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INTRODUCTION

The design manual was prepared for an aim of technology transfer to the JKR engineers who
are to undertake design of the standard bridges that were established in the Study on the
Standardization of Bridge Design in Malaysia implemented by JICA (Japan International
Cooperation Agency).

‘The manual consists of three major subjects, namely, bridge planning, bridge design and bridge
construction and cost estimates, and it also includes two operational manuals for computer
aided design and drawing programme.

In Division I : Manual for Bridge Planning, although it is difficult to systematize alt of the
bridge planning procedures, it will provide mainly with the procedures for structural side of
bridge planning for the engineers who are not always well experienced. Particularly, the
provisions for the waterway crossing requirements, which is the extraction of the Japan's river
" managenent ordinance, will be a good help to understand how to take hydrological condition
into the bridge planning to cross rivers.

In Division 11 : Manual for Bridge Design Analysis, it describes the basic concept of the bridge
structural analysis and the procedures of design program regarding the standard bridge design
produced by the Study. Oune of the most important objective is to allow JKR engincers to
carry out designs by themselves after the Study.

In Division 111 : Manual for Bridge Construction Plan and Cost Estimates, a primary objective
is to assist the JKR engineers in understanding the construction plan, method and estimating
procedure of the standard bridge construction project. The construction plan presents mainly
current practices and problems on construction method and work approach of bridge
construction, and it will relate to the cost estimate. The cost estimate prescnts fundamental
method and procedure wluch are broadly applicable.

In Division IV : Qperational Manual for Computer-Aided Design Programnie and Division V :
Operational Manual for Computer-Aided Drawing Programme, both explain on respective data
files, input operation and basics for key operation for input. They also present the sequence of
operation displays and the list of input data for design programme and drawing programme
respectively.

Generally, the ‘m_aniaals cover all fundamentals nceded for the JKR: engineers to carry out the
design work from planning stage up to cost estimate and also they include practical operational
guidetines for computer aided design and drawing programntes.

Each of the divisions can be used independently of the other but is actually inter-related with
~each other in the process of design work.

It is hoped that the manuals are useful for the JKR engineers not only to carry out design work,
but also to improve the knowledge of bridge engineering.
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Dl’@'ISIONI MANUAL FOR BRIDGE PLANNING
CHAPTER1  GENERAL
1.1  Introduction

"Bridge Planning” is rather a composite art to involve not only bridge design but
also traffic, highway, watcrway and other related knowledges. 1n broad sense, it
even includes administration dutics such as financing measures; land acquisition,
consultations with other authoritics for re-location of public ulilitics, cic. to assure
its implementation.  Thus; the job of bridge planning, for it requires a wide
territory of engincerings; cannot usually be carried out but by the experienced
¢ngineers who are of course bridge specialists and further inust have other related
profound knowledges.

Although it is difficull to systemize all of the bridge planning proceduics, this
manual will provide mnainly with the procedures for the structural side of bridge
planning for the engincers who are not always well experienced. Particularly, the
provisions for the waterway crossing requirements given in chapter 3.3.2, which
is the extraction of the Japan’s river act, will be a good help to understand how to
take hydrological condition into the bridge planning to cross rivers. However, the
manual docs not detail about traffic demand and highway studics nor
administration matters.

1.2 General Bridge Structure

“‘The general features and terms of the bridge structure cxplamed in the manual arc
illusirated as {ollovx s '

Bridge Length ‘
Beam Length _ BeamLength

»

Effective Span Effective Span

Beam ; Bckliiehalbcdh '
Superstructure [Bearin-g_\ “\ [' Approach Road
\ | |

Y

Fraebohd

Parapet Wall
Wing Wall
Front Wall
Fotting

Abutment
Subsmsc:ure[ :

Notes: HWL &= High Water Level |
LWL = Low Water Level

Fig. 1.1 General Bridge Structure



Bridge Life Cycle

In general, the life of bridge is considered to take a management cycle namcly
planned, designed, built and used as shown in the following flowchart.

{ (1) Demand for Bridge Construction
(2) Definition of Requirements &
and Conditions o
gl - - L7g]
' o
o
. i =
r . s : %
- (3) Drafting of Alternative Plans -y

(4) Evaluation and Selection

.'(5) P’réliminaly Design gb
a
i
( {(6) Detailed Design a

(7) Construction

kS —

(8.) Use and Maintenance

]

Fig. 12 Bridge Life Cycle
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In the above cycle, the sieps (1) to (4) are défi_ncd as {he planning stage, and
which arc the very process to be discussed in this manual.

The sieps (5) and (6) are recognized ‘as the design stage 1o cover the ‘activitics
from struclural analysis up to preparation of drawings and specifications normal!y
including construction contract documents, The step (5) - preliminary design is
‘generally pcrformcd with less accuracy than that of defailed design (o obtain
outline of the project and clarify problems, which cnable the authority to take
carly actions and corrcctions before detailed design sels in.

Bridge plan is- matcriali'zcd through the détailed deSign and construction.
Completed bridge will be used over a long period as a public facility receiving
maintenance dnd when it becomes decrepit, the demand for new bridge
construction ariscs again.
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CHIIAPTER2  PROCESS OF BRIDGE PLANNING

2.1

2.2

General

The work of bridge planning is begun upen scizing the demand for bridge
construction and fakes the steps as cxplained in the bridge life cycle toward
implementation. - However, the process of bridge planning cxplained in this
manual is not always applicable as it is 10 cvery case. By cascs, different
planning process will be taken: some bridges can be p]anncd more simply but
somec may need another or additional consideration. Practically, the cxpcncnccd
bridge designers tend to pc:[orm bridge platining by taking inlo account various
conditions simultancously.

“This chapier of bridge phnmng proccss will be useful for less experienced

engincer as a check-list not to miss the essentials of planning and for advanced
engincers 1o prepare lucid explanation and report for their planning.

Dentand for Bridge Construction

Bridges arc constructed for various purposes to support roads and highways at
strategic poinls along their routes. Bridge strictures are requircd 1o cross over
rivers'and valleys, or for grade-separation with other roads and raitways.

Bridges are generally classificd and scparately called by purpose as follows:

{1) Road or highway Lridge

General nanie for any bridge on roads and highways.

©) Railway bridge

Genceral name for any bridge on railways.
(3) Flyover or overpass bridge

Bridges for grade-scparation with other roads, highways, or railways at
infcrsections.

(4) Viaducl
Bridges to support clevated mad's,.highwnys,: or railways, which are built

mainly at where ground space is limited in urban arca or embankment is
- difficult for ground is soft.



- 23 Definition of Reguirements and Conditions

2.3.1 6011(::':!!

Upon receiving a demand of bridge construction plan, it is the first step 1o clarify

“alf the informalion attending the proposcd bridge plan including both of
requitements and  conditions.  Requirements mcan functions and  capacitics
intended to the planned - bridge. Conditions mecan natural cnvironment and
surroundmgs where the bridge is to be constructed.

2.3.2 chuuemcnts

For the planning of road and highway bridges, gencrally the following
information shall be clarificd first, the most of which are obfained from the
highway design wheie the bridge is proposed.

)

()

&)

@

Road alignments (vertical and hdrizonlal)

Approximate location and size of bridge arc initially defined in the verlical
and horizontal alignments of planned road.  The road alignment of the

proposcd bridge section and its vicinity will be sometimes modified if that is

not favorable for bridge planning, for example to avoid steep grade, sharp
skew, curbed aligmnent, ctc. In case of bridge replacenient, the new bridge is
generally planned in parallel with the old, and approach roads arc required to
conneet with the existing road.

Cross—scction of road -

The cross-scctional profile of bridge gencrally. conforms to the standard
cross-scction of road design. Same traffic lanc widths as that of the road
Scction are nonmally apphcd to the bridge section, too.” As regards’ shoulder
and sidewalk, different designs are sometimes adopted according 16 the
situation of the proposed bridge for example reducing or adding such widths
from cconomical reason.

Design vehicle loads

Dcs;gn vehicle loads fo be imposed on bridge must conform to the JKR

'_ specification for bridge live 1oad. Over loading provision may be considered
according ‘fo the classification of road and the design traffic volume

especially of heavy commercial vehicles ratio.
Affixed public utilitics

Bridge, although its major furiction is to support traffic loads, is often
requested to affix the following public utilitics:



~  Tele-communication cables
- Electric cables

- Water main pipcs

—  Gas main pipes

These pubhc utilitics are gencrally lald along roads undcr pavcmcnl but at

_ budgcs held by bridge slrucluires.

 The rcqucsls of affixing public utilitics should be conf rmed fo each utility

agency and taken into accounl in bridge plaiining if requested.  The

* accommodation spacc for ulilitics shall be secured in the bridge cross—

scctional profile and their additional weights including thal of affixing
devices be taken into bridge loading. Utilitics are usually accommmodated
under bridge deck and between beams to be concealed from the external view.
Affixing of elettric lines needs insulated coveririg against cleciric shock risk.
Affixing of water main pipes sometimes makes the bridge structural layout
difficult cspecially in casc thal water pipe is too large to be accommodated
between beams.

The cost of affixing public ulililies_ is gcncrallyl beared by the utility agencies
in the proportion of the uiility weight to the total bridge design loads.

2.3.3 Conditions

Bridges arc so planned as nof only to meet the prescribed rcquirém’_&:nis but also fo
be compalible with the surrounding envitonment and other site conditions.
Normally, the following conditions are involved:

¢}

(2)

Topography

Bridge structure is phnucd so as to fit in surroundmg topography Normatly,
fopographic map and profile clevations are prcp'arcd by the planc aad
levelling surveys, and on which bridge structure is planned mainly for
determining location, length, and spans.

Geology

Also, the ground condition of bridge site wilt decide the structural chIgn of
bridge. General soil information such as naturés and deplhs of typical soil
layers, would be obtained by collecting previous data if available or by
performing soil boring, sounding, or geophysical cxplorahon if no previous
dala js available. All such information is gathered into a soil profile and
which should be combined with the topographic profile for the convenicnee
of performing planning work. Geological information is used mainly for
selecting bearing stratum, and location and type of substructures in pamcular

of foundations. -
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(4)

)

Climate

Malaysia is under the tropical monsoon climate and its weather is moderate:
there is neither typhoon nor carthquake although a year is divided in dry and
wet scasons and heavy rains in wet season. Therefore, the weather condition
of the country affects bridge structures litite except some local phenomena i.c.
strong monsoon wind af the cast coast of the peninsula and salt injuries of

“concrete in marine atmosphere.  Careful allention is required to the measures

against rains as well as to the hydré!ogical and hydraulic conditions of bridge
sites, Depending on the intensity of rains, the constructions in mountainous
terrain duting the rainy scason have a risk of tand slide.

Hydrology

Minimum height, depth, and length of bridge structure arc gencrally decided
from the hydrological conditions of waterway except the bridges planned far
higher abové the water level to take navigalion clearance, to cross deep valley,
or for grade-scparation.

'lhc most necessary hydrological information is that of flood such as rate of
discharge ‘and hlgh water level, which can be dctermined by the run-off

analysis assuming rainfall intensity. However, this theoretical approach is
often not reliable due to complexity and lack of ficld data. ‘The sccond-besl
measure is 1o trace the past flood marks along river basin for deternmining the
high water level and to survey the past flood damages nearby the planned
bridge for deciding the course of flood flow.

The cross-section of waterway (existing water Iével and river bed clevations)
at the planned bridge location should be surveyed and ploticd on the
topographic profllc together wuh high water level and river improvement
plan if there is.  After confirming the cross-scctional profile of watcrway,
bridge structure is planned so as fo be positioned above the high water level
with appropriate frecboard and over the extent of the high water level.
Hydrological conditions prcparcd for bridge planning arc subject to the
approval of JPS (Jabatan Pengairan Dan Saliran).

The hydrological survey items and the watcr\va} crossing  conditions
necessary for bridge planning are delaited latcr in Chapters 3.2.3 and 3.3.2
1espectively.

Grade scparation -

“When bradgc is plaiined for grade Scparallon with olhcr road or railway, the '

followmg information of the crossmg road or railway at the planned bridge
location is necessary:

1) Plan and longiludinﬁl profile

1-7



©)

2

3)

4)

3)

Cross-scctional profile
Over-head and under~ground public utilitics

Road or track clearance

- Overlay and wideniag plan

The cressing conditions witli road and raitway arc detailed later in Chaialcrs
" °3.3.3 and 3.3.4 respectively. :

Construction

Construction of planned bridge should be praclicz{bIeA To ensure that, the

~following basic informalion about construction is generally required, which

~ sometimes will be a decisive factor to select bridge type,

"

2

3

4)

Access to construction site

For such bridge sites as the access of heavy cquipment is difficult due to
steep terrain or densely built up, the sclection of Lridge 1ype will be
limited by construction method and availability of equipment.
Transporfation to biidge site

Modern bridge construction uses m?,ny_ of large precast or factory—made
members such as for beams and piles, and 1cc0rditigiy needs more heavy

~cquipment to eccct them, The transportable size and route will be a main -

factor to decide the maximum span for the bndges remiotc from existing
road,

Traffic diversion

In case of re~construction plan of existing bridge, traffic diversion is
usually nccessary. I there is no detour way in the vicinity of the bridge,
temporary bridge or the stage construction scheme is required and that
raiscs the project cost significantly.

Construction pollution

The piling work by the use of diescl hammer has been prohibited

according 1o the arca and hours in Kuala Lumpur.® These years, the
consfruction work in urban area is becoming restricted for the
cnviroament conservation. Bridge me has 1o consider it in sclecting
construction method,



2.4 Drafing of Bridge Plan

2.4.1 Preparation of Base Map

Bridge plan is drafted on thc base map which is preparcd as follows:

1

3)

4)

5)

Basc map is 4 dmwmg having a lopographical plan lower and a profile upper

~ corresponding in posilion.. Base map shall cover an arca sufficient for

plannmg both of bridge and its approach roads. Depending on the terrain and

~ the size of the planned bridge; an area of around 100m wide by the bridge

length plus 50m for cach approach is a min_imu'm idca. -

Add the gcologlcal information to the base map: soil profllc and boring data
on profile, and bormg location on plan.

Add the hydrological informaﬁon to the base map: high waler level, river bed
clevations and freeboard on profile, and watcr flow course and banks on plan.
If there is any river lII‘IpIO\ ement plan, plot ‘its finished clevations and
aligninents.

"In case of the grade- scpardtlon bridge, enter the information of the crossing

road or the railway on the base map: cross—scctional clevations and
cleatances on profile and horizontal alignmients on plan.” If there is any
widening or overlay plan, plot its finished alignments and clevalions.

Plot the planned road alignments on the base map: finished road elevations on

-profile, and center and other lanc lines on plan. In addition, cnter the

designed cross-scctional profile of bridge on the upper right of the base map,

2.4.2 Drafting of Bridge Plan

Bridge plan will be draficd on the base map normally taking the foiloiving
procedures:

(1) Lecation and lcngih of bridge

Location and length of bridge are determined on the profile of the base map
by sclecting the abutiment location af both bridge ends.

For the bridges planncd with minimum height on the high water level, the
abutment Jocation is generally so dccided, according to the crossing
conditions, as to minimize the bridge fength from cconomic reason. Crossing
conditions are detailed laler in Chapler 3.3

However, for the bridges planned high from the ground or from the high
water teved and so the abutnient location is discretionary, it can be decided

. cconomically by the cost comparison between bridge and embankment. A

sample of the cost comparison is demonstrated as follows:



1

2)

3)

Assume minimum - three - poinis of tcntative abutment location with
different carth~fill and abutment heights along an approach road. For
example, supposc three carth-fill heights 4, 6 and 8m along the approach
road of 4% slope and so cach point is 25m apart.

Estimate roughly and sum up the hypothetical costs for cach point, and
comparc them to find the most cconomical location. Refer to Fig. 1.3 ~
Economical Abuiment Location and Table 1.1 ~ Hypoihciical Cosls.

chardmg the estimate of the supcrsimcturc cost in Table 1.1, although
type and span wil} not have been decided yeb i this slage, assume them
tentatively and estimate: the average unit cost per bridge surface arca
from the past'records of project costs. For instance, PC (prestressed
concrefe) beam with 20730:m span imay be an approptiate first assuinption.
If there is a possxbihi) of S(cc! beam hkcly in Sabab and Sarawak,
estimate the cost in satne mananer.’ :

Itrespective of the above cconomic study, the limnit of the safe cmbankment
height will be an decisive factor 1o decide the abutment location where the
ground cannot support high fitls. Aficr all such studies; abuiment is generally
planned of its height ranging from around 4 to 1Sm.

{~10
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(2) Picr location, span, and bridge lype

After defining the bridge location and length, the next is to select pier
location and spans as well as applicable bridge types (of superstructure) by
studying the ground (iopographical and gcological) and crossing (of
waterway, road, or railway) conditions on the basc map. As spans arc
decided, the choice of bridge types will be narrowed down, that is, span is
generally selected within the applicable range for cach'bridgc type. The
reference of brldgc types and smldblc span rangc is given later in Tubles 1.5
and 1.0 of Chapter 3.4.2.

For the Lridges where picr location is restricted by crossing conditions, it is
so selected, according to the recommendations detailed in Chapier 3.3 -
Crossing Conditions, as to minimize the interference with the crossing river,
road, or railway. '

However, for the bridges where picr location is discrctionary, it is s¢lecled
cconomicatly by comparing the costs for several span alternatives.  ‘This

~ study holds truc more for longer bridges. A sample of the cost comparison is
demonstrated as follows:

1) Propose miniminy three alternatives of different span arrangements and
their corresponding bridge types for a certain bridge length. For example,
suppose the following three arrangement cases as shown in Fig. 1.4 -
Economicat Span Arrangement.

2) Estimate roughly the total construction cost for cach casc including all
the superstructure and substructure costs and compare them to find the
most cconomical span arrangeiment and bridge type.

3) In order 1o hold the accuracy of the cost comparison, bride type should
be sclected: appropriate for the proposed span and be praclicable in
construction. The supersiructure type is comparatively quick to be
looked up from the standard design compared to the substruciure which
is usually not casy and owes much to the engineer's experience and the
past similar designs.  Simplified stability calculation is sometimes
required to define the size of subslructure especially the size and number
of piles which affect the substructurc cost significanily.,

4) In conclusion; the ‘cconomy of sclecting span and bridge type is
understood as the cost balance between superstructure and substructure.
That is, the cost of superstructure is generally much the higher as the
tonger span is. On the other hand, the cost of substructure depends more
on ground condition than Span'and bridge type. Therefore, for such
bridges as the substructure cost is small because, for instance, no pile is
required owing to shallow bearing stratum, the choice of shorter span
with many picrs is economical, and vice versa.

1 -12
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Fig. 1.4 Economical Span Arrangement



5} The above Smnplc of cost comparison’ was - peiformed among thc '
different bridge types proposed for cach span arrangement respecliv cly.
On the othcr hand, the most cconomical span for a certain bridge type
can be known by performing the cost camparison under the same bridge
type. For instance, PC post-tension beam is generally used in a span
range of 20 to 40m and the most cconomical span of this lypc will be
derived from the following comparison:

Arrangement Case  Number of Spans - Span{m)  Bridge Lengih(m)

@ s - X 20 = 100
- ® 4 X 25 = 100
6] 3 X 333 = 100

(3) Practice of span arrangement

Multiple span bridge should be arranged in rcgular spans with uniforin beam
height as much as possible 1o create the view of straight, clean horizontal
lincs, @nd which also helps labor-and cost-savings in design and construction.

Howéver, for the bridges spanning deep valley, the pier location is controlled
by terrain and accordingly regular span arrangement is difficult.  In Fig. 1.5,
for instance, Option © intends same span but the construction of high pier is
difticult. Therefore, the irregular spans or one span option shown in Option
@ and @ will be considered as alternatives. In gencral, when pier height is

~over around 30m, the options of longer span bridges will be cconomically
more competitive than shorter span types.

Oplion @ Cption @

Fig.1.5 Span Arrangement for Decp Valley
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2.5 Evaluation and Seléction
2.5.1 General

Chaptcr 4 cxplained how to draft a bridge plan to mect the requirements in the
given conditions. As a maller of course, draftmg work is always performed to
seek better plan and through this process various _ludgmcnls and reasonings as

~well _as sclections will have been developed,  However, such developed
information wiil not have been logically compiled yct. For the final conclusion of
bridge plan, thc process of evaluation is required to justify it objcclwcl)

The work of cvaluation should start with making clear the objects of cvaluation,
be followed by the comp'trlson of advantages and disadvantages, and be
concludcd by rating.

2.5.2 Objects of Evalualio_n

Bri.d;,c is a co'mp&jsilc'figurc made of many CO'mp'oncnts which are roughly
divided into superstructure and substructure including foundation. To sclect such
a comnposite figure, cvaluatlon is required in both ways, partially and totaily.

(1) Partial evaluation

‘This is performed to select type for a certain member parl(s) or fo give
individual solutions of a planned bridge, and the results of that are reflected
to the total evaluation,

Take an example for the sclection of foundation and supposc that ground is

- _soft alluvial deposits with intermediate sand layers and dituvial formation is
about 30m deep. From this 1ssumptlon it 3s nnmcdlatcly clear that this site
nceds some piles, but the problem is to sclect the iype and size of piles.
Several options will be suggested with advantages and disadvamagcs For
instance, PC spun piles may be the cheapest bt uncertain in execution for the
depth of bearing stratum and the cxistence of intermediate sand layers, Steel
pile piles arc reliable in construction but may be the most expensive. Bored
cast-insitu concrete piles will be another pdssibilily reliablc in excecution and
advantageous for less noisc if the site is in residential arca, but the site work
will be complex for large facilities and skilled tcchmqucs are required. Thus,

~ even taking the problem of piles which is only a part of a bridge, cvaluation
is required Lo select the best:

In bridgc planning, the followings arc the most common objects of partial
“cvaluation: .

1) “To sclect location, length, and spans

—  Abutment location by cost comnparison between bndgc and carth-
fills, and maximuin safe carth-fiil.
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- Pier and span arrangement by cost comparison among several
commbinations of supérstructurcs and substmclurcs :

2} To scleet foundation

- Type of foundation and construction method accordmg fo ground
condition, cosl, and exccution reliabitity.

—  Kind and size of piles by cost companson anong scveral sizes and

required numbers of piles, and availability of cqlupmcnt

' 3) * To select substructure

-~ Type of abutment by its required height sometimes including
comparison betwéen retaining wall type and carth-pressure—relicved
type from cconory, acsthetic view and carth~£ill stability.

—  Type of picr by its required height and situation,

4) To sclect supcerstructure

- Typé and construction method according to span, tctrain and
acccss:blltly, material and equipment (for erection) availability, cost,
“acsthetic view, cle.

~ Construction method of deck slabs: cast-insitu or pre—cast according
1o accessibility and time schedule.

Tofal ¢valuation

This is performed fo finally select the best bridge plan as a whole. The
information obtaincd through the partial cvaluations will be combined in
various ways to produce scveral complete bridge plans for final sclection.
These final plans shall be of minimum iwo alternatives in order to comparc
themn but not so many suggesting that five may be maximum to clearly
understand the differences among them.

1)

2)

Fvaluation factors

Bridge plans should be cvaluated from various aspects such as cconomy,
construction,- maintenance, acsthetics, cfe. . As regards safely and
erossing conditions, which are usuvatly not'included in the cvaluation
factors, because bridges undoubtedly ought 1o be planncd satc and to
satisfy conditions.

Rating -
The simplest technique to assess the overall altema'livc'plans would be to

use a ranking mecthod. ~ A sample rating by using the micthod is
demonstrated as follows: '
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iii)

*“Two kinds of raling factors are used, ranking and importance, The

product of the two factors is defined as the score for cach alternative
relative to cach cvaluation factor. A total scor¢ adding the scores of
all evaluation factors is the conclusion of the rating, and normally
the altcrnative plan scored the highest will be the most desirable.

Ranking factors will be given by whole number with respect to the
order of desirabilily among the alternatives. ‘The sank of 1 is
assigned (o the least desirable alternative and a rank of n (equals the
number of alternatives) is assigned to the alternative that is the most

‘desirable.:

Importance factors will be given by weighing prioritics among the
cvaluation factors. The assignmient of importance factors is
vohintary, and with which the policy of bridge plan can be
considered in the resull of cvaluation.

Supposing a sample rating of three alternatives, where the first
priotity is given to cconomy and the other importance factors arc
weighed cqual, the following result is obtained. In this assumption,
the highest total score will be 30 and the lowest 10.

Evaluation Factor  Ranking Factor * . Importance Factor Score

Economy ,2,® 4 12
Construction 1,®,3 2 ' 4
Maintenance 1,®,3 2 q--

3)

Aesthetics - @, 2,3 2 2

10 2

It is noted that the abov’c:ranking method ‘cannot d'isﬁnguish

incrcmcnta:]_ diffcrences among alternatives. One way to remedy this
is to cstablish the raiking scale on the basis of relative difference,
but that is too hypothetical to give factors properly.

Evaluation table

Total evaluation is the summary of all the information obtained through
the planning process and which should be clearly explained to the public

- or to the partics concemned for approval. Evaluation results should be

understandable to third parly, so that the usc of table is recomunended for
better presenlation. Fig. 1.6 shows the examiple.
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2.5.3 Scope of Evaluation

Evaluation is performed to figure out the best bridge plan under a cerlain situation
or scope, and within the scope all alternative plans come out and conclusion is
made. The scope depends on purpose, Jocation; and site condition of bridge plan,
but it is generally established conforming to the policy of the clicnt (government
dcparlmcnt) If bridge plan is a part of highway project, the scope will be decided
in lhc coordmallon with the highway plan

()

Bvaluation under fixed bridge lcnglh :

Bridge planning is started from the basic matters to decide location and

- length and followed by foundation and substructures.  Nonmally, the

2

3

comparison of supersiruciure fypes as well as spans is hlghllghtcd as the main
object for the final selection. - In such case, most substructures and
foundations have been already decided by partial evaluations, accordingly the
tolal cvaluation will be played under the fixed bridge Iength, the differences
of substructures and foundations will not be cmphdsizéd and the cost of
approach road construction will not be included in cconomic comparison.
“This is the simplest and most common cvaluation to decide only bridge type
and spans.

Evaluation hmong different bridge length

Bridge location is normatly determinedt along the road alignment. However,

in the course of bridge planning, modification of road alignment is sometimes

suggested in the vicinity of the bridge location for more favorable bridge plan,
Evaluation arrives at the common procedure if road ahgnmcnt is reviewed
rcgardlcss of bridge types. However, if road alignment is different in retation
to bridge types, fotal cvaluation will become complex: bridge alternative
plans must be compared in different location and bndgc lengih, and cost of
approach road should be included in ¢conomic comparison.

Scope of economic evaluation

It is ideal for cconomic cvaluation to estimate the tolal life cost covering
design, construction, right-of-way acquisition and mainicnance costs.
However, because design -cost is so small against construction cost and
maintenance. cost is difficult to cstimate, cconomic cvalualion is often
perforined with only the initial cost of -construction and right-of-way

- acquisition.
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CHAPTER3  ENGINEERING FOR BRIDGE PLANNING

3.1 Principles for Bridge Planning

The followings are the commnon suggestions uscful in bridge planning:

(1)

)

3

Road alignment to minimize bridge cost

In general, bridge cost is much -higher than road cost per length. - To
minimizc total project cost, road alignineht needs the review from the bridge
engincer's view although il is selected normalty cons:dcrmg traffic strategy,
right-of—way - availability, obstacles, ground condition, and other inany
factors.  Attention shall be given to the location of bridge and its approach
roads. Even after deciding road alignment, soihctinics bridge design can be
much imiproved by minor changes of the bridge location and the alignment of
approach roads. '

To raect requirements of bridge

Bridge shall be planned to mcet the requirements cxpected to the planned
bridge such as of width, length, height, and loading cdpacity, In particular,
the requirements of crossing waterway, highway, and railway shall be
carcfully determined after duc consultation with their administration agenicics.

Safety and cconomy of bridge struclure
Bridgc structure must be planned safe but at the samd time it is required to

achicve cconomical design, consiruction, and 'maintenance.  The two
concepls of safely and cconomy  secms 1o be ccnﬂicting,'and taking -

~equifibrivm between them is a imajor problem to be solved in bridge planning.

Because bridge is an unporlanl public facility, it scems to be a right way that
the first priority should be given to safety and the sccond to cconomy.

The criteria for safety of structures is generally given by design specifications
or codes, which is a necessary condition in bridge design but not a sufficient.
To harmonize safely and cconomy in bridge planning, it requires the
profound knowledges of an experienced engincer, However, the drawing or

~ the completed bridge given due such consideration will convinee the people's

“)

cyc that the structure is functional, and safe, 100,

‘Basier and fasier construction

When there are more than two prospective alternative plans and they are of
alike cost, it is then recommended (o study their construction methods and
sclect casier onc.

In casc that a new technique is proposed, it is recommend to respond such
challenge as much as possible after careful study for its reliability for the
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good of the progress of technology.

Standadrdization of stnicturcs

“Bridge planning is in principle performed individually to sclect the most

suitable design according 10 cach site condition. However, when a number of
bridges similar in size and type are planned, such as for a seiics of over-

“bridges along a. hlghwa), the standardizalion of structures witl oflen save cost

and time both in design and construction. For instance, in case that the spans
of the ovcrbndgcs fluctuate a litlle, it is more cconomical and practical to
apply a standard beam of same size and span to all bridge sites despite
accompanying somecwhat constriiction losses.

Traffic safety and comfort’ |

The traffic ‘safcly and comfort on bridges depend not only on the road
geometries and alignment but also on the existence of structures on the bridge
surface. In wcw of that, the following measurcs are recommmended:

1) Adopt deck lypc bridge rather than through lype except the cases that the
under-bridge clecarance is limited. However, through type is more
cconomical than deck type for longer span range.

2) Prcfer continuous beam bridge to s:mplc beam 1o reduce expansion joints
* which may causc the vehicle running shock and become to be a big
maintenance burden.

Easicr maintenance

'lhc mainteniance troubles of brldgcs arc frequent on the secondary members
such as expansion joints and bearing shoes rather than on the primary
members.  Therefore, continuous beam' bridge, because it has less such
froubles, is more favorable for mainienance. In particular, {the reduction and
the casy maintenance of expansion joints should have been considered from

" the planning stage. Repair or replaccment work of cxpansion joints on

@

bridges will become a major cause of traffic interference.
Aesthetic consndcrahon

Bridges muist serve for the public to carry traffic safely, and they have to bc

" consiructed and maintaincd ‘with reasonable cost. - That is the pnmary

function of bridges and can be designed by applying phys:cal science. On the
other hand, bridges exist fong time on ground exposing 1o the public cye, so

- that bridges cannot hclp having the ornamental function as well. - The bridge
design successful in pleasing the people’s eye, is not’ ncccssanl) obtained only

by the us¢ of ph)sical tcchniqucs Becausc bndgc design is a process of

“humnan creation; 11 is mtural (o seck beauly'in the v1cw of bndgcs
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3.2° Field Surveys
3.2.1 Topographic Survey
(1) Suwrvey method

Topographic suwcy is carncd olit 10 prepare topographic map which is
neeessary as the base map for bridge planning. The survey method is
generally to use planc-table surveying of derial photograminctry. The arca
of topographic map for bridge plannmg is rcglonal and ‘the scale - is
comparahvcly large, so the phnc —table suiveying is normdlly used, If the
existing photographic map covering the proposed bridge sitc is available, i
may be utilized by magnifying the scale but that needs the complementary
and correction surveys by planc—table surveying.

(2) Scalc

The scale of IOpogEaphic map suitable for bridge planning ranges 1/100 to
1/500. The scales 17200, 1/300 or 1/400 are gencrally used.

(3} Contour

In principle, topographies have to be indicated by contours, the interval of 1m
is preferable. The planimetric map having no contours is sometimes used

“although it is unfavorable, but at least point contours should be shown to find
clevations.

{(4) Road center line

Road center line, 'if it is available at s:ilc‘, should be surveyed and shown on
the topographrc map. It is useful to find the planned bridge location on the
map and can be used as a datum line in planning work.

(5) Profiles

~ Longitudinal and lateral profiles are preferably prepared by the leveling
:suwcymg along the road cenler line. Alternatively, profile can be also
preparcd from the conlours of the topographic map and that may be usable -
considering less accuracy.

3.2.2 Geological Smrvey
) Survey method |
_Thé geological survey for bridge planning is pcrfor_nicd putting stress on
obtaining the gencral subsoil information of bridge site rather than detailed

soil tests. The susvey is normally carricd out from data collection and ficld
reconnaissance, and followed by boring, test-pit digging, or geophysical
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cxploration if considered neccssary.
Data collection

This is performed at carly stage of the survey to colleet the cxisting
geological data around the sitc. Major data sources arc the geological map

issucd by the’ National Geology Office “and the previous boring or

geophysical data of the vicinity. If such existing dafa is available, the gencral
geological condition of sile can be offen supposed from those data and so

speeial ficld survey may not bé required. Thus, the exceulion of ficld survey
‘depends on the dah collection.

In addinon,-lhc existing bridges and buildings will be another uscful data
source by sludying their foundations about type, size, depth, and whether
scitleinent and tilt arc scen or not.

Ficld reconnaissance

'This is a visual survey to judge the subsoil conditions from the outcrops of
rocks and strata. The survey is carricd oul by walking along the cxisting
roads and rivers in the survey arca while obscrving the outcmps to make a
ficld rcconnaissance map.

Lands}idc traccs, obslacles, terrain and ground condition which scem to be
troubles for construction, will be also surveyced in this occasion.

Soil boring
1) - General

: Bormg survey is the most p0pular s0il mvcstlganon nmihod to obtain the
- underground stratification and the engincering characteristics of strata.
The method bores a hole into ground by boring machine, collects
samples and carries oul in-silu tests through the hole.  Soil boring
generally performs the following surveys:

~  Discrimination of stratification

—  Obscrvation of cored soils

-~ . Sampling and taboratory soil test

-~ Woater level in bore

- In-situ test in bore: standard penciration test, vanc shear fost, Jateral
' Joading test, p()rc water pressure tcst geophysical exploration, ctc.

Suivey results should be carcfully compiled by using the prescribed
forms such as boring log and soil fest data sheels, because these boring
data will be the basis and repeatedly refetred for designing and
construction.
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| 2) Applicalidn of Standard Penciration Test
The result of standard pcnélralion test "N-value” is the nllosi.irhportan't
inforniation wulcly used for the design of foundations. Many design
faclors as shown in Table 1.2 can bc estimated from N- -value.

Table 1.2 Dc'sigg Fac'lors-Einmatcd from Standard Pcnclﬁration Tcsl

Sandy Soil . _ Claycy Soil Construction
- Relative density - Consistency . |- Judgment on possibility
- Internal frictionat anglc - Uniaxial compression | of piling peneteation
- CObfﬂLiClﬂ of bcarmg capacity strength {undrainied) | - Judgment on effect of
- Void rauo : _ _ seil improvement
- Bearing capacity of soil o .| - Study of excavation
- Bearing capacity of piles - : mcthod _
- Cocflicicot of grotind reaction -} - Judgiment on land slide

‘The Mcycrhof's suggested relations of N-valuc to relative density and
internal frictional angle is given in Table 1.3 and the ‘Terzaghi-Peck's of
N-value to consistency and uniaxial compression strength in Table 1.4,

Table 1.3 Meyerhof's Relation of N-Dr— ¢ for Sandy Soil

N-value Density of Relative Deusity  Internat Frictional -Static Cone
Sand Angle Penetration Test Value
N Dr P (degiee) qe{ke.f/cm?)
Y very loose <02 ' <30 <20
4710 loose 0204 30735 20740
1030 medium 0.4°0.6 35740 407120
3050 dense: 0.60.8 40745 1207200
>50  very dense >08 > 45 >200
Table 1.4 ‘Teszaghi-Peck’s Relation of N-Consistency~qu fot Clayey Soil
N-vatue Consisténcy of Clay Uniaxial Compression Strength
N ' qu (kg.flem?)
<2 very soft <0325
24 soft 0.250.50
4°8 medium 0.50°1.00
815 SHff 1.002.00
15730 very stidt _ 2.0074.00
> 30 _ very hard. - C s 4.00

Por selecting the bcarmg stratum for bridge foundation according to N~
value , a!though there are many cxceptions to design and site condition,
the foilowmg valucs are g,cncrally suggested as a standard:

Sandy Soil : N>_40
Clayey Soil : "N>30
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32 3 ity dnological Sulve)

H}drologlcal survey is vital to plannmg the bridges whlch cross rivers and
channcls. From bridge site, the following information should be collected and

analyzcd:

W

Condition of river course

Condition of river course is a decisive factor to determine the crossmg,
location and direclion, the bridge length, and the protection against erosion
and scouring. Major survey and analysis items mclu_dc the followings:

1} Meandering rcach, cur'}cd reach, or st'raigh! rcach

2) Historical change of meandering and banK crosion

3} Patlcrn, size, and movement of sand bars

@

4) Change of longitudinal river bed clevations such as aggradation or
degradation of sedimeit

5) Arca of floed plain and width of main stream during flood
Condition of major floods

1t is impoﬂlanl for bridge planning not to worsen the capacity of waterway for

- flood flowing by bridge construction.  Flood discharge should be passed

()

smoothly and safely at bridge. To determine the design discharge of flood
and the rcqmrcd opening of bridge, it is nccessary to survey and analyze the
past major flood rccords on the following points:

1) Flood water fevel, arca, and duration at bridg’c

| 2) * Flood discharge and velocity of current

3} Delbris, sediment, and floating Jogs
Design diséhargc
JKR has the guideline for the hydrological design for the bridges crossing

rivers and chanunels, in which the following returss periods for the cstimation
of design d}SChai'gc are spccxﬁcd

1) For bndgos {0 cross rivers and dramagc channcls : 100 years

2) For scwesage culvert S .: 50 years
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3.3

(4) Mcteo-hydrological condition

Metco-hydrological condition of bridge sitc and river Dbasin is alse a
necessaty factor for determining design discharge, high water level, design
wind velocity, construction ethod and schedute. Major items of this survey
arc as follows; '

1) Scasonal variation of temperature, relative humidity, ang wind velocity
2)  Scasohal variation of rainfall
3) Scasonal variation of waler level and discharge
(5) River improvement plans
Any river improvement plan, whether it is on-going or a futurc plan, should
be investigated and entirely taken into account for bridge planning so that the
bridge construction should rnot become  @ny obstruction to the river
improvement plan.
Crossing Conditions
General
Bridges arc constructed to cross existing land space, most arc public spaces such
as rivers, roads, railways, ctc. and where the bridge structures must exist long
time after being constructed.  Therefore, Lridge plan is rcqum:d to have duc
consultations with the competent authorities of such space for approval.
The crossing conditions rcqliircd to bridgc‘ plans are different depending on:lhcir
planncd focafion and purpose, and governed by various regulations relevant to
land use.
In addition, urban and local development plans are also involved in bridge
planning, although these conditions should have been consulted in the road

planning stage.

This chapter explains the general crossing conditions for river, road, and railway,
because most bridges are planned to ¢ross them.

3.3.2 Waterway Crossing

The figures and cquations shown in this section '1rc recommmendalion l)ascd on the
River M'magcmenl Guideline, Japan.

Fig. 1.7 shows the general concepl of river cross-scction and Bridgc layout.
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- (1) Localion and dircction of crossing

1)

2)

Cross river al its straight rcach.

In numbers of meandering rivers in Malaysia, baok crosion has occurred
more at the curved reaches than the straight.  Although - small
meahderings occur even in straight reaches by the movement of sand
bars, it is far better to sclect bridge site at the siraight reach compared to

the curved. Furiher, it is important to investigate the historical change of

river course and bridge sile should be sclected at where the change of
river course is small.

Cross river in perpendicular to its flow.

“The bridges crossing rivers withi skew direction often cause crosions and

* scourings at around bridges. Skew bridge will produce asymmetric

iur_bulcncc' in river flow and that makcs the bank protection “against
crosion very difficult.

Thercfore, the crossing al siraight reach with right angl¢ is thc most
recommendable. I it is unavoidable to cross river at curved reach or
with skew dircction, protection shall be provided not only at around
abutments but also to the adjacent river banks with sufficient length.

(2) Watcrway width and frecboard

?)

Lay abutinents outside of watcnf.’ay.

It Dbridge opcmng is shorlcr than the walerway width, flow will be

constricted at the bridge, and that causes backwater cffect on upstreant.

" This phenomenon will cnda_ngcr the bridge by incurring severe crosion

and scouring. Therefore, it is nccessary to design the bridge opening
wider than the waterway width.

Although it varics depending on water depth, the design discharge and
the required waterway width have a general relation as follows:

Design Discharge (nid/s) Waterway Width (m)

300 0~ 60
500 60 - 80
1,000 _ 90 -- 120
2,000 160 - 220
5,000 . -350 - 450

M inimum frccboard on hlgh watcr Jevel (HWL)

“The frecboard bch\ cen WL and the top of dike for the rivers having

‘compound cross-sections, shall be not fess than the following values:
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Design Discharge (m3/s)  Freeboard (i)

less than SO0 - .5
500-2000 1.0
over 2000 1.5

" For the rivers having sibgle cross sections, the frecboard is recommended
*to fake at least 0.6 m.

T hc cl;éran'cc_ between HWL and the soffit of bridge beam shall be
decided by adding -the alfowance of 0.5m to the above-mentioned
frechoards, (Fig. 1.8).

(3) Minimum span length

D

2).

3)

Span lenglh has a direct relation to the possibility of clogging the bridge
opening with floating logs or debris. The minimum span length in
rclation 10 the design discharge is gencrally given by the following
formula.

L =20 + 0.0050

where, L:span length (i), measured in pespendicular to flow
Q: design discharge (m3/s)

However, if it is ensured that there is far less possibility of floaling logs
and debris so thal clogging rarcly occurs, the minimum span length can
be reduced to the following valucs: -

Q<500m¥sand W<30m : L=125m
Q<500m3¥sandW Z30m: L=15m

500 = Q < 2000 m¥s : L=20m

where, W: waterway width (in)

-Pier location close to bank

Pier should not be laid on the stope of bank nor at the fool of bank slope.
It is recommended for the piers planned close by bank to take at Ieast the
following distance from the toc of bank slope.

- Design D'ischargc_ (m¥/fs) Distance (m)

less than 500 b

over 500 10 _

For where it is'diffic_tjlt to take the above distance, sufficient bank
protection should be provided on the foot of bank slope and around the



4)

picr against possible local scouring.
Impediment rate of picr width to waterway

The existence of piers in walerway is the biggest impediment to water
flow imposcd by bridge consiruction. The smaller pier width is, the
better waler flows. There is a guideline to coritrol the total pier widths in
a waterway by the uupcduncnt rate 10 ihc watciway width:

_ lm‘pcdimcnt Ralc
Dcsirable : lessthan 3 %
Maximum 5%

The pier w;dlh shali be mcasured in perpendicular to flow dircction at
high water level, and the wa!clway width shall be the width of hlgh
water lovel.

{4) Abutment design

RS Invert-T type abutment

2)

3)

There are many examples in Malaysia that bank scat type and pile bent
iype abutments arc damaged by local scouring. Many protections
provided in front of such abutment are washed away by flood and piles
arc exposcd.

Therefore, it is recommended to adopt the invert-T type abutmcnt
instcad of bank scat and pile bent types.

Embedding depth of fooling

Footing shall be embedded into rivér: bed. .\Vllérc the scouring risk is

high, it shall be decpened below the anticipated scour depth. (Fig. 1.8)
Parallel to flow

Abutments shall be faid in parallel to flow.

(5) Picr design

1) - Oval or round shape for picr column

The existence of picrs in waleiway unavoidably bridges about turbulence
in water flow and which is a major cause of the local scouring around
picts. To lighten this effect of picrs, il is recommended for the cross-

~ “sectional shape of the pler columns to be oval or round which disturbs

water flow much less compared to sectangle. It is also recommended
that a pier have only a'single column, but do not have double or multiple
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2)

columns which rathcr mducc scvcrcr lurbulcncc in closely standing
columns, :

Where flow is not stable or curved, round shapc is more adaptable fo the
ch'mgc of flow than oval.

Embcdding depth of footing

| ldoilng'shall be cmbedded into river bed dccpér than the anhcnpalcd

scour depth. A guidcline of the cmbedding depth of fooling is given as
follows (Fig. 1.8):

Location of Picr o Embedding Depth

i) Low water channcl and the _ More than 2m below the
part of high water channel river bed of low water
within 20m from the top of “channel

the slope of low water channel:

ii) High water channel beyond 20m More than 1m below the
from the top of the slope of - river bed of high water
low water channcl: channel
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Fig. 1.7 General River (Compound) Cross-section and Bridge Layout
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5}

2)

3)

- (6) Bank protection

Bank protection is required to protect the slope of bank from the crosion
which may be caused by the turbulent water flow induced by the constraction
of piess. :

Covering arca

Bank protection shall be provi‘def'd both on high water bank and low waler
bank, from the top to the toc of bank slope, for the cxtent of 10m up - 'and

* down - stream from the side of bridge including the underncath of bridge.

For skew bridges, additional covering arca is fequired as shown in Fig. 1.9 fo
cope with asyimnctric flow turbulence.

Embedding depth

Bank pmtcctibn shall be embedded into siver bed not less than 0.5 ~ 1.0m for
small rivers and 1.0m for ldrge rivers. Where scouring risk is high, it shall be
decpencd below the anticipated scour depth.

Foot profection

The toc of bank protection shall be protcclcd'againsi scouring with gabion
packs or stoncs,

/2 C1000m

(High Water Channel)
\ 1 1B% T T
- e fe=f E (Low Water Channel)
5o T e

Fig. 1.9 Areaof Bank Protection

1]
-
|
l
|
{

{
0l

|

w_ _HWL

[
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3.3.3 Roadway Crossing

(1} Information of crossing road

(2)

As previously mentioned in !tcm(S)-Giadc scparation of Chapter 2.3.3, the
following information of the crossing read is requircd for bridge planning:

1) About existing road:

- cl'as:s and grade

- ‘cross-scctional profile

- right-of-way

- clearance limit -

- . longitudinal profile
2) About future plan

- designated, or not designated to the roads of city planning

- sidewalk plan, or not

- overlay and widening plan, or not
3) About public utilitics

Consultation itcims

The following items are to be consulted with the competeit authority of the
crossing road:

1) Bridge length and spans
2) Location of abutments and piers
3)  Embedding depih of foundations

4) Undes-bridge clearance

'5) Diversion road

6) . Construction inéthod (includes protection of existing road and traffic)

3)

Clearance limit (a minimum clearance to meet current JKR practice)

In the case of Japan, a clearance: height of 5.0m abave the existing road

- surface under the soffit of the plaiined bridge beam is rccoxumcndcd from the

followiiig rcasons.

~ Reason'l: '[hc road gcomcinc dcsngn acl spcc;f'cs the clearance 10 be

4.70m. Tn addition this, an allowance of 0.3m is consu!crcd for



future overlay.

Reason 2:  The legal vehicle size is 3.80m. On the other hand, steel bridge

nceds a space of minimum 1.0m under bridge beam for
repainting work as well as a margin of 0.2m.

{4) Location of abutments and :picrs

1)

2

. 3)‘

General

Abutmcnis and picrs are prohibited inside of roadway. It is favorable for
the traffic of the crossing road to have sufﬁclcnt lateral margins between
roadway and abutment, and not to have a picr on median strip.

However, the following cases are technically and economically very
difficult to avoid a pier on median strip:

i) Crossing road is very wide having six lanes or over. -

i) Bridge is skewed to c.ro'ssing road with over about 50 degrees cven if
it has only four lancs or less.

iit) Crossing road is scparated into up and down lanes.
iv) Frontage road andfor watcrway run in parallel to crossing road.

When a pier is designed on median strip, it is rccommcndcd to consider
collision load of vcehicles for lhc design of pier.

Latcral margin

If a picr is put in median strip, the median nceds to be widened at least
for the picr width so as to maintain the original lateral space. Even in
case that median cannot be widened sufficicnt, a minimum lateral margin
of 0.5m (Japancse Standard) is requircd between the pier and the
clearance limit of the crossing road as shown in Fig. 1.10. Guardrail or
autoguard will be installed in the lateral margin.

.I"ooling of pier, as shown also in Fig. 1.10, shall be preferably not

extended beyond the: median width to avoid uneven scltlement on
roadway, and cmbedded more than 1.0m to sccure 1hc space for
underground public utilitics.

Special Jateral margin for expressway

The crossing with. cxprcssway, where vehicles can run in high speed,
needs greater lateral margin for abutments and piers not 1o be visual

- Oppression agamsl dnvc;s 1t is recommended to take minionim 3.0m for
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massive ‘structure like abutment and thick pier and 1.5m for slender
structure like thin picr (picr width is lcss than about 1.0m).

3 3.4 Rallv.ay Clossing

(1)

)

Information of crossing railway

" Like the road cr053111g, the followmg information of the crossmg railway is

required beforchand:
1) Aboiit existing railway:

~ " class and grade

- rail-gauge and cross~scctional profile
- right-of~way

- ' clearance limit

-~ clectrified or not

2) Aboul future plan

- clectrification plan, or not

- double—tracking plan, or not

~ elevating plan, or not
Cbnsullalion items

The following items are to be consulted with the coinpetent authority of the
crossing railway:

1) DBridge stmctur%&l type
2) Bridge length and spans

3) Embcedding depth of foundation

4) Location of abutments and piers

5) Under-bridge clearance

6) Construction ‘method. (includes relocation and protection of cxisting

railway facilitics)

7) - Consignment constriiction, or delcgation of supervisors

8) : Instatlation of guardfence
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(3) : Clearance limit

The clearance liinit of railway is different depending on the type and kind of
railways. The railway of Malaysia has been developed based on the British
gauge aid is now in progress of clectrification. Fig. 1.11 shows the clearance
of the Malaysian National Railway both for the clectrificd and not clectrificd.

However, in recenl: years new commuter railway system is going to be
constructed in urban area.” To cross with such new system, clearance limit
should be confirmed by individual consultation.

)

'_"_"_"'___'_'_—__‘""'_““‘“‘““_"_'.']'

i

72

-

ﬁﬁﬁﬁﬁ W7
27K
St YO B Z
Roadway JM’eﬁtrip};‘ Roadway g { %
Bl LN
I — JEEA i S et
;ﬁ'é \Seitlement /

T
Fig. 1.10  Clearance for Road Crossing

(Notc: Dimensions arc teatative, which shall be checked. Minimum
~ clearance to nieet corrent JKR practice.)
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Fig. 1.11  Clearance for Railway Crossing
(Note : Dimensions are tentative, which shall be checked. Minintum
clearance to mect current JKR praclice.)



3.4 Bridge Structuve Type |
3.4.i General

There are miny factors to be considercd in the sclection of a structure type. One
of thc most important is the region of the couniry in which the bridge will be built.
For vatious reasons there scem to be preferred bridge types in certain regions of
the counltry. Proximity to the stee? mills and the cost of freight may well control
the choice between a concrete or a steed bridge. The experience of the local
confractors is a big factor, and offering a structure type which is strangce (0 them
can only result in higher prices. If the area is reiote, cvery cfforf should be made
to minimize the necessary tabor on the job so that a Jarge number of men will not
have to be imported at a very high cost.

It should be obvious that inos! of the discussion of this chapler is concerned with

moderate-sized bridges. When a truly large struclure is to be built, there are

many othér influences which come iiito play and its design becoines a very special
‘exercise.  The truly monumental bridge. will dominate ils environment. 1t will
"cost a great deal of money and take a great deal of time to design and build.

3.4.2 Superstyuciure
(1) Concrele structure

Conercte is' a very versafile material and lends itself well to complicated
configurations. It can be formed into sinoolh sweeping curves or the intricate
details of statuary. It may be precast and prestressed (decreasing the weight)
and made into Jarge beams which may be set across long gaps without
falsework supports. Or it may be cast in place and post-tensioned. Conerete
is very hcavy and its use ensures a high dead load factor. When poured in
place, it requires forms and falsework which arc often inconvenient to traffic.
‘The size and weight of beams which may be transported on the highways is
limited. This curtails plant production and often forces the use of forms and
falsework which may be undesirable.

Concrete (prestressed) bridge types and their normal span range are given in
Table 1.5,
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(2) Steel stucture

In the late 1960s, the fabrication of structural stecl underwent some very
great change. Welding took over and almost completely displaced the long-
serving rivel.. Welding has many quickly rcwgnizcd advantages in saving
weight, labor, and snmph[ymg details ~ resulting in much more economical
stecl structures.

‘With the rise in usc of welding, there has also been an increase in the use of
high-strength bolts, usually for ficld splices. Bolted joints arc often usced to
connect welded members.  This is to simplify lhc ficld work and nmkc the
ercction quicker and casier.

Welding has made the hybrid girder possible. This is a girder which
combines a number of different strengths of steel to match the stress levels in
a member. ‘This can result in very frim, clean-looking girders without the
changes of flange thickness throughout the span length.

Steel bridges which need to be painted to prevent: corrosion are natural
- subjects for the use of vatied colors. Bridge color should conform to the
general desire for compatibitity. The color or colors sclected should
harmonize well with the surroundings. Sofl greens, tans, and:browns arc
natural earth colors and fit well. Where the siructure is to be minimized, gray
colors against the sky and dark colors against deep shadows serve to swallow
a structure.

Steel bridge types and their normal span range arc given in Table 1.6.
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"3.4.3 Substructure

(0

@)

Abutments

| Abutments, mostly made of concrete, are tocated at both ends of a Lridge not

only to support supcrstructure but also 1o withstand the caith-pressure from
the back.  In general, stability of abutinent is secured by the combination of
own weight and backfill an rear footing. As abutment become high, wall
thickness will be reduced to save concretc volume in compensation for

reinforcing with steel bars,

Piers

Piers, mostly madc of concrete, are located intermediately between both
abutments to supporl superstructures. Type and shape of piers are sclected
according to the conditions of bridge site in particular of the crossing
conditions. '

3.4;4 Foundation

)

e

General

Foundation is a structure nade of concrete, steel or timber, and built into
ground as a part of substructure 1o transmit loads from supersiriclure to
ground. In broad meaning, surrounding ground (bearing stratum) is regarded
as a part of foundation. Foundation is classificd by construction method and
depth as shown in Table 1.7.

Spread foundation

Spread foundation is generally constructed with shallow and comparatively

- wide concrete footings which arc suppotted directly on ground.

Spread footing is gencrally used where the bridge site meets the following
ground conditions (Handbook of Civil Engincering, JSCE.):

1) Supporling ground lics shallow within about Sm from ground surface.
2) : Bearing strength of the supporting ground is appralscd more than 30 of
N-value by 'standard penetration test in casc of sandy soil and more than

20 for clay.

3 Such suppoiting ground dcvc]ops ina dcpih more than 1.5 times the
“designed footing width (shorler side) under the bottom of footing.

4) - When ground water Jevel is high, drammg and cullmg off measuress arc
?avallable
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35)

“TFor foundations in watcrway, there is less possibility of scouring, or

countermcasures against scouring arc available.

(3) Pile foundation

2

3)

Gcncral

Where 5prcad footing cannot be found on rock, or on densc granular or
stiff cohesive soils within a reasonable chlh pile foundation is the most
often used. For locations where the scouring risk i$ high or unacceptable
sctilement is anticipated by the use of spread foolings although soil

condition woilld permit the use, pile foundation may also be used as a

counlermeasure.
Pile types by supporting manner

Pile foundation is classificd as énd'—bcariug-, friction, or a combination of
both according to the load transfeiring manncr. End-bearing pile derives
major portion of support capacity from the resistance of bearing stratum.
Friction pile derives major portion of support capacity from the friction
resistance along the side of the embedded pile. The bearing capacily of
combination end-bcaring and friction pile is derived as the sim of the
resistance from the pile tip and from the friction of cmbedded shafl.

It is recommended to usc end-bearing piles as much as possible. In case

" that the usc of friction pile is unavoidable because bearing stratum cxists

decp for instance more than 60m below, the long-tenn consolidation
sclilement of the pile group should be considered in design. In this
regard, -~ friction  piles arc not recommended for the “statically -
undefermined structures Jike continuous beam and rigid frame bridges
because such structures are easily affected by uneven support scttlements.

Pile types by material and construction method
Pile foundation is also classified by construction method as driven and

bore piles. Driven piles have various kinds made of timber, precast
concrete, or structural stecl sections.

“Timber piles arc limited in Iength and rarely uscd nowadays except small,

less iipartant constructions.

Prc'éas’! concrele pilcs', the carly type of which was RC (rcinforced
concrete) square pile cast at fickd, are nowadays a factory--made product
and the most commonly used for the foundations up to around 30 m in
depth.” The piles are reinforced with reinforcing bars or prestressing stecl,
centrifugally compacled 1o forn circular cross- -scction, and so called
commonly RC or PC spun piles. PC spun piles arc more used than RC

~ piles because PC pllcs arc inore durable against cracks 'and can be driven
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- decper than RC piles despite small cost difference between them. The

markel size of PC pil¢s varies 30°80 em in diamdier.

Steel pifes may Le pipe or H-section.” Steel pile piles offer higher
resistanice against driving impact and accordingly can be penetrated
deeper than PC piles. The pile, for they are expensive, are generally
used for where PC piles cannot be constiucted because bearing stratum is

_deep or hard intetinediate laycrs exist. - For corrosion of steel, the margin
_of 0.02 mm/ycar is gencrally consldcrcd to steel thickiicss under normal

- environment,

4)

5)

Steel H—pi!cs are conveniently used for temporaiy construction and ofien

pulled out to re—usc several tiines.

Borc piles arc constructed by placing reinforcing steel cage and concrete
into pre=drilled holes. According to the soil condition and the desired
pile depth, the mcthods of drilling and mainfaining hole arc sclected.
Generally cither wet or dry “drilling, water or slurry, temporary or
permancnt meial -casing will be used as necessary 10 produce sound
concrete foundation shafls free of defects. Bore piles are advantageous
in urbaii and neighboring construction owing fo their characleristics of
less noisc and vibration compared to the driven piles, but the method
nceds skilled techniques aiid high quality control for the complexity of
conslruction operation. Bore piles will be studicd as an alternative to
sicel pile piles for planning decp foundation.

Batter piles

" Where the lateral resistance of soil is consid'crc'd not to be adequate
. against horizontal loads, or when increased rigidity of the entire structure
~ is required, baiter piles aré often used to save piles.” However, batter

piles are not recommended where scttlement of compressible soil and so
ncgative skin friction loads are expected, and for bore piles duc lo their
difficulty of construction except all casing mecthod.  Instcad, it is
rccommended to increase the number or the diameter of piles.

Spacing of piles

The foMowing * minimum center-lo~center  pile  spacings  are
recommended to decide the size of foundation,

For end-bearing piles: 2.5 times pite diameter/width.

For friction piles 3.0 times pife diamctbr}sﬁdth preferably,
but not less than 2.5 times.
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- 3.5 Preliminary Cost Estimate and C{_)nslh'l'cﬂoil Plan

3.5.1 Preliminary Cost Estimate

(1)

General

Cost estimating is a proccdurc to break dow an objcct of work ino its
component parls such as number of spans, substructures, or a cubic meter of

* concrete thereby making cach part more sensitive to accurate measurement of

)

quantity and ¢stimatc of its cost.

For a government department (JKR), the cost of a bridge project will include
the costs of administration, surveys, design, righ’t—of—Way acquisition,
construction, qupcrvnsmn, and financing. For a censulting engincer, the cost
will depend on'its definition in his contract with the client: For a contractor,
the cost will include the actual cost of construction to which an allowance for
contingencics and profit is added to produce the contractor's bid.

Cost estimate may be classified by purpose as:

- Preliminary estimale, |
- Comparalive estimate, and
~ Detailed contractor type estimale.

The preliminary cstimate will be performed at the planning stage to establish
the viability of a project and 1o carmark funds. The comparative cstimate
serves at the design stage of the project development and it is used for the
engineer's cstimate. The detailed or the conlractor: type estimate is used by
contractors. The more detailed and accurate the cstimate, the morc costly and

time consuming the cstimation process becomes.

Preliminary cost estimates

These cstimates are the first made for a project in the planning stage and arc
used to bracket the probable cost within a rather wide range. They must be
bascd on limited and only general definition as to scope and detail. For
example, a bridge plan would be comparcd as 1o terrain, length, height, widih,
soit condition, etc. with the previous projects having similar characteristics,
from which an approximalion of quantilics and cost could be madc. ‘This
level of estimation may hc pGCarcd for the accuracy within 20730 percent of
final cost.

- However, - if addnmnal accuracy is- requircd for more defailed cost
* comparison of a!tcmalwc plans or financing plan by the owner, the simplified

unit cost method is recommended. The method involves the use of unil
prices from previous projects apphed to the quantitics for a new project by
grouping cost iteins into several major items. Here the quanullcs for the new
project are known (at Ieast approximately) and the previous unit costs arc
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taken from a project or projects sclected because of their general simitarity of
~cost-controlling conditions, where a certain degree of accuracy can be
obtaincd without extensive adjustinents or detailed analyscs The unit costs
for cstimating bridge projcct cost arc commonly geouped into the following
major items:

_ Cost ltem Quantity Mcasurement Unil
1) Superstructure

- Pavement - surface arca {in?)
(include cuibs and rails)

- Expansion joints size and lenigth (in)

- Main beams _ B :
(include crection work and diaphragms)

PC precast beam lype, size, and number of beamns from
standard design {picces)

PC box girder concrete volume pc_f bridge surface arca
from previous project data (m¥/m?)

Steel girder steel weight per bridge surface arca from
- previous project data (fon/m?2)

- Deck slab .' concrete volume (m3)

- Bearing shoes | dapacily and nuimber of shoes (picces)
-2} Substructure

- Abutiments and piers concrete volume (m3)

- [xcavation and

temporary cofferdam ~ excavation volume (%) .
- Foundation
Spread footing | be included in abutment and

picr concrete volume.

Piles - o type, SIZC dcplh and number of pl!cs
- - (total pite length : m)
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3) Approach .ro'nd_ _.

- Road carth-fills carth volume (m?)
- Pavement surface arca (in?)

4)  Other works

-~ Temporary staging surface arca (m?)
- Traffic detour-way length or surface arca (m or m?)
- Bank protection o surface arca (iIn?)

The unit cosis used in this method arc considered to include all direct,

‘fndirect, and corporate indirccl costs. With this method, accuracy is expected

10 be within 10720 pereent range.

Significant ercor may occur if unusual conslruction lcchmqucs and teimporary
facilitics are involved and are not properly compensated for in the unit cosls
applicd. This is a reason why the preliminary cost is sometimes far below the
contractor's bid cost.

3.5.2 Preliminary Construction Plan

(1) .Objcclivcs of planning

@

The inain objectives of construction plan arc:

1) to cnvisage how the construction will be carricd oul in what order and
with what mcthod and resources; reducing the construction 10 a number
“of manageable aclivitics.

2) to anticipate polential difficulties and risks to overcome them, so that
their cffects can be minimized. This is the major objeclive of
construction planning, because civil cagincering is a high risk busincss
and the planning is fraught with uncertainty.

~3) to schcdulc rcsousces (mcn cquipinent, materials and money) to enable

' opmnum use.

4) toprovide a basis for predicting and controlling time and cost.

Planning p_mccss

* Planning i is the'mental activity of workmg out what has 1o be dornc, how, by

when, b} whom), and with what. Planning lcchmqucs assist in the analysis of
plan organizing information, and in which the plan is communicated to others,
Taken logcthcr these two elcmcnls ‘of planning producc the plan a stratepy.
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and factics for the exccution of the project in terms of ﬂCll\’llIC?, time,

- quantitics, resources, and perhaps costs. The plan is expressed as charts and

3

)

reporls.

Planning depends on data. Without reliable data, planning can only process
best guesses.  As cach construction project is different, all construction
projects arc a learning process and this learning process enables the plan

* more accurate as the project progresses. New data can be uscd to refine or

revise the plan.
Planning hicrarchy
Before starting to prepare any plan, it is vitat to decide who the plan is for

and what lcvel of detail is required. Table 1.8 lists the people who may:
requite or prepare a construction plan, suminarizes what they will need to

- know, and gives appropriate lime--scales,

4

Project durstion
There are two ways to deterrnine how long the project will take:

1) It is imposed by external considerations of the time available, and
designer or confractor then has to devise a plan to meet this requircient,
or

2) It is buiit up from a detailed analysis of the work to be done and the
‘resources available, using estimates of the time required for each activity.

"The cxamples of exfernally jimposed considerations are: (1) it is difficult to
allempt building piers in deep waterway in high water scason, (2) asphalt
paving work witl be avoided in rainy scason, or (3) the clicnt may often have
an cconomic or adminisirative need for fast construction, or require a project
to be constructed in stages for budgelary reason.

The examples of defailed analysis of the work and the resources are: (1) the
output of a constiuction operation is determined by the capacily of a key
plant or cquipment or by the work scquerices; this is most common in bridge
consiruction, or (2) it'is also common that contractors tend 1o assess the
coinbination of resources most likely to complete the work at minimum dircet
cost; then the duration of the operation is calculated from the volume of work
in this way.

Planning tools

* Four techniques are commenly uscd in construction planning: bar chart, line-

of-balance, lincar programme, and nctwork analysis.
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Bar Chart

The bar chart is casy to draw, casy fo understand, and best used for
straightforward, well-understood construction work with simple relationships
between the aclivitics.  Main disadvanlages are that it ncither show
rclationships between activities nor relate activitics to location.

* Line-of-balance

Linc-of-balance was derived from £11anufzicturing industry, and has becn

“found {o be cffective in planning work that is truly repelitive.  Line-of-

balance has been found to be difficult 1o usc on projeets which require a farge

- number of opcrations to construct cach identical unit. The problems arise

from the difficully of showing all the information on onc chart, especially
when using the technique to monitor progress. However, it is an cxcellent
means of relating resources, activily durations and the general pace of work.

Linear programine {(or time—chainage chart)

Linear programming is a specialized technique for lincar woik.. This i a
basic 100l of the conslruclion of a large canal and it is cspecially uscful in
tunnclting. Like line~of-balance, this is a simple two—dimensional graphical
technique and can show clearly only a limited amount of inforimation and a
limited degree of complexity.

Network analysis is a logical and analytical technique. It is most cffective
whei used for complicated projccis, cspecially those with external constraints

- and complex inferrelationships. ~ The “technique - is based on drawing the

logical rclationships between construction operations, and cstablishing which
operations have the mosl crucial effect on the project duiation. The

~ technique is known as the critical path method (CPM), and a version which

(6)

incorporates a statistical method for calculating the probability that a project
will be completed on a specific date is called the programme evaluation and
review technique (PLR’[) Network analysis has a good and comprchensive
logical basis, lends itscf casily 1o computer processing, and can be used s an
cffective contro] tool.

It is of fundamental importance 1o note that the level of detail of the plan and
the choice of technique are related.  For example, the overalt programnie for
a large and complex project should be drawn by a network. However, for an
simple aclivily "piling work", obviously nctwork analysis does not work wc]l.
Instead Jine-of-balance prugmmmc should be used.

Planning componénts

Planning tools aim to cxpress the work to be done to a time-scale; some also
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include resoupees and perhaps cost.  The other major faclor in construction
control is "qualily” which is undertaken by scparate techniques from the
planning tools. Howcver, quality is refated 1o time and cost theough the skill
and judgment of construction management.

‘The major componeals of planning techniques are:

~ activitics: this means a work to be done for example preparing a drawing,
materials to b¢ ordered, piles 1o be driven, or concrete to be placed.

- activily duraiibn’s: the tirhe required for the completion of cach activity.

- project time—scale: the time struclure of the project; it is usval to give
cach week or month a number (this makes calculation casier).

—  ‘cvenl: an occurrence at a specific point in time; for example, the start and
end of construction.

~  work method: the plan musl be expressed in somce logical way, indicaling
the scquence of operations, and which activities and cvents are
interrelated; this may be implicit (as with bar charts) or explicit (in
network analysis, where work method is usually called logic).

- resources: generally include men, madchines, malerials, and money, and
even such cssentials as managerial skill.

—  costs: what the work has or will cost, often derived directly from the unil
costs of the individual resources.

3.6  Environmental Impact and Aesthétic Consideration
3.6.1 General

The ferm "enviropmenl” is meant to be interpreted broadly as the whole complex
of physical, social, cullural, cconomic, and acsthétic factors -which affect
individuals and communifics and ullimately detenmine their form, character,
relationship, ‘and survival. The definition "environmental impact" is any
altcration of environmental condilions or creation of a new sct of cnwronmcntal
conditions, adverse or bencficial, causcd or induced by the aclion or sct of actions
under considcration. The attention given to environmental conditions will vary
“according to the nature, scale, and location of ‘the proposed action or aclions.
“Aftention would be given to those factors most evidently affected, such as the
effects on the resource base, including land, water quality and quanlity, air quality,
public services and cnergy supply, as well as other enviromnentally critical arcas.

Generally, imipacts can be categorized as cither primary or sccondary This

- distinction is 1mporlant for consideration of alternatives and ways to minimize
adverse: impacts in pcrformlng lmpdct analysis. Onc way fo dcsgbnbc the
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distinclion is that project "inputs" generally cause primary impacts and project
"outpuls" generally ‘cause secondary impacts. Primary: impacts arc gencrally
casicr to analyze and measure, while sccdndar‘y impacis arc usvally imgre difficult
to measure. Sccondary impacts may, in fact, be more s;gmﬁcam than primary
impacts.

3.6.2 llznpac!s of Hi_ghway and Bridge Project

(b

General

Bﬂdgcs arc a part of highway, 'aécordingl) the environmental impacts ‘of the
bridge construction should be discussed in the environmental problcm of the
highway construction.

Highway construction has impacls in a number of areas, the most noteworthy
of which are acsthetics, air quality, circulation and traffic pattcrns, noise,

* sociocconomics, water quality, and wildlife. Highway may stimulate or

inducc other actions - (sccondary impacts), such as more rapid- land
development or changed patterns of social and cconomic aclivitics. hmpacts
associated with sccondary action may often be even morc substantial than the

~ primary impacts associated with ‘construction. For example, the cffect on

@

&)

(4)

p0pulallon and arca growth associated with the construction of new highways
may be among the more significant impacts.

Acsthetics impacts

Of general concern relative to acsthetics are such impacts as: (1) blocking
vicwlines along visual corridors (such as valleys, strcam courses, and strects);
(2) blocking vicwlines to landinatks in the commumty from - residential,
recreation, and comunercial arcas thal benefit from view; (3) bridges or
clevated highway out of scale with adjacent urban development; (4) visual
distraction and displcasing glare visible in recreational and residential arcas;
and (5) unaltractive contrast between existing vegelation and revegetated or
landscaped arcas, between natural landfornms and engincering features, and
between urban or existing development patterns and highway features.

Air quality impacts

Air quality impacts 1ncludc (1) dust and/or particulatc inalter on ‘vegetation
and slruclurces surtotnding the construction site or along roads: (2) tirc and
exhaust particles coaling roadside végelation and structures; (3) increase in
severily of exisling smog conditions duc to an increase in aulorobiles
traveling through the area; and (4) generation of vehicle fumes and odors
(such as from cxhaust ¢missions, or lire and brake rubber).

Noisce impaucts

- Noise impacts generally involve the area within sound of the traffic such as:
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(6)

(1) disturbance of surrounding passive receeational activities requiring quict

and sercne conditions for their cnjoyment; (2) disturbance of ¢ducational,
health care, and cultural activitics or institutions particularly sensitive to
noise, such as schools, churches, hospitals, sanitarivms, auditoriums, and
theaters; (3) disturbance 1o operalion or palronage of commercial aclivilics

“requiring or benefiting from quict surroundings; and (4) disturbance to

surrounding residential developiment.
Socioeconomic impacts’

Sociocconomic impacts include: (1) removal of residential, commercial, and

“industrial land uses and displacement of both residents and jobs; (2) removal

of structurcs or sites of scenic, architectural, archacological, or historic

significance; (3) loss of site having unique potential or suitability for

commercial or industrial activitics; (4) loss of taxable private Jand revenues;
(5) relocation costs to displaced residents greater than compensation paid;

-and (6) scverance of intérpersonal tics of displaced residents to former

nicighborhood/community (fam:ly ties, ‘cthnic bonds, or neighborhood
friendships).

Water quality impacts

Water qualily impacts involve onc or more of the following: (1) turbidily and
silting of ‘adjacent strecams and rescivoirs causcd, for the most part, by the
crosion of the raw soils exposed during construction and maintcnance
operations (the primary impact of these effects gencrally involve increased
aperating costs or shortened life of affected reservoirs and channels; damage
or climination of fish and other aquatic life; and possiblé damage to buildings,
roads, and bridge foundations); (2) watershed sodification caused by the
1mpmgcmcnt of the road systers and its construction on cstuarics, marshes,
wooded swamps, and streams — in particular, in csluaries disturbance of
natoral flows can affect ccological determinants such as sedimentation
patterns, mixing of fresh and salt walers, nutricnt flows, shellfish beds, fish

~and wildlife, and local vegetative patterns; (3) highway runoff conlamination

causcd by runoff containing oil, fuel, tar, pesticides, fertilizer, deicing salts,
animal and human wasted, and the products of combustion which can affect
waler quality, wnldhfc and roadside vegetation; (4) sanifary wastes from
teraporaty and pcrmancm waste disposal facilitics (Note: Waste disposal is
accomplished through portablc toilets during construction and permanent rest
areas after ‘construction); in ecither case, raw or inadequately trealed

' _discharges can have an impact on local watcr systems; and (5) contamination
of surface_and ground water supplies and recharge arcas by polluted fill
material, where the usc of polluted fill inatcrial can affect the concentrations

 of biological, physwal chemical, and radlologlcal contaminants in water

supphcs
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(7) Wildlife impscts

Wildlife impacts would generally include: (1) 1oss or degeadation of unique
or highly productive ‘wildlife, fish or shellfish habitats; (2) division of
wildlife rang,cs and migratory patierns; (3) displacement of wildlife to other
ranges; (4) impairing or blocking migration and/or movement of aquatic
biota; and (5) visual disturbance of wildlife on adjoining lands.

(8) Circulation impacts

Circulation impacts include: (1) blocking or impairing access along cxisting
‘strect patterns crossed by the highway, such as access to public and private
services of residents and patrons within lh‘c'scrvicc'arca, scinforcing or
creating physical barricrs between social groups, congesting through-street
traffic by diverting traffic from dead—cnd or rerouted strcets, and disrupting
publi¢ transit roules; {2) dividing single land uscs or resource arcas such as
agricultural opcralions, recreation areas, witdlife ranges or habitats; (3)
increasing truck and construction equipment traffic on public roads during
constiuction: (4) providing new or improved acecss to previously inaccessible
or relatively inaccessible public and private lands; (5) providing or improving
access o relatively undeveloped areas outside urban centers, thus inducing
commercial and industrial operations to locate outside urban ¢enters; and (6)
increasing traffic traveling lhrough the arca and thus causmg an increased
demand for travel related services.

3.6.3 Abesthetic Consideration
(1) General

- A Lridge should never usugp ils role as a part of the highway, T should
always Jook as though it thoroughly belonged to the rest of the highway. It
should be completely compatible with its surroundings. The bridge belongs
in that location.

Giving a bridge a retiring personality is not always casy. A designer must
subdue any impulse to make his struclure stand oul as a monument to his
design prowess. A bridge which stands out when it should be merely a part
of the highway oficn develops into an eyesore. The dcblgncr must be carcful
lest he be carricd away by transicnt publlc fads -

Designs, Whl(‘h rely for their bcaut)r on good proportions, clcan lincs, and an
honcst dpproach to function, have- worn better with time.  So will the
structure built in the future’if they have basic exceltence built into them: good
balance, lrim proportions, clean lincs, inferesting but not fancy forms. The
bridge designer should never forget the ‘projected 100- -year life for his
structure. If he wants his critics of cight or ten decades hence to admire his
work, he had belter make it a basically excellent design. He must walk the
finc line between uninteresting starkness and overdone decoration.
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High fllls have blocked the view of mdny attmctwc canyons, when the beauty

“of many deep canyons w ould be cnhanced by the slim framework ‘of a well-

designed bridge. TFills and culverts have: their place when they will not
destroy natural beauty.  But, where there is such beauty, consider a bridge
rather than a culvert and fill.’ As a pracu(‘al malier, the apparent cconomy of
a culvert al the basc of a huge fill may prove false if debris plugs the culvert
and the water backs up and floods the country above the road. Such short-
sighted cconomy can gencrate lawsuits.

Acsthelics of struclurcs

It s important that the 'brid'gc‘s be completely 'compwtiblc with their

3)

surroundings. They should look Jike they belonged there. As soon as they
have had a chance to weallicr a little, they should look like they had always
been there a completely natural and 1chptablc part of the landscape. This,
often means that aliention should be given to the characleristics of prominent
buildings nearby or other landmarks with which the bridge must fit.
Compatibility is the key.

“Beauty in a struclure comes from its basic design. Beauty starls with' the first

concepls of the structure and from there proportion, form, and gencral design
must follow 10 achicve a plcasing resull. ' Beauty in this context, coming from
well-proportioncd, carcfully planncd design, is not expensive. Even though
the owner may not wish to spend any extra money for acsthetics, the designer
still may creatc a good-looking structurc by “his careful handling of
proportion, shape, and light and shadow.

Number of spans

The number of spans is the first important dccmon that has critical acsthetic

"eflccl‘; Unless a structure is part of a grade- scparal;on where the span

~ arrangement is dictated by the inters¢eting roadways, the number of spans to

4)

be used in a bridge is onc of the first determinations for the designer to make.

If the structures is casily visible as a whole, an odd number of spans witl be
found to be morce pleasing than ar even number.

Béﬂancc of span and height

- The: !cngih of spans depends upon the length ‘of the bridge and its hclghl

above ground. The ground, the plc:s, and the bridge deck create a series of
gencrally rectangular shapes. If the piers are close together, these rcc!anglcs
may be higher than they are wide and look crowded. The arrangement is
gencrally betteér when the reclangular arcas arc longer in a horizonlal
direction — genctally, the [onger the better. The cost of longer spans is a
factor, so the designer inust balance the ‘aésthetic tasics against the moncy
avaitable to build the bridge.
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' Structures which are high above the ground look thinner and more graceful.

It is possible to have a deep, heavy structire that looks delicate and graceful
if it is high ¢nough above the ground. For structures which’cannot be high in
the air, every cffort must be made to make the superstructuré as thin as
possible or at lcast to create an illusion of thinness. Concrete superstructures
can be made thinner by prestressing.  Rounding the corners, sloping the
outside faces of girders, building a longitudinal ledge to develop a shadow

“atca on the lower part of the girder — all of thesc arc uscl‘ul 10019 in creating

tkic itlusion of & thin supcrstruclure,

1t is often difficult 1o design a thin stcel supcrs{mcturc cconoxmcdll) for a
rcasonably low short span. Shallow stecl girders beceme uncconomically

heavy. Problems of crection or traffic imay override cost 10 make short steel
spans - desirable.  Some  stecl box desigus producc altractive, thin
supersiructures for long spans.

Arlislic techniques

1) Anattractivé structure is produccd by the harmony of all of its clements.

The usc of a number of details which are attractive in themselves docs
not guarantce a pleasing overall effect, This is what makes acsthetics an
arl rather than a scicnce. The satisfactory end result depends upon the
taste and innale ability of the designer to combinc all of the details
arlistically.

2) There are some details which may help the overall effect.  Sloping the
exposcd arca of the front faces of the abutments in toward the roadway
will produce a pleasing dynamic effect in'a short steucture which scems
to launch it across its span. Tapering the picrs so they are smaller at the
boltom than at the top will tend to decrease the feeling of heavy.
attachment to the ground and make the structure appear to floal, On the
other hand, for very tall picrs, tapering from the ground to a thinner neck
high in the air seems o release the superstructure from its solid tics with
the ground, and this also makes it appear to float, Modern highways are
avenues of speed and flowing movement. The bridges should carry out
that fecting, cmphasizing the horizontal lines and playing down the
verlicals which tend to interrupt the flow.

3) Piers have been made round, square, or rectangular. There are many
interesting  shapes which can-be ‘developed out of these basic forms
which, with some of the tapering cffccts, can add considerable interest,

4) Allmé!i\f’c'd:csigns are not ngcessarily fancy designs. ‘There is a slrong _

appceal to very simple plain shapes and forms. As noted carlicr, there is
also an cconomic appeal in that they are cheaper t0 build.  Contractors
arc notoriously unacsthetic when they come to build forms or fabricate
shapes which vary from the siraight, square, and simple, Nevertheless,
fancy shapes do cost more money and the designer should be constantly
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sccking the plain, casicr-to-build solutions.

5) It cannot be stated too often that the successful and artistic bridge must
fit its site, and be complelely compatible with ils surroundings. It is
imperative that the designer be familiar with the site and have a fecling
for the cnviromnent of his structure. There have been examples of
designs which were totally uvisuited for their locations because the
designer did not take the trouble to visit the site and see just how and
where his structure would fil into the fandscape.
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DIVISION I : MANUAL FOR BRIDGE DESIGN ANALYSIS

CIHIAPTER I  General

1.1

1.2

Introdirction

This chapter describes the basic concept of the bridge structural analysis and
procedures of a design program regarding the standard design produced by “the
Study on the Standardization of Bridge Design in' Malaysia”. One of the most
important objectives of the manual is to allow JKR engineers to do design by
themselves after the Study. In future, this manual would be useful tool for the
engineers . '

The manual is divided into superstructure in Chapter 2 and substructure in Chapter
3. Each Chapter starts with the notations used for analysis and it is followed by the
design conditions to specify the characteristics of materials ‘and loads. Then,
analysis procedures are explained for the designs of bridge structure.

Outline of Bridge Structural Analysis System

The analysis system is shown in the Fig.2.1, 2.2 and 2.3 on the following pages. A
full automatic design system, with personal computer, is applied for superstructure,
whereas a parlially computerized system is used for substructure design.

“Bridge Structural Analysis” is the techniques required to assess the adequacy of
the structural strength or resistance of the bridge under the reasonably conceived
severe loads, The analysis techniques are entirely based on the theories and
formislas stipulated in the authorized publications. :
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1.3

1.4

Design Standard

In accordance with JKR's request, the following British standards were adopted to
the main parts of the analysis:

(1) BS 5400
Part 1 : . 1988 - General Statement
“Part2 © ;- 1978 - Specification for Loads _ _
~ “Part4 - 1990 - Code of Practice for design of concrete bridges
Part7 @ 1978 - -Specification for matenals concrete reinforcement and
' ' 'prestressing teidons
Part8 : 1978 - Specification for matcrials and workmanship, concrete,
“teinforcement and prestressing tendons
Part9 : 1983 - Bridge Bearings

(2) BD 37/38: 1988

Revision of BS 5400 - part 2 : 1978 - Specification for Loads
(3) BS 8004

‘Code of Practice for foundations
(4) BS 8110 - Structural use of concrete

‘Partl : 1985- Code of Practice for design and construction
Part2 : 1985 - Code of Practice for special circunistances

In addition, the following 'Jzipancse standards are also adopted in instances whereby
it is impossible to comply with the above mentioned standards.

- Specifications for Highway Bridges ( Japan Road Association)

Partl™ : 1994 General Specifications
Part11 : 1994 - Specifications for Concrete Bridges
Part Nl : 1994 - Specifications for Substructure

Tlow to Use the Mawual

(1) General Steps

The analysis step usually staits with setting design conditions first, the analysis
for main frame or major members of bridge in the next, and then that for minor
members follows. Since manual is prepared along with this steps, it is
recomniended 1o study the steps that deseribed in the manual.



~ {2) Numerical Explanation

Al analysis in the manual are demonstrated by sample computation to enable
to trace them numerically.

(3) Use of Computer Programs

Throughout the manual, many computer programs are prepared to save time
and labour for computations. The analysis using computer programs display
only input and output data. To see the theories and foumulas an which the
programs are based, It is required to refer to the design standards invidivaally
with the references given in the manual. However, such theories and foumulas
as considered ambiguous to apply are described in the each section of the
manual,

(4) Pursuit of Sublle Input and Output Data

The goal of bridge analysis is lo decide sizes and reinforcement of bridge
members with appropriate “strength against the loads set up by design .
conditions. At first, the sizes and reinforcement shall be assumed from the
past similar design results to prepare the initial input data, and then those are
1o be put into analysis to obtain the output data. That is, effects of the design
loads in various forms such as overlurning moments, displacemnts, strésses,
sirength, etc,

If the output data exceed or come far below the limitations imposed by the
materials and the design conditions, the input data shall be modified repeatedly
until the output data become proportioned to the limitations to concludé the
sizes and reinforcement of bridge members finally.

It is, however, noted lhat oridge slrucmre shall not be designed only by
structural analysis but also take account of structural compatibility and
harmony between bridge members, aesthetic appearance and construction
casiness. In this regard, strength redundancies of bridge members are
generally unavoidable in bridge structural design except at crilical sections,

The design manual is quite sufficient to assist a dcmgmng of a new bridge, and it is
recommendable to use the design result which have been madc in the Study as the
standard design. _

1.5 [Limitation in use

1.5.1 Superstructure

The superstiucture type ‘dealing in this manual is limited to thc followmg five types
with recommendable’ span ranges:



Name of Type

' Span Length (n)

-RCSS :  Reinforced Concrete Solid Stab 6 ~ 10
- PRSS Pre-tensioned Concrete Solid Slab 6 ~ 10
- PRUS : Pre-ténsiored Concrete lloliow Stab 10 ~ 16
-PRT Pre-teiisioned Concrete Composite T-Beam 16 ~ 22
-PTT Post-tensioned Concrete Composite T-Beam 22 ~ 45
Table 2.1 Type of Stzp.erstnicuire
Beam Type Span Range - Cross Seclieﬁ
RCSS 6o - 10un (NS = n K £ ERER ER S AR 19
PRSS | 6m- bom Ll CHULAR S R U A H )
NS | | m P =J£’ﬁ¢3@@@h@mﬁ@
PRT 18m - 21m
nr ) 25m - ﬁm.

Table 2.2 Span Range of Standard Beams

Sm

Type . . - ___l_l_linl_ lS:n Zolm 25|m oﬁim 35]m 40m 4S]m
| _Reinforced Concrete Solid Slab | tain ! i 1 i { i
Pre-tensioned Concerete Solid Slab_ | | == i i l !_ v g
Pre-tensioned Concrete 1ollow Siab 1' ; }- """*{" ~4 i ‘ |
Pre-tensioned Concrete T-beam ll ! E “+“ 1 ' i N
| Post-lensioned Concrete T-beam ; e e -

Even though thc use of the slandard desngn is limited as mentioned above the
automatic design analysis program itself has a wide range of applications. The main
‘application and restriction for the program are as follows:

+ . A span length can be freely selected up to 45m span length. However, it is
quite important to be careful when deciding on its application for the span
range shorter or longer than the standard design, because such application may
cost more, or the fabrication and conslmctlon of a beam may become

technically difficult,



* A width component can be frcely selected, and a footway can also be designed.

« The dimension is fixed to the structural types, thus an optionat dimenston
cannot be applicable,

»  Anangle of skew can be freely selected if not exceeding 30 degrees.
1.5.2 Substructure
The substructure type deating in this manual is limited to the following {ypes.

Table 2.3 Type of Substructure

(Mumber of Cases)
(2) Standerd Desipn :
Type Spanx Foundation x Skew = Tots)
_ I~ ém 3 1 z 2
Abutrent = &m H ? 2 5
L H = 16m . 2 R | S B e
_ subtowsl "~ 3% 0 -]
T H=10m 5 ? T2 N
T-1ype Fier . H=15m ] ? b4 ‘5
- H=lm ] 2 2 ] e
e subtots} 1 i
H=10m 11 H 2 1]
Multipte Columan Pier H=Jsm 1 ? 2 L]
| o H = m i 1 - 3 i 1
- e Soblotsl 49 ]
Total 11é
E (b} ample Desipn . (Number of Cases) e
- Spread foondation for Bm high Trserted-T Abutment e Ly R
High Inverted-T Abvtmént (13 m) . 1
Righ T type Fiee (30m) with 3 types of Foundation . T
Bored Fide Foundaticn for Mulliple Columa Pier 1
_____ ) Totab &

However, the pile foundation (PC spun pile, diameter 0.6m) proposed in the
Standard Design is only a sample design.  Although the pile was selected from its
recent popular use and the ground condition was assumed to represent the typical
geological feature in-Malaysia, the Standard Design can not answer every locat
problems. In general, for the design of foundation, the design parameters should
‘be decided individually according to each bridge construction site, and ‘the
‘Standard Design will help the design process as a reference.



" CHAPTER 2 Anaiysis for Superslnicturc:
2.1 Explan_aimn of Nofations

The nofations used are basically the same with BS5400, so only important and new
ones used in this Manual and the calculation sheets are in the following.

(1 Nolatlons for Load

D : Dead load except superlmposcd dead load

D1 : Main bedm load -

D2 : Cross beam load _

D3 :  slabload only for composite T- beam

SD1 : Superimposed dead load except premix dead load
SD2 : Premix dead load

HA : Normal live load _

HA+HB Combined load with abnormal live load 30 units
RB* : Abnormal live load 45 units

{2) Notations for Loading Condition

Stage 1 under (D1)

Stage2 undes (D1+D2+D3)

Stage3 :  under (DI+D24D3+SD1+SD2)

Staged under Serviceability Limit States

Le.1 : Load combination with permanent load and HA

Lc2 : Load combination with permanent load and (HA+HB)
Led Load combination with permanent load and HB*
SLS. Serviceability Limit States

U.LS. : Ulimate Limit States

(3) Notations for Sectional Force

M : Bending moment
S : Shear force
T : Torstonal moment

{4) Notations for Preslr'_ess

fpti Initial prestress _ '
Aptt Prestress dué to (fph + instantenéous def‘ormauon)
Apt2 : Prestress at the immediately atér anchoring

fpth @ Horizontal prestress al the immediately aller anchoring
ptv © Verfical prestress at the immediatély after anchoring
fept : Concrete stress dué to (fpt) at the level of PC tendon

fcpl o Concrete stress dué 1o {DHf‘ pt) at the level of PC tendon



(%)

(6)

fep2

fepgl
fepp2
fepp3

‘Lossl
‘Loss2

Loss(relax) :
fpe{comp.) :
fpe(end)

Fai{comp.) :

Fai{end}

Shr.{comp.):
Shr.(end) :

Congcrete stress due to (Dz+D3+SD1+SD2)

at the level of PC tendon

Concrete stress due to D1 at the levet of PC tendon
Concrete siress due to (D2+D3) at the level of PC tendon
Concrete stress due to (SD1+SD2) at the level of PC tendon

- Lossof prestress due to creep and shrinkage at the composﬂc

time

(Loss of prestress due to creep

and shrinkage at the end time for ¢reep) - (Losst)
Ioss of prestress due 1o relaxation of PC tendon

" Effective prestress at the composite time

Effective prestress at the end time for creep -
Creep coeflicient at the composite time
Creep coeflicient at the enid time for creep
Shrinkage at the composite time

Shrinkage at the end time for shrinkage

Notation for concrete stress

Cr-dift
Shr-difY

Limit comp.

Tensl
Tens2

Concrete stress due to creep difference for composile beam
Concrete stress due to shrinkage difference for composite
beam

Allowable compressive stresses

Allowable tensile stresses at the immediately afier anchormg
Allowable tensile stresses under S.L.S.

Notations for location of cross section

(bu)
(bl)

o (su)
" (bw)

(7

(b9
(s)

Upper fibre of beam
Lower fibre of beam

‘Upper fibre of slab

web of beam
flange of beam
slab

Notations for dimension

H

Yu

Y

Beam height
Distance of the upper fibre from the centroid of the concrete
section

- Distance of the lower ﬁbre from lhe centroid of lhe concrete

section

" Distance of the level of PC tendon from the cenirmd
- of the concrete section
“Area of concrete

Second moment of area
I Yu

2:10



Zl SR VA ¢
Zp : 1/Yp
J : Second moment for torston of area

22 Design Conditions

This section déscribes procedure of the input of common data which is shown in
Fig. 2.2 "Flowchart for Superstructure Design Programme”. The display's number
for input data of deslgn programme and the clause's number of Part 4 of BS5400
are shown in the title of each section as references. The diplay is attached in
DIVISION 1V.”

2.2.1 Coninion Conditions

In order to proceed the structurat analysis, requisite data such as span length, width,
the number of main beams and aciual cross beains, loads, dimension and properties
of material stiall be prepared. The data shall be used, the analytical data for design
and the basic data for drawings.

2.2.1.1 Structure Type [D.1]

Reinforcec concrete solid slab (RCSS)
Pre-tensioned concrete solid slab (PRSS)

- Pre-tensioned concrete hollow slab (PRHS)
Pre-tensioned concrete composite T-beam (PRT)
Post-tensioned concrete composite T-beam (PTT)

2.2.1.2 Beam Length and Spa.n Length [D.3]

Table 2.4 Basic Dimension of Bearis

Structura! | Beam {m) | Span(m) {Beam (m) [No.oRnos) [Space offm}No.of{nos)
type 1 length length height main beam | main beam | cross beam
6.3 . 6.0 0.45
RCSS 84 8.0 . 0.60 10 131 (1.11)
10.5 10.0 0.75 -
- 63 6.0 0.40 : -
PRSS 8.4 50 .1 0350 |18 (1% [076(078) 2
10.5 10.0 0.65
. 125 120 - 0.60 _
PRHS 145 {140 0.70 18 (15) [0.76 (0.78)] 3
16,6 -16.0 0.80 - :
_ : 186 18.0 125 .
" PRT 20.7 200 | 135 |11 (0} [1.28 (1.20) 1
i 229 220 -1.40 :
257 . -25.0 1.80
28.7 280 - 1.90 :
307 ] 300 - 2.00 B 1
- PIT 328 © 320 2100 7 {6) 210 -
358 350 230 | : _ .
409 - 400, | 270 y 2.
459 45.0 2.85 : :

Note : YValein{ ') ié for R3 raod class.

211



2.2.1.3 Dimensions
The dimension for each structural types in the standard design is as follows.
In any of the types , it was aimed that simplification in the cross-section and
uniformity in cross: sectional shape for whole span of a bridge for ease in

construction.

(1 'l{:einforced Concrete Solid Slab [RCSS]  [D6.1]

o
e

BO

The RCSS dimensions is provided with small haunches at the lower edge of the
beam so as the form can be remaoved easily.

(2) Pre-tensioned Concrete Solid Slab [PRSS][ D6.2 ]

PO .
N

H;
Ho

]

(3) Pre-tensioned Concrete Hollow Siab [PRHS]  { D6.3 )

10
3 7 B

1o

C2-12



(1) Pre-tensioned Concrete Composite T-beam [PRT} [ D6.4 ]

Bdo BO#

i Ll e

801

bz

The PRT and PTT dimensions arc provided with a space to allow the .pernianent |
forms for the stab to be installed.

Thickness of a part of the web for PTT is designed thicker at the both ends of
beam for selting of rubber bearings.

2.2.1.4 Other Conditions
(1) Crossfall -

“Cross-fall shall set 1o be 2.5%. For details, refer to the section 2.2.2.3
“Superimposed Dead 1oad."

(2) Longitudinal Slope
| Although'a lOngittldinal slobe is deéided by the geographical conditions at

where bridges are 1o be located, in the study which must be regarded as the
standard design, the longitudinal slope is ignored, i.e. 0%.



{3) Class of Road

Two iypes of R5/U5 and R3/U3 are adopted éccOidizag to “JXR's Guide on
Geometric Design of Roads".

(4) Design Life [ cl.6, Part 1]

A design life of 120 years has been assumed throughout BS5400 (unless
otherwise stated).

(5) Environmental Condition [cl 582, Table i3] .

In the discussion with JKR, the environment condition for coverage and crack
width of reinforced concrete member have been decided as mentioned below.

Environméntal Condition ' ' Limitation
Coverage © very severe environment S50mm
Crack width  severe environment for RC beam 0.25mm

very severe evironment for slab of composite T-beam 0.15nun
2.2.2 Load Conditions
2.2.2.1 Load to be considered

D : Deadload _ _

SD1 : Superimposed dead load except premix dead load
SD2 : Preiix dead toad

HA : Normal live load |

‘HB : Abnormal live load 30 units

"HB* : Abnormal live load 45 units

FL. : Foolway load

2.2.22 Dead Load
" The unit weight applied as dead loads are as follows.
- Reinforced and precast concrete  25.0 (kN/m3)

- Mass concrete 23.5 (kN/m3)
- Premix 23.0 (kN/m3)



2223 Superimpoééd DeadlLoad [D.7,D.8,D9]
- The superimposed dead loads in the standard design are as follows.

(1) For R5/US

/
.

: - ]{ 20 — S .
M : oy ) : . N e (
W ;ﬁgg SRSSEURER 3@___4 3%‘ 50 - ﬁ._f. e
‘ ; Tﬁt&&nm £00E UNE . ) EIan'E e r
' ' B0 THICK ASPHALTIC £ WEARING 60
40 gL
[& ) =, iﬁ%&zﬁ Mi—‘_ﬁ‘:mhﬂ

(2) ¥or R3/U3

_ K ki

I15«3.r=.m £0CE LNE
40 EH}mF‘WCI(ASP
/ M )no«n 93
R 7 asmser | PTG

2.2.2.4 Temperalure

As shown in the followings, the temperature load will not become a eritical factor
in the construction. Therefore, it is disregarded. However, the design of rubber
bearing or expansion joint shall yet to be considered.”

20 . o
: 1“_.,4 T_&, et #Lg n gyt 3 s g ptint
§ Lir”:_-““___ V_s'“hn‘ {H_s_c "“-"—'E Tﬂ'r_«ﬂ
£ = _ 15°¢
BN | I _ gyt A1 ol Jagrhet
Tbeam - Stress distribution ~ Teperature Stress distaibution. Stress distribution
cross section ~ (D+128D+12HAy  difference  (1.0TD) (D+1.2SD+HA+0.87TD)

Thc results of calculation for temperature dlﬂerencc derived from BD37/38 are as
below (rel‘erence with the above ﬁgurcs)

315



- Tensile stress due to tcmpe‘ralure difference is arising only on the top of beam,
~ however, this tensile stress is not severe effect, because the top is usually
compression zong in the simple beam. :

- Compressive stress duc to tcmpcraturc daﬂerence on the bottom of beam is also
not severe cifect, because the compressu.re stress on the bottom is small and
does not exceed the allowable compressive stresses.

- Compressive stress on the top of slab does not exceed the allowable stress,
because compressive stress under S.L.S excluding temperature difference is
usually not severe, and has a remainded stress against the atlowable stress.

2.2.3 Design Properties of Materials

(1) Concicte [D.10}

Prestressed Concrete

Ttemi Unit | Reiaforced
Conerete Main beam Crost Beam /Shb |
Grade {(N/mm2) - {0 50 40
Characliristic strenpth {X{mm2) 10 50 40
Modulus of elasticity _ (KN/nim2}) JI.b 340 3L
Compgg_gsi\:e slress (N/mm?) 16.0 20.0 16.0
Attrasfer ' {Nfmmn?) — 10 -1.00
Teasile stress Class 2 pre-tensioned _j}:fmm?] _ - 3.20 .. 250
Ciass 2 post-tensioned | Nmmd) | - S 230
Deslan erack width (mm) 0.2% oo e
v, S'ﬁ.! (marimum shear & tostionabstressy | (N/mml} ) - 478 4.7% 475
Vimin (reinforumenl required stress) (Nmm2} 0.42 0.42 0,42
Note:  Class 1: HA only, HA+HB(30)
Class 2: HB(45) only
(2) PCTendon [D.11]
ltem Unit _Lﬁngitudinal Trrasverssl
- _ ~ _~PFCiendon - PCtendon
[ Classand Sywbod e | TI2TerTi52 | 4KISor7KI3
| Characteristic strength (Nfram2) L1869 1860
Modulus of clasticity (KN/mm2) 196 196
During stressing N/mrad) 1485 - : 1458
Immediately Pre-fensioned Wmm?) 1395. 1395
after anchéring | Post-tensioned " (N/mmd) 1302 1302

2:10



- (3) Reinforcement Bar [ D.12]

Hem it T
Chasatleristic streppth (Nfmly | 460 .
Modulus of ehasticity e | RN m2) 200
Compression L | ANImmy | 35
Teaslon < ) : {Nfinind) 335

2.3  Mecthad of Structural Analysis
This section describes pfocedure of the structural a_nalysis which is shown in Fig.
2.2 "Flowchart for Superstructure Design Programme”.  The clauses’s number of
- Part 4 of BS 5400 is shown in the title of each section as references.

2.3.1 Calculation of Sectional Forc'c

Calculation of sectional force shall be carried out according to the Analysis
Flowchait undermentioned.

( ST?RT )

[ Input of common dala]

[ Calculation of section properties |
)

b
[Formation of grillage fran@
- ]
_ ¥
[Set up support condition]

@ up load condition]

| .Grili.aée analysis |

|Definition of the representative design beam]

CE.NDQ .

The sectional force shall be calculated by the grillage analysis. Elastic methods of
analysis shall be used to deterimine internal forces and deformations. The support -
condition shall be fixed for vertical, and free for honzomal and rotation. The
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grillage frame is set as follows by the computer. The ehti_rc_: member cross section
 shall be used as the constants for the calculation of sectional force.

T N R e I
- i | —1 | 1 i G2
N | |

. 5 1

| H

. ] | {

i 1 1 1 [ | I D | |
| 1 | i | | | i i
} | ! i b ] by |
H | | I ! | I [ 1
-1 1 1 1 ' 1 [} G

€l €2 €3 ¢4 C5 €6 C7 €8 €3 Ci0o CIt

; Fig. 2.4 Formation of Grillage Frame

In the Grillage Analysis, the nuinbers of main beams (Gi) shall not excccd 20 and
the numbers of cross beams(Ci) shall be always 11. Cross beams shall be
composed of actual cross beams and the analytical cross beams only for the design
of main beams.

Actual number of intermediate cross beams shall not exceed 5 beams. The
analytical cross beams for the main beam desigh shall be set with the numbers
corresponding to that of intermediate cross beams as shown in the following chat,

— dvided 5 o divided 5 ———
[.- : : : : r ' ; ; i Actua! intermediate
! : : T : I cross beam = | no.
= —t— - o 3 —
S e e
[ | ! | L i =2 rOS.

[ ; I 1] -3 nos.
[ 22 T""_T—?*J“?ﬂi

B | RN I I = 4 nos,
R e |

L1 g'!_ | | 1. l.‘——]. =5 nos.

Kig. 2.5 Setting of Intermediate Cross Beam
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Formation of grillage frame shall be carried out for each disciete slage of erection.
For example, the gritlage frame for the composite T-beam shall be formed three
types as follows.

- Simple beam
- Grillage frame composed of main beam and cross s beam
- Grillage frame composed of main beam, cross beam and slab

2.3.2 Effective widm

The section propcrtics in structural anatyqrs shall be calculated as a gross concrete
section in consideration of effective width of flanged beam.

T particular, the end cross beam is not effectiveto the whole section, but main
beam and intermediate cross beams are effective whole section in this standard
bridges.

2.3.3 Distribution of Live Load [cl. 6.1 ~ 6.4]

Based on the following method, distribution of live load shall be carried out
according to the grillage analysis.

2.3.3.1 HA Load
(1) Calculation of the Transversal Direction.

In BD 37/88, the position of a nominal traflic lane to a transversal direction is
fixed, thus, live loads shall be distributed equally to each lane. Therefore, the
“influence value at the cross beams for cach traflic lane shall be calculated by

using the influence lines for each cross beam. '

(a) The Influence Value at the Position of Each Cross Beam (: teafiic lane,
m; cross beam)

' Gi+2
_ lnommol lane [ .

Iength = bj

gjim= Y Aja/bj
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- (2) Calculation of thie Longiludinal Direction
{a) Concentrated Load Pj

The sectional force due to concentrated load shall be calculated by

multipling a maximum influence value among g }m at each cross beain
position by the load strength.

Pj, m( )= g (mm) x P(KEL)
P jm{+) = g jm {max) x P(KEL)
’ Wherc P (KEL): concentrated load strenglh (kN)

(b} Distribited Load Qj

For the distributed load, that the load strength is varied by the load length
of the influence lines. Accordingly an area in the longitudinal direction is
calculated first, the load strength for the length of the influence’ line is
calculated in the next, and then sectional force due to distributed load
shall be obtained by multipling the area by the load strength. '

~(¢) Lane Coefiicient

In BD 37/88, the coeflicient B must be considered, and it is varied by each
traflic lane, while B itself is differentiated by the lane width and the length
of the influence line. ‘The final sectional foice considered B shall be
obtained as a maximum value’ among Pj and Qj of each traflic lane
multiplied by B as below.

QIO = (B (L O ) x [ QF () + P () i
Qi) ={EB(Lj(H)b)Ix[ Qi (N +Pj(H) ]}max

2332 HB Load

HB load shall also be regarded same as HA load, therefore it shall be considered



thal the load shall not move in theé transversal direction as it is moving in the
longitudinal direction. '

(8) Transversal Direction

hjm = H/4
H B

{b) Longitudinal Direction

b4

2.3.4 Design Section

2.3.4.1 Main Beam

- At the end of main beam, the design section shall be at the point which is apart
about one half of the main beam height from the support. In the middle of main
beam, the design section shall be at the point of cross beam.

2.3.4.2 Definition of the Representative Main Beam

The calculation of the sectional force is carried out at the position shown in the
above section, but for the design of main beam, the scctional force as for the
flexural , shear and torsion shall be compared by the computer itself. The
representative main beams shall be derived from the four critical forces calculated
by the structural analysis as follows.

The beam causing the maximum moment under the U.1.S.
The beam causing the maximum shear under the U.L.S.
“The beam causing the maximum torsion under the U.L.S.
‘The beam causing the minimum torsion under the UILL.S.

2.3.4.3 Cross Beam

The cross bearn shall be designed at the actual cross beam.



2344 Deﬁliition of the Repfesentaii\/:c Cross Beam

One end cross beam and one intermediate cross beam shall be selected as the
representative cross beam for design, in the same way as the design main beam is
chosen. '

2.4 Design of Main Beam
This section describes procedure of the design for main beam which is showli in
Fig. 2.2 "Flowcharl for Superstruciure Desigh Programnie”. The display's number
for input data of design programme and the clauses's number of Part 4 of BS 5400

are shown in the title of each section as references. The display is attached in
"DIVISION IV."

2.4.1 Design Flowchart
Design o:f‘ main beam shall be cairied out according to the Désig‘n flowchart below.

(START)

{Célculation of flexural strésses under SLS|.

[ Calcutation of prestressing |

{ Assessment for flexural stresses under S.L.S |

~ | Assessnient for stability of flexural strength under UL.S ]

[Catculation of shear stress and torsional shear slress under uLsl

]

[Calculation of ultimate verlical shear resistance]

| Calculation of shear reinforcement]

| Caleulation of torsion reinforcement |

[ Calculation of longitudinal shear only for composite T-beam]
2.4.2 Input Data

2421 Creep Coeflicient and Shrinkage [E 3.1 and ). 4.3.2.1]

According to the CEB manual, the creep coeflicient and shrinkage are determined



- by setting humidity, effective thickness of the members and cement to be used.

Inthe shidy, the following data shall be adopted.

- Humidity : 80%

- Eftective thickness :30cm

- Cement to be used : Rapid hardening Portland cement

- Composite time : 200 days afler main beam concrete is harden

Table 2.5 Creep coeflicient and shrinkage

Creep coeflicient . - Shrinkagé
Structural type Jt = 0~ t = 200 days t=0-t=00 [|1=0-1t=200days i=0-t=00
" | At composite lime | At creep end tirae { At composite time ] At creep end tishe

PRSS S 2.0 -—= 250
PRHS :
PRT [Beam 05 2.0 5.0 20.0
PTT [Slab - — 2.2 — 200

2.4.2.2 Data Relating to Prestressing Tendons [E 3.2}

After selecling the kind of PC teadons, various constants for the PC tendons shall
be set based on the Malaysian standard of its kind. The various constants shall be
described in detail in Clause 2.4.4 " Calculation of Presiress”. The PC tendon
which will be used shall be determined afler judging how it can be arranged in a
balance in the cross section. The followings are the general examples in the Study.

~ (1) Pre-tensioned slab type 'Span 10 m or less T12.7
Span 10 m or more o - TIS2

(2) Pre-tensioned T beam type T15.2
(3) Post-tensioned T beam type  Span 35 m or less 12T12.7

~ Span 35 m or more 12T15.2

2.4.2.3 Acrangement of PC Tendons [E 3.3]

After inputting the data shown below, the arrangement of PC tendons shall be
determined as the basic data for the calculation of the prestress.

(1)’ Anchoring Posilion of Main Beam End
General anchoring posut:on of the main beam end is 100 mm with the pre-

~tensioned type, and 150 mm for the posl-pretensioned type. For the debonded
‘type of pre-tensioned beam , it shall be determined after carrying out trial



c.alcula'liohs.' '
(2) Heighl

A miininum value of covering and space for the PC steel is set as follows.

———— e

L
50 |18
Ll

70 ] 65

o

-3

Fig. 2.6 Minimum Cover and Space for PC Tendons of Pre-tensioned Beam |

o]0l
OO L
— | R |
: {% - (n;m)
S B

Fig. 2.7 Minimum Cover and Space for PC Tendons of Post-tensioned Beam
(3) Bending Up Angle

The bending up angle shall be adopted only for lhé T-beam type. -
. (4) PC Tendons Curvature Radius

~ The curvature radius of PC tendons for the PTT type shall be adopled O mas
- the standard value.



. (%) Number of PC Tendons

These data for PC tendons shall be determined after carrying out trial
calculations.

‘Anchoring _deEtion

1\\\\ o
— __ Curvalure| radmus
. I - 1

Bending up cngq\ S~ _/w% B

Fig. 2.8 Side View of Arrangement of PC Tendons

Height of anchoring position shall be  determined based on the balanced
arrangement with the number of PC tendon.

2.4.2.4" Design Data for Shearing Force and Torsional Moment
The reinfércin_g bar covering shall be input for calculation of the link of the main
beam. Also the slab reinforcing bar covering and the types of surface of beam shall
be input for calculating the slab link and the sheatr connector of the composite T-

beam respectively. The cover shall be taken as the distance from the fibre of beam
to the center of reinforcing bar.

over for_slab

Type of surface of beam

toid_of PG tendons




2.4.2.5 Combination of Loads [E.4 and l. 4.4, BD37/88)

Load Combination Case o spi_ | son HA HAtHB | . HB* FL

Serviceabibly | 1 "1.00 e | 120 120 — - 1.00
Limit 2 100 1.00 120 1.10 100
State 3 | 100 100 120 - e LI 100
viemae | 1 | 120 | s 1.50 - 1.50
Limit 2 130 120 175 - 130 viem 1,50,
State 3 1.20 120 178 e R 150

2.4.3 Stages for Calculation of Sectional Force
(1) Stages for Calculation

The sectional force shall be calculated at the following conditions, as in the
method described in the section 2.2.5.

Stage 1 : Immediately after anchoring
ffL x D1

Stage 2 : Under own dead load
efl.x ( D1+ D2 +D3 )

Stage 3 : Under superimposed dead load _
flLx(DIL+D2+D3 +8D1+SD2) . -

Stage 4 1 Under live load (= SIL.S)
L x (D1 +D2+D3+SDI +SD2 + LL)

where
LL : Live toad

2.4.4 Calculation of Prestress [cl. 6.7]
2.4.4.1 Initial Prestress at Jack
The initial prestress shall be set at the jack end, and shall beﬂ taken as the initial

value of the prestress calculation. In the design stage, the iniiial prestress for the

pre-tensioned beam is set as the same value as is applied immediately after
anchoring.

Therefore, the loss of prestressing such as the anchorage pull-in, steam curing or
relaxation before anchoring, which may all occur immediately after the anchoring,
shall be managed by the manufacturers.
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2.4.4.2 Presiress at Imniediatelyfaftcr Anchoring
(1) Losses of Prestress [¢l. 6.7.2]

The factors for the losses of prestressing at the immediately after anchoring
shall be limited as follows for pre-tensioned or post-tensioned beams.

{a)} For the Pre-tensioned Beams
- Steam curing
- Relaxation before anchoring

- Anchorage pull-in
- Instantaneous (Elastic) deformation

(b) For the Post-tensioned Beams
- Friction in duct
- Anchorage pull-in
- Instantaneous (Elastic) deformation

(2) Maximum Initial Prestress {cl. 6.7.1]

The maxinmum initial prestress shall be limited as follows for pre-tenstoned or
post-tensioned beams.

(a) For the Pré-tensioned Beams

- During stressing ~: 0.8fpu = 0.8x1860 = 1488 N/mm?2
- Immediately afler anchoring @ 0.75fpu = 0.75x1860 = 1395 Nfmm?2

(b) For the Post-tensioned Beams

- During stressing . 0.8fpu = 0.8x1860 = 1488 N/mm?2
- Tmmediately after anchoring : 0.70fpu = 0.70x1860 = 1302 N/mm2

2.4.43 Effective Prestress
The loss factors of the -prestress 'from imnicdiately after anchoring to’ the
serviceability limit- state shall be as follows for both pre-tensioned “and post-

tensioned beams.

- Creep and shrinkage
- Relaxation after anchoring



2444 Examp!e of Catcxtlélion of Préstrch
(1) For Pre-tensioned Beams
(a) At the Immediately Aflter Anchoring
(D Li_)sses _(f_ue. to aricﬁorage pull-in { A fbo )

Afpo=Epx(Aalll)
= 196,000 x { 3/20,000) = 29.4N/mm2 -» 30Nlmmz
Ep : Modulas of elasticity
A1 Anchorage pull-in
| : Distance between anchorages

(ii)) Losses dueto steam curing { A f‘péc)

Afpsc=axEpxTxC
=10 x 10 x 196,000 x 60 x 0.22 = 25.9N/mm2 — 30N/mm2
x : Coeffictent of linear expansion { /°C)
T : Temperature different (°C)
C : Supplementary coeflicient

(ii} Losses due to relaxation before anchoring ( A fprl )

A fprl =fpioxrl

fpio : Initial prestress
rl : Relaxation before anchoring (= 3%)
Afprl ='1488 x 0.03 =45 — SON/mm2 -
- (iv) Preslress at the immediately after anchonng (fpz) _
fpt = 0.8fpu - A fpo - A fpsc - A fprl = 1488 - 30 - 30 - 50
= 1378

- In the design stage, the prestress that considered above losses at the immediately
after anchoring shall be given as the initial prestress for calculation of prestress.

The losses due to anchorage pull-in, steam curing and re!axalmn before anchoring
should be controlled by manufacturers

“Therefore, the prestress at the immediately afler anchormg shall not exceed
1350N/mm2.

(b) Eftective Prestress
(i) Losses due to instantencous deformation ( A fpid)

A fpid =n fepg



n: rpll:c :
fopg : Concrete siress due to prestress and permanent load at the level
of PC tendon

(i) Losses due to creep and shrinkage [ A fp(CR + SH))

VAN fp(CR + SH)
= { nxtpx(fcpt*fdg)’rl“px‘as}/{ T+nxfept/fptx( 1+ @/ 2)}

) Creep cocflicient

fcpt ;. Concretestress due to prestress al the level of PC tendon at the
immediately afler anchoring -

fdg . Concrete siress due to permanent Ioad at the tevel of PC tendon
at the immediately alter anchoring.

€s : Shonkage

fpt : Prestressing steel stress at the immediately after anchoring

(i) Losses due to relaxation after anchoring [ A fpr2 ]

Afpr2 =fptxr2
12 : relaxation afler anchoring (= 3%)

(iv) Effective .prcstr'ess;
fpe = fpt - A fpid - A fp(CR + SH) - A fpr2
) For Post-tensioned Beam
(a) Initial Prestress at Jack

The prestress at the immediately afler anchoring shall not exceed 1,302
N/mm2 of a limitation of presiress. In the trial caleulation, the losses of
prestress until the immediatly after anchoring will cause 100 N/mm2
approximately. The initial prestress at jack can be given about 1,400
N/mm2, but in the Study it shall not be exceed 1,350 N/mm2 in order to
keep within the limitation as same as that of pre-tensioned beam

(b) Atithe Inimediatciy After Anchoring -
(i) Losses due to friction in duct (Afpf)

Afpf = fpi x e -(kxHuw)
fpi . initial prestress
k  : coefficient of fricticn for length ( =0.0033 /m )
x : distance from the)ack
jt° * coeflicient of friction for curvature (=0.3 frad )
«  angle of deflected tendon



(i) Losses due to éh_chorage pull-in {Afpa)
Afpa=Epx (Al /1))
(iii} Losses due to instanteneous deformation (Afpid)

Afpid=1/2nxfepgx (N-1)/N
N :{requency of presliessing

(iv) Presircss’ at the immediately after éuéhoring .
fpt = fpi - Afpf - Afpa - Alpid
(c) Eftective Prestress

The effective’ prestress should be caleulated the same fow as the case of
pre-tensioned heam,

fpe = fpt - AfP(CR+SH) - Afpr2
The losses of prestress resulting from subscquent shrinkage and creep of the
concrete shall be calculated based on the CEB/FIP internationat Recommendations
using 80% humidity of Malaysian meteorological data.
2.4.5 Assessment for Flexural Stresses ullder'Serviceability Limit States

2.4.5.1 Crack width for Reinforced Concrete Member -

In reinforced concrete under Serviceability Limit State,compressive’ concrete
stress,reinforcement stress and crack width shall be checked as mentioned below.

(1) Design Crack Width fc!. 5.8.8.2]
Design crack width = (3acr € m) / (1+2(acr-Cmin) / (h-dc)

whereas
em= &1 - { (3.8bth{a"-dc)) / ‘€ sAs (h-dc)}{ 1- (Mq)/(Mg)} 10-2.

acr is the distance {rom the point considered to the surface of the
nearest bar which controls the crack width.

I e T
Cmin ><<’m\| o :
\_/;5\

{Cnom
50mer
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Tﬁe design ¢rack width shall be limited to the valuc of 0.25mm.

(2). Compr_césive' Concrete Stress [cl. 4.1.1.3]
The compressive concrete stress shail be calculated from the equation:
fou = (Mgi-Mq) xde/1

where: _

1= 1/3'x b1/ de? + Es/fic x As x {ds-dc)2,

de = (-nAs + v {{nAs) + 4 x 1/2 x bt x nAs x ds/bt}

Ec= {1/ (Mg+Mq) HEg x Mg + Ec x Mq)

= 1/2 Ec
‘The compressive stress shall not exceed the value of 16.0 N/mm2,
(3) Reinforcement Stress [cl. 4.1.1.3]
fs = Es/lc x (Mg+Maq) x (ds-de) / 1
The reinforcenent stress shall not exceed the value of 345 N/mm2,
2.4.5.2 FKlexural Stresss for Prestressed Concrete Member

(1} Stages of Examinaiion

For the S.1..S., the cxamination of flexural stress shall be carried out for f
presiressed concrete members at four stages as mentioned below :

Stage 1: lmmediately after anchoring
Stage 2. Under own dead load

Stage 3 : Under superimposed dead load
Stage 4 : Under live load (=S.L.S)

{2) Section Properties
The concrele stresses caused by the load and prestress shall be calculated by
using the cross section constants corresponding to cach load combination. Yor
example, the bending stress of the composite T-beam shall be catculated by the

following three cross section constants.

- Net cross section {exclude the sheath for PC téndon)
[ Prestress at transfer and Beam self-weight ]

- Gross transformed section 1 (transformed main beam only) _
{Dead load excluding beam self-weight and slab for composite T beam'
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type]
{Superimposed dead load and live load for Slab beam type ]

- Gross (ransformed section 2 (transformed main beam and slab)
(Superimposed dead load and live load only for composite T-beam

type ]
(3) Stress Limination {cl. 6.3.2.4)

The concrete stresses undcr Stage 1 shall be limited to the undérmentioned
value.

10N/ S fo < 20N/mm2.

The concrete stresses under Stage | and Stage 2 shall be caleulated to know
the condition of the stresses under permanent dead load which will be loaded
frequently on the beam.

The concrete strésses under Stage 4 shall be calculated urider 3 load
combination with live load as described in clause 2.4.2.5, and the limitation
- shall be within the undermentioned value.

Le. b (with HA) 0=fo<20 class 1 members

Le¢.2 (with HA+HB) 0=fc<20 class 1 members
[.c.3 (with HB¥) -3.20=fc=20 class 2 pre-tensioned members
Lc.3 (with HB*) -2.555fc=20  class 2 post-tensioned members

(4) Calculation of Concrete Stress

Concrete stress due to load
fou = Ml Zu
fal=M/Zl

Concrete stress due to presteess
fepu = {{fp x Ap}/ Ac} + {(fp x Ap x (Yu - Yp)}/ Zu}
fepl = {(fp x Ap) / Ac} + {(Ip x Ap x (Yu - Yp))/ ZI}

Composite concrele stresses
X fcu = fou + fepu
T el = fel + fepl -

The composite concrete stresses shall not e\ccced the limitation of respective
{oad combination.

2-32



2.4.5.3 Judgment for Design Result [E.6]
The design results shall be within the limitation summarized as follows.
(1) Reinforced Concrete [¢l.4.1.1}

« Flexural crack width . below 0.25 mm
+ Concrete stress below 16.0 N/mm?2
+ Réinforcing steel stress ™~ below 345 N/mm2-

(2) Preslressed Concrete {cl 6.3. 2 4]

+ Concrete compressive stress at the immediately after anchoring
below 20.0 N/mm2
Concrete tensile stress at the immediately alter anchoring
below -1.0 mm2 -
+ Concrele compressive stress under S.L.S.
below 20.0 N/mm?2
Concrete tensile stress under S.L.S
below 0.0 N/nun2 (Class 1)
» Concrete tensile stress under S.L.S
below -3.2 N/mm2 {Class 2) for pre-tensioned beam
below -2.55 N/mm2 (Class 2) for post-tensioned beam

2.4.6 Assessment of Stability under the Uitimate Limit State
'2.4.6.1 Resistance Momient [cl. 5.3.2 and ¢l. 6.3.3]

The resistance moment for the Reinforced concrete shall be calculated according to
Clause 5.3,2. Part 4, BS5400.

The resistance moment for the Prestressed concrete shall be calculated according
to Clause 6.3.3. Part 4 BS5400.

When analysing a cross section in determination of the ultimate strength, the
following assumptions shall be made.

- Plane sections remain plane
- 'The strain at the outermost compress;cm fibre is taken as 0. 0035
- “'The fensile strength of the concrete is ignored.
. - 'The stréss-strain curves for concrete, reinforcement and prestressing tendons
are given in figure 1, 2, and 3 respectively in Part 4, BS 5400.

" The ultimate moment of resistance shall be larger than 1.15 times the required
value, if it is less than 1.15 times, the seclion shall be proportioned such that the
strain is not less than:



0.002 + fy / (Es * 7 m):...at the centroid of the reinforcetnent
for reinforced concrete _
0.005 + fpu/ (Ep » 7 m)....at the outermost tendon for prestressed concrete

On pre-tensioned solid slab and hollow slab, assessment shall be made on main
beam section ignoring the filling area.

On coniposite T-beatis, assessnient shall bc nllade on éo:snpositc section ‘;Vilh slab.
2.4.6.2 Shear Resistance [cl. 5.3;3 and cl. 6.3.4)
Calculation for shear and torsion is only required fﬁr thc ﬁllimaté limit state.
(1) Calcutation of Shear Slress and Torsional Stress
(a) Shear Stress |
The sheat stress, v, at any cross section shall b.e caculated from:
v=V/bd
where
© the shear force due to ultimate loads
b . the breath of the section.
For the reinforced concrete and pre- lensioned beam, b shall be

takei as the rib width (bw), and for the post-tensioned beam, b
shall be taken as (bw - 3 b(duct) )

bW

by il 1 b {duet)
2 2 | % e
\/ 7[‘\
] Y

d: the cftective depth to the tension reinforcement,
For the reinforced concrete and pre-tensioned slab type, ¢ shall
be taken as the depth from the extreme compression fiber to the
centroid of the tendons, and for the composite T-beam type, d
shall be taken as the composite depth with due allowance for the
different grades of concrete where appropriate. :
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_Centrold of PC leﬂdop& Tgh_?* 3_%% 4
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Fig._z._lﬂ Eftective Depth
Torsional Stress fcl. 5.3.4 and ¢l. 6.3.5]

The torsional stress, vi, shall be calculated by respective cross scction as
below.

For the reinforced concrete and the pre-tensioned solid stab, vt shatl be
calculated by the rectangular section.

vt =2T/ { h2min ( hfmax - bmia /3 } }

For the pre-tensioned hollow slab, vt shall be calculated by the box
section.

vt =T/ ( 2hwoAo)
For the com.posite‘T-bea.m, vt shall be calcufated by T section.
vi =T ( hmax h3min )/ 3 ( hmax B3 min )

The section of properties shall be based on those of the composite section,
with due allowance for the diflerent grades of concrete where appropriate.

Where the torsional shear “stress, 'wi, exceeds the  value  vimin
(=0.42N/mm?2 for concrete grade 40 or more), reinforcement shall be
provided.

Maximum Shear Stress [cl. 5.3.3 and cl. 6.3.4]

Shear stress (vivt) due to shear force and torsional force under uitimate
limit state shall niot exceed the appropriate value given in Pait 4, BS 5400:

For reinforced concrete (vvt)max = 4.75 N/mm2
For presiressed concrete (viv)max = $.30 N/mm2



(2) Shear reinforcement

{a) Reinforced concrete member [¢l. 5.3.3]

Shear reinforcement for reinforced coricrete member shall be calculated
based on the Part 4, BS 5400 as undermentioned flow chart.

START )

[

=V/bd |

[ Es=(5007/d)17]

VC“&%Z(
ym

113

bwd -

100AS T _.
i ( fC-u )

=

| V<EsVe | I VagsVe |
—AS%E = Asv{min) = 0.4b/0.87fyv %ji « b(v +0.4—5§’c)10.87fyv
1 ; }
Vv
A = sy

CBp )

where
rm= 125 fcus40
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(b) Presl_resééd Concrei¢ Member {cl. 6.3.4)

Shear reinforcement for prestressed concrete member shall be calculated
based on the Part 4, BS 5400 as undermentioned flow chart.

CT ARD

Veo =0. 6’3bh,ﬁ1 ¥ fcp fpt ¥ vp
y

Ver = 0.037bd Vow + %ﬂ v

V <Vco or Ver, V=Veo or Ver

[ V= Vo of Ver | B VE Veo or Ver |

!

Asv Asv(mm) 0.4bw /0. S’If)'v—I % = (V+0.4bw di ~Ve) /(0. 876"’ dt)
sv

3
$a = - —
2(0.87fy)
_ END
where
fo= O.24w/_'fcu_
CMer= 03 futfpt) 1/ y

‘The value of 0.87 shall be applied as the partial safety factor for the
fep « Vp and fpt.

"di" shall be takeri as the depth from the outermost compression fiber-



'_lo the lowest PC tendion, and for the composnte T-beam, dt shall be
taken as the additional depth with slab thickness.

In the calculations of Veo and Ver for the composite T-beam, the
precast beam shall be only resisted alone.

In the Study, shear reinforcement, Asv, shall be calculated the requlred Cross-
sectional area of all the legs of the links per 1.0m length. -

2.4.6.3 Torsional Reinforcemerit [cl. 534 and cl. 6.3.5]

The caleulation of torsional reinforcement shall be. carried out only where the
torsional shear stress in a minor rectangle is farger than minimum uitimate torsional
shear stress (vimin). (refer to clause (b), (1), 2.4.6.2 in this manual)

(1) For the rectangular section, the torsional reinforcement shall be calculated
from:

Ast/sv="T/1.6X1Y1 (0.87 fyv)
Asufs. = Ast/sv (fyv/ i)
{2). For the box section, the torsional rcinforcemén{ shall be calculated from:
Ast/sv=T/2A0(0.87fyv)
Asuisu=Astlsy (fyv/fyi)

(3) For the T section, the torsional reinforcement shall be calculated by the same
way with the rectangular section to the divided component rectangules for
purposes of torsmnal design.

Ast/sv=T/ L6X1Y1 (0.87 fyv)
Asu/su=Ast fsv (fyv/fy )

In the study, torsional reinforcement, Ast, shall be calculated the required area of
- one leg of a closed link at a section per 1.0m length.

2.4.6.4 Arrangement Shear Reinforcement and Torsion Reinforcement

Shear reinforcement and torsion reinforcement required shall be calculated by
summing up the area of one leg of a closed link at a section per 1.0m length.

S Av=Asv/2 4+ Ast

Oun the other hand, the area of additional longitudinal reinforcement required shall



be ‘ca!c_u!atéd by summing up the required amount for shear force in the tensile
zone, and for torsion in the half surrounding length of link.

5 Asa= Asa+ Ast. /2
The area remainded of the required t'ensile_rcinforcemcnt and prestressing tendons
-at the ultimate limil ‘state for the bending moment shall be cfieclive to the
tongitudinal reinforcement 3, Asa.

2.4.6.5 Longitudinal Shear [cl. 7.4.2.3)

The calculation of longitudinal shear shall be carried out only for the composite T-
beam.

(_—S@

v ]

YES

Ae = Vi-wils >0.0015Ls
0.7y 7

where

k1 and vi shall be taken as the undermentioned values based on the Table
31, Part 4, BS 5400,

.T)Irpe of feu = 40 N/mm2

shear plane k1 vl
- Typel 0.15  0.80

Type 2 009 005

where, _
Ls : Length of the shear plane:



1
lor pre- tensnoned T-beam
Ls=620mm

For post-tensioned T-beam
Ls=820mm

2.4.6.6 Judgment for Desigﬁ Resull {EL?i

(1) Resistanice Moment

+  The ultimate moment of reswtance ‘shall be 1.15 hmes more than the
required value.

(2) Maximum Shear Stress

+ The sum of stress by shearing force and torsional moment (vhvt) shall be
below the limitation.

(3} Shear and Torsion Reinforcement

The reinforcement for shear and torsion shall be arranged larger than required
area of one leg of a closed link per 1.0mi length which be obtained from the
design result.

The arrangement of reinforcement shalt be determined in consideration of the

diameter and the spacing, and when the reinforcement with big diameter and

the narrow spacing will be required, it is better to change the web thickness
- The standard arrangement of link and the detcrmmatlon procedure are shown
“below as refercncc

Table 2.6 Shear and T orsio'n Reinforcement

Dia.  INormal Arcal Spacing Reinforéement (mm2/ii . 1 leg)
10 785 100 785.0
b S 150 523.3
12 ‘113.0 100 11300
: 150 7513
16 201.0 100 ' 20100
' . 150 11340.0
20 314.1 100 3410
150 2094.0 ]



A -2
@n2/n lleg)] | -
1340. 0 DI§ ctc 158 pd

\ /,_R_c}quir'cd reinforcenent oblained from design result

ﬁrrangement of Link

753. 3 812 cte 150
_ I ) -
523.3l. _ T—_] DIO cte 150
sec sec? . secd secd sech sec

Fig. 2.11 Procedure of determination of arrangement

(4) Longitudinal Shear Reinforcement

The arrangement for longitudinal shear reinforcement shall be determined by'
the same way as the clause (3) abovemientioned, but the required arca shall be
calculated per 1.0m length crossing the shear plane.

_ Table 2.7 Longitudinial'Shear Reinforcement

Dia. |Nominal Area| Spacing . "No. of bar Reinforcement
crossing the shear plang {mm2/m)
' - | Barshape
10 . 785 150 2 { 1046.7
12 113.0 150 2 - do - 1506.7
2 - do - T 2680.0
16 201.0 130 - '

4 ﬂ—‘ﬂ - 53600
. ™ 4188.0
| 3 l"m 8376.0

0 | 3 150
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