive water content in concrete only.

Slump test is not considered as a measure of workability because:

(i) There is no connection between the test results of slump test and
workability;

(i) The test results exhibit large random variations which is greater than
that due to observed differences in workability;

(i) Concrete of different workability may have the same slump.

8. In “High strength concrete” in buildings, 56 or 91-day compression
test results are sometimes adopted instead of 28-da  y compression
test results. Why? (T1)

In normal concrete structures, 28-day test results are often adopted.
However, in the construction of high-rise buildings using “High strength
concrete”, compressive strengths based on 56 or 91-day compression test
results are commonly used instead. Since the process of construction of
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high-rise buildings involves the construction of lower levels firstly in which
they are not loaded for a period of a year and more. Substantial material
savings shall be resulted from using 56 or 91-day compression test results.
Moreover, with later ages of test results used, other cementing materials
can be incorporated into the concrete mixture which improves the durability
of concrete in terms of heat generation in hydration and other aspects.

9. What are the differences between shear slump and collapse slump
in slump test? (T3)

There are three types of slump that may occur in a slumps test, namely,
true slump, shear slump and collapse slump.

True slump refers to general drop of the concrete mass evenly all around
without disintegration.

Shear slump indicates that the concrete lacks cohesion. It may undergo
segregation and bleeding and thus is undesirable for the durability of
concrete [46].

Collapse slump indicates that concrete mix is too wet and the mix is
regarded as harsh and lean.

SHEAR COLLAPSE TRUE SLUMF

Fig. Type of concrete slump

10. If on-site slump test fails, should engineers a  llow the contractor to
continue the concreting works? (T3)

This is a very classical question raised by many graduate engineers. In fact,
there are two schools of thought regarding this issue.

The first school of thought is rather straightforward: the contractor fails to
comply with contractual requirements and therefore as per G. C. C. Clause
54 (2)(c) the engineer could order suspension of the Works. Under the
conditions of G. C. C. Clause 54(2)(a) — (d), the contractor is not entitled to
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any claims of cost which is the main concern for most engineers. This is
the contractual power given to the Engineer in case of any failure in tests
required by the contract, even though some engineers argue that slump
tests are not as important as other tests like compression test.

The second school of thought is to let the contractor to continue their
concreting works and later on request the contractor to prove that the
finished works comply with other contractual requirements e.g.
compression test. This is based upon the belief that workability is mainly
required to achieve design concrete compression strength. In case the
compression test also fails, the contractor should demolish and reconstruct
the works accordingly. In fact, this is a rather passive way of treating
construction works and is not recommended because of the following
reasons:

(1) Workability of freshly placed concrete is related not only to strength
but also to durability of concrete. Even if the future compression test
passes, failing in slump test indicates that it may have adverse
impact to durability of completed concrete structures.

(i) In case the compression test fails, the contractor has to deploy extra
time and resources to remove the work and reconstruct them once
again and this slows down the progress of works significantly.
Hence, in view of such likely probability of occurrence, why
shouldn’t the Engineer exercise his power to stop the contractor and
save these extra time and cost?
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Level Two (Advanced FAQS)

Part I: Concrete Joint and Cracking Design

1. Can a concrete structure be completely free of e  xpansion joints
and contraction joints?  (J1)

Consider that the concrete structure is not subject to the problem of
differential settlement.

For contraction joints, it may be possible to design a concrete structure
without any contraction joints. By using sufficient steel reinforcement to
spread evenly the crack width over the span length of the structure, it may
achieve the requirement of minimum crack width and cause no adverse
impact to the aesthetics of the structure. However, it follows that the
amount of reinforcement required is higher than that when with sufficient
contraction joints.

For expansion joints, the consequence of not providing such joints may be
difficult to cater for. For example, a concrete structure has the coefficient of
thermal expansion of 9x10° /°C and a Young’s modulus of 34.5kN/mm?.
With an increase of temperature of 20°C and it is restricted to free
expansion, then the structure is subject to an axial stress of 6.21MPa. If the
structure is very slender (e.g. concrete carriageway), buckling may occur.
Therefore, the structure has to be designed to take up these thermal
stresses if expansion joints are not provided. However, for water retaining
structures, most of them are not affected by weather conditions because
they are insulated from the water they contain internally and soil backfill
that surround them. Therefore, it is expected that a smaller amount of
thermal movement will occur when compared with normal exposed
concrete structure. Consequently, expansion joints may be omitted in this
case with the view that the compressive stress induced by thermal
expansion toughens the structure to limit the development of tensile stress.

2. What are the functions of different components o f a typical
expansion joint? (J1)

In a typical expansion joint, it normally contains the following components:

joint sealant, joint filler, dowel bar, PVC dowel sleeve, bond breaker tape
and cradle bent.
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Joint sealant: it seals the joint width and prevents water and dirt from
entering the joint and causing dowel bar corrosion and unexpected joint
stress resulting from restrained movement.

Joint filler: it is compressible so that the joint can expand freely without
constraint. Someone may doubt that even without its presence, the joint
can still expand freely. In fact, its presence is necessary because it serves
the purpose of space occupation such that even if dirt and rubbish are
intruded in the joint, there is no space left for their accommodation.

Dowel bar: This is a major component of the joint. It serves to guide the
direction of movement of concrete expansion. Therefore, incorrect
direction of placement of dowel bar will induce stresses in the joint during
thermal expansion. On the other hand, it links the two adjacent structures
by transferring loads across the joints.

PVC dowel sleeve: It serves to facilitate the movement of dowel bar. On
one side of the joint, the dowel bar is encased in concrete. On the other
side, however, the PVC dowel sleeve is bonded directly to concrete so that
movement of dowel bar can take place. One may notice that the detailing
of normal expansion joints in Highways Standard Drawing is in such a way
that part of PVC dowel sleeve is also extended to the other part of the joint
where the dowel bar is directly adhered to concrete. In this case, it appears
that this arrangement prevents the movement of joint. If this is the case,
why should designers purposely put up such arrangement? In fact, the
rationale behind this is to avoid water from getting into contact with dowel
bar in case the joint sealant fails. As PVC is a flexible material, it only
minutely hinders the movement of joint only under this design.

Bond breaker tape: As the majority of joint sealant is applied in liquid form
during construction, the bond breaker tape helps to prevent flowing of
sealant liquid inside the joint .

Cradle bar: It helps to uphold the dowel bar in position during construction.

3. What is the purpose of using movement accommodat ion factor for
joint sealant? (J2)

Movement accommodation factor is commonly specified by manufacturers
of joint sealants for designers to design the dimension of joints. It is defined
as the total movement that a joint sealant can tolerate and is usually
expressed as a percentage of the minimum design joint width [12]. Failure
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to comply with this requirement results in overstressing the joint sealants.

For instance, if the expected movement to be accommodated by a certain
movement joint is 4mm, the minimum design joint width can be calculated
as 4+30% = 13.3mm when the movement accommodation factor is 30%. If
the calculated joint width is too large, designers can either select another
brand of joint sealants with higher movement accommodation factor or to
redesign the arrangement and locations of joints.

4. What is the function of primers in joint sealant  ? (J2)

Most joint sealants applied in concrete joints are adhesive and the
recommended joint width/depth of joint sealant is from 2:1 to 1:1 as given
by BS6213 and Guide to Selection of Constructional Sealants. When joint
sealant is applied on top of joint filler in concrete joints, additional primers
are sometimes necessary because [12]:

(i) Primers help to seal the surface to prevent chemical reaction with
water;
(ii) 1t provides a suitable surface for adhesion of joint sealant.
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Fig. Primer in joints.

5.1s joint filler essential in concrete expansion joints? (J3)

The presence of joint filler is essential to the proper functioning of concrete
joints though some may doubt its value. For a concrete expansion joint

without any joint filler, there is a high risk of rubbish and dirt intrusion into
the joint in the event that the first line of defense i.e. joint sealant fails to
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reject the entry of these materials. In fact, the occurrence of this is not
uncommon because joint sealant from time to time is found to be torn off
because of poor workmanship or other reasons. The presence of rubbish
or dirt inside the joint is undesirable to the concrete structures as this
introduces additional restraint not catered for during design and this might
result in inducing excessive stresses to the concrete structure which may
fail the structures in the worst scenario. Therefore, joint filler serves the
purpose of space occupation so that there is no void space left for their
accommodation. To perform its function during the design life, the joint filler
should be non-biodegradable and stable during the design life of the
structure to enhance its functioning. Moreover, it should be made of
materials of high compressibility to avoid the hindrance to the expansion of
concrete.

6. What is the reason of using bond breaker for joi  nt sealant? (J2)

Joint sealant should be designed and constructed to allow free extension
and compression during the opening and closure of joints. In case joint
sealants are attached to the joint filler so that movement is prohibited, they
can hardly perform their intended functions to seal the joints against water
and debris entry. Polyethylene tape is commonly used as bond breaker
tape.

To facilitate free movement, it can be achieved by adding bond breaker
tape in-between the joint sealant and joint filler. Primers may be applied to
the sides of joints to provide a good bond between them.

_~——JUINT SEALANT
BOWD BREAKER TAPE

JOINT FILLER

DETAIL OF JOINT GROGYE
FOR TRAMSYWERSE JOIMTS

Fig. Bond breaker tape for concrete joints.
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7. Can the depth exceed the width of joint sealant in concrete joints?
(J2)

The shape of joint sealant affects its ability to stretch with movement. For
instance, for rectangular joint sealant if the depth exceeds the width it tends
to resist stretching of sealant in thermal movement. Moreover, block shape,
when compared with concave shape, appears to be more resistant to

stretching.
N\ el

N

Fig. Concave shape sealant
8. Is joint filler essential in concrete expansion joints? (J3)

The presence of joint filler is essential to the proper functioning of concrete
joints though some may doubt its value. For a concrete expansion joint
without any joint filler, there is a high risk of rubbish and dirt intrusion into
the joint in the event that the first line of defense i.e. joint sealant fails to
reject the entry of these materials. In fact, the occurrence of this is not
uncommon because joint sealant from time to time is found to be torn off
because of poor workmanship or other reasons. The presence of rubbish
or dirt inside the joint is undesirable to the concrete structures as this
introduces additional restraint not catered for during design and this might
result in inducing excessive stresses to the concrete structure which may
fail the structures in the worst scenario. Therefore, joint filler serves the
purpose of space occupation so that there is no void space left for their
accommodation. To perform its function during the design life, the joint filler
should be non-biodegradable and stable during the design life of the
structure to enhance its functioning. Moreover, it should be made of
materials of high compressibility to avoid the hindrance to the expansion of
concrete.
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9. What is the significance of isolation joints? (J1)

Isolation joints isolate slabs or concrete structure from other parts of
structure. The presence of isolation joints allows independent vertical or
horizontal movement between adjoining parts of the structure. Otherwise,
the structure may experience cracking owing to the restrained movement
caused by directional connection between adjoining concrete structures.

10. Is waterstop necessary in construction joints o f water-retaining
structures? (J1)

Construction joints are introduced during construction and they are not
intended for movement to take place. If the concrete panel on each side of
the construction joint has been designed to have maximum crack width of
0.2mm, theoretically this joint would also behave in the same way as its
adjoining material. Hence, the design of this part of water-retaining
structure such as concrete and steel are identical on both sides of panel.
As such, BS8007 makes provision that it is not necessary to incorporate
waterstops in properly constructed construction joints based on the above
reasoning.

11. What is the purpose of critical steel ratio in concrete structures?

The purpose of critical steel ratio is to control the cracking pattern by
having concrete failing in tension first. If steel reinforcement vyields first
before the limit of concrete tensile strength is reached, then wide and few
cracks would be formed. In the calculation of critical steel ratio, the
thickness of the whole concrete section is adopted for analysis. However, if
the concrete section exceeds 500mm in thickness, only the outer 250mm
concrete has to be considered in calculating minimum reinforcement to
control thermal and shrinkage cracks [36]. It is because experimental
works showed that for concrete section greater than 500mm, the outer
250mm on each face could be regarded as surface zone while the
remaining could be regarded as core. The minimum reinforcement to
control cracking should therefore be calculated based on a total maximum
thickness of 500mm.

12. What is the crack pattern induced by hydration due to internal
restraint?

Let's take a circular column as an example to illustrate this.
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When the temperature is rising, the inner concrete’s temperature is higher
than outer concrete’s temperature and the inner concrete is expanding.
This induces pressure to the outside and the induced compressive stress
will result in formation of radial cracks near the surface of concrete.

When the temperature drops, the concrete at the outside drops to
surrounding temperature while the concrete at the central region continues
to cool down. The contraction associated with inner concrete induces
tensile strains and forms cracks tangential to the circular radius.

13. Is the material of formwork (timber or steel) h  elps to reduce
thermal cracks in concreting operation? (C1)

To answer this question, one must fully understand the effect of formwork
on the temperature of concreting structure. Without doubt, with better
insulation of structure by timber formwork, the overall rise of temperature
and hence the peak hydration temperature is also increased. However, for
a well-insulated structure, the temperature gradient across concrete
element is reduced. Therefore, the use of well-insulated formwork (like
timber) increases the maximum temperature and reduces the temperature
gradient across the structure at the same time. Hence, whether steel or
timber formwork should be used to control thermal cracking is dependent
on the restraints and the size of section.

If the section under consideration is thick and internal restraint is the likely
cause to thermal cracking, then timber formwork should be used. On the
other hand, if external restraint is the main concern for thermal cracking,
then steel formwork should be used instead.

14. For the purpose of defining the serviceability crack width limit
state, the maximum design surface crack widths for the exposure
conditions defined in BS8007 should be taken to be the following:

The maximum design surface crack widths for direct tension and
flexure or_ restrained temperature and moisture effects are:

1) severe or very severe exposure: 0.2 mm;

2) critical aesthetic appearance: 0.1 mm.

Is the crack width induced by concrete hydration an d flexure should

be considered individually to satisfy the above max imum crack width
requirements? (C1)
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The crack width induced by concrete hydration and flexure should be
considered individually to satisfy the above maximum crack width
requirements. For crack width less than 0.2mm, it is assumed that the
mechanism of autogenous healing will take place in which the crack will
automatically seal up before the structure is brought into service. The crack
width induced by hydration, which is checked to be less than 0.2mm, is
sealed up first and then it will be subject to flexure for another checking on
crack width.

15. What is the purpose of reducing the seasonal an d hydration
temperature by one-half in the calculation of crack widths arising
from thermal movement? (C1)

In the calculation of thermal movement, the following formula is used in
most codes:

Wmax=S X a X (T1+T2)/2

where Wmax = maximum crack width

s = maximum crack spacing

a = coefficient of thermal expansion of mature concrete

T,= fall in temperature between peak of hydration and ambient
temperature

T,= fall in temperature due to seasonal variation

For Ty, it represents the situation when the freshly placed concrete is under
hydration process. Since the occurrence of high creep strain to the
immature concrete tends to offset the effect of early thermal movement, a
factor of 0.5 is purposely introduced to

take into account such effect.

For T, it refers to the seasonal drop in temperature for the mature concrete.
Owing to the maturity of concrete in this stage, the effect of creep on
concrete is reduced accordingly. Since the ratio of tensile strength of
concrete (fy) to average bond strength between concrete and steel (fy)
increases with maximum crack spacing, the lower values of f./ f, in mature
concrete leads to smaller crack spacing. Therefore, the increased number
of cracks helps to reduce the effect of thermal movement brought about by
seasonal variation. Hence, T, is reduced by one-half to cater for further
creep and bond effects in mature concrete.
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16. Is the requirement of crack width limitation (< 0.5mm) be effective
in control ling reinforcement corrosion? (C1)

In many standards and code of practice of many countries, the allowable
size of crack width is normally limited to less than 0.5mm for reinforced
concrete structure to enhance the durability of concrete. The limitation of
crack width can serve the aesthetic reason on one hand and to achieve
durability requirement by avoiding possible corrosion of steel reinforcement
on the other hand. Regarding the latter objective, site surveys and
experimental evidence do not seem to be in favor of the proposition. Beeby
[6] showed that there was no correlation between surface crack width
(<0.5mm) and durability of reinforced concrete structure. In practice, most
corrosion problems are triggered by the presence of surface cracks parallel
to the reinforcement instead of surface cracks perpendicular to the
reinforcement.

17. How are shear forces transmitted across a reinf  orced concrete
crack?

There are two principle mechanisms in transferring shear forces across a
reinforced concrete crack, namely, aggregate interlock and dowel action.
The aggregate interlock refers to the interaction between rough surfaces of
the crack. The shear stiffness of aggregate interlock is influenced by the
axial tensile stiffness of the reinforcement. When shear displacement
occurs, there is a tendency for the crack to widen. In the meantime, the
reinforcement restrains the crack widening, which subsequently increases
in axial stress of the reinforcement. On the other hand, dowel action refers
to the shear resisted by the reinforcement.

18. What is the difference between plastic shrinkag e cracks and
crazing cracks? (C2)

Plastic shrinkage cracks are caused by a rapid loss of water from concrete
surface before setting of concrete such that the rate of evaporation of
surface water is higher than the rate of replacement of upward rising water.
Tensile force is developed at concrete surface which forms plastic
shrinkage cracks when the concrete starts to stiffen. Plastic shrinkage
cracks appear to be parallel to each other with spacing of about 300mm to
1m. The cracks are shallow and generally do not intersect the perimeter of
concrete slab.
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Crazing is the formation of a network of fine cracks on concrete surface
caused by early shrinkage of surface layer. The pattern of crazing cracks is
in the form of irregular hexagon. The cause of crazing cracks is the
shrinkage of concentrated dense cement paste at concrete surface. A wet
mix tends to depress the coarse aggregates and form a highly
concentrated cement paste and fines on surface. Hence, the difference
between plastic shrinkage cracks and crazing cracks lies in the fact that
crazing cracks arise from the shrinkage of weak material such as laitance
in concrete surface while plastic shrinkage cracks appear even in normal
concrete surface.

19. What are the reasons of occurrence of dusting a nd scaling of
concrete surface? (C2)

Dusting refers to the formation of loose powder arising from the
disintegration of concrete surface. For dusty concrete surface, they can
be easily scratched by nails. The cause of dusting can be related to
finishing works carried out before completion of concrete bleeding. The
working back of bleeding water to concrete surface produces a low
strength layer with high water cement ratio. It may also arise owing to
inadequate curing and inadequate protection of freshly placed concrete
against rain, wind and snow.

Scaling is the occurrence of peeling of hardened concrete surface as a
result of freezing and thawing effect. Scaling occurs in non-air-entrained
concrete as air entrainment is normally adopted to protect concrete
against freezing and thawing. Spaying of sodium chloride deicing salts is
also another common cause of scaling.

20. What is the effect of concrete placing temperat ure on early
thermal movement?

The rate of hydration of cement paste is related to the placing temperature
of concrete. The rate of heat production is given by the empirical Rastrup
function:
H - H X 2r(T—T1)

[0}
Ho, = Rate of heat production at a reference temperature

T = Temperature where rate of heat production H
T1 = Temperature where rate of heat production H,
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r =0.084

An 12°C increase in placing temperature doubles the rate of reaction of
hydration. Hence, concrete placed at a higher temperature experiences a
higher rise in temperature. For instance, concrete placed at 32°C produces
heat of hydration twice as fast when compared with concrete placing at
20°C. Hence, high concrete placing temperature has significant effect to
the problem of early thermal movement.

21. What are the differences in method to seal movi ng cracks and
non-moving cracks in concrete?

In devising a suitable method to seal up cracks detected on concrete
surface, it is of paramount importance to determine if further movement
would be expected for the cracks. If the crack is not expected to move
further, it is sufficient to brush cement grout into it. For wider cracks, other
materials like latex-cement mixture may be considered for sealing the
crack.

When further movement is expected for the crack, seals wider than the
cracks are recommended to be applied over the crack in order to reduce
the strain around it to an acceptable level. Moreover, it is desirable to apply
the treatment when the cracks are widest so that the sealing material is not
subject to further extension. Care should be taken to prevent bonding of
sealing material with the bottom of the crack to ensure that only direct
tension forces are experienced in the sealing material.

22. What is the difference in functions between int  ernal waterstop and
external waterstop? (J4)

External waterstops are applied externally on the structures and they
proved to be effective when installed on the face with a net clamping
pressure. For instance, external waterstops can be placed on the outer
face of a basement to guard against water entry into the basement.

Internal waterstops are applied internally within the thickness of concrete
and it is usually adopted when water pressure can act in both ways. They
proved to be effective measures to guard against water flow in both
directions but its success lies on the proper installation of waterstops inside
the concrete structure. For instance, the installation of waterstops inside
concrete slab encounters the problem of improper compaction of concrete
around the waterstops.
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23. Shall reversible moisture movement be taken int 0 account in
estimating movement for movement joints?

The size of concrete is affected by changes in atmospheric humidity:
moisture causes expansion while drying causes shrinkage. Such moisture
movement is reversible. This is totally different from drying shrinkage in
which concrete slowly loses moisture during hardening, thus causing
irreversible shrinkage.

In fact, the variation of humidity and the estimated reversible moisture
movement is not significant (about 30%) and therefore, its contribution to
movement does not justify for movement joints as suggested by MN
Bussell & R Cather (1995).
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Level Two (Advanced FAQS)

Part II: Formwork and Curing

1. What is the difference between release agent, fo rm oils, form
releaser, demoulding agent? (F1)

Release agent, form oils, form releaser and demoulding agent are
materials for separating formwork from hardened concrete. Though they
generally refer to the same meaning, there are slight differences among
these terms.

Release agent: Materials that contain ingredients which are
chemically combined with cement.

Form oils: Diesel oils or other oil types.

Form releaser
and demoulding agent: General terms to describe materials which perform
separation of forms from concrete.

2. How can release agent help to separate formwork from concrete?
(F1)

There are generally two main types of form releaser: barrier type or
chemically active type.

For barrier type (e.g. form oil), it creates a barrier between the form and the
fresh concrete. However, the quick evaporation of diesel oils affects clean
air.

For chemically active type (e.g. release agent), an active ingredient (e.qg.
fatty acid) chemically combines with calcium (lime) in the fresh cement
paste. This calcium/fatty acid product (grease or metallic soap) is stable
and causes the formwork to release from the hardened concrete. It is this
slippery, greasy, non-water soluble soap which allows the easy releasing
of formwork from hardened concrete.

3. What are the potential problems of excessive app lication of form
oils? (F1)

The problems of excessive application of form oils are:
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() It stains the surface of hardened concrete.

(i) Excess oils have nowhere to escape and find its way inside the
cement paste and form holes subsequently. The oils bead up
because of its incompatibility with water in chemical nature.

(i) Higher cost is associated with increased usage of form oils.

(iv)In a relatively short time essentially most diesel oil evaporates so
that it creates environmental problem.

3. How can permeable formwork improve the quality o f concrete?

Permeable formwork serves as a filter that allows excess water and
trapped air to escape from concrete surface. During compaction by
vibrators, the fluid movement through permeable formwork drives out air
and water, leaving behind a denser and stronger concrete. The movement
of water results in a decrease in water in fresh concrete and fines cement
particles from interior concrete shall be carried towards the formwork.
Hence, it lowers the water cement ratio at concrete surface and enhances
a higher strength near concrete surface.

In traditional formwork, during concrete compaction process the vibration
tends to force water to the surface of concrete mass owing to the
rearrangement of solid particles in concrete. As such, the concrete in
concrete/formwork interface possess more water than the interior concrete.
Consequently, the higher water cement ratio at concrete surface would
lower the surface strength. Permeable formwork functions and solves this
problem by allowing excess water to pass through.

4. What is the relation of pouring rate and tempera  ture with concrete
pressure on formwork?  (F2)

Freshly placed concrete exerts pressure on formwork during the placing
operation. It is influenced by the rate of placing and the air temperature.
For instance, if the concrete pouring rate is too slow, setting of concrete
starts to take place. As a result, the concrete at the bottom of the formwork
sets prior to the placing of fresh concrete at the top and the maximum
pressure will be reduced.

Temperature affects the rate of hydration of concrete. The higher the air
temperature is, the higher will be the rate of hydration reaction.
Consequently, fresh concrete tends to set at a faster rate. The pressure
exerted on formwork decreases with an increase in temperature. For this
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reason, formwork is subjected to a higher pressure exerted by fresh
concrete in winter than in summer.
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Fig. Diagram of design concrete pressure diagram on formwork.

5. Is late removal of formwork beneficial to cater for early thermal
movement? (F3)

Let us take a circular column as an example to illustrate effect of internal
restraint to thick sections.

When the temperature is rising, temperature in the core is higher than that
at outer zone. The inner core will have a higher expansion and exert
pressure to the outside. The induced compressive stress will result in the
formation of radial cracks near the surface of concrete.

When the temperature drops, the concrete at the outside drops to
surrounding temperature while the concrete at the central region continues
to cool down. The contraction associated with inner concrete induces
tensile strains and forms cracks tangential to the circular radius.

It is beneficial for thick sections (say >500mm) to have late removal of
formwork to reduce early thermal cracking. This is to allow more time for
the centre of concrete section to cool down gradually to reduce the risk of
thermal cracking. This is effective in controlling the temperature differential
across the cross section of the concrete structures and reducing the
potential of internal cracking due to early thermal movement.

6. Comparing the rate of “Formwork exceeding 300mm wide,

horizontal or at any inclination up to and includin g 5° to the
horizontal” with the rate of “Formwork exceeding 30 Omm wide, at any
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inclination more than 85 ° up to and including 90 ° to the horizontal”,
which one is higher?

The item “Formwork exceeding 300mm wide, at any inclination more than
85° up to and including 90° to the horizontal” refers to formwork formed
vertically and when compared with formwork erected in horizontal plane,
the amount of falsework required is smaller.

The item “Formwork exceeding 300mm wide, horizontal or at any
inclination up to and including 5° to the horizontal” refers to formwork to be
erected in horizontal position and in general it requires much falsework to
support this type of formwork. Therefore, the rate for this item is higher
than the one mentioned in the above paragraph.

7. In erection of falsework, for a rectangular pane | inside a falsework
should it be braced along the two diagonals? (F4)

When a rectangular panel is subject to an eccentric load or a lateral load, it
tends to deform into a parallelogram with one diagonal shortening and the
other elongating. Theoretically, it is sufficient to brace along one of the
diagonals (the one in tension). If one diagonal is only allowed to brace
inside the rectangular panel, it should be not braced in the diagonal in
compression because under severe lateral loading the diagonal may
buckle leading to failure of structure.

However, in actual situation lateral loads may come from both sides of the
panel and hence it should be braced in both diagonals.

8. For long slender structures like beams, propping is required after
removal of formwork. Why? (F4)

After concreting, the time at which striking of formworks should not be too
long, otherwise it would affect the colour of concreted structures. For long
span concrete structures, when they have attained sufficient strength to
support their self-weight, creep deflection may occur in these structures if
propping is not provided after the removal of formwork. Therefore,
re-propping is carried out after removing formwork and these props should
not be allowed to stand too long because creep loads may overstress
them.

Note: Propping refers to provision of falsework to support slabs and beams during their
gain in concrete strength after concreting.
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9. Is curing compound suitable for all concrete? (C 1)

For concrete structures with low water-cement ratio (i.e. less than 0.4), it
may not be suitable to use curing compound for curing. When hydration
takes place, the relative humidity of interior concrete drops which leads to
self-desiccation and drying-out. With no external supply of water, the
cement paste can self-desiccate in such an extent that the hydration
process stops. As such, curing compounds may not be sufficient to retain
enough water in the concrete. In this case, wet curing is a better choice
which serves to provide an external source of water.

10. What is the difference between curing compound and sealing
compound? (C1)

Curing compound is primarily used for reducing the loss of moisture from
freshly-placed concrete and it is applied once after concrete finishing is
completed. Sealing compounds is adopted to retard the entrance of
damaging materials into concrete and they are normally applied after the
concrete is placed for 28 days. The harmful substances include water,
deicing solutions and carbon dioxide which eventually cause freeze-thaw
damage, steel corrosion and acid attack respectively.

11. Curing time in summer is less than that in wint ~ er. Why?

While concrete sets, it gains hardness and strength as the process of
hydration slowly spreads the entire body of material. Curing should be
allowed to continue for several days before subjecting the new concrete to
significant stress. The period of curing depends on the temperature
because the rate of all chemical reactions is dependent on temperature.
Therefore, in summer the rate of reaction (hydration) is faster so that a
shorter curing time is required. On the contrary, in winter the rate of
reaction (hydration) is slower so that a longer curing time is required.

12. Why does plastic sheet cause discolouration to freshly placed
concrete? (C2)

Plastic sheets are commonly used in curing to prevent moisture loss from
concrete surface. However, it is not uncommon that discolouration occurs
on the concrete surface. When plastic sheeting is spread over concrete
surface and in direct contact with concrete, it tends to leave colour streaks
on concrete surface. The problem of discolouration becomes even worse
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when calcium chloride is used in concrete mixes.

13. What are the disadvantages of curing by ponding and polythene
sheets? (C2)

The purpose of curing is to reduce the rate of heat loss of freshly placed
concrete to the atmosphere and to minimize the temperature gradient
across concrete cross section. Moreover, curing serves to reduce of the
loss water from freshly placed concrete to the atmosphere.

Ponding: This method of thermal curing is readily affected by weather
condition (cold wind). Moreover, a large amount of water used has to be
disposed off the construction sites after curing.

Polythene sheet: This method of curing is based on the principle that there
is no flow of air over the concrete surface and thereby no evaporation can
take place on top of the freshly concreted surface by provision of polythene
sheets. However, it suffers from the demerit that polythene sheets can be
easily blown off in windy condition and the performance of curing would be
affected. Moreover, for water lost due to self-desiccation, this method
cannot replenish these losses.
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Level Two (Advanced FAQS)

Part lll: Steel Reinforcement

1. What is the difference in application between op  en stirrups and
closed stirrups in concrete beams?

Open stirrups are provided principally to resist shear forces in concrete
beams and they are applied in locations in which the effect of torsion is
insignificant. U-shaped stirrups are placed in the tension side of concrete
beams in which shear cracks would occur. However, when concrete beams
are designed to resist a substantial amount of torsion, closed stirrups
should be used instead.

2. What are the reasons for establishing minimum di  stance between
bars and maximum distance between bars? (SR1)

In some codes, a minimum distance between bars is specified to allow for
sufficient space to accommodate internal vibrators during compaction.

On the other hand, the restriction of maximum bar spacing is mainly for
controlling crack width [49]. For a given area of tension steel areas, the
distribution of steel reinforcement affects the pattern of crack formation. It is
preferable to have smaller bars at closer spacing rather than larger bars at
larger spacing to be effective in controlling cracks. Hence, the limitation of
bar spacing beyond a certain value (i.e. maximum distance between bars)
aims at better control of crack widths.

3. What are the reasons of establishing minimum are a of
reinforcement and maximum area of reinforcement? (S R2)

Beams may be designed to be larger than required for strength
consideration owing to aesthetics or other reasons. As such, the
corresponding steel ratio is very low and the moment capacity of pure
concrete section based on the modulus of rupture is higher than its ultimate
moment of resistance. As a result, reinforcement yields first and extremely
wide cracks will be formed. A minimum area of reinforcement is specified to
avoid the formation of wide cracks [49].

On the other hand, a maximum area of reinforcement is specified to enable
the placing and compaction of fresh concrete to take place easily.
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4. Why is tension anchorage length generally longer than
compression anchorage length? (SR3)

Tension anchorage length of steel reinforcement in concrete depends on
bond strength. When steel reinforcement is anchored to concrete and is
subjected to compressive forces, the resistance is provided by the bond
strength between concrete and steel and the bearing pressure at the
reinforcement end. Tension lap length is generally longer than compression
lap length. In some design codes, instead of permitting the use of bearing
pressure at reinforcement ends, the allowable ultimate bond stress is
increased when calculating compression anchorage length.

5. Why does lap length generally greater than ancho rage length?
(SR3)

In some structural codes, the lap length of reinforcement is simplified to be
a certain percentage (e.g. 25%) higher than the anchorage length. This
requirement is to cater for stress concentrations at the end of lap bars. A
smaller load when compared with the load to pull out an anchored bar in
concrete triggers the splitting of concrete along the bar because of the
effect of stress concentration. A higher value of lap length is adopted in
design code to provide for this phenomenon.

6. Does longitudinal steel serve as an enhancement of shear
strength?

In addition to shear resistance provided by shear reinforcement, shear
forces in a concrete section is also resisted by concrete compression force
(compressive forces enhances higher shear strength), dowel actions and
aggregate interlocking. The presence of longitudinal steel contributes to
the enhancement of shear strength of concrete section in the following
ways [46]:

(i) The dowelling action performed by longitudinal reinforcement directly
contributes significantly to the shear capacity.

(i) The provision of longitudinal reinforcement also indirectly controls the
crack widths of concrete section which consequently affects the degree
of interlock between aggregates.

7. Why are longer tension lap lengths designed att  he corners and at
the top of concrete structures? (SR3)
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In BS8110 for reinforced concrete design, it states that longer tension lap
lengths have to be provided at the top of concrete members. The reason
behind this is that the amount of compaction of the top of concrete
members during concrete placing is more likely to be less than the
remaining concrete sections [49]. Moreover, owing to the possible effect of
segregation and bleeding, the upper layer of concrete section tends to be
of lower strength when compared with other locations.

When the lap lengths are located at the corners of concrete members, the
degree of confinement to the bars is considered to be less than that in
other locations of concrete members. As such, by taking into account the
smaller confinement which lead to lower bond strength, a factor of 1.4 (i.e.
40% longer) is applied to the calculated lap length.

8. What is the purpose of setting minimum amount of longitudinal
steel areas for columns? (SR2)

In some design codes it specifies that the area of longitudinal steel
reinforcement should be not less than a certain percentage of the sectional
area of column. Firstly, the limitation of steel ratio for columns helps to
guard against potential failure in tension. Tension may be induced in
columns during the design life of the concrete structures. For instance,
tension is induced in columns in case there is uneven settlement of the
building foundation, or upper floors above the column are totally unloaded
while the floors below the column are severely loaded. Secondly, owing to
the effect of creep and shrinkage, there will be a redistribution of loads
between concrete and steel reinforcement. Consequently, the steel
reinforcement may vyield easily in case a lower limit of steel area is not
established.

In addition, test results showed that columns with too low a steel ratio
would render the equation below inapplicable which is used for the design
of columns:

N=0.67fuAcH,As

9. Why does the presence of tension reinforcement|  ead to increasing
deflection in concrete structures?

In BS8110 a modification factor is applied to span/depth ratio to take into

account the effect of tension reinforcement. In fact, deflection of concrete
structure is affected by the stress and the amount of tension reinforcement.

112



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

To illustrate their relationship, let's consider the following equation relating
to beam curvature:

Curvature = 1/r = e/(d-x)

where r =radius of curvature
e = tensile strain in tension reinforcement
d = effective depth
x = depth of neutral axis

Provided that the tensile strain in tension reinforcement remains constant,
the curvature of concrete structure increases with the depth of neutral axis.
It is observed that the depth of neutral axis rises with tension steel ratio.
Therefore, the curvature of concrete section is directly proportional to the
tension steel ratio. In addition, the larger value of the depth of neutral axis
enhances increased area of concrete compression so that the effect of
creep on deflection appears to become significant.

10. For column reinforcements, why is helical reinf  orcement
sometimes designed instead of normal links?

The use of links for column design in Britain is very popular. However, in
U.S.A. engineers tend to use helical reinforcement instead of normal links
because helical reinforcement has the potential advantage of protecting
columns/piles against seismic loads. Moreover, when the columns reach
the failure state, the concrete outside hoops cracks and falls off firstly,
followed by the eventual failure of the whole columns. The peeling off of
concrete outside helical reinforcement provides a warning signal before the
sudden failure of columns as suggested by G. P. Manning (1924). In
addition, it can take up a higher working load than normal link
reinforcement.

For instance, helical reinforcement is adopted in the design of marine piles
in Government piers.

Note: Helical reinforcement refers to shear reinforcement which is spiral in shapes.
11. What is the effect of rusting on steel reinforc ~ ement? (SR4)
The corrosion of steel reinforcement inside a concrete structure is

undesirable in the following ways:
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() The presence of rust impairs the bond strength of deformed
reinforcement because corrosion occurs at the raised ribs and fills the
gap between ribs, thus evening out the original deformed shape. In
essence, the bond between concrete and deformed bars originates
from the mechanical lock between the raised ribs and concrete. The
reduction of mechanical locks by corrosion results in the decline in bond
strength with concrete.

(i) The presence of corrosion reduces the effective cross sectional area of
the steel reinforcement. Hence, the available tensile capacity of steel
reinforcement is reduced by a considerable reduction in the cross
sectional area.

(i) The corrosion products occupy about 3 times the original volume of
steel from which it is formed. Such drastic increase in volume generates
significant bursting forces in the vicinity of steel reinforcement.
Consequently, cracks are formed along the steel reinforcement when
the tensile strength of concrete is exceeded.

12. Hong Kong General Specification for Civil Engin  eering Works
(1992 Edition) Clause 15.09 specifies that tying wi res for
reinforcement adjacent to and above Class F4 and F5  finishes should
be stainless steel wires. Why? (SR4)

If plain steel tying wires are used for reinforcement adjacent to Class F4
and F5 finishes, it poses the problem of rust staining which may impair the
appearance of exposed concrete surfaces. The rate of corrosion of plain
steel tying wires is similar to normal steel reinforcement. However, for tying
wires with very small diameter, upon long exposure it stands a high chance
of rusting completely and these rust will stain the formwork and significantly
affect the concrete finish. Therefore, stainless steel tying wires are
specified for locations in the vicinity of high quality of finishes to avoid rust
staining by corroded typing wires.

Note: Tying wires are wires used for fixing and connecting steel reinforcement bars.

13. Which type of bar reinforcement is more corrosi on resistant,
epoxy-coated bars, stainless steel bars or galvaniz  ed bars? (SR4)

Based on the experiment conducted by the Building Research
Establishment, it was shown that the corrosion resistance of galvanized
steel was the worst among the three types of bar reinforcement. For
galvanized steel bars, corrosion started to occur when a certain chloride
content in concrete (i.e. 0.4% by cement weight) was exceeded. However,
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for epoxy-coated bars, they extended the time taken for cracking to occur
when compared with galvanized steel bars.

The best corrosion resistant reinforcement among all is stainless steel. In
particular, austenitic stainless steel stayed uncorroded even there was
chloride contamination in concrete in the experiment. Reference is made to
K. W. J. Treadaway (1988).

14. Does the presence of rust have adverse impact t o the bond
performance of bar reinforcement? (SR4)

In fact, the presence of rust in bars may not have adverse impact to the
bond performance and it depends on the types of bar reinforcement under
consideration.

For plain round bars, the rust on bars improves the bond performance by
the formation of rough surfaces which increases the friction between steel
and concrete.

However, for deformed bars, the same theory cannot apply. The presence
of rust impairs the bond strength because corrosion occurs at the raised
ribs and subsequently fills the gap between ribs, thus evening out the
original deformed shape. In essence, the bond between concrete and
deformed bars originates from the mechanical lock between the raised ribs
and concrete. On the contrary, the bond between concrete and plain round
bars derives from the adhesion and interface friction. With such differences
in mechanism in bonding, the behaviour of bond between deformed bars
and plain round bars in the presence of rust varies. Reference is made to
CIRIA Report 147.

15. What is the difference in bonding performance t o0 concrete
between epoxy-coated bars and galvanized bars?

Based on the findings of CEB Bulletin 211 [11], the bonding of galvanized
bars to concrete is lower in early age owing to hydrogen release when zinc
reacts with calcium hydroxide in concrete and the presence of hydrogen
tend to reduce the bond strength between galvanized bars and concrete.
However, bonding will increase with time until the full bond strength of
ungalvanized bars is attained.

For epoxy-coated bars, there is a 20% decrease in bond strength for bars
placed at the bottom of concrete sections while for bars placed on the top
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there is no major difference in bond compared with uncoated bars.
16. What is the purpose of skin reinforcement ford  eep beams?

In BS8110, it states that secondary reinforcement should be provided for
beams exceeding 750mm deep at a distance measured 2/3 depth from the
tension face. Experimental works revealed that at or close to mid-depth of
deep beams, the maximum width of cracks arising from flexure may be
about two to three times larger than the width of the same crack at the level
of surface where the crack originally forms.

The presence of crack is undesirable from aesthetic point of view.
Moreover, it poses potential corrosion problems to reinforcement of deep
beams. To safeguard against these crack formation, skin reinforcement is
designed on the sides of deep beams to limit the formation of flexural crack
widths. Though the principal function of skin reinforcement is to control
crack width, it may be employed for providing bending resistance of the
section.

116



A Self-Learning Manual

Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

4. Module Three: Drainage and Sewage Works

Objectives

Element | Description | Objective No.

Drains

Design of Drains | Match soffit DD1
Spigot pointing downstream direction DD2
Embankment/Trench condition DD3

Element of Drains | Shape ED1
Bedding ED2
Trench ED3
Concrete surround ED4

Drain Type Flexible pipes DT1
Precast concrete pipes DT2

Box Culverts, Manholes and Catchpits

Box Culvert Geotextile filter BC1
Joints BC2
Single-cell/Multiple-cell BC3
Inlet and Outlet BC4

Manholes Components M1
Manhole covers M2
Spacing M3

Channels

Channels Joints C1
Freeboard C2
Access ramp C3
Stoplog C4
Outlet C5
Dams C6
Stilling basin C7
Flap valves C8
Penstock C9

Riprap Channel Construction method RC1

Sewers

Sewers Precast concrete S1
Vitrified clay pipe S2
Sewer Manholes S3

Design of sewers | Sediment deposition DS1
Pipe deflection DS2
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Element

Description

Objective No.

Pumps

Wetwell/dry well

P1

Hydraulic Design

Hydraulic Design | Rational Method HD1
Colebrook White formula/ Manning’s HD2
formula
Moody Diagram HD3
Flow design HD4
Best hydraulic section HD5
Hydraulic jump HD6
Cavitation HD7
Manhole loss HD38
Flooding HD9

Box Culvert Critical slope BC1
Tailwater level BC2

Cracking and Tests

Cracking Reasons for occurrence C1

Tests Air test/water test T1
Water absorption test T2
Sand replacement test T3
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Level One (Core FAQS)

Part |: Drains

1. Why is it preferable to design stormwater drains to match soffit?
(DD1)

Stormwater drains collect stormwater in their corresponding catchment
areas during rainstorm and convey the collected water through outlets to
the sea. Therefore, in considering the hydraulic design of stormwater
drains, other than normal drainage pipe capacity to be taken into
consideration, one should check the backwater effect due to tidal condition
at outlets if the drains are located quite close to the downstream end of
outlets.

Stormwater drains are normally designed to match soffit to avoid
surcharging by backwater effect or when the downstream pipes are
running full. Normally pipe size increases from upstream to downstream.
For the case of matching drain invert, when outlet pipes are fully
surcharged by tidal effect of the sea or when the downstream pipes are
fully filled with stormwater, pipe sections immediately upstream of the outlet
are also surcharged too. However, for the case of matching pipe soffit, the
immediate upstream sections of outlet pipes are not totally surcharged
even though downstream pipes are running full. However, it is not always
practical to maintain soffit for all pipelines because it requires sufficient
drop to achieve this.

Moreover, the flow of stormwater is mainly by gravity in the design of
stormwater drains. In case the drains are designed to match invert, then it
stands a high probability that the flow in the upstream smaller pipes has to
be discharged against a head.

Note: Matching soffit means that all pipelines are aligned continuously with respect to the
pipelines’ crown level.

119



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

-_— SEA WATER LEVEL
h74

/F“.ﬁ.HT]ﬁLLT FILLED FIPE

SEA WATER LEVEL
o

\_\_\/—SUH CHARGED FI1PE

Fig. Match soffit VS match invert

2. Should precast concrete pipes be laid with spigo t pointing
downstream direction when fitted into sockets? (DD2 )

There is a general rule of laying precast concrete pipes: the precast
concrete pipes should be laid from downstream end to upstream end.
Moreover, precast concrete pipes should preferably be laid with spigot end
pointing downstream direction when fitted into sockets.

The reason of laying pipes from downstream to upstream is that any
rainfall occurs during construction can be drained off the site without
flooding the pipe trench. Moreover, gravity and other forces applied to the
pipes during installation of pipe joints help tighten the joint and eliminate
any remaining joint gap. On the other hand, for pipe laying with spigot point
downstream direction, this prevents the joints from opening up arising from
pipeline movement. The concrete pipe joints are also protected from the
entry of foreign materials.

3. Which shape of drains is better, elliptical orc  ircular? (ED1)
Horizontal elliptical pipes are commonly used where vertical clearance is
hindered by some existing structures. Moreover, horizontal elliptical pipes

possess higher flow capacity for the same flow depth than most other
structures with equivalent full capacity.
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For vertical elliptical pipes, it requires less excavation during trench
installation owing to its narrow span. Moreover, backfill loads on the pipe is
reduced when compared with circular pipes. Also, owing to its geometric
shape, it is mostly used where there is limitation of horizontal clearance.
From hydraulic point of view, vertical elliptical pipes allow higher
self-cleansing velocity under dry season.

4. Sometimes, “TOP’ are observed on the surface of concrete pipes.
What does it mean?

It is obvious that pipes should lifted up and laid with “TOP” up. Otherwise,
cracking may occur in the portion labeled “TOP” because they are not
supposed to take up significant loads on the sides of the pipe.

In fact, the reinforcing cage in concrete pipes can be circular or elliptical.
For pipes with elliptical reinforcing cage, it may contain the label “TOP” on
its top. Elliptical reinforcing cage is more effective to resist loads because
the reinforcement is mainly placed on the tension side of the concrete pipe.
As such, the use of elliptical reinforcement needs less steel than circular
ones for the same loading carrying capacity.

OVAL REINFORCEMENT

e S & e

Fig. Oval reim;c;cement in concrete pipes
5. What are the functions of bedding under stormwat er drains? (ED2)

Bedding, which are normally made of granular materials or concrete,
serves four main functions as suggested by O. C. Young and J. J. Trott:

() To enhance a uniform support under pipes in order to reduce the

bending moment longitudinally;
(i)  To increase the load-supporting strength of the pipes;
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(i) For pipes with spigot and socket joints, it enables pipes to be
supported along pipe lengths instead of pipe sockets. Otherwise,
uneven stress may be induced and it may damage the pipes;

(iv) To provide a platform for achieving correct alignment and level during
and after construction.

6. What is the purpose of granular bedding for conc rete pipes? (ED2)

In designing the bedding for concrete drainage pipes, granular materials
are normally specified instead of soils containing a wide range of different
particle sizes. The main reason of adopting granular material free of fine
particles is the ease of compaction as it requires very little tamping effort to
achieve a substantial amount of compaction and the crushed aggregates
readily move to suitable place around the pipes [67]. However, the use of
granular materials has the drawback that a stable support can hardly be
provided for the drainage pipes. In particular, it cannot maintain an
accurate slope and level for the bedding of concrete pipes. Most pipes are
gravity pipes and the accuracy in level is essential to maintain the flow
capacity.

BEODING DF DRAINAGE FIPES
Fig. Bedding of concrete pipes

7. Should engineers consider embankment condition a nd trench
condition when considering flexible pipes? (DD3)

The structural capacity of flexible pipes (e.g. plastics and metals) is derived
from ring bending stiffness. Owing to creep or relaxation the ring bending
stiffness decreases with time. Flexible pipes are liable to failure by
excessive vertical deflections, ring bending strain and buckling.

For rigid pipes, the shape of embedment determines the amount of loads
on pipes. For trench condition, the side walls of the trench provide frictional
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support to resist the filling material on top of pipes. For embankment
condition, the fill materials on either sides of the pipe settle more than the
soils on top of the pipe leading to increased loads on the pipe. However, for
flexible pipes, it distort in the vertical direction at least as much as the
embedment. The friction effects can hardly be developed to increase the
loads on the pipes more than the loads on soil on its top. Hence, the shape
of embedment is generally not considered when determining the loads on
flexible pipes.

8. Proper installation is essential for flexible pi pes. Why? (DT1)

Flexible pipes are pipes that can deflect at least 2% of the pipe diameter
without any damage. When compared with rigid pipes such as precast
concrete pipes, flexible pipes are comparatively weak and they count
predominantly on the composite action between pipe deflection and
backfilled soils to achieve structural stability. On the other hand, rigid pipes
rely mainly on their inherent structural strength to carry imposed earth and
traffic loads. Hence, improper installation of flexible pipes would
compromise structural performance and results in risk failure.

The design of flexible pipes is complex as the soil boundary conditions
include not only the backfilling trench but also the envelope of original soils
outside the trench. It requires detailed assessment of theoretical pipe
deflection, long-term bending strain and buckling pressure.

9. What are the functions of different layers in th e trench of flexible
pipes? (DT1)

A typical pipe trench for flexible pipes is divided into the following layers:

() Final backfill
This region has little influence on the performance of pipes.
However, as it is close to existing road surface, it highly affects
functioning of roads and structures.

(i) Initial backfill
This zone provides some assistance in supporting pipe loads. It
mainly serves to prevent the flexible pipe from damage upon
placement of final backfill. It is beneficial to increase the depth of
this region.

(iif) Haunching
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This zone provides the resistance to pipe deflection and support
pipe loads.

(iv) Bedding
This zone is commonly made up of compacted fill materials. It
serves to provide even support for pipe laying and to maintain the
pipe with correct line and level.
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Fig. Different bedding layers

10. Does sunlight impair the structural performance of PVC pipes?
(DT1)

Sunlight contains ultraviolet which transform PVC particles to a complex
structures with brownish discoloration. The effect of discoloration can be
reduced with addition of UV absorbers such as titanium dioxide.

Based on past research results, the impact resistance is affected by
sunlight exposure for two years on PVC pipes while there is no effect on
tensile strength and pipe modulus. As flexible pipes resist loadings by
deformation of pipe, there shall be no impact on the pipe’s load-carrying
capacity owing to sunlight exposure. In general, smaller pipes with thin wall
are more likely to be affected by sunlight than larger pipes with thick wall.
For storage of PVC pipes for a long period, it is recommended to protect
them against sunlight by tarpaulin or by painting. For painting PVC pipe, oil
and solvent-based paint should not be used as this would dissolve the PVC
pipe. Water-based paint should be adopted instead.
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11. What is the importance of trench width for the installation of
flexible pipes? (DT1)

Granular bedding is commonly used as bedding for flexible pipes. Granular
material is self-compacting and it helps to reduce the pressure acting on
the wall of pipe trench. Granular materials have higher modulus of soll
reaction than adjacent in-situ soils and this allows it to carry higher loads
than in-situ soils without deformation.

However, for poor in-situ soil conditions, the in-situ soils may not provide
adequate lateral support when the flexible bends deform vertically and
push the sides of pipe outwards the wall of pipe trench. As such, additional
trench width is required so that thicker granular bedding on the sides of
trench can be backfilled. As such, the thicker layer of granular bedding
enhances the spreading of the force over a larger area so that the strength
of poor soils is adequate to support it without failure.

—— FLEXIBLE PIPE

BEDDING —
MATERTAL

Fig. Bedding material of flexible pipes

12. What is the relation of the angle of contact be tween pipe invert
and bedding material to the load resisting capacity of pipe?

Minimum crushing strength is a commonly adopted parameter for
describing the strength of rigid pipes like concrete pipes. This value is
determined in laboratory by subjecting the test concrete pipe to a line load
diametrically along the pipe length while the pipe invert is supported on two
bearers for stability reason. This test is called three-edge bearing test and
the load at failure of pipes is expressed in terms of KN per length of test
pipes (called minimum crushing strength).

Bedding factor of a pipe is defined as the failure load for the pipe laid in
actual ground with bedding to the failure load under three-edge bearing
test. The bedding factor is largely related to the angle of contact between
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pipe invert and the bedding material. The angle of contact between pipe
invert and the bedding material increases with the ratio of bending moment
at invert (for the case of three-edge bearing test) to the angle under
consideration [67].

13. What is the difference between narrow trench co ndition and
embankment (wide trench) condition for drainage des ign? (DD3)

In considering the loads on buried pipeline, there are normally two
scenarios: narrow trench condition and embankment (wide trench)
condition [23].

For narrow trench condition, when the pipe is laid in a relatively narrow
trench with backfill properly compacted, the weight of fill is jointly supported
by both the pipe and the frictional forces along the trench walls. For
embankment condition, the fill directly above settles less than the fill on the
side. Consequently, loads are transferred to the pipeline and the loads on
pipeline are in excess of that due to the fill on pipeline.

The narrow trench condition is used where excavation commences from
the natural ground surface without any fills above the surface. On the
contrary, the embankment condition applies where the pipes are laid at the
base of fill. For instance, embankment condition is normally adopted where
the pipes are laid partly in trench or partly in fill or poor foundations to pipes
are encountered so that the trenches have to be excavated wider than the
minimum requirement.

14. Why is it preferable to minimize the width of p  ipe trenches? (ED3)

From the design point of view, it is preferred to minimize the width of pipe
trenches because of the following reasons [29]:

(i) Higher cost of excavation is associated with wider pipe trenches.

(i) The width of trench affects the loads on installed pipelines in
consideration of embankment condition and wide trench condition. For
minimum pipe trench width, the loads on pipelines can be reduced.

However, sufficient space has to be provided to allow for proper
compaction. This is helpful to reduce the reaction at critical locations of
pipelines under traffic and fill loads. Moreover, consideration should be
given to accommodate temporary works for deep trenches where shoring
has to be provided during construction.
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15. How does lateral pressure of soils affect the d  rain performance?
(ED3)

The presence of lateral pressure of backfilling sidesoils induces bending
moments in the opposite direction from those produced by vertical loads
and bedding support reaction. Such bending moment reduces the flexure
in pipe wall and as a result this causes an equivalent increase in supporting
strength of the pipe.

The lateral pressure of backfilling soils on drains is affected by the
deflection of drains. With no occurrence of deflection, lateral pressure
induced is in the form of active pressure. If pipe deflection occurs, the drain
increases its horizontal dimension so that passive pressure is developed.

16. Why are coupling system usually used for drains constructed in
reclamation areas?

Pipes used in drainage works are normally of spigot and socket type which
is flexibly jointed. For this kind of pipe connections, it allows small amount
of rotation and hence it could withstand certain degree of uneven ground
settlement. Owing to uncertain nature of settlement in reclamation area
where differential settlement is anticipated to occur, coupling system is
usually provided for drains installed in reclamation area which provides a
higher degree of resistance to differential settlement. Otherwise, it may
cause cracking of pipelines leading to washing in of soil inside the pipelines.
In the worst scenario, significant loss of soil may result in ground
subsidence.

17. What are the major areas to be paid attention w hen designing
drainage pipes in reclamation areas?

In reclamation areas drainage pipes are usually laid at flatter gradients
when compared with upstream stormwater pipes. The fact that the nature
of flow in stormwater drain is by gravity makes the downstream pipes in
reclamation areas relatively deep below ground surface. It is preferable to
have outfall of drains above the tidal influence level and this accounts for
the relative flatter gradient of drain pipes in reclamation area.

Attention has to be paid to the possible occurrence of differential

settlement in reclamation area. For pavement design, flexible pavement is
preferred to rigid pavement to cater for settlement problems. Similarly, in
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the design of drains flexible joints like spigot and socket joints and
movement joints in box culverts have to be provided to guard against the
effect of differential settlement.

18. Is it preferable to compact bedding for concrete pipes? (ED2)

In the middle third of the base of precast concrete pipes, the bedding layers
are recommended to be left uncompacted because it helps to reduce the
reaction force at the invert of the pipes and intensifies the effect of shear
forces. Moreover, the bending moment at pipe invert is increased by the
compaction of bedding layer. The general rule for this region of bedding
layer is that it should be firm enough for the pipes to rest on.

The sides of haunch and bedding directly under the haunch should be
compacted because this will reduce the bending moment at the invert
which is the critical failure location for pipes. The compacted haunch helps
to resist the pipe load and maintain level and alignment.

19. When branch pipelines are connected to main pip elines,
sometimes Y-junctions or fitting branched pipelines to main pipelines
by formation of holes in main pipelines are used. W  hich one is a
better choice?

By using standard precast units of Y-junction branch pipelines, it is beyond
doubt that joints between branched pipelines and main pipelines are
properly formed and the quality of joints is relatively less dependent on
workmanship. However, it suffers from the problem that with fixed precast
units of Y-junctions, sometimes it may be difficult for contractors to
determine the precise orientation of specific angles of Y-junctions with
respect to gullies. (e.g. gullies are connected through side branches to
carrier drains)

By forming elliptical holes in main pipelines and fitting the side branches
into them with cement mortar, the quality of pipe joints is highly dependent
on workmanship. It is commonly found that in subsequent CCTV
inspections side branches are projected inside main pipes. This is
undesirable because the projected side branches reduce the cross
sectional area of main pipes locally and affect their hydraulic performance.
Moreover, the projected side pipes may trap rubbish and dirt in the vicinity.
On the other hand, cement mortar may not be properly applied at
connection joints because these areas are hidden from view and are
difficult to be inspected by engineers. Therefore, in selecting between the
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two available methods, engineers should make their own judgments based
on the above considerations.

Y — JUNETION

Fig. Y-junction in drainage pipes.

20. Should the distribution of reinforcement be des igned as uniform
for concrete surround of drainage pipes? (ED4)

Concrete surround is normally adopted for rigid drainage pipes to resist
high traffic loads (e.g. under shallow covers) and to allow for using pipes
with lower strength. Moreover, the use of concrete surround can minimize
settlement of adjacent structures. In addition, the highest possible
accuracy in levels and gradient can be achieved by using concrete
surround as considerable settlement is expected in other types of beddings
like granular bedding.

The distribution of reinforcement in concrete pipes may not be uniform
owing to the occurrence of tensile stresses in different locations around the
circumference of the pipes [67]. For instance, tensile stresses are highest
at the inner face of pipes at invert and crown levels and at the outer face of
the two sides of pipes. An elliptical cage may be designed in order to
optimize the usage of steel reinforcement.

Fig. Concrete surround of drains.
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21. What are the possible defaults for precast conc  rete pipes made by
spinning and vertical casting? (DT2)

Small diameter precast concrete pipes are normally manufactured by
spinning method. The spinning method basically makes use of the principle
of centrifugal forces which diminishes towards the centre of precast pipe.
Hence, problems like the presence of voids and variation of dimension
occur frequently and remedial works like filling of voids by cement mortar
has to be carried out depending on the severity of deficiency.

Large diameter precast concrete pipes are commonly produced by vertical
casting method [67]. In this method the concrete pipes are normally placed
upright with spigot staying on top, resting on socket moulds before the
freshly-placed concrete has set. There is a possibility of deformation of
pipe spigots to form oval shapes.

22. Does autogenous healing make the concrete pipe even stronger
than original? (DT2)

Autogenous healing is common in underground drainage pipes because of
the presence of water on either side of the pipes. The non-moving cracks in
concrete pipes are sealed by calcium carbonate crystals from carbon
dioxide in air and calcium hydroxide in concrete in the process called
autogenous healing. The healed cracks are impermeable and behave even
stronger than the original.

Autogenous healing can also be adopted to combat corrosion. The
presence of water provides the basic conditions for both corrosion and
autogenous healing. Corrosion shall take place with rusting of steel. At the
same time, calcium carbonate from autogenous healing would be
deposited on the cracks and the location of rusting. At last, the two
processes compete i.e. disruption by volume expansion of rusting and the
isolation of steel surface.

23. Why is it preferable to have backfilling partly  -completed before
carrying out water test? (ED3)

Water test is not intended to reassess the individual pipe performance
because this should have been done in the manufacturing process. Instead,
it serves to check the occurrence of faults during pipe laying process and to
ensure that the pipeline can resist the internal hydrostatic service pressure

130



A Self-Learning Manual
Mastering Different Fields of Civil Engineering Works (VC-Q& A Method) Vincent T. H. CHU

it will be subjected to.

After adding water to the pipeline, 24 hours are usually specified before
actual measurement. This stabilization time is required because both the
escape of air trapped at pipe joints and water absorption take time to
complete.

It is recommended that backfilling to pipes shall be partly-completed before
the conducting of water test to cater for possible floating of pipelines in the
event of accidental filling of pipe trench with water. Moreover, it is
recommended to place adequate sidefill to restrain the pipeline to prevent
movement of pipeline during water test. Otherwise, excessive movement of
pipeline from water pressure may result in failure at joints.

24. Why is air test considered for checking leakage in pipes though
there is no direct relation between air loss and wa  ter leakage?

There is no correlation between air loss and water leakage owing to the
physical difference between air and water and the difference in behaviour
of air and water under pressure conditions. Someone may doubt the
philosophy in using air leakage to test for water leakage in pipes.

For cracks and openings of capillary tube size, surface tension may hinder
the flow of water while air would still pass through the minute cracks.
Based on past experience, for pipes passing air test is deemed to have
satisfied water test (infiltration or exfiltration). For pipes which fail air test, it
should also be subjected to water test before considering any replacement
or rehabilitation.
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Level One (Core FAQS)

Part Il: Box Culverts, Manholes and Catchpits

1. Why is geotextile filter introduced below the ro ckfill layer of a
typical box culvert? (BC1)

In a typical box culvert, at the interface between rockfill layer and
sub-grade, a layer of geotextile filter is usually added to perform separation
function. With the addition of geotextile filter layer, it avoids the intermixing
of widely different soil granulations so as to reduce long-term settlement.
Moreover, it also prevents interpenetration of rockfill into sub-grade so that
the deformed configuration of rockfill may impair its intended function of
load spreading.

2. Can dowel bars be omitted in the joints of box ¢ ulvert? (BC2)

Dowel bars in joint normally serve to maintain structural continuity by
transmitting shear forces between adjacent concrete structures. For box
culvert, the use of dowel bars in joints is essential owing to the following
reasons:

(i) Without dowel bars, differential settlement would result and it leads
to the formation of steps in the box culvert. As a result the flow
capacity of box culvert would be reduced.

(i) The steps in the box culvert would also provide locations to trap
rubbish and debris.

3. What is the function of waterstops in joints of box culverts and
drainage channels? (BC2)

The principal function of waterstops is to prevent liquids (e.g. water),
water-borne materials and solids to pass through concrete joints. In
essence, it aims at providing watertightness to the drainage channel.

Besides, waterstops in drainage channels or box culverts can also serve
two other purposes: (i) to avoid water contacting joints’ dowel bars and
causing corrosion. (ii) to avoid water seeping in from the underside of
drainage channels or box culverts, thereby washing in soil particles and
causing voids underneath these structures and finally leading to their
failure. To serve the second purpose, obviously only one waterstop is
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required at any depth location.

To serve the first purpose, a waterstop has to be installed on top of dowel
bars to prevent water from drainage channels from leaking through. On the
other hand, a waterstop has to be provided below dowel bars to avoid
underground water from surging upwards.

In fact, the other way out to serve the first purpose is by using corrosion
resistant bars.

4. What is the difference between inlet control and outlet control in
hydraulic design of box culvert? (BC4)

In the hydraulic design of box culvert, there are two flow controls, namely
inlet control and outlet control. In inlet control, the entrance characteristics
of the box culvert (e.g. headwater depth and entrance configuration)
determine the hydraulic capacity of the box culvert, and the culvert is
actually capable of conveying a greater flow than the inlet would allow.
Barrel shapes and tailwater depth are of no significance in determining the
hydraulic capacity. Inlet control usually takes place for culverts lying on
steep slopes.

For outlet control, the inlet could accept more flow than the box culvert
could carry and the hydraulic capacity of the box culvert is dependent on all
hydraulic factors upstream from outlet tailwater.

5. Which one is better, single-cell box culvert and double-cell box
culvert? (BC3)

The use of double-cell box culverts is preferred to single-cell box culverts
for cross-sectional area larger than about 5m? owing to the following
reasons:

() Where there is tight headroom requirement, the use of double-cell box
culvert can shorten the height of culverts by having a wider base so that
the same design flow can be accommodated.

(i) The invert of one cell can be designed at a lower level to cater for low
flow condition so that it reduces the occurrence of sediment deposition
and avoid the presence of standing waters.

(i) The provision of temporary flow diversion can be easily provided for
inspection and maintenance of each cell. During routine maintenance
operation, water flow can be diverted to one cell and the other one is
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open for desilting.

If a choice has to be made between a single-cell box culvert and smaller
multiple pipes, it is better to select single-cell box culvert because of the
lower risk of blockage when compared with smaller size of multiple pipes.
In addition, the hydraulic performance of a single-cell box culvert is better
than multiple pipes system because of the larger hydraulic radius
associated with the box culvert for a given cross-sectional area.

6. What is the purpose in providing beveled edge in the inlet of box
culvert? (BC4)

The bevel is sometimes introduced at the inlet of box culvert to decrease
the flow contraction at the inlet. In fact, the outlook of bevel is similar to a
chamfer except that a chamfer is smaller in size and it is mainly used to
prevent damage to sharp edges of concrete during construction. The
bevels can be designed as plane or round edges.

The addition of bevels to the inlet of box culverts could increase the

capacity of box culvert by about 5-10%. In fact, the socket end of precast
concrete pipes serves the same function as the bevels in the box culvert.

|
|
|
|
|
L VAR // _—BEVEL

BOX CULVERT
Fig. Beveled edge in inlet

7. Should screens (trash or security) be always pla  ced at culvert inlet?
(BC4)

Screens are provided at culvert inlet owing to one of the following reasons:

(i) To trap trash or debris which might otherwise accumulate in the
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culvert and block the flow subsequently;
(i) To prevent access into the culvert by children.

However, screens are not always placed at culvert inlet and they should be
determined case by case. For trash or security screens installed in place, it
would inevitably trap floating debris and rubbish. Unless they are regularly
removed, it would eventually lead to rise in upstream water level leading to
local flooding.

For new culvert, there is a trend that the use of trash screens is declining.
Trash screens are only placed in culvert inlet where there is a high risk of
blockage history. Instead the need of trash screen can be eliminated by
adopting the following design features:

(i) There are fewer changes of cross section, fewer bends and smooth
transitions into the culvert. As such, it would provide fewer locations
to trap debris and trash.

(i) Provision of good access to the culvert to facilitate regular
inspection.

(i) The culvert should be not designed too long to enhance easy
access to clear a blockage.

8. What are the differences in applications between pipe culverts and
box culverts?

Basically, a culvert means a covered hydraulic structure which conveys
fluid. Therefore in a broad sense, pipe culverts in a small scale represent
normal pipes like precast concrete pipes.

In terms of hydraulic performance, circular section is the best geometrical
sections among all. Therefore, for relative small discharge, precast
concrete pipes and ductile iron pipes are normally used which are circular
in shape. But for applications of very large flow, precast concrete pipes and
ductile iron pipes may not be available in current market. In this connection,
cast-in-situ construction has to be employed. It is beyond doubt that the
fabrication of formwork for circular shape is difficult when compared with
normal box culvert structures. However, circular shape is the most
hydraulic efficient structure which means for a given discharge, the area of
flow is minimum. Therefore, it helps to save the cost of extra linings
required for the choice of box culverts.

However, box culverts do possess some advantages. For example, they
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can cope with large flow situation where headroom is limited because the
height of box culverts can be reduced while the size of pipe culverts is fixed.
Secondly, for some difficult site conditions, e.g. excavation of structure in
rock, for the same equivalent cross-sectional area, the width of box
culverts can be designed to be smaller than that of pipe culverts and this
enhances smaller amount of excavation and backfilling.
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Fig. Small spatial
requirement of box
culver than pipes.
9. What are the functions of the following features observed in a

typical manhole? (i) groove near benching, (i) R.S  .J. (iii) double seal
manhole cover and (iv) u-trap with rodding arm. (M1 )

() The groove is used to facilitate the maintenance of manholes and
sewer/drain pipes. Shutoff boards are erected on the grooves during
maintenance operation so that water flow coming from upstream is
terminated in the manhole and backwater from downstream is also
blocked. In addition, the groove also facilitates water flow diversion for
routine maintenance operation.

(i) R.S.J. is a small-scale size of universal beams and is used for
resisting the high stresses incurred by heavy traffic loads acting
directly on the upper narrow projected section of manholes.

(i) Double seal terminal manhole covers are used for sealing off gases
emitted inside sewer/drains and prevent them from releasing out of
the manhole.

(iv) U-trap with rodding arms is also used for sealing off unpleasant gas
smell by the trapped u-shaped water columns. Rodding arm is
normally closed with rubber rings during normal operation. However,
during maintenance operation, the rubber ring is removed and
rodding can be carried out through the rodding arm.
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10. How can manholes be adapted to the final height of the pavement?
(M2)

Theoretically speaking, the whole manhole structures can be constructed
as a whole instead of splitting into two stages of construction. With detailed
calculation of longitudinal fall and cross fall of road pavement, it is possible
to place and construct the manhole cover and frame in accurate levels and
falls so that the whole manhole can be constructed in a single stage.

However, in actual practice it may not always be possible to accurately
predict the inclination and levels of future manhole cover. As such, it is not
uncommon that the construction of manholes is split into two stages:

(i) 1° Stage: The lower part of manholes is constructed up to the access
shaft (about the level of sub-base). Then a rigid cover is placed over the
access opening of the manholes and bituminous materials are placed
on its top to construct the pavement.

(i) 2" Stage: The bituminous material around the 