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Preface

This book is intended primarily to arouse the iests of graduate engineers, assistant
engineers and engineers in the technical aspedtibengineering works. The content of
the book mainly focuses on providing the reasonsaddption of the various current
practices of civil engineering. By understanding tinderlying principles of engineering
practices, graduate engineers/assistant enginegns#ers may develop an interest in civil
engineering works. It is also intended that the ko@oll serve as a useful source of
reference for practicing engineers.

Some of these questions are selected from the &odlpublished in the column “The Civil
FAQ” in the monthly journallhe Hong Kong Engineemder the Hong Kong Institution of
Engineer. Other than this book, | have written haotbook called “Civil Engineering
Practical Notes A-Z” which contains similar formahd targets to provide quick and
concise answers to frequently asked questionsdrdigeengineers during their day-to-day
work. For reader who have any queries or feedb#uk, author can be contacted at
freewing317@yahoo.com.hk

Vincent T. H. CHU
July 2005
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Chapter 1 — Bridge Works

1. Under what situation shall engineers use jackingt one end only and from both
ends in prestressing work?

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

In fact, stressing at one end only has the poteatizantage of lower cost when compared
with stressing from both ends. For multiple spang.(two spans) with unequal span length,
jacking is usually carried out at the end of thager span so as to provide a higher
prestress force at the location of maximum positn@ment. On the contrary, jacking from
the end of the shorter span would be conductdtkiinegative moment at the intermediate
support controls the prestress force. Howevemheftbtal span length is sufficiently long,
jacking from both ends should be considered.

2. What is “preset” during installation of bridge bearings?

“Preset” is a method to reduce the size of uppateplof sliding bearings in order to save
the material cost. The normal length of a upperibgglate should be composed of the
following components: length of bearing + 2 x ireesible movement + 2 x reversible
movement. Initially the bearing is placed at thed4point of the upper bearing plate
without considering the directional effect of irezgible movement. However, as
irreversible movement normally takes place at oneection only, the bearing is
displaced/presetted a distance of (irreversible enmnt/2) from the mid-point of bearing
in which the length of upper plate length is equathe length of bearing + irreversible
movement + 2 X reversible movement. In this arramgd, the size of upper plate is
minimized in which irreversible movement takes plat one direction only and there is no
need to include the component of two irreversibtevements in the upper plate.

Note: “Preset” refers to the displacement of aaierdistance of sliding bearings with respect tpam
bearing plates during installation of bearings.

3. In incremental launching method of bridge constuction, what are the measures
adopted to enhance sufficient resistance of the sestructure during the launching
process?

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

(i) The superstructure continually experiences altarmatagging and hogging moments
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during incremental launching. Normally, a centreg¢gtress is provided in which the
compressive stress at all points of bridge crossaeis equal. In this way, it caters for
the possible occurrence of tensile stresses inrugume lower part of the cross section
when subject to hogging and sagging moment resyadgti Later when the whole
superstructure is completely launched, continuigspressing is performed in which the
location and design of continuity tendons are basedhe bending moments in final
completed bridge condition and its provision isamentary to the central prestress.
(iiFor very long span bridge, temporary piers previded to limit the cantilever moment.

4. In bridge widening projects, the method of stitbing is normally employed for
connecting existing deck to the new deck. What athe problems associated with this
method in terms of shrinkage of concrete?

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

One of the main concerns is the effect of stredsidgad by shrinkage of newly widened
part of the bridge on the existing bridge. To addrthis problem, the widened part of the
bridge is constructed a period of time (say 6-9 thgnhprior to stitching to the existing

bridge so that shrinkage of the new bridge willetgdtace within this period and the effect
of shrinkage stress exerted on the new bridge msnmzed.

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

Sometimes, longitudinal joints are used in conmectiew bridge segments to existing
bridges. The main problem associated with thisgiess the safety concern of vehicles.
The change of frictional coefficients of bridge Keamnd longitudinal joints when vehicles
change traffic lanes is very dangerous to the VWehicMoreover, maintenance of
longitudinal joints in bridges is quite difficult.

Note: Stitching refers to formation of a segmenibifige deck between an existing bridge and a nidgé.

5. What are the advantages of assigning the centragier and the abutment as fixed
piers?

() For abutment pier to be assigned as fixed pierenthie bridge is quite long, the
longitudinal loads due to earthquake are quiteelarys the earthquake loads are
resisted by fixed piers, the size of fixed pierdl We large and massive. In this
connection, for better aesthetic appearance, tleetgm of abutment as fixed piers
could accommodate the large size and massivengssrsf Normally abutments are
relatively short in height and for the same hortabriorce, the bending moment
induced is smaller.
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(i) For the central pier to be selected as the fixed phe bridge deck is allowed to move
starting from the central pier to the end of theldpe. However, if the fixed pier is
located at the abutment, the amount of movemebetmcorporated in each bearing
due to temperature variation, shrinkage, etc. isentlban that when the fixed pier is
located at central pier. Therefore, the size of emeent joints can be reduced
significantly.

6. Sometimes the side of concrete bridges is obsedvto turn black in colour. What is
the reason for this phenomenon?

In some cases, it may be due to the accumulatiodust and dirt. However, for the
majority of such phenomenon, it is due to fungusalgae growth on concrete bridges.
After rainfall, the bridge surface absorbs wated agtains it for a certain period of time.
Hence, this provides a good habitat for funguslgaeato grow. Moreover, atmospheric
pollution and proximity of plants provide nutrientsr their growth. Improvement in

drainage details and application of painting andtiog to bridges help to solve this
problem. Reference is made to Sandberg ConsultggnEers Report 18380/X/01.

7. In prestressing work, if more than one wire or 8and is included in the same duct,
why should all wires/strands be stressed at the saime?

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

8. In the design of elastomeric bearings, why areteel plates inserted inside the
bearings?

For elastomeric bearing to function as a soft gprihe bearing should be allowed for
bulging laterally and the compression stiffness lbarnncreased by limiting the amount of
lateral bulging. To increase the compression &tffnof elastomeric bearings, metal plates
are inserted. After the addition of steel platég freedom to bulge is restricted and the
deflection is reduced when compared with bearingisout any steel plates under the same
load. Tensile stresses are induced in these skagspduring their action in limiting the
bulging of the elastomer. This in turn would lirthe thickness of the steel plates.

However, the presence of metal plates does nattafie shear stiffness of the elastomeric
bearings.
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Fig. 1.1Effect of steel plate in elastomeric bearing.
9. How to determine the size of elastomeric bearisg

For elastomeric bearing, the vertical load is tesisby its compression while shear
resistance of the bearing controls the horizontayements. The design of elastomeric
bearings are based on striking a balance betweempribvision of sufficient stiffness to

resist high compressive force and the flexibility allow for translation and rotation

movement.

The cross sectional area is normally determinethbyallowable pressure on the bearing
support. Sometimes, the plan area of bearings n¢rated by the maximum allowable
compressive stress arising from the consideratfatetamination of elastomer from steel
plates. In addition, the size of elastomeric begiis also influenced by considering the
separation between the structure and the edge afnigewhich may occur in rotation
because tensile stresses deriving from separatiyncase delamination. The thickness of
bearings is designed based on the limitation ofigiszontal stiffness and is controlled by
movement requirements. The shear strain shouleégdsethan a certain limit to avoid the
occurrence of rolling over and fatigue damage. Vdréical stiffness of bearings is obtained
by inserting sufficient number of steel plates.

10. In a curved prestressed bridge, how should thguided bearings in piers of the
curved region be oriented with respect to the fixedhearing in abutment?

To determine the orientation of guided bearingg should understand the movement of
curved region of a prestressed bridge. Movemeptastress and creep are tangential to the
curvature of the bridge (or along longitudinal axigile the movement due to temperature
and shrinkage effects are in a direction towardsftked pier. If the direction of guided
bearings is aligned towards the fixed bearing emdabutment, the difference in direction of
pretress and creep movement and the guided dine¢twards fixed bearing would
generate a locked-in force in the bridge systene mragnitude of the lock-in force is
dependent on the stiffness of deck and supportbelforce is small, it can be designed as
additional force acting on the support and deckweleer, if the force is large, temporary
freedom of movement at the guided bearings hae fwrévided during construction.
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Fig. 1.2 The diagram showing how the guided bearings imspoé the curved region is
oriented with respect to the fixed bearing in alerim

11. In the construction of a two-span bridge (spafength = L) by using span-by-span
construction, why is a length of about 1.25L bridgesegment is constructed in the first
phase of construction?

Basically, there are mainly three reasons fordhiangement:

0] The permanent structure is a statically indeterteiiséructure. During construction
by using span-by-span construction, if the firsag#of construction consists of the
first span length L only, then the sagging momenthie mid span of the partially
completed bridge is larger than that of complet®d-$pan permanent structure.
To avoid such occurrence, 0.25L of bridge segmerdéxtended further from the
second pier which provides a counteracting montaeteby reducing the mid-span
moment of the partially completed bridge.

(i) The position of 1.25 L countering from the firsepis the approximate location of
point of contraflexure (assume that the two-spadder is uniformly loaded) in
which the bridge moment is about zero in the ewvanfuture loaded bridge.
Therefore, the design of construction joint in tharticular location has the least
adverse effect on the structural performance obtigge.

(i)  In case of a prestressed bridge, prestressing waskto be carried out after the
construction of first segment of the bridge. If gprestressing work is conducted at
the first pier which is heavily reinforced with nédrcement, it is undesirable when
compared with the prestressing location at 1.28mfthe first pier where there is
relatively more space to accommodate prestressomgswy

Note: Span-by-span construction means that a biglgenstructed from one bridge span to anothet itsit
completion.

12. What are the advantages of piers constructed molithically with the bridge deck
over usage of bearings?

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

(1) Movement of the bridge deck is achieved by the bendeformation of long and



200 Questions and Answers on Practical Civil Engimey Works Vincent T. H. CHU

slender piers. In this way, it saves the constomcttost of bearings by using
monolithic construction between bridge deck andrspieMoreover, it is not
necessary to spend extra effort to design for dggrdetails and access for bearing
replacement. On the other hand, in maintenancecaspéstantial cost and time
savings could be obtained by using monolithic cmme$ion instead of using
bearings as bridge articulation.

(i) Monolithic construction possesses the shortesttffe Euler buckling length for
piers because they are fixed supports at the aderbetween bridge deck and piers.

Note: Monolithic construction means that piers@enected to bridge decks without any joints aratibgs.
13. Are diaphragms necessary in the design of corate box girder bridges?

Diaphragms are adopted in concrete box girder badg transfer loads from bridge decks
to bearings. Since the depth of diaphragms nornedbeeds the width by two times, they
are usually designed as deep beams. However, digqpisr may not be necessary in case
bridge bearings are placed directly under the wedrsause loads in bridge decks can be
directly transferred to the bearings based on 3aigaich & Hartmut Scheef (1982). This
arrangement suffers from the drawback that changifigbearings during future
maintenance operation is more difficult.

In fact, diaphragms also contribute to the provisibtorsional restraint to the bridge deck.
14. What is the advantage of sliding bearings oveoller bearings?

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

15. What are the three major types of reinforcementised in prestressing?

(i) Spalling reinforcement

Spalling stresses are established behind the loadksd of anchor blocks and this causes
breaking away of surface concrete. These stresgesduced by strain incompatibility
with Poisson’s effects or by the shape of streggedtories.

(i)  Equilibrium reinforcement
Equilibrium reinforcement is required where thene a&everal anchorages in which
prestressing loads are applied sequentially.

(i) Bursting Reinforcement

Tensile stresses are induced during prestressiagapn and the maximum bursting stress
occurs where the stress trajectories are concawvards the line of action of the load.
Reinforcement is needed to resist these laterailéeforces.

16. Why is the span length ratio of end span/appra@h span to its neighboring inner
spans usually about 0.75?
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From aesthetic point of view, an odd number of spaith a decrease in length in the
direction of abutment is desirable. Moreover, spainsqual length are found to be boring.
However, the arrangement of irregular span lengiimot recommended because it gives a
feeling of uneasiness.

From structural point of view, for a multi-spandge with equal span length, the sagging
moment at the mid-span of the end span/approaah ispargest. In order to reduce this
moment, the span length of end span/approach spaesigned to be 0.75 of inner spans.
However, this ratio should not be less than 0.4fabse of the effect of uplifting at the end
span/approach span support.

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

17. In the design of a simply supported skew bridgevhich direction of reinforcement
should be provided?

In the conventional design of steel reinforcementaf simply supported skew bridge, a set
of reinforcement is usually placed parallel to freige while the other set is designed
parallel to the fixed edge. However, this kind oaagement is not the most efficient way
of placing the reinforcement. The reason is thatame parts of the bridge, the moment of
resistance is provided by an obtuse angle formedhkyreinforcement bars which is
ineffective in resisting flexure. In fact, the mosfficient way of the arrangement of
reinforcement under most loading conditions islex@ one set of bars perpendicular to the
fixed edge while placing the other set parallethte fixed end as recommended by L. A.
Clark (1970). In this way, considerable savings Mdoe obtained from the orthogonal
arrangement of reinforcement.

10
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Fig. 1.3 The arrangement of
reinforcement in skewed bridge.

18. What are the functions of grout inside tendon dicts?

Grout in prestressing works serves the followingppsges:

(i) Protect the tendon against corrosion.

(i) Improve the ultimate capacity of tendon.

(i) Provide a bond between the structural member amtetidon.

(iv) In case of failure, the anchorage is not subjeelltstrain energy.

19. What is the consideration in selecting the ongation of wing walls in the design of
bridge abutments?

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

(i) Wing walls parallel to abutments
This is the simplest and shortest time to buildibutot the most economical design. This
design has the advantage that it has least distoelta existing slope embankment.

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

(iif) Wing walls perpendicular to abutments
Though it is not the most economical design, th@gwwalls provide a continuous

11
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alignment with bridge decks which provide suppddsparapets. However, they cause
disturbances to adjacent structures and utilityises during construction. Moreover, if the
bridge is curved, the wing walls may hinder thedroarvature.

One the other hand, when the wing walls are strattjuconnected to the abutment, then
structural advantage can be taken by the stalifibox structure.

Fig. 1.4Different orientation of wing walls.

20. In joints of precast concrete bridge segmentsyhat are the functions of applying
epoxy adhesive?

12
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Epoxy adhesive is applied in these joints for tlloving purposes according to
International Road Federation (1977):

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

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

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

21. Under what situation should engineers use potelrings instead of elastomeric
bearings?

In the event of high vertical loads combined welhge angle of rotations, rubber bearings
are undesirable when compared with pot bearings. ikgtance, elastomeric bearings

require large bearing surfaces so that compressiarbe maintained between the contact
surfaces between the bearings and piers. Moret\aso leads to uneven distribution of

stress on the piers and some of these highly irtsteesses may damage the piers.
Consequently, pot bearings are better alternatiies elastomeric bearings in such an
scenario as suggested by David J. Lee.

22. What are the shortcomings of grillage analysisvhich is commonly used in
structural analysis of bridges?

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

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

(i)  Moment in any beams is mainly proportional to isvature only. However, moment
in an element depends on the curvatures in the 'bedinection and its orthogonal
direction.

23. Polytetrafluoroethylene (PTFE) is commonly useth sliding bearings. Why?

The choice of sliding surface of bearings is oéVimportance because the sliding surfaces
generate frictional forces which are exerted onhiarings and substructure of the bridge.
For instance, PTFE and lubricated bronze are cormmymices of sliding surfaces for
bearings. PTFE is a flurocarbon polymer which psssg good chemical resistance and can
function in a wide range of temperature. The mogidrtant characteristic of this material
is its low coefficient of friction. PTFE has thewest coefficients of static and dynamic
friction of any solid with absence of stick-slip wamnent (David J. Lee). The coefficient of
friction is found to decrease with an increase ampressive stress. However, PTFE do
have some demerits like high thermal expansioni@audompressive strength.

In designing the complementary contact plate willFP sliding surface, stainless steel
plates are normally selected where the plates dhmeillarger than PTFE surface to allow
movement without exposing the PTFE. Moreover, resommended that the stainless steel
surface be positioned on top of the PTFE surfa@tad contamination of dirt and rubbish.
Lubricants are sometimes introduced to reduceribtoin between the PTFE surface and

13
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the upper stainless steel plate. Hence, the PTRBEo@maesigned with dimples to avoid the
lubricant from squeezing out under repeated trénslanovements.

24. Should raking piles of a bridge abutment be plzed under an embankment?

For a bridge abutment to be supported on rakingspwith different orientations, the
movement between the ground and the pile groupffisudt to predict. For instance, if
some of the raking piles of the bridge abutmenteatended beneath an embankment, then
the settlement of embankment behind the abutment ozuse the raking piles to
experience severe bending moment and damage tegslrecommended by Dr. Edmund
C Hambly (1979).

25. How do engineer determine the number of cell®if concrete box girder bridges?

If the depth of a box girder bridge exceeds 1/61&r of the bridge width, then it is
recommended to be designed as a single cell balergliridge. However, if the bridge
depth is smaller than 1/6 of the bridge width, tleetwin-cell or multiple cell is a better
choice as suggested by Jorg Schlaich & Hartmut &§qii©82). However, one should note
that even for wider bridges with small depths, thuenber of cells should be minimized
because there is not much improvement in transveaskdistribution when the number of
cells of box girder is increased to three or more.

26.What is sucker deck principle for variable depth bidge decks?

For a variable depth bridge deck, the depth of inaptus multi-span bridge deck is

increased in pier supports and this absorbs saggimigents in the mid-span with the

consequent increase in hogging moments in pier@stgpAs a result, the mid-span depth
can be significantly reduced due to the reductiorsagging moment. In essence, this
sucker deck principle is applied in locations whéeadroom requirement is of great
concern. Moreover, in terms of structural perforognsucker decks are effective in
reducing dead loads than voided slab of equivalarfiorm depth for span length between
20-40m. In terms of aesthetics point of view, thiblf tends to appreciate the structural
form of arches and curved soffit rather than borimgorm deck alignment. Reference is
made to Brian Pritchard (1992).

14
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Chapter 2 — Concrete Structures

1. What are the functions of different components foa typical expansion joint?

In a typical expansion joint, it normally contaitie following components: joint sealant,
joint filler, dowel bar, PVC dowel sleeve, bond &ker tape and cradle bent.

Joint sealant: it seals the joint width and presewater and dirt from entering the joint and
causing dowel bar corrosion and unexpected joingsst resulting from restrained
movement.

Joint filler: it is compressible so that the joioan expand freely without constraint.
Someone may doubt that even without its presehegptint can still expand freely. In fact,
its presence is necessary because it serves thegguof space occupation such that even if
dirt and rubbish are intruded in the joint, thes@o space left for their accommodation.

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

PVC dowel sleeve: It serves to facilitate the mogatof dowel bar. On one side of the
joint, the dowel bar is encased in concrete. Onather side, however, the PVC dowel
sleeve is bonded directly to concrete so that meverof dowel bar can take place. One
may notice that the detailing of normal expansantg in Highways Standard Drawing is

in such a way that part of PVC dowel sleeve is alsended to the other part of the joint
where the dowel bar is directly adhered to concrétethis case, it appears that this
arrangement prevents the movement of joint. If ieighe case, why should designers
purposely put up such arrangement? In fact, therae behind this is to avoid water from
getting into contact with dowel bar in case thenjagealant fails. As PVC is a flexible

material, it only minutely hinders the movemenjmnt only under this design.

Bond breaker tape: As the majority of joint seal@tapplied in liquid form during
construction, the bond breaker tape helps to pteflewing of sealant liquid inside the
joint .

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

2. If on-site slump test fails, should engineers lalw the contractor to continue the
concreting works?

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

The first school of thought is rather straightfordiathe contractor fails to comply with
contractual requirements and therefore as per &@. Clause 54 (2)(c) the engineer could
order suspension of the Works. Under the conditais. C. C. Clause 54(2)(a) — (d), the
contractor is not entitled to any claims of cosiakhs the main concern for most engineers.
This is the contractual power given to the Enginaerase of any failure in tests required

15
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by the contract, even though some engineers algiestump tests are not as important as
other tests like compression test.

The second school of thought is to let the contraict continue their concreting works and
later on request the contractor to prove that tinésifed works comply with other
contractual requirements e.g. compression tests i based upon the belief that
workability is mainly required to achieve desigmcrete compression strength. In case the
compression test also fails, the contractor shaldcholish and reconstruct the works
accordingly. In fact, this is a rather passive wéyreating construction works and is not
recommended because of the following reasons:

0] Workability of freshly placed concrete is relateot only to strength but also to
durability of concrete. Even if the future compresstest passes, failing in slump
test indicates that it may have adverse impactutaklity of completed concrete
structures.

(i) In case the compression test fails, the contralot® to deploy extra time and
resources to remove the work and reconstruct thae again and this slows down
the progress of works significantly. Hence, in viefvsuch likely probability of
occurrence, why shouldn’'t the Engineer exercisepbiwer to stop the contractor
and save these extra time and cost?

3. What is the function of shear keys in the desigof retaining walls?

In determining the external stability of retaininglls, failure modes like bearing failure,
sliding and overturning are normally consideredi@sign. In considering the criterion of
sliding, the sliding resistance of retaining watisderived from the base friction between
the wall base and the foundation soils. To increéhsesliding resistance of retaining walls,
other than providing a large self-weight or a larg@ined soil mass, shear keys are to be
installed at the wall base. The principle of sHesys is as follows:

The main purpose of installation of shear keysisntrease the extra passive resistance
developed by the height of shear keys. Howeveryagressure developed by shear keys
also increases simultaneously. The success of gbgallies in the fact that the increase of

passive pressure exceeds the increase in actigsypeg resulting in a net improvement of

sliding resistance.

On the other hand, friction between the wall basd the foundation soils is normally
about a fraction of the angle of internal resistatie. about 0.8) where is the angle of
internal friction of foundation soil. When a shé&ay is installed at the base of the retaining
wall, the failure surface is changed from the wadke/soil horizontal plane to a plane
within foundation soil. Therefore, the friction dagnobilized in this case is instead of
0.8 in the previous case and the sliding resistanndeaenhanced.

4. In designing concrete structures, normally maximmm aggregate sizes are adopted
with ranges from 10mm to 20mm. Does an increase aghaximum aggregate size
benefit the structures?

To answer this question, let’s consider an exarpla cube. The surface area to volume

ratio of a cube is 6/b where b is the length ofdtbe. This implies that the surface area to
volume ratio decreases with an increase in volurherefore, when the size of maximum
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aggregate is increased, the surface area to bedueyt water per unit volume is reduced.
Consequently, the water requirement of the conarexes is reduced accordingly so that
the water/cement ratio can be lowered, resultingfiise in concrete strength.

However, an increase of aggregate size is alsongmaoied by the effect of reduced
contact areas and discontinuities created by thager sized particles. In general, for
maximum aggregate sizes below 40mm, the effecowet water requirement can offset
the disadvantages brought about by discontinugisesuggested by Longman Scientific and
Technical (1987).

5. In concrete compression test, normally 150mmx15@mx150mm concrete cube
samples is used for testing. Why isn’t 100mmx100mra®0mm concrete cube samples
used in the test instead of 150mmx150mmx150mm corete cube samples?

Basically, the force supplied by a concrete congpoesmachine is a definite value. For
normal concrete strength application, say below B@Mthe stress produced by a
150mmx150mmx150mm cube is sufficient for the maehim crush the concrete sample.
However, if the designed concrete strength is 10@Ménhder the same force (about
2,000kN) supplied by the machine, the stress uad€&sOmmx150mmx150mm cube is not
sufficient to crush the concrete cube. TherefoB88nmx100mmx100mm concrete cubes
are used instead to increase the applied stressigb the concrete cubes.

For normal concrete strength, the cube size of BOBBOMMx150mm is already
sufficient for the crushing strength of the machine

6. What are the major problems in using pumping forconcreting works?

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

The main problems associated with pumping are fleeteof segregation and bleeding. To
rectify these adverse effects, the proportion ofest is increased to enhance the cohesion
in order to reduce segregation and bleeding. Onother hand, a proper selection of
aggregate grading helps to improve the pumpalufityoncrete.

7. Is it desirable to use concrete of very high stngth i.e. exceeding 60MPa? What are
the potential problems associated with such high ngth concrete?

To increase the strength of concrete, say from 49MP80MPa, it definitely helps in

improving the structural performance of the struetiny producing a denser, more durable
and higher load capacity concrete. The size of maacmembers can be significantly
reduced resulting in substantial cost savings. Hewean increase of concrete strength is
also accompanied by the occurrence of thermal orgcRNith an increase in concrete
strength, the cement content is increased and Id#ads to higher thermal strains.
Consequently, additional reinforcement has to leoduced to control these additional
cracks caused by the increase in concrete streMyheover, the ductility of concrete

decreases with an increase in concrete strengtantikin should be paid during the design
of high strength concrete to increase the ductiftgoncrete. In addition, fire resistance of
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high strength concrete is found to be less thamabstrength concrete as suggested by
Odd E. Gjorv (1994).

Though the tensile strength of high strength cardsehigher than that of normal concrete,
the rate of increase of tensile strength is nopgribonal to the increase of compressive
strength. For normal concrete, tensile strengtbisut one-tenth of compressive strength.
However, for high strength concrete, it may onlgmto 5% of compressive strength.

Moreover, owing to a low aggregate content of reggength concrete, creep and shrinkage
increases.

8. What are the disadvantages of curing by pondingnd polythene sheets?

The purpose of curing is to reduce the rate of hes of freshly placed concrete to the
atmosphere and to minimize the temperature gradaendss concrete cross section.
Moreover, curing serves to reduce of the loss whiten freshly placed concrete to the
atmosphere.

Ponding: This method of thermal curing is readiffeeted by weather condition (cold
wind). Moreover, a large amount of water used basetdisposed off the construction sites
after curing.

Polythene sheet: This method of curing is basethemrinciple that there is no flow of air
over the concrete surface and thereby no evaparatio take place on top of the freshly
concreted surface by provision of polythene shddtsvever, it suffers from the demerit
that polythene sheets can be easily blown off indyicondition and the performance of
curing would be affected. Moreover, for water ldste to self-desiccation, this method
cannot replenish these losses.

9. Comparing the rate of “Formwork exceeding 300mnwide, horizontal or at any
inclination up to and including 5° to the horizontal” with the rate of “Formwork
exceeding 300mm wide, at any inclination more tha85° up to and including 90 to
the horizontal”, which one is higher?

The item “Formwork exceeding 300mm wide, at anyimation more than 5up to and
including 96 to the horizontal” refers to formwork formed vedily and when compared
with formwork erected in horizontal plane, the amiof falsework required is smaller.

The item “Formwork exceeding 300mm wide, horizorgalat any inclination up to and
including 5 to the horizontal” refers to formwork to be erecte horizontal position and

in general it requires much falsework to suppaos tipe of formwork. Therefore, the rate
for this item is higher than the one mentionechmabove paragraph.

10. If concrete compression test fails, should Schdt hammer test be adopted as an
alternative test to prove the concrete strength?

The Scmidt hammer test is based on the elasticureb@f hammer which presses on
concrete surface and it measures the surface tewdifeconcrete. Since the test is very
sensitive to the presence of aggregates and voitie a&oncrete surface, it is necessary to
take more than 10 readings over the area of testieMer, it should be noted that Schmidt
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hammer test measures surface hardness only btthexgtrength of concrete. Therefore, it
may not be considered a good substitute for coaa@npression test.

11. What is the indication of shear slump and collase slump in slump tests?

There are three types of slump that may occurumpk test, namely, true slump, shear
slump and collapse slump.

True slump refers to general drop of the concretessmevenly all around without
disintegration.

Shear slump implies that the concrete mix is defitin cohesion. Consequently, it may
undergo segregation and bleeding and thus is uaddsifor durability of concrete.

Collapse slump indicates that concrete mix is teb ad the mix is deemed to be harsh and
lean.

12. In erection of falsework, for a rectangular pael inside a falsework should it be
braced along the two diagonals?

When a rectangular panel is subject to an eccdott or a lateral load, it tends to deform
into a parallelogram with one diagonal shortening &he other elongating. Theoretically,
it is sufficient to brace along one of the diagen@he one in tension). If one diagonal is
only allowed to brace inside the rectangular paihshould be not braced in the diagonal in
compression because under severe lateral loadmgdiigonal may buckle leading to
failure of structure.

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

13. In carrying out compression test for concreteshould test cubes or test cylinders be
adopted?

Basically, the results of compression test caroietlby using cubes are higher than that by
cylinders. In compression test, the failure moda ihe form of tensile splitting induced by
uniaxial compression. However, since the concratepdes tend to expand laterally under
compression, the friction developed at the conemeehine interface generates forces
which apparently increase the compressive streofjttoncrete. However, when the ratio
of height to width of sample increases, the efedcthear on compressive strength becomes
smaller. This explains why the results of compr@assest by cylinders are lower than that
of cubes. Reference is made to Longman ScientiicT@echnical (1987).

14. What is the function of rebate in a typical costruction joint?

Construction joints are created on sites to fatditthe construction process. However, if
improperly constructed, the completed construcjoamts will leave an uneven scar on the
concrete surface and affect significantly its apaeee. To avoid this, a rebate is formed
during the first pour of one side of constructiomj. After the other pour is concreted, it
will hide the uneven joint inside the rebate.
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Fig. 2.1Arebate.

15. If a contractor proposes to increase concreteoger beyond contractual
specification (i.e. 40mm to 70mm), shall engineeexcept the proposal?

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

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

For the second factor, i.e. proximity of longitualitbars to point of section, the closer a bar
is to this point, the smaller is the crack widtlmefefore, closely spaced bars with smaller
cover will give narrower cracks than widely spateds with larger cover. Therefore, with
an increase of concrete cover, the crack widthingtease which is undesirable.

16. Can grout replace concrete in normal structure?

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

() Shrinkage of grout is several times that of corcveth the same mass.

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

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

17. Which type of bar reinforcement is more corron resistant, epoxy-coated bars,
stainless steel bars or galvanized bars?

Based on the experiment conducted by the Buildiagelrch Establishment, it was shown
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that the corrosion resistance of galvanized steal thhe worst among the three types of bar
reinforcement. For galvanized steel bars, corrostaried to occur when a certain chloride
content in concrete (i.e. 0.4% by cement weighty weceeded. However, for epoxy-coated
bars, they extended the time taken for crackingdour when compared with galvanized

steel bars.

The best corrosion resistant reinforcement amomgsaktainless steel. In particular,
austenitic stainless steel stayed uncorroded ekiere twas chloride contamination in
concrete in the experiment. Reference is made W.K.. Treadaway (1988).

18. Can a concrete structure be completely free @xpansion joints and contraction
joints?

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

For contraction joints, it may be possible to desmy concrete structure without any
contraction joints. By using sufficient steel reirdement to spread evenly the crack width
over the span length of the structure, it may achithe requirement of minimum crack
width and cause no adverse impact to the aesthaftittee structure. However, it follows
that the amount of reinforcement required is higkiean that when with sufficient
contraction joints.

For expansion joints, the consequence of not pnogiduch joints may be difficult to cater
for. For example, a concrete structure has theficigeft of thermal expansion of 9x£@°C
and a Young’s modulus of 34.5kN/mMnWith an increase of temperature of@and it is
restricted to free expansion, then the structursulgect to an axial stress of 6.21MPa. If
the structure is very slender (e.g. concrete ageney), buckling may occur. Therefore, the
structure has to be designed to take up these #hestmesses if expansion joints are not
provided. However, for water retaining structumesst of them are not affected by weather
conditions because they are insulated from the rnwiey contain internally and soil
backfill that surround them. Therefore, it is exeelcthat a smaller amount of thermal
movement will occur when compared with normal exgbsconcrete structure.
Consequently, expansion joints may be omitted iis tase with the view that the
compressive stress induced by thermal expansiogh@ms the structure to limit the
development of tensile stress.

19. Does the presence of rust have adverse impaot the bond performance of bar
reinforcement?

In fact, the presence of rust in bars may not hedierse impact to the bond performance
and it depends on the types of bar reinforcemedéuoonsideration.

For plain round bars, the rust on bars improveshthred performance by the formation of
rough surfaces which increases the friction betvateal and concrete.

However, for deformed bars, the same theory caappty. The presence of rust impairs
the bond strength because corrosion occurs atatbed ribs and subsequently fills the gap
between ribs, thus evening out the original defalsleape. In essence, the bond between
concrete and deformed bars originates from the arachl lock between the raised ribs
and concrete. On the contrary, the bond betweegretsnand plain round bars derives
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from the adhesion and interface friction. With sulifierences in mechanism in bonding,
the behaviour of bond between deformed bars and pdand bars in the presence of rust
varies. Reference is made to CIRIA Report 147.

20. General Specification for Civil Engineering Woks (1992 Edition) Clause 15.09
specifies that tying wires for reinforcement adjacet to and above Class F4 and F5
finishes should be stainless steel wires. Why?

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

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

21. For long slender structures like beams, proppip is required after removal of
formwork. Why?

After concreting, the time at which striking of foworks should not be too long, otherwise
it would affect the colour of concreted structurésr long span concrete structures, when
they have attained sufficient strength to suppbeirtself-weight, creep deflection may
occur in these structures if propping is not predidafter the removal of formwork.
Therefore, re-propping is carried out after remgviormwork and these props should not
be allowed to stand too long because creep loagonestress them.

Note: Propping refers to provision of falseworksiopport slabs and beams during their gain in céecre
strength after concreting.

22. What is the difference in application betweenpen stirrups and closed stirrups in
concrete beams?

Open stirrups are provided principally to resistahforces in concrete beams and they are
applied in locations in which the effect of torsi@insignificant. U-shaped stirrups are
placed in the tension side of concrete beams ichviihear cracks would occur. However,
when concrete beams are designed to resist a gtiBs&mount of torsion, closed stirrups
should be used instead.

23. For column reinforcements, why is helical reirdrcement sometimes designed
instead of normal links?

The use of links for column design in Britain igy@opular. However, in U.S.A. engineers
tend to use helical reinforcement instead of norimék because helical reinforcement has
the potential advantage of protecting columns/palgainst seismic loads. Moreover, when
the columns reach the failure state, the concretside hoops cracks and falls off firstly,

followed by the eventual failure of the whole colen The peeling off of concrete outside
helical reinforcement provides a warning signalobefthe sudden failure of columns as
suggested by G. P. Manning (1924). In additiocait take up a higher working load than
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normal link reinforcement.

For instance, helical reinforcement is adoptechendesign of marine piles in Government
piers.

Note: Helical reinforcement refers to shear reioéonent which is spiral in shapes.
24. What is the difference between epoxy grout, ceant grout and cement mortar?

Epoxy grout consists of epoxy resin, epoxy hardamer sand/aggregates. In fact, there are
various types of resin used in construction induiske epoxy, polyester, polyurethane etc.
Though epoxy grout appears to imply the presenawfent material by its name, it does
not contain any cement at all. On the other hapoxg hardener serves to initiate the
hardening process of epoxy grout. It is commonlgdutor repairing hairline cracks and
cavities in concrete structures and can be ad@seutimer or bonding agent.

Cement grout is formed by mixing cement powder wititer in which the ratio of cement
of water is more or less similar to that of coner&etting and hardening are the important
processes which affect the performance of cemeottgrMoreover, the presence of
excessive voids would also affect the strengtlifnsss and permeability of grout. It is
versatile in application of filling voids and gajpsstructures.

Cement mortar is normally a mixture of cement, wated sand. They are used as bedding
for concrete kerbs in roadwork.

25. What is the purpose of skin reinforcement for dep beams?

In BS8110, it states that secondary reinforcemieatilsl be provided for beams exceeding
750mm deep at a distance measured 2/3 depth frertettsion face. Experimental works

revealed that at or close to mid-depth of deep Iseéme maximum width of cracks arising

from flexure may be about two to three times lathpan the width of the same crack at the
level of surface where the crack originally forms.

The presence of crack is undesirable from aestlpatiot of view. Moreover, it poses
potential corrosion problems to reinforcement oépldeams. To safeguard against these
crack formation, skin reinforcement is designedtlom sides of deep beams to limit the
formation of flexural crack widths. Though the mipal function of skin reinforcement is
to control crack width, it may be employed for pobmg bending resistance of the section.
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Chapter 3 — Drainage Works

1. What is the function of waterstops in joints obox culverts and drainage channels?

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

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

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

In fact, the other way out to serve the first pwg@cs by using corrosion resistant bars.
2. What are the differences in applications betweepipe culverts and box culverts?

Basically, a culvert means a covered hydrauliccstime which conveys fluid. Therefore in
a broad sense, pipe culverts in a small scale septenormal pipes like precast concrete

pipes.

In terms of hydraulic performance, circular sectiothe best geometrical sections among
all. Therefore, for relative small discharge, pstaancrete pipes and ductile iron pipes are
normally used which are circular in shape. Butdpplications of very large flow, precast
concrete pipes and ductile iron pipes may not ba&lave in current market. In this
connection, cast-in-situ construction has to be leyggal. It is beyond doubt that the
fabrication of formwork for circular shape is ddfilt when compared with normal box
culvert structures. However, circular shape isriwst hydraulic efficient structure which
means for a given discharge, the area of flow isimmum. Therefore, it helps to save the
cost of extra linings required for the choice ok lmoilverts.

However, box culverts do possess some advantagesxemple, they can cope with large
flow situation where headroom is limited becausehhtight of box culverts can be reduced
while the size of pipe culverts is fixed. Secondty, some difficult site conditions, e.g.
excavation of structure in rock, for the same eagleint cross-sectional area, the width of
box culverts can be designed to be smaller thahahaipe culverts and this enhances
smaller amount of excavation and backfilling.
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Fig. 3.1 Small spatial
requirement of box culver
than pipes.

3. What are the limitations of Rational Method in @lculating runoff?

Computation of runoff is a complicated matter whitdpends on many factors like the

ground permeability, rainfall duration, rainfalltpexn, catchment area characteristics etc.
Basically, Rational Method is a means to find du¢ maximum discharge suitable for

design purpose. In this method, it is assumedtti@trainfall duration is the same as the
time of concentration and the return period of fdinintensity is the same as the peak
runoff. Time of concentration refers to the timgueed for the most remote location of

stormwater inside the catchment to flow to the etutWhen the time of concentration is

equal to the rainfall period, the maximum dischasgeurs and rainfall collected inside the

catchment comes to the same outlet point.

Rational Method provides the peak discharge ontyianannot produce a hydrograph. If a
more detailed pattern of runoff is required, unjtitograph or other methods have to be
used. The accuracy of rational method depends nargh on our correct selection of

runoff coefficient and delineation of catchmentaare

Rational Method is a rather conservative methode ©hthe basic assumptions of the
rational formula is that the rainfall intensity nile constant for an interval at least equal
to the time of concentration. For long durationrainfall, this assumption may not hold
true. Moreover, the runoff coefficient in Rationdlethod is difficult to be determined
accurately and it depends on many factors like tamscondition of soils, rainfall intensity
and duration, degree of soil compaction, vegetattonIn addition, In Rational Method the
runoff coefficient is independent of rainfall ingty and this does not reflect the actual
situation.

4. Why are some manhole covers made of cast iron vilnisome are made of ductile
iron?

Traditionally, manholes covers are made of cast.itdowever, in the viewpoint of pipe
maintenance, frequent opening of manhole coverd¢ahbe carried out. Therefore, it poses
potential safety hazard to the workers during iftend-up process of manhole covers
because cast iron manhole covers are very heavyotmal workers. Consequently,
research has been conducted and ductile iron sicdened as a better choice than cast iron
because it can resist the same traffic loads witret self-weight. Moreover, as ductile iron
is less brittle than cast iron, the traditionaltéeemn manhole covers are more susceptible to
damage and thus requires higher maintenance cost.

However, ductile iron manhole covers do suffer freome demerits. For instance, owing
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to their relative low self-weight, vehicles passmger these manhole covers would lead to
the movement of covers and generate unpleasargsadie solve this problem, instead of
increasing the self-weight of ductile iron manha@vers which similarly causes safety
problems to workers during regular maintenancecthers can be designed to be attached
to the manhole frames which hold them in firm pgosit

5. Why is it preferable to design stormwater draindo match soffit?

Stormwater drains collect stormwater in their cspanding catchment areas during
rainstorm and convey the collected water throughietss to the sea. Therefore, in
considering the hydraulic design of stormwater rdsaiother than normal drainage pipe
capacity to be taken into consideration, one shohktk the backwater effect due to tidal
condition at outlets if the drains are located gjgibse to the downstream end of outlets.

Stormwater drains are normally designed to matéfit $o avoid surcharging by backwater
effect or when the downstream pipes are runninlg Mdrmally pipe size increases from
upstream to downstream. For the case of matchiaig drvert, when outlet pipes are fully
surcharged by tidal effect of the sea or when tbwndtream pipes are fully filled with
stormwater, pipe sections immediately upstreamhef dutlet are also surcharged too.
However, for the case of matching pipe soffit, iimenediate upstream sections of outlet
pipes are not totally surcharged even though dowast pipes are running full. However,
it is not always practical to maintain soffit foit pipelines because it requires sufficient
drop to achieve this.

Moreover, the flow of stormwater is mainly by grgvin the design of stormwater drains.
In case the drains are designed to match invest) thstands a high probability that the
flow in the upstream smaller pipes has to be diggthagainst a head.

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

- SEA WATER LEVEL
L74

/F‘AHT].ALLT FILLED FIPE

SUE.A WATER LEYEL

\_\/SUHEHAHGED FIFE

Fig. 3.2Match soffit VS match invert.

6. What is the application of inverted siphons? Whiaare the disadvantages of using
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inverted siphons?

Inverted siphons are designed at locations in whaclsewer system is blocked by
underground utilities or stormwater drains. Theg aometimes called depressed sewers
because it is claimed that there is no actual sigdadion. They connect the upstream and
downstream sewers with U-shaped vertical alignnserch that they are always running
full.

The drawbacks of inverted siphons are:

() They induce additional head loss to the sewer sysihich is undesirable in
hydraulic performance;

(i) U-shaped siphons create sediment accumulation rolaind previous experience
showed that inverted siphons were easily blockedtdsiltation;

(i)  Maintenance of invert siphons is difficult duatwinaccessibility.

7. What is the mechanism of cavitation in pipes andrains?

Cavitation refers to the formation of air bubbledluid in low-pressure condition which is
lower than the saturation pressure. It is a paéptdamaging condition in which the fluid
in pipes or sewers is at high velocities. By BellisuEquation, at high flow velocities, the
pressure head of fluid is reduced accordingly. e ftuid pressure is less than saturation
pressure, dissolved gases are released from titkdihd these air bubbles will suddenly
collapse when the flow enters into a region of brgpressure. This produces a high
dynamic pressure which causes damage to the pasdiine to its high frequency.

8. When a drainage system (i.e. u-channels with @ipits) is connected to a main
drainage channel, a segment of short pipe is usedlvhat is the reason of such
arrangement?

There are three scenarios of such connection anaegt: (a) a new drainage system is
connected to an existing drainage channel (b) @tieg drainage system is connected to a
new drainage channel (c) a new drainage systeomnisected to a new drainage channel.

For all scenarios, what engineers consider is dbsd famount of differential settlement or
lateral movement to be encountered between thenaiyai system and main drainage
channel. For scenario (b) and (c), it is very hkidat substantial differential settlement will
occur and this will cause damage to the connedamgrete pipes. Therefore a segment of
short pipes are designed so that they serve toigadiexibility to the pipes in case of
uneven settlement occurring between drainage systehmain drainage channels.
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Fig. 3.3Short pipe.

9. What are the functions of bedding under stormwadr drains?

Bedding, which are normally made of granular matseror concrete, serves four main
functions as suggested by O. C. Young and J. dt:Tro

() To enhance a uniform support under pipes in orderetiuce the bending moment
longitudinally;

(i) To increase the load-supporting strength of thegip

(i) For pipes with spigot and socket joints, it enalggses to be supported along pipe
lengths instead of pipe sockets. Otherwise, unst#ess may be induced and it may
damage the pipes;

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

10. In designing sewer pipes, why are vitrified chapipes commonly used for pipe size
less than 600mm while precast concrete pipes withvi€ lining is used for pipe size
exceeding 600mm?

The market price of vitrified clay pipes is gengrd¢ss than that of precast concrete pipes
with PVC lining. Therefore, for small size of pipgspe diameter less than 600mm) it is
more economical to use vitrified clay pipes. Howewatrified clay pipes do suffer from
the problem of brittleness and its effect is evevese for larger size of pipes. Moreover, it
is rather time consuming to deliver clay pipes picd because the majority of them are
manufactured in Europe. Hence, for larger sizeewfes pipes (diameter more than 600mm)
it is customary to use precast concrete pipes BN lining.

11. Nowadays, most flap valves are made of HDPE. \&hare the advantages of using
HDPE when compared with cast iron?

(i) It has no reaction with sewage and seawater and Woiesuffer from the corrosion
problem associated with cast iron.

(i) No protective coating is required and it is almostintenance-free.

(i) HDPE flap valves require very low opening pressareperation (like 5mm water
level difference). For cast iron flap valves, dweits own heavy self-weight, the
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required opening pressure of cast iron flap valgesigher than that of HDPE flap
valves. This criterion is essential for dry weathew conditions.

However, the pressure resistance of HDPE flap galgenot as good as cast iron flap
valves. For instance, a typical 450mm wide HDPR flalve can only withstand about 5m
water column.

12. What are the functions of the following featurs observed in a typical manhole? (i)
groove near benching, (i) R.S.J. (iii) double seahanhole cover and (iv) u-trap with
rodding arm.

() The groove is used to facilitate the maintenanceaiholes and sewer/drain pipes.
Shutoff boards are erected on the grooves durirgter@ance operation so that water
flow coming from upstream is terminated in the nw@ehand backwater from
downstream is also blocked. In addition, the groaso facilitates water flow
diversion for routine maintenance operation.

(i) R.S.J. is a small-scale size of universal beamsisngsed for resisting the high
stresses incurred by heavy traffic loads actingadiy on the upper narrow projected
section of manholes.

(i) Double seal terminal manhole covers are used falinge off gases emitted inside
sewer/drains and prevent them from releasing otliemanhole.

(iv) U-trap with rodding arms is also used for sealifigumpleasant gas smell by the
trapped u-shaped water columns. Rodding arm is aldrmlosed with rubber rings
during normal operation. However, during maintemaaperation, the rubber ring is
removed and rodding can be carried out throughdtdding arm.

13. The spacing of manholes in straight sectionsrfdlifferent pipe sizes is stated in
Stormwater Drainage Manual. How are these figuresmived at?

For pipe size < 300mm, rodding is usually adopted/ich workers place about 1m long
rods through the pipes to the location of blockageé manually operate the rod to clear the
blockage.

For pipe size < 700mm, water-jetting is normallypéoyed in which water is supplied
from nearby fire hydrants and pressurized watesjased for clearing blockage.

Winching method is adopted for all sizes of pipes.

For instance, for pipe size exceeding 1050mm, stased in Stormwater Drainage Manual
that maximum intervals between manholes alonggditdengths should be 120m. This is
because for sizes over 1050m, the main methodpef piaintenance is by winching whose
maximum length of operation is 120m. Similarly, theximum intervals of manholes for
other straight pipes are derived from their coroesiing maintenance methods.

14. In selection of dams in drainage channels, whate the advantages of using rubber
dams instead of steel-gate dams?

The advantages of rubber dams are as follows:

(i) Since rubber is flexible in nature it is capablepetforming deflation even in the
presence of dirt and sedimentation on the downstreale. However, for rigid
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steel-gate dams, it may not be possible to opem\ttiere is excessive sediment.

(i) Since the foundation of rubber dams is comparatilighter than that of steel-gate
dams, it saves both construction cost and time.

(i) Rubber dams can be designed with longer spans wtifiiers while steel-gate dams
require intermediate piers for long spans.

15. Should air test or water tests be selected tedt the leakage of constructed gravity
pipelines?

For gravity pipes, air tests or water tests arei@@rout after completion of laying and
jointing of the pipes. These tests are conductethéxk the watertightness of joints and to
ensure the pipelines are free from damage whekadgamay occur.

Air test has the advantage that the test itsedingple and faster to be carried out. It does
not require the disposal of significant quantitefswater used in the test which is a

mandatory requirement for water test. However,dsecleakage exists in the constructed
segment of gravity pipelines, the position of legkacan hardly be located in air test.
Moreover, the rate of water leakage cannot be otexd from air tests. In addition, air test

is readily affected by atmospheric condition beeaais has a relatively high coefficient of

thermal expansion. The test is also influenced oy moisture condition of the test

pipelines because it affects the passage of augrthe pipelines.

For water test, though it is comparatively slowgan detect the location of water leakage.
However, the leakage rate results from water tesg not truly reflect its actual leakage

because pipeline materials like concrete and aleyarous and would absorb water during
the test.

16. In designing of access ramps for drainage chaals, why should the direction of
access ramps be sloping down towards downstream?

In the design of access ramps, the direction ignatly specified to be sloping down
towards downstream so as to avoid the occurrena@tshooting of flowing water for
supercritical flow in case of aligning the rampghe reverse direction of channel flow.

Note: Access ramps refer to ramps used for maint@ngehicles during routine maintenance of channels

17. When branch pipelines are connected to main pglines, sometimes Y-junctions or
fitting branched pipelines to main pipelines by fomation of holes in main pipelines
are used. Which one is a better choice?

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

By forming elliptical holes in main pipelines anittihg the side branches into them with

cement mortar, the quality of pipe joints is highdgpendent on workmanship. It is
commonly found that in subsequent CCTV inspectiside branches are projected inside
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main pipes. This is undesirable because the pegestde branches reduce the cross
sectional area of main pipes locally and affectrthgdraulic performance. Moreover, the
projected side pipes may trap rubbish and dirthim \ticinity. On the other hand, cement
mortar may not be properly applied at connectidntgobecause these areas are hidden
from view and are difficult to be inspected by eragrs. Therefore, in selecting between
the two available methods, engineers should madie dlvn judgments based on the above
considerations.

T — JUNCTION

Fig. 3.4Y-junction in drainage pipes.

18. Rational Method should not be used for large ¢ehments in estimating peak
runoff. Is it true?

Rational Method is suitable for small catchmently é&s@cause the time of concentration of
small catchments is small. In Rational Method tealprunoff is calculated based on the
assumption that the time of concentration is edoathe rainfall duration. For small
catchments, this assumption may hold true in mostimstances. One of the assumptions
of Rational Method is that rainfall intensity ovédre entire catchment remains constant
during the storm duration. However, in case of mydacatchment it stands a high
probability that rainfall intensity varies in vaus part of the large catchment. In addition,
for long duration of rainfall, it is rare that tmainfall intensity remains constant over the
entire rainstorm and a shorter duration but a nmmtense rainfall could produce a higher
peak runoff. Moreover, a reduction of peak runeffilso brought about by the temporary
storage of stormwater like channels within the lzatent.

In actual condition, the runoff rate within the danent varies from place to place because
of different soil properties and past conditions. guggested by Bureau of Public Roads
(1965), sometimes the peak discharge occurs bafboé the drainage area is contributing.
For instance, when a significant portion of dramagea within the catchment has very
small time of concentration so that a higher rdinfdensity can be used for this portion,
the runoff coming solely from this portion is highthan that of the whole catchment in
which a lower rainfall intensity is adopted becatis®remaining part of the catchment has
comparatively large time of concentration. Therefdhis results in incorrect estimation of
peak runoff of large catchments if Rational Metlimddopted.

19. What is the purpose of carrying out water absgtion test for precast concrete
pipes?

Cement will mix with more water than is requiredeteentually combine during hydration
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of cement paste. As such, some voids will be leftibd after the hydration process which
affects the strength and durability of concretetithe presence of air voids in concrete, it
is vulnerable to penetration and attach by aggresshemicals. Good quality concrete is
characterized by having minimal voids left by excester and therefore, water absorption
test for precast concrete pipes is adopted forkthgahe quality of concrete in terms of

density and imperviousness.
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Chapter 4 — Earthworks

1. In soil compaction test, if a test result excesdl00%, should engineers accept the
result?

Soil compaction is the process of increasing thiedemsity by reducing the volume of air
within the soil mass.

Soil compaction depends mainly on the degree ofpamtion and the amount of water
present for lubrication. Normally 2.5kg rammers ah8kg rammers are available for
compaction in laboratories and the maximum dry diessproduced by these rammers
cover the range of dry density obtained by in-s@mpaction plant.

Regarding the second factor of water content, fecéé the compaction in the following
ways. In low water content, the soils are difficddtbe compacted. When water content is
increased gradually, water will lubricate the sadisd this facilitates the compaction
operation. However, at high water content, as areasing proportion of soils is occupied
by water, the dry density decreases with an inereagater content.

For soil compaction tests, the dry density obtaifteth compaction carried out in-situ by

vibrating roller/vibrating plate is compared withet maximum dry density conducted in
laboratories using 2.5kg rammer of compaction wgithilar soils. In essence, the in-situ
compaction is compared with the compacting efféruging 2.5kg (or 4.5kg) rammer in

laboratories. In case the compaction test resnligate values exceeding 100%, it only
means that the in-situ compaction is more thanlibatg carried out in laboratories which
is treated as the basic criterion for satisfactbegree of soil compaction. Therefore, the
soil results are acceptable in case compaction ressilts are over 100%. However,
excessive compaction poses a risk of fracturingugea soils resulting in the reduction of
soil strength parameters.

2. What are the different applications of draglinesbackhoes and shovels?

An excavator is defined as a power-operated diggmaghine and it includes different
types like shovels, draglines, clamshells, backhetes

A dragline possesses a long jib for digging and piagn and it is used for digging from
grade line to great depths below ground. Its chiarestic is that it does not possess positive
digging action and lateral control of normal exdavs. A dragline is normally deployed for
bulk excavation.

A backhoe is designed primarily for excavation keffround and it is especially employed
for trench excavation works. It digs by forcing titwecket into soils and pulling it towards
the machine and it possesses the positive diggigneand accurate lateral control.

A shovel is a machine that acts like a man’s diggiation with a hand shovel and hence it
is called a shovel. It digs by putting the buckietre toe of excavation and pulling it up.
Though a shovel has limited ability to dig belovegnd level, it is very efficient in digging
above ground like digging an embankment.

3. For compaction of free-draining sands or gravelswhat is the optimum moisture
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content to achieve maximum density?

The compaction curve of sandy materials is totdifferent from that of clayey materials.
For sands or gravels, there are two situations afimum density, namely the completely
dry condition and the complete water saturatiom.riRoisture content of sands and gravels
between these two states, the dry density obtaimddwer than that obtained in the
above-mentioned states. The presence of capillarge$ account for the difficulty of
compaction sand at water contents between virtudfy and saturated state. They are
formed in partially filled water void between sqhrticles and perform as elastic ties
cementing soil particles together. Reference isaniad.ars Forssblad (1981).

The compaction curve for clay is suitable for thajanty of soil types except sands and
gravels because a small amount of clay in so#sificient to make the soils impermeable.

4. Is it worthwhile to carry out tests on particle density of soil particles for
geotechnical design?

Particle density of soils is defined by the raticoil particle mass and soil particle volume.
Depending on soil types, the range of variation sofl particle density varies not
significantly, i.e. by 4%. Therefore, it may not Wwerthwhile to order laboratory tests and
incur additional expenditure just to determine plagticles density by recognizing that the
variation of particles density is not significant.

5. In determining the effective stress parametersfoa soil sample, which test is
preferable, consolidated undrained test or consol@ted drained test?

The effective stress parameters of a soil samptebeaobtained from both consolidated
undrained test and consolidated drained test. Hewesonsolidated undrained test is
normally selected because of the following reasons:

(i) Time taken for consolidated undrained test is gndran that of consolidated drained
test. It is because consolidated drained test megjwihe full dissipation of excess pore
water pressure of the soil during testing and kiesalong time when soils of low
permeability are tested.

(i) Useful information can be obtained from the stigth of consolidated undrained test.

(iiFailure occurs in lower stress level when cargd with consolidated drained test.

6. In conducting triaxial test to determine shear sengths for soil samples, what
consolidation pressures should be specified?

It appears that the selection of consolidation sues is independent of in-situ soil stress

theoretically. However, this may not be correctehese the actual shear strength envelopes
for soils are non-linear over a wide range of skss Therefore, consolidation pressure

corresponding to the range of stresses relevasitd@ondition should be adopted.

7. What is the relation of bearing pressure on somhail head to the ratio Ly/Ly, where
L, is the length of soil nail before the potential gb circle while Ly, is the length of soil
nail beyond the potential slip circle?

The unstable soil mass before the potential circlip is resisted by two components: soil
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nail head bearing pressure and friction of soil mathe unstable soil mass. Therefore, the
longer is the length of soil nail before potensilp circle Ly, the higher is the proportion of
forces being resisted by frictional forces and leethe® smaller amount is to be resisted by
soil nail head. Hence, the smaller the ratidi_}, the greater is the resistance provided by
soil nail head.

La
L5

Fig. 4.1L, & Lyin slopes.

8. Soil nails are mainly designed for stabilizatiorof major slips. How should designer
cater for the stability of minor slips?

There are some methods to treat minor slips:

() Adoption of smaller diameter size bars at closecsm;

(i) Installation of tie beams at the same horizonta|k

(i) Provision of steel wire meshes in-between soilspyaihd

(iv) Provision of short soil nails in combinatiohlong soil nails.

9. What are the main reasons for conducting pull-outests for soil nails?
There are mainly four reasons for this test:

() To check and verify the bond strength between aod grout adopted during the
design of soil nails. This is the main objectivecohducting soil nail pull-out test.

(i) To determine the bond strength between soil andtgiar future design purpose.
However, if this target is to be achieved, the tests should be loaded to determine
the ultimate soil/grout bond with a upper limit&J% of ultimate tensile strength of
steel bars.

(i) To check if there is any slippage or creep occuen

(iv) To check the elastic and plastic deformations sif tails. This is observed during the
repeated loading and unloading cycles of soil nails

Note: Pull-out tests are carried out by applyingcfied forces in an attempt to pull out the constied soil
nails.

10. Are there any differences in the methods of cgmaction between clayey soil
material and sandy material?

As suggested by Lars Forssblad (1981), the thrde aions of compaction are static

pressure, impact force and vibration. Different pactors contain one or more modes of
these actions. For example, vibratory tampers parfimainly by the principle of impact
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while vibratory rollers work with principle of statpressure and vibration.

For sandy soils, vibration is adequate for normampaction because the action of
vibration sets the soil particles in motion andctidn forces between soil particles are
virtually demolished. During this vibration motiothe soil particles rearrange themselves
to develop a dense state.

For normal soils, it is necessary to combine thgoacof vibration together with static
pressure to breakdown the cohesion forces betweirparticles in order to allow for
better compaction. The static pressure of vibrataghines is adopted to exert a shearing
force to eliminate the cohesion in clayey soils.
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Chapter 5 — Piers and Marine Structures

1. Why is sulphate-resisting cement not used in marineoncrete?

The main components of Portland cement are trigalcsilicate, dicalcium silicate,

tricalcium aluminate and tetracalcium aluminoferritin sulphate-resisting cement, it
contains a low amount of tricalcium aluminate idarto avoid sulphate attack. Otherwise,
tricalcium aluminate would react with sulphatesféom calcium sulphoaluminate and
gypsum that cause expansion and crack the corstratgure.

However, for marine concrete sulphate-resisting es@nshould not be used because
tricalcium aluminate has high affinity for chloridens. This is based on the possible
reaction of chloride ions and tricalcium aluminaidorm calcium chloroaluminate hydrate
as suggested by P. Kumar Mehta (1991) and the tiedwsf which may increase the rate of
chloride attack to the concrete marine structurd sesult in faster corrosion of steel
reinforcement in marine structures.

2. Shall a layer of wearing course or additional titkness be designed on the surface of
piers?

In the design of piers, consideration should bemito the effect of wearing action caused
by passengers, other traffics and even sometimelgs. In maritime environment, the

durability and integrity of concrete is detrimentalthe servicing life of piers because it
acts an essential barrier to chloride attack. Haren view of these gradual wear and tear
generated by the loading traffic, some forms ofax@ protection should be provided on
top of pier surface like wearing course or addaiancrease in concrete cover.

3.What is the difference in application of surfacerotecting fenders and
energy-absorbing fenders?

Surface-protecting fenders are fenders that indbigh reaction forces to berthing
structures for the energy absorbed while energgréibsy fenders are fenders which
transmit low impact to berthing structures for theergy absorbed (Carl A. Thoresen
(1988)). In fact, the principal function of fendessto absorb the berthing energy and
transmit a force to the structures without damagihgm. Therefore, in open berth
structures, it is desirable to use energy-absortanders to reduce the loads acting on the
relatively flexible structures. On the other hamfal, solid berth structures the usage of
surface-protecting fenders is adequate becauseatieeyapable of taking up large berthing
loads.

4. Should dolphins be designed in a rigid manner,g. resting on several raking piles?

In designing dolphins, they are normally suppodad system of three to four raking piles.
This in essence is a rigid structure and exhibitke Iflexibility e.g. movement against
impact and berthing loads by vessels. In fact, kinsl of design may not be desirable in
terms of maintenance because the dolphins arelyesaceptible to damage by high
berthing vessels. To rectify this situation, someergy absorption devices like
rubber/plastic fenders have to be installed to cedhe impact load deriving from its own
deflection. On the other hand, by designing dolphais flexible structures capable for
allowing slight deflection, it helps to reduce tlaege forces generated during berthing of
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vessels. In this connection, one way of designiotphins as flexible structures is by
provision of a single pile only.

Note: For a rigid structure, it takes up exteroalds without undergoing excessive deformations.

5. In connecting fenders to pier structures, shouldingle lock nuts or double lock nuts
be used?

In many pier structures the connection of fenderpiérs is achieved by using single lock
nuts. However, they do not perform well becauseestmber fenders loosen more easily
when subject to vibrating loads due to berthingvevand tidal actions. To solve this
problem, double lock nuts should be adopted as piheye to function satisfactory in other
structural elements which are subject to frequémation loads.

Note: Double lock nuts mean two nuts are adopted $ingle bolt connection between fenders and marin
structures.

6. What is the design level of landings in piers?

Landings are designed as resting place for paseemgeing berthing and deberthing of

vessels. In general, landings are provided neamrhégh and mean low water levels to

facilitate embarking and disembarking of passengB&6349: Part 2: 1988). Therefore,

the level of landing steps should be different frplace to place because of different mean
high and mean low water levels in different locasio

7. What are the pros and cons of using timber fends, plastic fenders and rubber
fenders?

Timber fenders:

They are low in strength and are subject to rotéing marine borer attack. Moreover, they
have low energy absorption capacity and the begth@action depends on the point of
contact. The contact pressure between fender asgklgeare high. They are considered to
be environmentally unfriendly because they consutmapical hardwoods in their
production.

Plastic fenders:

Their strength is similar to that of timber fendénst they have relatively high abrasive
resistance. They are resistant to chemical anddicdl attack. Their energy absorption
capacities are moderate and the berthing reacéwasalso dependent on the point of
contact. The reaction is lower when compared wiithbér fenders for a given energy
absorption. They are considered to be environmeffighdly because they are
manufactured from recycled material.

Rubber fenders:

They possess high abrasive resistance and areesistant to most biological and chemical
attacks. They have moderate to high energy absorpapacity and the energy absorption
performance is independent of the point of contachilar to plastic fenders, they are also
environmental friendly products.

8. Why are most marine piles circular in cross seixn?
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For marine piles, there are several options availtdy selection, namely H-piles, circular
pipes and box piles.

However, only circular piles and box piles are ahii for marine application because of

the following two reasons suggested by G. M. Cetdf(1968):

(i) Circular piles and box piles possess high columokling strength. For marine
structures like jetties, piles are well above sdalesvel and therefore the column
buckling effect is significant when compared witther structures. Therefore, it is
essential to use pile sections which have relatikeh buckling strength in piers.

(i) Circular piles and box piles display high energyabing capability. For marine
structures like dolphins and fenders, which reqsubstantial amount of berthing
energy to be absorbed, these piles sections arigahly good choices.

In marine structures, it appears that circularisastprevail over the box sections. The
main reason is that the range of section availgbleelection of circular piles is more than
that of box piles.

9. For marine pile type of steel tubular piles withreinforced concrete infill, minimum
toe level is often specified in contract drawingd/Vhat is its purpose?

The purpose of minimum toe level is two-fold:

(i) In detailed design stage, ground investigation khooe conducted and the
approximate level of rockhead is known. Therefdoeavoid the marine piles to be
founded prematurely on boulders, minimum toe lewdlsnarine driven piles are
specified in contract.

(i) It provides sufficient length of soils for lateid uplift resistance.

Note: Minimum toe level refers to the minimum lettleht a marine driven pile should be driven intabssd.

10. What is the problem in traditional marine piling system of steel tubular pile with
concrete infill and what are the possible remedianeasures?

In the design of marine piles of steel tubular piath concrete infill, loads from pier deck

are taken up by steel tubular piles before the wenae of corrosion of steel piles above
seabed. In fact, it is assumed that steel pileseabeabed level will all be corroded after a
certain year. The load transfer mechanism afterpbet@ corrosion of steel pile above

seabed is as follows: loads from pier deck arertaleby concrete infill above the seabed
level. Below the seabed level, loads would be feansd to steel piles through frictional

forces between concrete infill and steel casings.

However, substantial radial shrinkage and contacticcurs after concreting of concrete
infill and this will hinder the load transfer frothe concrete infill to steel piles because the
bond may be ruptured by radial shrinkage. It idanibt if frictional forces can be properly
developed in this situation. To solve this problesmear keys could be installed at regular
spacing inside steel piles to ensure their rigidn@ztion with concrete infill. Alternatively,
expanding agents may be adopted in concrete mixesigure that there is no shrinkage
after the concreting process.

11. Why are steel tubular marine piles often driveropen-ended?
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In marine structures where piles are constantljjestito significant lateral and uplift
forces induced by berthing operation and wave aciiois necessary to drive the piles to
much greater depth. To avoid premature refusahabinsufficient soil cover may develop
which is incapable of providing the required latexad uplift resistance, tubular piles are
normally driven open-ended so that they are drivengreater depths than piles with closed
ends.

EXISTIMG SEABED LEYEL
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Fig. 5.1Typical details of marine piles.

12. For typical pile bents in marine piers, how isvertical loads related to horizontal
capacity of the pile bents?

Let's consider a pile bent with a top slab suppmbiig two ranking piles, each inclining at
an equal angle to the pier slab. In designing susistem, truss action is normally adopted
to analyze the pile bent. When the reaction foofebese piles, horizontal forces (e.g. due
to berthing and deberthing of vessels) and verfisales (e.g. superimposed deck loads)
are analyzed by drawing a force polygon, it is ddtet lateral resistance of the pile bent is
dependent on the vertical load, i.e. lateral rasist is small when vertical loads are high.

- &

FORCE POLYGOW OF & PILE BENT
Fig. 5.2Force polygon of pile bent.
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13. For underwater concreting, tremie pipes are nanally used with the aid of
hoppers. Sometimes tubes are inserted inside the gpgers. Why?

In placing concrete by tremie pipes, hoppers amnected to their top for receiving freshly
placed concrete. However, air may be trapped intiéetremie pipes if there is rapid
feeding of fresh concrete. To release the trappreshgide the tremie pipes, hoses (called
ventilation tubes) are inserted and lowered dowouth the hoppers. Reference is made to
Carl A. Thoresen (1988).

14. Why is shallow bedrock condition unfavorable foopen berth piers?

The most severe load on piers generally is thezbotal load due to berthing of large
vessels. Since the widths of open berth piers @aively small so that they provides a
short lever arm to counteract the moment induceddithing loads. Moreover, the dead
load of open berth piers are normally quite ligihid aherefore the resisting moment
provided by the dead load of pier structures maybeasufficient to counteract the moment
generated by berthing loads.

To aid in providing adequate resistance to thetaweing moment by the berthing load, the
soil resistance above bedrock contributes to staml moment. For commonly adopted
marine piling type, i.e. driven steel tubular pileish reinforced concrete infill, driven piles

can at most be founded on top of rockhead surfacease the rockhead level is shallow,
then the little soil cover may result in insuffiotdateral resistance to the berthing load.

15. Why are high and narrow beams not desirable iconcrete piers?

Based on past experience in other countries (Caihdresen (1988)), high and narrow
beams after several years of construction showgdssof serious deterioration at the
bottom of the beams. However, the deterioratiompief slabs was not significant when
compared with that of the deep beams. The maironetts account for this is due to the
close proximity of the deep beams to the sea leVel.avoid these problems, either
beamless slab or wide with shallow beams are ndyrdakigned.

16.What is the mechanism of formation of soil plugg marine driven steel piles with
reinforced concrete infill?

During initial driving process, open-ended steéégiare driven through the soils at their
bases. However, shaft friction will gradually deyelbetween the steel piles and soils
inside piles at some time after pile driving. Thiimg action of driving hammers induces

forces to the soil and later it comes to a stagenmme inertial forces of inside soils,

together with the internal frictional forces excegdthe bearing capacity of soils at pile

toes. Consequently, the solil plug formed is broutgivtn by the piles. Reference is made to
M. J. Tomlinson (1977).

Note: A soil plug is a column of soil formed at thettom portion of marine pile type of steel tulvybtdles
with reinforced concrete infill.

17.Should stiff or soft fenders be designed for bertimg in piers?
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The elasticity of fenders is related to the abildyrelease the stored energy during berthing
of vessels. However, it has no effect on the reactorce and the deflection of fender
system. The amount of energy that a fender can rlabs® dependent on the
reaction-deflection curve and is represented byatlea under the curve. The higher is the
reaction force, the higher amount of energy wowddbsorbed by the fender provided that
the resistance of ships’ hull is sufficient to wgithnd the force without permanent
deformations. Although stiff and soft fender mayéahe same deflection under the same
maximum reaction force acting on the berthing viegee amount of energy absorbed by
stiff fenders is much higher than that of soft fersd Consequently, stiff fenders should be
employed for berthing purpose.

On the other hand, in mooring operations where elesare constantly subject to wave
action, it is desirable to keep the tension foneeh® rope to a low value. In this connection,
it is recommended to use soft fenders.

18. What is the significance of direction of approehing velocities of ships during
berthing operation?

One of the major effects of angle of approachinigaiges of ships is its influence of the
energy to be absorbed by the fender system. Canséderal ships berth on the same pier
at the same speed but with different angle of aggrpthough their kinetic energies are the
same, the amount of energy absorbed by fenderslifflne amount of energy absorbed by
fender is:

W = 0.5mV? (k2+r’cos )/ (K12

where W= energy absorbed by the fender
m= mass of the ship
v=velocity of the ship
k= radius of gyration of the ship
r= distance of centre of gravity of the shiphe point of contact of the fender

Hence, when the direction of approaching velocftg ship is normal to the fender system
(i.e. =90, the amount of energy absorbed is smaller whenpaoed with that of a ship
whose velocity is tangential to the shoreline. IRefee is made to F. Vasco Costa (1964).
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Chapter 6 — Roadworks

1. How can unreinforced concrete pavement functiowithout mesh reinforcement?

For concrete carriageway, it is normally classifiedo two types: reinforced and
unreinforced concrete pavement. The reinforcemenginforced carriageway (in the form
of mesh) is used for controlling cracking. Then omey query how unreinforced pavement
can control cracking without the use of mesh retdment. To answer this question, one
should pay attention to the features of unreinfdrcencrete pavement. In accordance with
Highways Standard Drawing No. H1109, an approxifgé8enm wide groove with a depth
of about one-third to one-fourth of slab thicknessdesigned with a regular spacing
(normally 5m). The grooves are designed to be toow for stones to fall into when the
cracks are open due to concrete contraction. Theosal area in which the groove is
located is a plane of weakness and thus this graotea potential crack-inducing device
in which any potential cracks due to shrinkage dhermal contraction may form.
Consequently, the cracks are formed at the basieeajroove and thus it would not cause
any unpleasant visual appearance on the exposddcsuof unreinforced concrete
pavement.

CRACK

CRACK FORMATION IN
UNREINFORCED PAVEMENT

Fig. 6.1 Crack formed in unreinforced
concrete pavement.

2. Why are concrete profile barriers designed witrcurved surface profiles?

Safety fencings are designed to contain vehicleghén carriageway in which they are

traveling and prevent them from rebounding intorbeed and causing hazards. For normal
fencing design, when vehicles crash into safetgifegs, it will give way so as to absorb as
much energy as possible, thus reducing the impace$ on the vehicles. Moreover, it

serves to realign the vehicles along the carriagemt@en vehicles hit on them. However,

for concrete profile barriers they are not desigtoedbsorb energy during vehicle crashing,
but to hold the vehicles hitting on them. In th@noection, concrete profile barriers are
designed with curved profiles so that vehicles merunt and go up partly on them, and yet
they will not cause overturning of vehicles. Refee is made to Arthur Wignall, Peter S.

Kendrick and Roy Ancil.

For shallow-angle crashing of cars, they would blion the lower slope face of concrete
profile barriers. On the other hand, when a cas hit a large angle to the barrier, the
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bumper collides with the upper sloping face of cete profile barrier and the car rides
upwards. This provides the uplift of the car whodeels move up the lower sloping face
of the barrier. It is not intended to lift the dao high, otherwise it may result in rolling.
Since the friction between the wheels and barrfgevide extra lifting forces, it is
undesirable to design rough finish on these fakcesssence, the kinetic energy of the car
during collision is transformed to potential enedyring its lifting up on profile barrier
and finally converted back to kinetic energy whiea tar returns to the road.

Note: For details of concrete profile barrierserehce is made to HyD Standard Drawing No. H2101A.
3. Should joints of concrete kerbs be in line witlthe joints in concrete carriageway?

In normal practice, joints are provided in roadldeeto cater for concrete expansion and
contraction. However, the location of joints in lBglis not arbitrary and they should match
with joints in concrete carriageway. Otherwiseisitvery likely that cracks may form in
concrete kerbs at location of pavement joints (Btiyi of Transport (1955)).

4. Why is the slump specified in concrete carriagesy comparatively low (30mm)
when compared with normal concrete (75mm)?

The slump of concrete carriageway is purposelyifipddo be a relatively low value, i.e.
30mm. For concrete carriageway, traffic loads diyeact on concrete pavement surface
and therefore the surface strength is detrimeatdastfuture performance. In freshly placed
concrete, segregation (may be in the form of blegdoccurs within the mixture of cement
paste and aggregates. The degree of resistanagtegation is related to workability of
concrete. If substantial segregation is allowethik® place, then the relatively porous and
weak laitance layer will be formed on the carriaggvsurface and the aggregates will
concentrate in the bottom. Hence, concrete which ihaignificant bleed possesses a
stronger surface layer and is more abrasion resistansequently, a small slump value is
specified to increase the wearing resistance otred@ and to achieve a suitable surface
texture of concrete pavements.

Moreover, a low-slump concrete facilitates the v$eslipforms when constructing the
concrete pavement. With concrete of a low slumpesalt still remains its compacted
shape and is not liable to deform when the paviaghimes go away. However, if a high
slump concrete is used instead, the pavement susianuld drop and the edges may
deform readily.

5. Can all utility detectors detect the depth of utities?

In Hong Kong, underground utility detectors are mally divided into two types:
electromagnetic detector and ground penetratingr @@PR).

For electromagnetic detector, it can detect thenadgy emitted by metallic utilities
themselves by passive mode. While in active mduedetector has to pick up the signals
through a transmitter and sonda connected dirdotlihe non-metallic utility. Both the
alignment and depth can be found in active moddewdmly alignment can be found in
passive mode. The electromagnetic detector avail@bmarket can detect utilities up to
depth of 3m.
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For ground penetrating radar, it sends radio wants the ground and receives signals
from reflections from utilities. It has the advaggaof locating both the depth and
alignment of utilities. More importantly, it can téet both metallic and non-metallic
utilities. However, it suffers from the disadvargaghat it is quite expensive and
interpretation of data is not simple. Referenamasle to LD, DSD (2000).

6. What is the importance of air void content in biuminous pavements?

The air void content of bituminous materials is imxportant control parameter for the
quality of bitumen being laid and compacted. If thevoid content is too high, it allows
for intrusion of air and water. Moreover, it alswieases the rate of hardening of binders
which produce premature embrittlement of pavemeéntaddition, too high a void content
will also lead to differential compaction subjeotttaffic loads and result in formation of
ruts and grooves along the wheel track.

However, a minimum amount of air void should be mtained to avoid instability during
compaction process and to provide space for bitufit@m in long-term consolidation
under traffic loads. A sufficient amount of air gsishould be designed to make room for
expansion of binder in summer and compaction by toaffic as suggested by National
Association of Australian State Road Authoritie968), otherwise bleeding and loss of
stability may occur and the pavement will deforradiéy under severe loads.

7. In concrete pavement, why is the requirement d5% by mass of quartz grains are
specified in contract?

In General Specification of Civil Engineering Works992 Edition), in Clause 10.09 it
states “Fine aggregate for concrete shall be nativer-deposited sand consisting of at
least 95% by mass of quartz grains”. The aim ohspecification is to control the quality
of river sand. As quartz is a durable and hard nateising a high percentage of quartz in
aggregates of concrete can enhance the strengthiaadility of the surface texture of
concrete carriageway.

In addition, such specification requires a highcpatage of quartz content, thereby
reducing the probability of presence of impuriti&s shell.

8. What is the load transfer mechanism for paving locks in pedestrian footway?

In Hong Kong, footway is normally designed with payslabs/interlocking blocks instead
of concrete because the extensive use of conargp@vement is boring. Moreover, poor
appearance will result in concrete pavement duketguently trench openings for utility

work. In addition, owing to the prolonged settingdacuring time of concrete, the use of
concrete pavement inevitably generates disturbanttee general public.

The pedestrian loads are taken up through thewaollp ways:
() Load carrying capacity of paving slabs/interlockibigpcks are derived from their
individual strength;

(i) Pedestrian loads are also supported by interlockarges provided by friction
transfer through the sand in vertical joints (K.Tiing & Robert P. Cooper (1986)).
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9. What is the function of a sand layer underlyingpaving slab/interlocking blocks?

Normally after the laying of sub-base layer of gaing slab/interlocking blocks, a 30mm
thick sand bedding is screeded and tamped ovepahement area. Then paving slabs are
laid horizontally with joints of 2-3mm wide and ateid in uphill direction. After
completing the laying of paving slabs, sand usedilfong joints is spread over the surface
of the units and brushed into the joints such #tigbints are completely filled. The paving
slabs are then bedded into final position by ugilage vibrators.

The sand layer serves the same purpose of normdira layer under concrete structure:

(i) Provide a level and flat surface for the pavindpstaerlocking blocks to lay on;

(i) Protect the foundation (i.e. underground subgrakesab-base layer) against adverse
outside conditions (e.g. bad weather) during cossn of the laying work of paving
slab/interlocking blocks.

10. What is the function of longitudinal joints inconcrete road pavements?

A longitudinal joint consists of a tie bar placedtlae mid-depth of a concrete pavement
and it is not intended for joint lateral movememhen one may doubt the reasons of
placing longitudinal joints in concrete pavememisfact, longitudinal joints are normally
designed at a regular spacing e.g. 4.5m to accoraradke effect of differential settlement
of pavement foundation. When uneven settlementrectioe tie bars in longitudinal joints
perform as hinges (Ministry of Transport (1955)) ieth allow for the settlement of
concrete carriageway. Moreover, it also servesaterdor the effect of warping of concrete
due to moisture and temperature gradients by psiomsof a small amount of angular
movement to occur so that stresses induced byanmestt warping can be avoided.

Dowel bars are provided in longitudinal joints tbe following reasons:

() In case of the occurrence of uneven settlement detvadjacent panels, it helps to
maintain a level surface by transfer of loads tgtodowel bars.

(i) Keep the longitudinal joints close.

11. For rigid pavement, what are the advantages afising lean concrete sub-base
instead of traditional granular sub-base?

There are several shortcomings of using granulaibsise in concrete carriageway:

() Since sub-base is permeable, water can seep thsulghase and soil particles will
be pumped out through contraction/expansion jowlten subject to traffic load.
Consequently, voids are formed underneath the pewestructure and the concrete
pavement may crack under severe traffic loading.

(i) Lean concrete increases the strength and renderealls capable of carrying heavy
traffic loads (David Croney and Paul Croney (1992))

(i) Due to workmanship problem, it may have uneverritigion of sub-base and this
results in cracking of concrete carriageway whdsjex to severe traffic loading.

12. In General Specification for Civil EngineeringWorks (1992 Edition), the design of
roadbase material is based on recipe approach. ky?
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The design of roadbase material is based on remppeoach (David Croney and Paul
Croney (1992)pecause Hong Kong government follows the traditi@réish practice by
adopting recipe design in which the aggregate grpdnvelope, the quantity and grade of
bitumen are specified in the bituminous mix. Thegipe of bituminous mix is derived
based on past experience and good workmanship gdwamstruction. In fact, many
countries nowadays adopt special design mix of bhasd which proves to produce
satisfactory bituminous mixes to suit differenesaind design conditions.

In fact, recipe specification of bituminous matkyidoes suffer from several drawbacks.
Firstly, the conditions of traffic and climate oéwly constructed bituminous road may
differ from the conditions on which the recipe @dgsis based. In case adjustment has to be
made to the recipe design, it is very difficult determine and assess the modifications
required. Secondly, it poses problem to site ergggid@o assess the effects of minor
non-compliance if recipe specification is adopteénhally, the recipe mix may not be the
most economical design which is dependent on snéitions.

13. If the construction of concrete carriageway iscarried out in summer, can
expansion joints be omitted?

If the construction of concrete carriageway is iearout in summer, expansion joints may
not be necessary as suggested by Arthur WignaterPe Kendrick and Roy Ancil.
Expansion of concrete carriageway is mainly duseasonal changes with an increase in
temperature from that during construction to theéiamt temperature (i.e. the temperature
in summer). However, if the construction of conerearriageway takes place in summer,
the concrete carriageway will undergo contractiorthie following winter, thus the space
available in contraction joints can accommodatefiiiere expansion in the next summer.

14. If there is a delay of bituminous laying on topof sub-base, should tack coat be
applied on the top surface of sub-base?

When there is a delay between bituminous layingdiffierent bituminous layers (i.e.
roadbase, base course etc.), a tack coat is applitap of the bituminous layers because it
helps to enhance better bonding between bitumimoaterials. If there is insufficient
bonding between adjacent bituminous layers, théyabe as separate independent layers
which can hardly resist the traffic loads. Whenlgiog the tack coat, it should be sprayed
uniformly on the bituminous surface and alloweddafficient curing. The hot bituminous
material laid on top of the coat would soften itabling the tack coat to partly fill voids in
the bituminous materials. For emulsified asphgletyack coats, they are normally diluted
with water in order to achieve a more uniform apion without excessive usage of
asphalt. After the subsequent compaction is caoigdthe coat would be interlocked with
the bituminous materials. On the other hand, choells be taken to ensure that excessive
coat would not be laid, otherwise slippage or sleacks in the bituminous material would
occur due to the relative thick layer of the taoktcapplied.

However, for sub-base surface, priming coat instefathck coat may be applied in the
event of a delay in laying of bituminous layer op bf the sub-base layer. The function of
the primer serves to maintain the existing surfamedition for a longer period and it also
provides an impermeable surface to prevent ingsésgter or water loss by evaporation.
Moreover, it fills the surface voids and protecte tsub-base from adverse weather
conditions. In addition, it also helps to promotihasion between adjacent road layers and
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to harden the surface.

15. What is difference in purpose for conducting sdiace regularity test and sand
patch test (test on texture depth)?

The purpose of surface regularity test is to meathwe riding quality of pavements and the
same requirement and standard is applied to batbrete and bituminous carriageway. On
the other hand, sand patch test is used for chgdkmm skid resistance of road pavements.
Moreover, it is related to traffic noise because itfitensity of noise generated from road
traffic is related to texture depth of carriageway.

16. In General Specification for Civil EngineeringWorks (1992 Edition), it specifies
the temperature requirements for bituminous materid during and after mixing. What
is the reason behind this?

Temperature is one of the factors that govern timapaction of bituminous material and
the air void content is found to decrease withrammgase in compaction temperature. This
phenomenon is explained by the viscosity-tempegatelations: the higher is the viscosity
of binders, the greater is the resistance to cotiggacTherefore, in normal contract for
bituminous laying, the temperature requirementsbituminous material during and after
mixing are specified.

17. Can a sub-base layer serve as a drainage layeremove water from pavement?

Besides providing load distribution in post-constion stage and working platform in
construction stage, sub-base can also serve asirsage layer to remove water coming
from the pavement. For thick layers of road pavamins likely that the water leakage
from pavement is insignificant and therefore thb-base layer mainly serves to support
the traffic stresses. However, for thin pavementels, water penetration is quite
substantial and therefore sub-base may also @ctlesnage layer to remove these water.

18. For unreinforced concrete carriageway, what isthe sequence of closing and
opening of expansion joints and contraction joints?

Let's take an example to illustrate the sequencelasing and opening of joints (Ministry
of Transport (1955)). For instance, an unreinforcedcrete carriageway is constructed in
winter. When temperature rises in the following suen, the section between expansion
joints will expand as a whole single element reisglin the closure of expansion joints.
This section of concrete pavement will move outwafidm the mid-point between the
expansion joints. In the next winter, each bay. €@ncrete pavement between adjacent
contraction joints) of concrete contracts about riidpoint of its length with opening of
contraction joints.
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Fig. 6.2Movement of joints in summer and winter.
19. Are kerbs necessary in road pavements?

In general, kerbs are essential in road pavemargsta the following reasons (based on
Arthur Wignall, Peter S. Kendrick and Roy Ancil):

(i) They provide strength to the sides of road pavesnantl avoid lateral displacement of
carriageway due to traffic loads.

(i) In terms of road safety, they serve as a separdimmn between footway and
carriageway and aid car drivers in driving safely.

(i They act as a vertical barrier to guide theface runoff collected in road pavements to
the gullies.

~——HKERB

=——FLAT CHANMEL

GULLY GRANTING
Fig. 6.3

20.What are the design considerations for dowel bar in joints of concrete
carriageway?

The behaviour of dowel bars resembles that of pilesils subject to lateral loads. Failure

of the joint occurs by yielding of steel under bieigdaction or by crushing of concrete due
to bearing stresses.
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In general, the spacing of dowel bars should notoleeclose which may pose problems
during construction. However, it should be not wade to allow the occurrence of bending
between the dowel bars. On the other hand, regattie length of dowel bars, it should
not be too long because the induced stress anthefdong dowel bars is insignificant and
is not effective in transferring loads between edf concrete panels. However, if the
dowel bars are too short, the stress at the fageimtf is increased resulting in concrete
crushing. Reference is made to Ministry of Transp®55).

21.What is the function of a separation membrane betwen concrete pavement slab
and sub-base?

The separation membrane between concrete pavetabrdrsd sub-base has the following
functions:

(i) It aids in reducing the frictional forces betwe@mcrete slab and sub-base and helps to
movement of concrete slab with respect to sub-b&ageg to changes in temperature
and moisture.

(ii) It prevents the loss of cement and water in imneaitwncrete which significantly
affects the strength and durability of hardeneccoete.

(i)t avoids the mixing up of sub-base materiaied freshly placed concrete.

Polythene sheeting, which is a waterproof mateiiglcommonly used as separation
membrane.

22.Should emulsified asphalts or cutback asphalts beekected as tack coat in
bituminous roadworks?

Emulsified asphalt is a suspension of asphalt itemlay using an emulsifying agent which
imposes an electric charge on asphalt particlethab they would be join and cement
together. On the other hand, cutback asphalt iplgiasphalt dissolved in petroleum. The
purpose of adding emulsifying agent in water orgdetim is to reduce viscosity of asphalt
in low temperatures.

The colour of emulsion for tack coat is brown @iy during the time of application. Later,
the colour is changed to black when the asphattssta stick to the surrounding and it is
described as “break”. Finally, when water has adporated, the emulsion is said to have
“set”. Similarly, for cutback emulsion, it is degmd to “cure” when the solvent has
evaporated. However, there are several problenegiassd with cutback asphalts:

() Emulsified asphalt can be diluted with water sa thdow application rate could be
achieved.

(i) The evaporation of petroleum into atmosphere féback asphalt poses environmental
problem.

The cost of production of petroleum is higher thiaat of emulsifying agent and water.
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Chapter 7 — Pumping Station

1. What is the difference among cement plaster, cemt render and cement screed?
Under what situations should each of the above besad?

The purpose of plastering, rendering and screeing create a smooth, flat surface to
receive finishes like paint, wallpaper etc.

Plastering is the intermediately coating of buitdimaterials to be applied on the internal
facade of concrete walls or blockwalls.

Rendering is the intermediate coating for extewslls only.

Screeding is the coating laid on floors to recdinishes like tiles, carpet, and marble...

Hence, these terms differ basically from the lawaiat which they are applied. Due to
different locations of application of plasterwotke proportion of material component for
plaster and render is different. For example:

(i) Cement plaster
Undercoat- cement:lime:sand (by volume) = 1:4:16
Finishing coat - cement:lime:sand = 1:12:30

(i) Cement render
Undercoat- cement:lime:sand (by volume) = 1:2:6
Finishing coat - cement:lime:sand = 1:3:6

2. In the design of corbel beams in a pumping statn, why are shear links designed in
the top 2/3 of the section?
What is the general advice on the design?

Corbel beams are defined as z/d<0.6 where z idiftance of bearing load to the beams’
fixed end (or called shear span) and d is deptteafns. The design philosophy is based on
strut and tie system. To establish the design matdel firstly assumed the failure surface,
i.e. shear cracks extending to 2/3 of depth of beaxperiment results verified that the
failure cracks extended only to 2/3 of beam while temaining 1/3 depth of concrete
contributed as concrete strut to provide compressinut force to the bearing loading.

Horizontal links are normally provided to corbelabes because experimental results
indicated that horizontal links were more effectittegan vertical links when shear
span/depth is less than 0.6. For shear span/deptht8hould be not considered as corbel
beams but as cantilevers.

In designing corbel beams, care should be takewaa bearing load to extend beyond the

straight portion of tie bars, otherwise the corngfrgorbel beams are likely to shear off.
Reference is made to L. A. Clark (1983).
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3. Given a 1m high staircase resting on solid conete, would it be adequate to design
nominal reinforcement for the staircase?

For the design of staircase, there are three ncaimasios:

(i) Stairs spans longitudinally

This kind of stairs refers to stairs spanning betwdandings only without any side
supports. In this case, the staircase should hgrasas a beam between two end supports
(i.e. landing) and the main reinforcement is preddt the bottom of staircase slabs.

(ii) Stairs spanning transversely

This kind of staircase is supported by sidewallyy and it may also be supported by
stringer beams. For the case of sidewalls, it astsa cantilever beam and the main
reinforcement are provided the top surface of skdr. the case of staircase supported
sideways by both sidewall and stringer beam, iukhbe designed transversely with end
supports as sidewall and stringer beam and reiafoent is provided at the bottom of the
staircase.

(ii) Stairs resting on solid support
For stairs resting on solid supports, only nomstakl reinforcement is provided to control
thermal and shrinkage cracking.

4. In selecting screw pumps in polder scheme projes; what are the factors that affect
the design capacity of screw pumps?

The commonly used angles of inclination for screunps are 30 35’ and 38. For screw
pumps of relatively high lifting head, like ove5&, angle of inclination of 38s normally
used. However, for relatively lower head and higbcldarge requirement, angle of
inclination of 3@ shall be selected. In general, for a given capaaiid lifting head, the
screw pump diameter is smaller and its lengthngéw for a screw pump of 3inhclination
when compared with a screw pump of 8&lination.

To increase the discharge capacity of screw pumparger number of flights should be
selected. In fact, screw pumps with 2 flights a@ereconomical that that with 3 flights in
terms of efficiency and manufacturing cost. Morepuwbe discharge capacity is also
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determined by the screw pump diameter and siz&)@mm to 5000mm are available in
current market.

5. What are the components of a waterproofing syste in the roof of a typical
pumping station?

In the design of a waterproofing system at the mio& pumping station, normally the
following components are:

(i) Above the structural finish level of the concretefr a screed of uniform thickness is
applied to provide a smooth surface for the appboaof waterproofing membrane.
(Screed of varying thickness can also be desigmethe roof to create a slope for
drainage.) The screed used for providing a surfacenembrane should be thin and
possess good adhesion to the substrate. Moredwersdreed aids in the thermal
insulation of the roof.

(i) Above the screed, waterproofing membrane is pravideensure watertightness of
the roof.

(i) An insulation board may be placed on top of wat@prmembrane for thermal
insulation. In cold weather condition where thesla$ heat at the roof is significant,
the insulation board helps to reduce these lo3eshe contrary, in summer the roof
is heated up by direct sunlight and the insulatayer reduces the temperature rise
inside the pumping station.

6. In pumping stations one of the choices for the aterial of water tanks is
fibre-reinforced plastic (FRP). What are the advanages associated with this kind of
material?

There are two main advantages for FRP water tanks:

0] It possesses high strength to weight ratio andélaids to the ease of site handling.
(i) It is highly resistant to corrosion and thus itrisre durable than steel water tank.

7. In the construction of pump troughs for accommodtion of screw pumps, what is
the construction method to ensure close contact hveeen the screw pumps and the
pump trough?

In the construction of screw pump troughs, trapgaleshaped troughs are usually formed
by using normal formwork. In order to enhance closatact between screw pumps and
troughs, upon lifting the screw pumps into the gtosl screeding works is carried out.
Screw pumps are set to rotate and screeds aredpbete/een the gap of screw pumps’
blade and trapezoidal-shaped troughs during tregingt action of screw pumps. After the
screed sets, it serves to prevent leakage of vdateng the pumping operation of screw
pumps.

8. Why are voids filled with lightweight infilling material in raft foundation of
pumping stations?

To reduce the dead load and hence to reduce tthensemt of pumping stations, the voids

inside the raft foundations are filled with lightaterial. If instead concrete is placed inside
these voids, it poses severe thermal cracking pnokdnd drastically increases loads to
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pumping stations. The use of general fill is alet desirable because its self-weight is
comparable to that of concrete. On the contrartheke voids are left vacant, water may
penetrate into these voids during future operaéind increases the dead load of pumping
stations during its normal operation. Thereforghtiveight infill material, which is
non-water-absorbing and non-biodegradable, is dedignside these voids to avoid ingress
of water and to reduce the dead load of the stractu

9. What is the difference in arranging pumps in saes and in parallel?

For identical pumps with similar functions, if tpemps arranged in series, the total head is
increased without a change to maximum dischargeth®mther hand, for pumps arranged
in parallel to one another, the discharge is irmgdawithout any changes to maximum
head.

10. In terms of pumping performance, how should erigeers determine the use of
radial flow pumps and axial flow pumps?

Specific speed is usually defined for a pump opegadt its maximum efficiency. In order
to minimize the cost of future operation, it is id&isle to operate the pumps as close to the
maximum efficiency point as possible. The specHpeed for radial flow pumps is
relatively small when compared with that of axiald pumps. This implies that radial flow
pumps tend to give higher head with lower dischavbde axial flow pumps tend to give
higher discharge with lower head.
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Chapter 8 — Reclamation

1. What are different approaches for reclamation indeep water region and shallow
water region?

To illustrate the different approaches adoptedrémtamation in deep water and shallow
water region, the following example is used:

In deepwater region, consider the seabed leve.BmPD. After laying of geotextiles and
1.5m thick sand blanket, the top level of sand kéans about —7mPD. Split barges are
deployed for dumping public fill to —2.5mPD. Afteawds, end dipping of public fill by
trucks will be carried out up to +2.5mPD whichhe tesigned reclamation level. Between
level —2.5mPD and +2.5mPD, it is too shallow folitdparges to enter the water, thus the
method of end dipping is used instead.

For shallow water region, the seabed level is tad®er5.5mPD in this example. With the
laying of geotextiles and 1.5m sand blanket intsifoan, the top level of sand blanket is
about —4mPD. In this case, split barges are aled €@ reclamation work between the
level -4mPD and —-2.5mPD. After that, if end dippiisgused for reclamation work
above —2.5mPD, then in considering the relative tayer of fill above seabed (1.5m sand
blanket + 1.5m sand blanket), it stands a high chanat mud wave would occur in seabed.
Therefore, half-loaded derrick barges are emploiggdreclamation up to level OmPD.
With a thicker layer of public fill now, end dipmncan then be used for reclamation
between OmPD and +2.5mPD.

This above reclamation sequence is just an examplelemonstrate the different
considerations for reclamation in deep water aral® water region.

2. In case mud waves occur during reclamation, whatre the possible solutions to
rectify the situation?

(i) Option 1 — Complete Removal of All Disturbed Mu

To remove all disturbed mud once mud waves occtireidastest way to treat the problem.
After that, filling material is used for replacitige disturbed mud. However, this option is a
rather expensive option because it involves dregigimall disturbed mud and replacement
of large amount of fill.

(ii) Option 2 — Accelerated consolidation of Disgiad Mud

This option involves placement of surcharging loadstop of mud waves, together with
installation of band drains to accelerate the clidation of disturbed mud. This method
suffers from the drawback that sufficient long timeequired for the consolidation process
of mud.

(iif) Option 3 — Partial Removal of Disturbed Mud
This option is a combination of the first two optsin which the top weak layer of mud is
removed while the lower mud is treated with surgivay with band drain installation.

Note: Mud waves refer to excessive displacementuat due to successive slip failure during reclaomati
3. What is the importance of geotextiles and sana ireclamation works?
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For geotextiles used in reclamation, they servenimaine following two purposes:

(i) they separate reclamation fill from marine mud;

(i) they may act as reinforcement to enhance the gyabfl reclamation. However, the
reinforcement function is still under heated debb&xause its performance as
reinforcement depends on several factors like timectional strength of woven
geotextiles and damage effect by installation ofigal band drains.

For sand:

(i) it spreads the load of future public dump on tog;of

(i) it acts as drainage path for dissipation of exqgese water pressure for band drain
installation.

4. Geotechnical Instrumentation is frequently emplged for monitoring the condition
of reclamation. Sometimes two piezometers are indlad inside the same borehole.
What is the reason behind this?

For standpipes, they normally contain one plastietbetween its intention is to measure
water level only. However, for piezometers, theg arsed for measuring pore water
pressure in a certain depth below ground. For icgtaif there are two clayey layers below
ground at different depths, a multiple piezometetuding two separate piezometers may
be sunk at the same borehole to determine the pater pressure at these layers
respectively. This arrangement has the advantagfeittlsaves the cost of installation of
separate boreholes for several piezometers. Howeter installation of multiple
piezometers within the same borehole is affecteddmyrrence of leakage along the pipes
as suggested by Marius Tremblay (1989).

5. What is the difference between standpipe, stangge piezometer and piezometer?

A standpipe normally contains plastic pipes withfgeted holes at the base. The annular
space between the perforated tube and casindad filith gravel or sand backfill. Under
such an arrangement, standpipe is used to measiee level of a certain region.

A standpipe piezometer is a type of piezometer Wwinheasures pore water pressure at a
certain level. It consists of plastic pipes withboles. The tip of the standpipe piezometer
is perforated and the annular space between thad thee piezometer and soil is filled with
sand while the annular space between other parfdastic tube and soil is filled with
cement/bentonite grout to seal off water from entethe region of piezometer tip. This
enables the pore water pressure in the regionezibpneter tip to be measured. In essence,
standpipe piezometers are installed to study thre p@ter pressure of a specified depth
below ground. However, it suffers from the disadage that the response time is relatively
slow in clayey soils. Reference is made to Maritesiblay (1989).

6. For drained reclamation, what is the significane of smear zone induced by
installation of band drains?

During installation of band drains, smear zones @eated in which a zone of soil
surrounding the band drains are disturbed. The ocessbility of surrounding soils is
increased and it results in the reduction of themmeability. In fact, the surrounding soils
are remoulded during the installation process dral dffectiveness of band drains is
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reduced. In essence, for the reduced permeabilityotls around band drains, it takes
longer time to complete the consolidation process.

7. In case a road passes through a reclaimed landahé an existing land, what is the
main concern regarding the design of pavements?

For an existing land, it is anticipated that thend be no major settlement within the
design life of pavement structures. However, foreeently reclaimed land, even with
surcharging and installation of vertical drainsmeosettlement will still occur after the
construction. If a road pavement has to be con®tuconnecting these two areas, special
design has to be made in this transition regionoidder to avoid the occurrence of
differential settlement which may damage the paversgucture, a transition slab may be
designed to accommodate such movement (J. S. Mng\1096)).

8. In dredged reclamation, what are the considerabins in selecting between trailer
suction hopper dredgers and grab dredgers?

Trailer suction hopper dredgers are vessels whealove material off the seabed through
hydraulic suction by using pumps. During the dradgoperation, a mixture of soil and
water is transported through suction pipe to st@ragppers. Significant turbulence inside
the hoppers keeps the dredged mixture in susperaidnthis should be minimized to
enhance the material to settle swiftly prior to grecess of overflowing. Trailer suction
hopper dredgers are mounted with draghead or dragarmps which increases the
dredging depth and trims down the occurrence oftation as suggested by John B.
Herbioh (1992). This machine is limited to dredgirgatively low-strength material.
Moreover, they cannot be deployed in very shalloatens and instead grab dredgers
should be used. However, its dredging capacityighdr than that of grab dredger and it
can be mobilized in relatively deep-water region.

Trailer suction hopper dredgers are renowned fair thobility, versatility and capability to
operate in unfavorable sea conditions.

9. What are the considerations in selecting maringlants and land plants for
installation of band drains?

For installation of band drains by marine plantsmust have sufficient water depth to

accommodate the marine plants in the first placavéver, due to the effect of tides and

waves, the establishment of the position for itetiain of band drains and the subsequent
installation works may be affected. In additione #stablishment cost of marine plants is
higher than that of land plants.

For installation of band drains by land plantsficlifity may be encountered during the
installation of band drains through the reclaimegkel e.g. C&D material. Land plants may
take longer construction time due to the above-roeatl difficulty. Sometimes when the
supply of public fill is increased suddenly, it mée preferable to place these fill
immediately into position and in this situation timstallation of band drains (originally
installed by marine plants) is delayed so thatdbwstruction of band drains is changed to
using land plants.

10. For installation of silt curtains, why is it nd desirable to design the curtain to
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touch the seabed?

Silt curtains are impermeable vertical barrierseaging from the seawater surface to its
designed depth. The curtains are held in a verpioaition by the carrier float on their top
and a curtain weight at their bottom. A tensionleab designed at the carrier float to resist
stresses incurred by currents. Moreover, the silians are anchored to the seabed to hold
them in the designed configuration.

In essence, the depth of silt curtains should eatdlong and touch the seabed because the
bottom segment of the silt curtains would be trappeside the newly accumulated
sediment, thus resulting in sinking of the curta@mnsequently, it is difficult to remove
these sunken curtains. Moreover, reversal tidal andent actions may cause the
movement of bottom region of curtains which stirthp settled suspensions and induce
additional turbidity.

11. What are the functions of slip joints in blockverk seawalls?

Slip joints are joints which are formed through anplete vertical plane from the cope
level to the toe level of seawalls. These joints @esigned in blockwork seawalls to cater
for possible differential settlements between aghpaqanels of seawalls. The aggregates
inside the half-round channels in slip joints allfar the vertical movements induced by
differential settlement and at the same time pliogéggregate interlocking forces among
adjacent panels of seawalls to link the panelsni& anit against the lateral earth pressure
exerted on seawall.

Besides, slip joints provide a path for the rebéfwater pressure developed and allow the
lateral movement (e.g. contraction) due to seasaaradtions.

Note: For details of slip joints, reference is mé&€EDD Standard Drawing No. C3008C.
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Chapter 9 — Water Retaining Structure and Waterworks

1. When designing a water storage tank, should mowreent joints be installed?

In designing water storage tanks, movement joiats loe installed in parallel with steel
reinforcement. To control the movement of concreige to seasonal variation of
temperature, hydration temperature drop and shgmkeatc. two principal methods in
design are used: to design closely spaced ste#foreement to shorten the spacing of
cracks, thereby reducing the crack width of craaksio introduce movement joints to
allow a portion of movement to occur in the joints.

Let's take an example to illustrate this. For 3@mg tanks wall, for a seasonal variation of
35 degree plus the hydration temperature 8€3the amount of cracking is about 8.8mm.
It can either be reduced to 0.3mm with close sgponcan be absorbed by movement
joints. Anyway, the thermal movement associated whie seasonal variation of %85 is
commonly accounted for by movement joints.

For water-retaining structure like pumping statiotige crack width requirement is even
more stringent in which 0.2mm for severe and vemese exposure is specified in BS8007.
It turns out to a difficult problem to designers avimay choose to design a heavy
reinforced structure. Obviously, a better choideeothan provision of bulky reinforcement
is to allow contraction movement by using the mdtlod movement joints together with

sufficient amount of reinforcement. For instancefvie reservoirs in Water Supplies
Department comprise grids of movement joints likpassion joints and contraction joints.

2. What is the crack pattern induced by hydration die to internal restraint?
Let’s take a circular column as an example toftithte this.

When the temperature is rising, the inner concsetemperature is higher than outer
concrete’s temperature and the inner concrete pareding. This induces pressure to the
outside and the induced compressive stress willtrasformation of radial cracks near the
surface of concrete.

When the temperature drops, the concrete at tredeutirops to surrounding temperature
while the concrete at the central region continoesool down. The contraction associated
with inner concrete induces tensile strains ananfoicracks tangential to the circular
radius.

3.What is the purpose of adding cooling pipes or en using cold water for concrete in
concreting operation?

All these measures aim at reducing the placing &satpre and reducing thermal cracks
induced during concreting of massive pours. Siheefinal concreting temperature should
be the ambient temperature, reducing the initiatiplg temperature will also lower the
peak hydration temperature. Therefore, the temperalifference between the hydration
peak and the ambient temperature is reduced aogbydand subsequently the thermal
effect to concrete structure can be reduced byaling the placing temperature.

4. Is the material of formwork (timber or steel) hdps to reduce thermal cracks in
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concreting operation?

To answer this question, one must fully understémel effect of formwork on the
temperature of concreting structure. Without dowbth better insulation of structure by
timber formwork, the overall rise of temperaturel dience the peak hydration temperature
is also increased. However, for a well-insulatedctire, the temperature gradient across
concrete element is reduced. Therefore, the useetifinsulated formwork (like timber)
increases the maximum temperature and reducesethpetature gradient across the
structure at the same time. Hence, whether ste@hdyer formwork should be used to
control thermal cracking is dependent on the reggand the size of section.

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

5. What is the importance of critical steel ratio n calculating thermal reinforcement?

The fulfillment of critical steel ratio means thatconstruction joints or planes of weakness
of concrete structure, steel reinforcement will yigid and concrete fails in tension first.

This is important in ensuring formation of more ak® by failure of concrete in tension,

otherwise failure in steel reinforcement would proel a few wide cracks which is

undesirable.

6. In selection of waterstop, shall engineers usdam dumb-bell type or center-bulb
type?

The plain dumb-bell type is used for joint locatiwhere small movements are anticipated.
Therefore, construction joints are desirable lagatiof this type of waterstop. On the other
hand, center-bulb type waterstop is suitable fgra@sion joints or locations where lateral

and shear movements occur due to settlement oeatieth. Reference is made to W. L.

Monks (1972).

7. Why do BS8007 specify the allowable crack widtbf water retaining structure as
0.2mm for severe or very severe exposure?

For crack width less than 0.2mm, it is assumed tt@tmechanism of autogenous healing
will take place in which the crack will automatilyaseal up and this would not cause the
problem of leakage and reinforcement corrosionatewretaining structure.

When the cracks are in inactive state where no mew takes places, autogenous healing
occurs in the presence of water. However, wherettsea continuous flow of water through
these cracks, autogenous healing would not takeeglacause the flow removes the lime.
One of the mechanisms of autogenous healing iscddaium hydroxide (generated from
the hydration of tricalcium silicate and dicalcigiticate) in concrete cement reacts with
carbon dioxide in the atmosphere, resulting inférmation of calcium carbonate crystals.
Gradually these crystals accumulate and grow isethiey cracks and form bonding so that
the cracks are sealed. Since the first documensamb\kry of autogenous healing by the
French Academy of Science in 1836, there have haererous previous proofs that cracks
are sealed up naturally by autogenous healing. Becaf its self-sealing property,
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designers normally limit crack width to 0.2mm foater retaining structures.

8. In designing reservoirs, the indirect tensile séngth of the concrete mix is specified
to be less than a specific value (e.g. 2.8N/Mymfor potable water. Why should
engineers put an upper limit of indirect tensile stength?

The crack width formation is dependent on the e&lysile strength of concrete. The
principle of critical steel ratio also applies mg situation. The amount of reinforcement
required to control early thermal and shrinkage emoent is determined by the capability
of reinforcement to induce cracks on concrete sres. If an upper limit is set on the early
tensile strength of immature concrete, then a rasfgeny cracks would be formed by
failing in concrete tension. However, if the stringf reinforcement is lower than
immature concrete, then the subsequent yieldinginforcement will produce isolated and
wide cracks which is undesirable for water-retagnstructures. Therefore, in order to
control the formation of such wide crack widthsg ttoncrete mix is specified to have an
indirect tensile strength at 7 days not exceediogrtain value (e.g. 2.8N/nfnfior potable
water). Reference is made to R. D. Anchor, A.WI &fild B. P. Hughes (1979).

9. Shall reversible moisture movement be taken intaccount in estimating movement
for movement joints?

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

In fact, the variation of humidity and the estinthteversible moisture movement is not
significant (about 30%) and therefore, its conttidmu to movement does not justify for
movement joints as suggested by MN Bussell & R &afh995).

10. In the design of watermains, how to decide thesage of double air valves and
single air valves?

Single air valves allow squeezing air out of thealine in automatic mode in high-pressure
condition and are normally designed in high powittsvatermain in which air voids are
present. Double air valves basically serve the sporpose except that it has another
important function: it can get air into/out of thipeline during low-pressure condition.

In WSD practice, watermain are normally dividedisections by installation of sectional

valves to facilitate maintenance. In a single igmapipeline section bounded by two

sectional valves, at least a double air valve shbelinstalled. During normal maintenance
operation like cleansing of watermain, water ingageelines is drawn from washout valves.
However, as normal watermain is subject to verylpgessure like 1.5MPa and the sudden
withdrawn of water will cause a transient vacuumdition and will damage the watermain.
Therefore at least one double air valve should tesemt to allow air to squeeze in to

balance the pressure and this protects the pipebnedamaging.

In essence, for local high points single air valgasuld be installed. Within a section of
pipeline, at least one double air valve shouldnsgailed.
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11. Why are two gate valves required in normal pratice to form a washout valve?

In fact, the situation is analogous to that of fmgdrants in which two gates valves are
installed with a single fire hydrant. Washout vahage used for normal maintenance work
of watermain like allowing flowing out of water dng cleaning of watermain. At the
junction where a tee-branch out to a washout paigfate valve is installed to separate the
two pipelines. However, this gate valve is openrdunormal operation while another gate
valve further downstream is installed (closed dymmrmal operation). If the downstream
gate valve is not installed in position, then tiygepsection of branched-out watermain will
be left dry during normal operation and there isigh probability that damage to
watermain and frequent leakage would occur. With downstream gate valve installed,
the segment of branched-out watermain containsrwatermal operation. In case there is
any leakage, it can be readily detected by usiadwio gate valves.

12. After the construction of watermain, prior to hydrostatic pressure test, swabbing
is carried out. What is the purpose of swabbing?

Pipelines should be tested before commissioninghexk the strength of watermain and

the absence of leak. Before carrying out hydrastatessure test, swabbing is conducted to
clear out rubbish and dirt left inside the pipeltheing construction. Swabbing is required

for pipes less than 600mm diameter because foelaige of pipes, they can be inspected
internally to ensure cleanliness.

After carrying out of hydrostatic pressure tesst fer water sterilization is then conducted
which involves collecting water sample from the ghipe. The purpose is to check the
water quality like colour, turbidity, odor, pH vauconductivity etc. and is compared with
the quality of water drawn from water supply point.

13. In the design of watermain, the normal practices to use ductile iron for pipe size
less than 600mm and to use steel for pipe size mdahan 600mm. Why?

For watermain pipe size less than 600mm, ductda is normally used because internal
welding for steel pipes below 600mm is difficult be carried out. Moreover, it requires
only simple jointing details which allow for fasteate of construction. For watermain pipe
size above 600mm, steel pipes are recommendeddeestael pipes are lighter than ductile
iron pipes for the same material strength and tbexehe cost of steel pipes is less than
that of ductile iron pipes. In addition, in aredgldficult access the lighter mild steel pipes
pose an advantage over ductile iron pipes for basgling.

14. In the design of service reservoirs, horizontakinforcement in walls of reservoirs
is placed at the outer layer. Why?

Since service reservoirs are designed as watenirgda structures with stringent
requirement of crack width control, the design einforcement of service reservoirs is
under the control of serviceability limit state. rFthe walls of service reservoirs,
contraction and expansion of concrete are moreifgignt in the horizontal direction of
walls because of their relatively long lengths whemmpared with heights. In this
connection, in order to minimize the usage of @icément, horizontal bars are placed at
the outmost layer so that the distance of reinfol@ bars to concrete surface is reduced.
Since the shorter is the distance to the pointooicern, the smaller is the crack width and
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hence with such reinforcement arrangement advastagetaken if the reinforcement bars
in the critical direction are placed closest toarete surface.

15. In the design of service reservoirs, how are servoir floors designed to prevent
leakage of water due to seasonal and shrinkage mawents?

There are in general two main approaches in desjydgtoors of service reservoirs:

(i) In the first method, movement joints are desigmeddch panel of reservoir floors so
that they can expand and contract freely. Eachlpam®mpletely isolated from one
another and a sliding layer is placed beneath tioeand in sliding.

(i) The second method, on the contrary, does not miakesmpn to free movement. Due
to seasonal and shrinkage movements, cracks aignddsto occur in the reservoir
floors such that very tiny cracks are spread olierfloor and these cracks are too
small to initiate corrosion or leakage. However, tims case, the amount of
reinforcement used is much larger than the firpraach.

16. What is the difference between air chamber ansurge tank?

Air chambers and surge tanks are normally installedatermain to ease the stress on the
system when valves or pumps suddenly start up laaddown. A surge tank is a chamber
containing fluid which is in direct contact withetatmosphere. For positive surge, the tank
can store excess water, thus preventing the wapes grom expansion and water from
compression. In case of downsurge, the surge tawoikd csupply fluid to prevent the
formation of vapour column separation. Howeverth# surge pressure to be relieved is
very large, the height of surge tank has to begtesi to be excessively large and
sometimes it is not cost-effective to build sucthamber. On the contrary, a air chamber
can be adopted in this case because air chamlzeemnlosed chamber with pressurized
gases inside. The pressure head of gas insiddrtbbaanber is the component to combat
the hydraulic transient. However, air chamber Hes demerits that regular maintenance
has to be carried out and proper design of predsuet of gas has to be conducted.
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Chapter 10 — Pipe Jacking and Microtunneling

1. In the design of pipe jacking, what particular aeas on pipe joints should engineers
take care of?

Since in pipe jacking, the jacked pipes could hatii jacked in the designed level and
alignment and some deviation from the original ameommonly acceptable provided that
the deviation are within the tolerance of the Cacttr However, in order to avoid damage
made to the pipe joints due to overstressing, inésessary to estimate the stress
concentrations resulting from these angular detiast

Note: Pipe jacking is a trenchless method in whigbes are jacked underground from jacking pits and
receiving pits.

2. What are the differences in design between norrharecast concrete pipes and pipes
used for pipe jacking?

For pipes used for pipe jacking, they should pastes following characteristics:

(i) Pipes should have high concrete strength to witlasthe stress induced during the
jacking process.

(i) There is tight tolerance in pipe dimension anddipe joints are specially designed to
provide trouble-free joint details. Two commonlyadable joints are rebated joint
and butt end joint.

(i) Pipes preferably should have smooth external ctmdnmgshes to reduce the friction
between the pipes and surrounding soil.

3. Why are intermediate jacks designed in some pigacking projects?

When the process of pipe jacking stops, buildingpligesistance is very fast in some soil.
For instance, increase in jacking force of 20%-48%equired for a stoppage of pipe
jacking for just several hours. Hence, it is recanded that pipe jacking should be carried
out in a continuous operation.

For a long pipeline, the frictional forces estaidid between the jacking pipes and soil is
high. Sometimes, such resisting forces may be glo thiat they can hardly be overcome by
the jacks in jacking pits. Moreover, even if thelks can overcome the high frictional
forces induced during jacking, high loads are elgoeed in jacking pipes during driving.
Jacking pipe’s material e.g. concrete may not hswiicient strength to resist these
stresses and hence pipe strength is another fibetbgovern the need for consideration of
using intermediate jacks.

4. What is the function of packing materials in thejoint of concrete pipes in pipe
jacking?

Packing materials are about 10mm to 20mm thick amednormally made of plywood,
fibreboard or other materials. In case packing nmaeare absent in pipe joints for pipe
jacking, then any deflection in the joints reduties contact area of the concrete and it
leads to spalling of joints due to high stresseduded. With the insertion of packing
material inside the pipe joints, the allowable defilon without damaging the joint during
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the pipe jacking process can be increased.

5. In pipe jacking/microtunneling, it is commonly acepted that cover depths of
jacking pipes cannot be too shallow (i.e. less thaBD where D is the diameter of
jacking pipes). Why?

For pipe jacking/microtunneling, the causes of dasgttlement are loss of face stability,
failure to stabilize ground around shafts, preseri@nnular space around pipes and shield,
drag along pipe joints, etc. The settlement medmanof shallow depths of pipe
jacking/microtunneling is the formation of a sattlent trough on top of the jacking pipes.
The width of the trough depends on soil propertiles;larger is the cover depth of jacking
pipes, the larger is the width of settlement traugdr the same soil volume loss due to pipe
jacking/microtunneling, the width of settlementugh for shallow cover depth is smaller
and therefore it results in a larger vertical maximsettlement.

MAX]WUW SETTLEMENT

DEPEMDS OM SO01L PROPERTIES

SETTLEMENT TROUGH ABDYE
MICROTUNKELL ING

6. In precast concrete jacking pipes, sometimes grbholes are designed inside these
precast pipes. Why?

Grout holes are present in precast jacking pipethfofollowing reasons:

(i) They serve as the locations for injection of ber&or other lubricant. Lubricant is
used for both granular soils and cohesive soilgito down the frictional resistance.
For cohesive soils, the soils cannot get onto thespby the presence of lubricant and
the shearing plane lies within the lubricant asgested by R. N. Craig (1983). On the
other hand, for granular soils, the lubricant miwé soils with a significantly reduced
friction. With the use of lubricant, longer pipentgghs can be jacked without the use of
intermediate jacking station.

(i) They provide the inlet locations for subsequenugng works after completion of pipe
jacking to fill completely the void space betweba pipes and surrounding soils.

(i They are used as lifting holes when placing trecast jacking pipes into rails inside
the jacking pits.
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Chapter 11 — Piles and Foundation

1. It is not necessary to design nominal reinforceenmt to piles. Is it true?

In BS8110 and BS5400 Pt.4, they require the promiaf nominal reinforcement for
columns. However, for pile design the requiremdnbaminal reinforcement may not be
necessary. Firstly, as piles are located undergtotlne occurrence of unexpected loads to
piles is seldom. Secondly, shear failure of piesaonsidered not critical to the structure
due to severe collision. Moreover, the failure dé by buckling due to fire is unlikely
because fire is rarely ignited underground.

However, the suggestion of provision of nominahf@icement to cater for seismic effect
may be justified. Reference is made to J P Tys8ag)L

2. How do rock sockets take up loads?
The load transfer mechanism is summarized as fetlow

When a socketed foundation is loaded, the resistemprovided by both rock socket wall
and the socket base and the load distributiorfusietion of relative stiffness of foundation
concrete and rock mass, socket geometry, sockedhn@ss and strength. At small
displacements the rock-socket system behaves inelastic manner and the load
distribution between socket wall and socket end mambtained from elastic analysis. At
displacements beyond 10-15mm, relative displacemecturs between rock and
foundation and the socket bond begins to fail. Titasults in reduction of loads in
rock-socket interface and more loads are transfetce the socket end. At further
displacements, the interface strength drops tosauwal value with total rupture of bond
and more loads are then distributed to the socit e

3. In designing mini-piles, should the strength ofrout be neglected during assessment
of loading carrying capacity?

In designing min-piles, there are two approacheslable:

(i) In the first approach, the axial resistance pravidg the grout is neglected and steel
bars take up the design loads only. This appraaehconservative one which leads to
the use of high strength bars e.g. Dywidag bar. $hwaild note that bending moment
is not designed to be taken up by min-piles becatige slender geometry.

(i) In the second approach, it involves loads to bertakp by both grout and steel bars
together. In this way, strain compatibility requirent of grout and steel has to be
satisfied.

4. What are the considerations in determining whetér casings should be left in for
mini-piles?

Contrary to most of pile design, the design of miles are controlled by internal capacity
instead of external carrying capacity due to temall cross-sectional area.

There are mainly two reasons to account for desggmini-piles as friction piles:
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(i) Due to its high slenderness ratio, a pile of 200ciameter with 5m long has a shaft
area of 100 times greater than cross-sectional. arearefore, the shaft friction
mobilized should be greater than end resistance.

(i) Settlements of 10%-20% of pile diameter are necgssamobilize full end bearing
capacity, compared with 0.5%-1% of pile diameterdevelop maximum shaft
resistance.

Left-in casings for mini-piles have the followingwantages:

(i) Improve resistance to corrosion of main bars;

(i) Provide additional restraint against lateral buudli

(i) Improve the grout quality by preventing intrusidrgooundwater during concreting;
(iv) Prevent occurrence of necking during lifting upcaéings during concreting.

5. What is the purpose of post-grouting for mini-pies?

Post-grouting is normally carried out some time mwgeout of the initial grouting work has
set (e.g. within 24 hours of initial grouting). Helps to increase the bearing capacity of
mini-piles by enhancing larger effective pile didereMoreover, it improves the behaviour
of soils adjacent to grouted piles and minimizes ¢ffect of disturbance caused during
construction. In essence, post-grouting helps forave the bond between soils and grout,
thereby enhancing better skin friction between them

During the process of post-grouting, a tube witioke at its bottom is lowered into the pile
and grout is injected. The mechanism of post-gnguts as follows: the pressurized grout
is initially confined by the hardened grout and ¢emdly get away. Then, it ruptures the
grout cover and makes its way to the surroundinig smd into soft regions to develop an
interlock with harder soil zones. In order to erdeathe pressurized grout to rupture the
initial grout depth, a maximum time limit is norryalmposed between the time of initial
grouting and time of post-grouting to avoid the elepment of high strength of initial
grout. Consequently, the effect of soil disturbabgenstallation of casings and subsequent
lifting up of casings would be lessened signifitant

6. In designing the lateral resistance of piles, shild engineers only use the earth
pressure against pile caps only?

In some design lateral loads are assumed to b&teddyy earth pressure exerted against the
side of pile caps only. However, it is demonstrateat the soil resistance of pile lengths do
contribute a substantial part of lateral resistafiterefore, in designing lateral resistance
of piles, earth pressure exerted on piles shosldl la¢ taken into consideration.

In analysis of lateral resistance provided by sailseries of soil springs are adopted with
modulus of reaction kept constant or varying widptth. The normal practice of using a
constant modulus of reaction for soils is incorfeetause it overestimates the maximum
reaction force and underestimates the maximum bgnmdioment. To obtain the profile of
modulus of subgrade reaction, pressuremeter thatstse conducted in boreholes in site
investigation. Reference is made to Bryan LeaclBQ)L9

7. In some codes, they limit the ratio of weight ohammer to weight of pile for pile
driving. What is the reason behind this?
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When a hammer with initial motion collides with @tsonary pile, the transfer of energy is
most efficient when the two masses are compardlbiat is the reason why some codes
limit the ratio of weight of hammer to the weightple to be more than 0.5. If the weight

of hammer is too low, most of energy during hamudréring is distributed to the hammer

and this causes tension induced in hammer andsesuhefficient transfer of energy.

8. Should engineers rely solely on Hiley’s formula the design of H-piles?

About 90% of H-piles adopt Hiley’s formula for dgsi However, this formula is only
applicable to pile lengths less than 30m and isablé for course-grained materials (not
suitable to fine-grained soils) as suggested by GE@96). In Hiley’'s formula, by
observing the penetration of piles after the hamimgract, the pile capacity could be
readily obtained from the response of the impactorge. Therefore, the individual pile
capacity could be obtained by this dynamic method.

However, in normal foundation, groups of H-pilee aresent and the soil foundation may
not be able to support these H-piles simultaneoersiyn though individual piles are proven
to have sufficient capacity by using dynamic methadhis case, static method should be
employed to ascertain if the soil foundation casugport these H-piles.

9. What is the function of drilling fluid in rotary dr illing in site investigation?

Drilling fluid in rotary serves two main purposes:
(i) Facilitate the rotation of drilling tube during aoy drilling;
(i) Act as a cooling agent to cool down heat generdieithg drilling operation.

Traditionally, water is normally employed as dndi fluid. However, it suffers from the

following drawbacks:

(i) It affects the stability of nearby ground with th@roduction of water into the
borehole (borehole for soil; drillhole for rock);

(i) It affects the quality of sample by changing thetewacontent of soil samples
collected from the borehole/drillhole.

Substitutes are available in market to replace magelrilling fluid (e.g. white foam).
10. What are the differences in function between ik anchors and rock sockets?

Rock anchors are used primarily for resisting agbfces. On the contrary, rock sockets
serve three main purposes:

(i) Rock socket friction and end bearing to resistivakioad;

(i) Passive resistance of rock sockets contributesisteece of lateral load; and

(i) Socket shaft friction is also used for resistingjftipg forces. But only 70% of this
capacity should be used because of the effectgdtive Poisson ratio.

Note: Rock anchors, which may consist of a higlsiterbar or a stranded cable, are provided foridensiles
when there are insufficient soil covers to devdtmprequired uplifting resistance.

11. What are the functions of cap block, drive capnd pile cushion in driven piles?
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Cap block is installed between the hammer end haditive cap to control the hammer
blow in order to protect both the hammer and the fpom damage. When the hammer hits
the cap block, it compresses elastically and resltice peak forces, thereby lengthening
the time of hammer blow. Moreover, it should be atdp of transmitting the hammer

energy effectively to the piles.

Drive cap is inserted at hammer tip to enhanceoumifdistribution of hammer energy to
the pile. Pile cushion is positioned between thgedcap and the pile top. It intends to
protect the pile from driving stress induced durrmmer blows. Moreover, it also serves
to provide a uniform driving load on top of theepil

12.What is the significance of driving sequence diriven piles?

For basement construction, if piles are driven frthia centre to the perimeter, there is a
tendency of soils to move outwards. Such lateravaneent of soil may cause damage to
nearby structures and utilities.

However, if piles are driven from the outside peier inwards, there are little soil lateral

movements. This results in a well-compacted cewite an excess pore water pressure
built up to resist the loading of piles. Conseqlyerghorter pile lengths than the original

designed ones may result. However, some time #iféepile driving operation, the excess
pore water pressure is dissipated and the shaiteandpiles may not be able to take up the
original design loads. In this situation redrivirgyrequired to drive the piles to deeper
depths after dissipation of excess pore water press

13. What is the function of followers in driven H-ples?

A follower is an extension between the pile head @@ hammer that transfers the blow to
the pile in which the pile head cannot be reachgdhk hammer or is under water .For
construction of driven piles, the piling frame d@mmmmer are normally erected on existing
ground level but not at the base of pile caps. HamneH-piles are designed to be
terminated near the base of pile caps. If pilesdaren at ground level, a certain length of
H-piles is wasted and cut when constructing pilescén this connection, pile followers are
used so as to save the wasted section of H-pilesuse followers can be removed during
subsequent construction of pile caps.

14. What are the advantages of using top-down appach in basement construction?

The advantages of top-down approach are listedabelo

() The structures above ground can be carried outlsimaously with the structures
below ground. This greatly reduces the time forstarction.

(i) By using this approach, settlement can be reduced.

(i) Since the permanent columns and slabs can beedtilia support loadings during
construction, it saves the cost of formwork.

Note: Top-down approach means construction of baseia carried out from ground level downwards.

15. What are the methods to tackle negative skinifstion?
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() Use slender pile sections (e.g. H-pile or precds) pecause smaller pile area when
subject to the same working load would produce éngteformation, thus increasing
the relative downward movement of piles.

(i) In a certain region of H-piles for ground watable fluctuation, painting is applied on
the surface of H-piles because the rise and fallvafer table contribute to the
corrosion of H-piles. On the other hand, to redtloe effect of additional loads
brought about by negative skin friction, bitumen applied on the pile surface
corresponding to the region of soils that has negakin friction. However, bitumen
should not be applied to the whole section of Hgpibecause it would be unable to
derive the designed frictional reaction from soils.

(iv) Design the piles as end-bearing so that they danup more load.

16. In piling works, normally founding levels of baed piles are defined by using total
core recovery or rock quality designation (RQD). Ae there any problems with such
specification?

The use of total core recovery to determine thediing level may not be able to indicate
the quality of rock foundation for piles becauselépends on the drilling technique and
drilling equipment (GEO (1996)). For instance, térsdard core barrels are used to collect
samples, it may indicate sufficient core recoveoy $amples full of rock joints and
weathered rock. On the other hand, if triple tuberdds are used for obtaining soil samples,
samples with joints and weathered rock can alseeagehthe requirements of total core
recovery.

In case RQD is adopted for determining foundingelgyit may also result in incorrect
results. For instance RQD does not indicate thagaand infilling materials. Moreover, as
it only measures rock segments exceeding 100mnk, segments exceeding 100mm is
considered to be of good quality rock without doasideration of its strength and joint
spacing.

17. What are the head details of H-piles under compssion and subject to bending
moment?

For steel sections referred to in BS5950, univebbsalring pile is characterized by having
equal flange and web thickness while universal moluhas different flange and web
thickness. Universal columns can also be usedasigepiles.

In the design of the head details of H-piles, themethree typical cases to be considered,
namely compression piles, tension piles and piléh Wwending moment at the head in
addition to tension or compression. The designheé¢ piles recommended by G. M.
Cornfield (1968) is listed below:

(i) Compression piles

For this type of piles, H-piles should be embeddi&@mm in concrete pile caps and it is
not necessary to use any dowels and capping ptatksir connection.

(ii) Tension piles

A number of hook-ended bars are welded to the tap-piles.
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(ii) Piles with bending moment at their head (iensor compression)
The depth of embedment of piles into pile capsuisstantially increased and loads are
transferred by horizontal bars welded to pileshfles.

/———PILE CAP

,f ~ a

HORTZONTAL BARS
WELDED TO FLANGES

COMPRESSION PILE TENSION PILE PILE WITH BENDING
MOMNENT AT ITS HEAD

18. In deep excavation, adjacent ground water tables drawn down which may affect
the settlement of nearby buildings. What is the remdial proposal to rectify the
situation?

One of the methods to control settlement of nedoidings due to excavation work is by
recharging. Water collected in wells in deep extiamas put back to the top of excavation
in order to raise the drawn-down water table. Tdeation of recharge should be properly
selected to ensure the solil is sufficiently pernie&b transfer the pumped water back near
the affected buildings.

19. What is the significance of quality of bentoné& slurry in the construction of
diaphragm walls?

The quality of slurry plays an important role iretquality of diaphragm walls. Firstly, if a

thick slurry cake is formed in the interface betwsturry and in-situ soil, it has a tendency
to fall off during concreting works and it mixesthwifreshly placed concrete. Moreover,
large thickness of slurry cake would reduce thecoete cover and affect the future
durability performance of diaphragm walls.

20. During concreting of diaphragm walls, three trenie pipes are used in one time.

However, only one concrete truck is available. Hovghould the concreting works be
carried out?
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The most ideal situation is to supply each tremigepwith a single concrete truck.
However, if only one concrete truck is availabli tlze fresh concrete in the truck should
not be placed in one single tremie pipe. With edkh concrete placed in one single tremie
pipe while the others left void, then due to thgénsupply of concrete to the tremie pipe, a
small concrete hump may form at the base of thai&eipe and it is likely that it may
collapse and trap the slurry inside the diaphragatlsw Therefore, the fresh concrete
should be evenly shared among the tremie pipegdiol such occurrence.

21. What is the purpose of conducting load test fquiling works?

Pile load test provides information on ultimate lor@@ capacity but not settlement behavior.
In essence, it can determine if the load is takeibyithe stratum designed or if the centre
of resistance is at the design location in pilesuggiested by Robert D. Chellis (1961).

After conducting load tests, the curve of movenwdnpile head (Settlement against load)
and the curve of plastic deformation can be plotig subtracting the curve of plastic

deformation from the curve of pile head movemeneath load, the curve of elastic
deformation can be obtained. For piles of end-bgatype unrestrained by friction, the

theoretical elastic deformation can be calculatennf e=RL/AE where e is elastic

deformation, L is pile length, A is area of pilejE£Young’s Modulus of pile material and

R is the reaction load on pile. By substitutinghéhie formula, the elastic deformation read
from the curve of elastic deformation, L can beagi#d which shows the location of the
centre of resistance corresponding to that load.

T

SETTLEMENT

LOAD

22. Why are vibrators not used in concrete compagin in piling works?

Concrete for piles should be a high-slump self-cactipg mix which is capable of flowing
between reinforcement cage with ease. Since can@edesigned to be self-compacting,
vibrators are not used for providing further contmac Moreover, the concrete in piles is
compacted by energy derived from free falling. Hegreif vibrators are used, the vibrated
concrete may be compacted to the sides of the etncasings and hinders the lifting up of
casings. Reference is made to GEO (1996).

23. In Hiley’s formula for driven piles i.e. R=E/(s+0.5c), why is a coefficient of 0.5
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applied for the term elastic deformation of piles ad soil?

Hiley's formula is based on the principle of energynservation in which the energy
brought about by hammers during the action ofrgttare transferred to piles in ground.
When the hammer force and displacement is plottezlenergy absorbed by piles is the
area under the curve. Since the curve of elastigpoment is linear with a positive slope,
the area i.e. energy should be the area of trigigixRxc) where R is reaction force and ¢
is elastic compression due to helmet, piles andl sggtem. For settlement, it is of
horizontal line in force-displacement diagram aetide the energy transferred to pile-soil
system is (Rxs).

RESISTANT

T

AREA = RS

N
DISPLACEMENT
e

24. For a rigid pile cap with vertical piles at themiddle and raking piles at the sides,
what is the pattern of load distribution of piles n such arrangement?

Due to the effect of interaction of individual @lehe central piles tend to settle more than
the edge piles when the pile cap is under a uniload. Therefore, raking piles at the edge
take up a higher fraction of total loads and afgexui to higher axial and bending loads in
case the pile cap is stiff. In the extreme caskiréaof these raking edge piles may occur.

25. What are the problems associated with prestresd concrete piles (Daido)?

The origin of Daido piles comes from Japan whees¢hprestressed concrete piles are used
as replacement plies. Holes are pre-formed in thergl and Daido piles are placed inside
these pre-formed holes with subsequent groutinggodd space between the piles and
adjacent ground. However, in Hong Kong Daido pidee constructed by driving into
ground by hammers instead of the originally degigneplacement method. Since the
installation method of Daido piles is changed, tatsion problems like deformation of
pile tip shoes, crushing of concrete at pile tip eccur. Reference is made to B. W. Choy
(1993).

26. Which one is a better choice, a large diametgiles or a system of several smaller
piles with the same load capacity?
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The choice of a large diameter pile suffers fromdisadvantage that serious consequences
would occur in case there is setting out error led pile. Moreover, in terms of cost
consideration, for the same load capacity the obst group of small diameter piles is
generally lower than that of a large diameter pd&. the other hand, for small diameter
piles i.e. mini-piles, they are advantageous ie $ications with limited headroom and
space. In addition, in some structures with onfg\va piles, it is uneconomic because of its
high mobilization cost. Reference is made to DmiEdd C Hambly (1979).

27.What is the difference between capping beams andaund beams for piles?

Capping beams for piles aim at transferring loadsnfclosely spaced columns or walls
into a row of piles. On the other hand, ground beanme beams provided between adjacent
pile caps and they perform as compression strutgesrin an attempt to prevent lateral
displacement or buckling of piles under unevenritigtion of loads on pile caps. Both of
them have to be specially designed to cater féemihtial settlement of piles.

Capping beam performs the same functions as pis.ddowever, ground beams are
structural elements to connect adjacent pile capsprove the stability of foundation.

28. In modeling a nonrigid mat foundation by usingelastic springs, should a uniform
modulus of subgrade reaction be used along the wiebase of mat?

By using a bed of springs to simulate the flexibéhaviour of mat subject to loads, care
should be taken in selection of the modulus of sadbg reaction. In fact, the modulus of
subgrade reaction depends on many factors likevitién of the mat, the shape of the mat,
the depth of founding level of the mat etc. In jgaiter, the modulus of subgrade reaction is
smaller at the center while it is larger near that'snedges. If a constant modulus of
subgrade reaction is adopted throughout the witltheomat, then a more or less uniform
settlement will result when subject to a uniforrmdoHowever, the actual behaviour is that
settlement in the center is higher than that a¢ ®dges. Consequently, it leads to an
underestimation of bending moment by 18% to 25%wgyested by Donald P. Coduto
(1994).

In general, a constant value of modulus of subgnadetion is normally applied for
structure with a rigid superstructure and the rigidndation. However, a variable modulus
of subgrade reaction is adopted instead for nad-ggperstructure and non-dominance of
foundation rigidity to account for the effect ogsure bulbs.

29.What is the difference between direct circulatio drilling and reverse circulation
drilling?

For direct circulation drilling and reverse circtiten drilling, the major difference in
drilling method is related to the direction of mawent of drilling fluid. For direct
circulation drilling, the drilling fluid is circulieed from the drill stem and then flows up the
annulus between the outside of the drill stem aockhmole wall. The drilling fluid that
carries the drill cuttings flows to the surface d@hd subsequent settlement pits. Pumps are
employed to lift the cuttings free fluid back teettrill stem.
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For reverse circulation drilling, the direction ftdw of drilling flow is opposite to that of
direct circulation drilling. Drilling fluid flows fom the annulus between the drill stem and
hole wall to the drill stem. The drilling fluid ipumped to an nearby sump pits where
cuttings are dropped and settled.

30. What is the difference between “hammer efficiety” and “coefficient of
restitution” when using Hiley’s formula in pile dri ving?

Hammer efficiency refers to the ratio of kineticeeyy of the hammer to the rate energy (or
potential energy). In essence, there is undoubteedftain energy losses induced by the
hammer itself prior to the actual impact on thevelni pile. For instance, these losses may
include misalignment of the hammer, energy lossss t guiding friction, inaccurate
dropping height etc...

Coefficient of restitution refers to a value indiog the strain energy during collision
regained after the bodies reverted back to thegiral shapes. If the coefficient of
restitution is equal to unity, it means that thdlision is elastic and all energy has been
returned after the impact action. Hence, this imdex showing the degree the impact
action in terms of elasticity.

In mathematical forms,

Coefficient of restitution = -(#v2)/ (Ui-Up)
Where u=initial velocity and v=final velocity aftenpact
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Chapter 12 — General

1. What is the difference between working stress @poach and limit state approach?

For working stress approach, service loads are st whole design and the strength of
material is not utilized in the full extent. In shimethod of design, stresses acting on
structural members are calculated based on elasttbod and they are designed not to
exceed certain allowable values. In fact, the whsbtacture during the lifespan may only

experience loading stresses far below the ultinsgdée and that is the reason why this
method is called working stress approach. Undeh ssaenario, the most economical

design can hardly be obtained by using workingsstiegpproach which is now commonly

used in the design of temporary works.

For limit state approach, for each material anddJoa partial safety factor is assigned
individually depending on the material propertiesl doad properties. Therefore, each
element of load and material properties is acclyassessed resulting in a more refined
and accurate analysis of the structure. In thisneotion, the material strength can be
utilized to its maximum value during its lifespamddoads can be assessed with reasonable
probability of occurrence. Limit state approachc@mmonly used for the majority of
reinforced concrete design because it ensurestiliwation of material strength with the
lowest construction cost input.

2. What are the functions of different components fopaint?

For normal paint application, there are mainly ¢hreain components of paint, namely
primer, undercoat and finishing coat.

Primer: This is the first layer of a typical pangisystem and it is used to inhabit corrosion
and provide a good bond for subsequent coats.

Undercoat: This component acts as a barrier tasmm agents and even out irregularities
of bonding surface. It also serves to hide the dyithg background and prevent the details
and colour of the area of application to affect designed colour and finishing details of
paint.

Finishing coat: This is the final layer of a tydigaainting system and it protects the
underlying layers from the effect of adverse weatbenditions (e.g. sunlight) and to
provide the designed properties of paint like colommpermeability, wearing resistance,
etc.

3. If the contractor is liable for defective worksfor 12 years with contract under seal
(6 years with contract not under seal), then whatsi the significance of Maintenance
Period?

Defective works constitute a breach of contraca@cordance with Limitation Ordinance
(Cap. 347).

An action founded on simple contract (not undef)sdall not be brought after expiration
of 6 years while an action founded with contractiemseal shall not be brought after
expiration of 12 years. For construction works, diage of counting these actions should be
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the date of substantial completion.

To answer the above question, one should noteutider the contractual requirement, the
contractor during Maintenance Period has the tighectify the defects and the employer
has also the right to request the contractor toengaod defective work. However, after the
expiry of Maintenance Period, in case of any agsihdefects, the employer has to employ
others to rectify these works and bring the actmmrourt to claim the contractor for the

costs associated.

4. In checking the quality of weld, what are the pos and cons of various
non-destructive weld inspection methods i.e. ultramic test, radiographic inspection
and magnetic particle flaw detection test?

Currently, there are three common non-destruciestirtg of weld, namely radiographic
inspection, ultrasonic testing and magnetic flatedgon test.

The method of radiographic approach was used corymiorthe past until the arrival of
ultrasonic inspection technique. The major diffeeemetween the two is that ultrasonic
testing detects very narrow flaws which can hatudydetected by radiographic method.
Moreover, it is very sensitive to gross discontil@s. Tiny defects, which characterize
welding problems, are normally not revealed byaghphic inspection.

Moreover, ultrasonic inspection possesses the #&ages that it can accurately and
precisely locate a defect as well as figure oudésth, location and angle of inclination.

In the past, it was expensive to adopt ultrasoreams for inspection. Nowadays, the rates
for both inspection methods are comparable. Mogiomantly, the x-ray and gamma ray

used in radiographs are radioactive and pose patesatfety hazard to testing technicians
on site. Reference is made to Paul G. Jonas andienScharosch.

Magnetic flaw detection test can only be used focking flaws in any metallic objects.
This method is commonly used for inspecting surfacgcks and slightly sub-surface
cracks. However, surface and sub-surface cracksdeareadily detected by radiographs
and ultrasonic inspection.

5. Why should acetylene gas cylinders used for gagelding be erected in upright
position?

Acetylene gas is commonly used for gas welding bseaf its simplicity of production
and transportation and its ability to achieve higimperature in combustion (e.g. around
5,000F). Acetylene is highly unstable and flammable awolild explode in elevated
pressure when reacting with oxygen in air. Storaggtylene gas in cylinders under
pressure is very dangerous. Hence, for weldinggaapgas acetylene is stored in cylinders
of liquid acetone contained in porous materialg(lfirxebrick) to enhance there is no free
space left for acetylene gas and for cooling pugpoghe event of thermal decomposition.
It also prevents the formation of high pressurepaickets inside the cylinder. Dissolved
acetylene in acetone will no longer in contact widkygen and is not subject to
decomposition. On the other hand, acetone is useduse it is capable of dissolving large
amount of acetylene gas under pressure withoutgthgithe nature of the gas.
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The cylinders for gas welding i.e. oxygen cylindargl acetylene cylinders, when not in
use should be stored separately because any mixtuthese gases resulting from
accidental leakage can be highly explosive. Whars@ acetylene cylinders should always
be kept in upright position because acetone liguidbe drawn from the cylinders with the
gas if they are kept horizontally. Consequentigngicant leakage of acetone liquid will
result.

Note: Oxygen and acetylene gas cylinders are codymsed in construction sites for gas welding.
6. Is stainless steel really stainless in construah application?

Stainless steel refers to alloy steels with moantth0.5% of chromium and consists of
several groups like austenitic, ferritic, marteiosgiic. Austenitic stainless steel is normally
used in structural applications because of its highrosion resistance. Austenitic and
ferritic types of stainless steel cover about 95P&tainless steel applications. Stainless
steel is not stainless although it is corrosiomstaat under a wide range of conditions.

A passive layer of chromium oxide is formed onrd&ss steel's surface which renders it
corrosion resistant. This chromium oxide layer am$sa stiff physical barrier to guard

against corrosion and makes it chemically stabletddver, when this layer is damaged, it
can perform self repairing where there is a sudfitisupply of oxygen. However, stainless
steel will still corrode by pitting in marine engimment where chloride attack occurs.
Therefore, appropriate grades and types of stairde=el have to be selected in polluted
and marine environment to minimize the problemafasion. Reference is made to Euro
Inox and the Steel Construction Institute (2002).

7. Is the procurement of third party insurance necssary to be incorporated in
contract for construction works?

The purpose of third party insurance is to protecttractors from bankruptcy in case there
are severe accidents happened to the third paeyalthe construction work. Therefore, in
government contracts, contractors are requestedractumally to procure third party
insurance from the commencement of contract uhgl énd of Maintenance Period. If
contractors have the financial capability to hantikclaims due to accidents to third party,
the client is not bound to include this requiremarthe contract.

8. What is the mechanism of protection by hot dip @vanizing?
Hot dip galvanizing protects steel/iron from coraosby:

(i) It forms a metallic zinc and zinc-iron alloy coaion top of steel surface. This zinc
coating reacts with moisture in atmosphere to freimc salts which act as an
insulating layer for steel/iron.

(i)  Zinc is higher than steel/iron in the galvanic eerand when these dissimilar metals
with different electrical potential are in contatiie zinc anode corrodes and offers
sacrificial protection to steel/iron and hence létea is protected from corrosion.

9. The insurance policy of insurance companies hashanged recently. What is the
major change?
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Original Clause 4.6.1

“Liability in respect of death, bodily injury, iless or disease suffered by any person
employed by an insured Contractor or employed lyparty to whom part or parts of the
insured Contract have been sub-contracted. How#vsrexclusion shall not apply to any
liability which may attach to any sub-contractosured under this Policy in respect of
death, bodily injury or iliness or disease suffetda person employed by any other
sub-contractor.”

Revised Clause 4.6.1

“Liability in respect of death, bodily injury, iless or disease suffered by:

1) Any person employed by any insured party i.e. pp@ccontractors, sub-contractors,
sub-sub-contractors for the purpose of executioninetired contract or any parts
thereof and

2) Any person to whom part or parts of the insuredtreamt have been sub-contacted
including but not limited to self employed sub-aaators.”

In essence, the original clause 4.6.1 has no cémerdeath/injury to employees of
contractors or sub-contractors because they shoaNg separate insurance cover under
employee’s compensation ordinance. However, it do¢€xclude the liability for “worker

to worker” i.e. sub-sub-contractors. For the redi€dause 4.6.1, it rules out the liability for
death/injury to employees of any insured party.

10. Should design life be the same as return periddr design conditions?

Design life means the minimum duration a structarexpected to last. The longer is the
design life; the higher is the cost of a projediefiefore, in choosing the design life for a
structure, engineers should consider the designwiiich generates a economical project
without sacrificing the required function.

In selection of return period of certain design aiians, winds, waves, etc., one should
consider the consequences of exceedance. Inliacg &re normally no extreme maximum
values of these design conditions and its selecsitiased on the probability of exceedance
which is related to return period.

Therefore, design life may not be equal to retwenqal of design conditions because their
selections are based on different considerations.

11. What is the difference between sureties and seity?

In construction contracts, if a contractor failsperform the works, the employer would
suffer from severe financial loss and therefore eoimrms of protection has to be
established in the contract.

For surety bond, the contractor obtains a guarafmtee a third party i.e. a bank or an
insurance company, which in return for a fee, agrée undertake the financial
responsibility for the performance of contractasisligations. This third party will pay to
the employer in case there is a contractor’s defaul

For security, a sum of money is deposited in theleyer's account and upon satisfactory
fulfillment of contractor’s obligations, the sumlibe repaid to the contractor.
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12. What is the difference between fasteners, boléd screws?

Fastener is a general term to describe somethinghwb used as a restraint for holding
things together or attaching to other things.

The main physical distinction between screws aritsbe that screws are entirely full of
threads while bolts contain shanks without thre&ttsvever, a better interpretation of the
differences between the two is that bolts are adnBiyed with nuts. On the contrary,
screws are normally used with tapped holes.

13. What is the function of washers when using ba®

The purpose of installing washers in a typicalinglisystem is to distribute the loads under
bolt heads and nuts by providing a larger area wsitess. Otherwise, the bearing stress of
bolts may exceed the bearing strength of the cdmgematerials and this leads to loss of

preload of bolts and creeping of materials. Altéxedy, flanged fasteners instead of using

washers could be adopted to achieve the same @urpos

14. What is the difference between normal bolts antigh friction grip bolts?
High friction grip bolts are commonly used in stural steelwork. They normally consist
of high tensile strength bolts and nuts with wash@ihe bolts are tightened to a shank

tension so that the transverse load across the ipiresisted by the friction between the
plated rather than the bolt shank’s shear strength.
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