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 PREFACE

_ VIh response ) a request from the Go_vcmmen_t of Malaysia, the Government of
Japan “decided 1o’ conduct the Study on the Standardization of Bridge Design in-
Malaysia and cnirusted the study to the Japan International Cooperation Agency (JICA).

JICA sent to Malaysia a shidy team headed by Mr. Isamu HISADA, from Japan
Bridge & Structure Institute, Inc., four tinies between August 1994 and July 1996.

The team held discussions with officials cancerned of the Government of
Malaysia, and conducted field surveys, design and drawing works at the study area.
_ After the team seturned to Japan, further studies were made and the present report was
prepared, '

I hope that this report will contribute to the promiotion of the project and to the
enhancement of fricndly rclations between our two countries.

I wish to express my sincere appreciation o the officials concemed of the
Govermment of Malaysia for their close cooperation extended to the team. -

Augusl 1996

/Z"Z@é:;;

- £
Kimi&Fujita”
President
Japan Internationat Cooperation Agency







Letter of Transmit(al

August, 1996

Mr. Kimio Fujita
President

- Japan Intésnational Cooperation Agency

Dear Sir,

It is a great honor for nie to submit herewith the final reports of the Study on the
Standardization of Bridge Design in Malaysia.

A study team, which consists of Japan Bridge and Structure Institute Inc. and Pacific
Consultants Intecnational and headed by me, conducted field surveys, design and drawing
works in Malaysia based on the terms of references instructed by the Japan International
Cooperation Agency (JICA) from August, 1994 to July, 1996.

The study team held thorough discussions and investigations with officials concerned
of the Government of Malaysia, accordingly, developed computerized design and drawing
systems for the slandard bridges, conducted the designs, prepared standard drawings and also
design manuals. The results were collected in the final reports, Volume I to 1V

On behalf of the team I wish to express my hearifelt appreciation to the Officials
concerned of the Government of Malaysia for their warm friendship and cooperation extended
to us during our stay in Malaysia.

Also, 1 wish to express my sincere appreciation to JICA, the Minisiry of Foreign
‘Affairs, the Ministry of Construction, the Embassy of Japan in Malaysia and other concerned
government authorities for their valuable advice and cooperation given to us in the course of
the site surveys and preparation of the final reports.

Yours faithfully,

N X 1844
ISAMU HISADA —
Team Leader _
The Study on the Standardization of
Bridge Design in Malaysia
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ABSTRACT EXECU’I]VF SUMMARY

Brief of the Smdy

':-:In response to the requr:st from !hc Govcmment of Malaysna (GOM), the
- Government of Japan (GOY) decided to conduct the Study-on the Standardization - .
“of Bridge Design in Malaysia (the Study) Acc:ordingly, the Japan Intcmauonal ;

~ Cooperation Agcncy (JICA) organized 4 study tcam 16 impleinent the Study. ‘The
 Sludy Team was'dispatched to Malaysid in August, 1994 and the Study ofﬁclally :
- commenced with the submnssxon of the’ Incephon Repozt “After “twenty four

- months, the Study was complcted in July, 1996 with the submission of the Final
SR Report the Standard Bndgc Dcalgn Drau ings : and thc De&gn Manual :

o The princlpa] objcclwes in the Shld) are: @ Prcparahon of standard bndgc demgn
 and drawings; @ Dcvclopmenl of computer aided design and draughlmg (CADD)

' system for standard bridge design, and @ Prcparahon of ‘mantals for. bndgc: e
- plauping; design, construction and cost estimation.” Additional ebjective | is the

" +. transfer of technology 10 thc Ma!aysnan engmecrs 1hr0ugh thc Study

o :The budgc type to dcal wﬂh in Ihc Study is Im'nled to concrcic bcam bndges wnh
“ span lcnglh of up to 45 meters, subject to the Pub]lc Works Dcpaﬂment'* (KR}

- Road Geonielric Standard R3/U3 and RS/US. bul docs not cover stecl bridges.

Alth0ugh the dcsngn of superstmcture is the primary objectwc ‘of the Study, the
+ design “of substructure will’ also be conduc!cd for typical cases, parhallgF by
'ﬂcomputenzcd analysns o

S ,_;‘-Thf: basic. pohc;cs, e engmecrmg 9spccts sct fonh by the Study Team 'in
i.-_'lmplementmg ‘the Study arei @ ‘Adoptioh of the British Standard's "Limit Stafe o
.. Design Method". to mect the request of GOM and bedause of their praclicallty in

i . Malaysm and @ Dcvelopment of compuler ‘aided deszgn syslem is aimed af a

| SR personal compuier syatcm to providé easme,ss in use by JKR engmcers and nt:,
* broad appllcablhty in Malaysm . . :

© The' Study was nnplementéd in snx phascs and at thc carly slage an extensive
- data collechou and f‘ eld sirvey were camed out and thosc mam actwmes mcludc

Revnew of JKR' standa:ds, spccxf' cahons and gundellncs for bndgc plannmg |
- and design both of being in ust and planned 1o adopt weje carried out, and’

. that became !he groundmg m estabhshmg ih¢ desngn standard for lhc Study

- Bndgc snc survey on ihc rcprcscnlatn.e cxistmg bridgcs was camcd oul o

~ - Obtain’ gcneral views ‘of the bridges and hydrologlcal aspects by visual
- inspection covering major rcprescntahve areas-in the. geography and the road

- network, mcludmg the Péeninsula and both Sabah and Sarawak.. A tola} of & |

103 bndges (75% in the Penmsula) were suiveycd from the view point of ;
~ confirmationof the bridge inventory, probleris on supcr and ‘subslructures,

L fgeologmal and hydrologlcal problems,  Through the sité Survey altcmatxvc _

bridge lypes were prepared for preliininary’ dt}Slgn and comparauve study
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| ABSTRACT EXECUTIVE SUMMARY
Brief of the Stli(]y

In response to the request from the Government of Malaysia (GOM), the
Government of Japan (GOJ) décided to conduct the Study on the Standardization
of Bridge Design in Malaysia (the Study). Accordingly, the Japan International
Cooperation Agency (JICA) organized a sludy team to implement the Study. The
Study Teain was dispatched to Malaysia in- August, 1994 and the Study officially
commenced with the submission of the Inception Report. After twenty four
months, the Study was completed in July, 1996 with the submission of the Final
Report, the Standard Bridge Design Drawings and the Design Manual.

The principal objectives in the Study are: @ Preparation of standard bridge design
and drawings; @ Development of computer aided design and draughting (CADD)
system for standard bridge design, and 3 Preparation of manuals for bridge
planning, design, constriction and cost estimation. Additional objective is the
transfer of technology to the Malaysian engineers through the Study.

The bridge type 1o deal with in the Study is limited to concrete beam bridges with
span length of up to 45 mieters, subject to the Public Works Department's (JKR)
Road Geometric Standard R3/U3 and R5/US, but does not cover steel bridges.
Although the design of superstructure is the primary objective of the Study, the

~design of substructure will also be conducted for typical cases, partially by
computerizcd analysis. _

The basic policics, in engineering aspects, set forth by the Study Team - in .
Jiraplementing the Study are: @ Adoption of the British Standard’s "Limit State
‘Design Method" to meet the request of GOM and because of their praclicahty in
Malaysia, and @ Development of computer aided design’ system is aimed ata
personal computer system to provide easiness in use by JKR engmeers and its
broad applicability in Malaysia.

The Study was impleinented in six phases, and at the early stage, an extensive
data collection and ficld survey were camried out and those main activities include:

—  Review of JKR standards, specifications and guidelines for bridge planning
and design both of being in use and planned to adopt were carried out, and
that became the grounding in establishing the de,mgn standard for the Study.,

~  DBridge site survey on fhe representative existing bndges was carried oul to
© obtain geneiad) views of the bridges and hydmlognca! aspects by visual
inspection covering major represcntative areas in the geography and the road
network, including the Peninsula and both Sabah and Sarawak. A total of
103 bridges (75% in the Peninsula) were surveyed from the view point of ;
confirmation of the bridge inventory, problems on super and substruciuses,

- geological and hydrological problems. Through the sile survey alternative

~ bridge ty pes were preparcd for prellmmary design and comparative study.



-~ Studies on existing and popularly used compulcrs in Mala)sm were also
inade, for both hardware and software, for selection of the most suitable type
to be applied (o the design and the drawing system in the Study.

In order to select the standard bridge types and the span range, establishment of
design standards and conditions, prediminary design, and coinparative study were
‘conducted for superstructures.  However, only a gencral comparative sfudy was
conducted for substiuctures and foundation without preliminary design process
from praclical view points.

— The design standards applicd in this Study arc based on the British Standard's
“Limit State Design Method” and the design live load is based on BD 37/88.
The standards applied in this Study are; BS5400, BD37/88, BS8004 and JKR
guide on gcomctric design of roads. Howéver, the Japanese Standards (J5)
are also adopted in instances whereby it is impossible to comply with the
above mentioncd standards. The design conditions were established also in
consideration of simplicity, clearness, safcty and easiness in application and
management of the design by a wide range of engincers in Malaysia.

—  The preliminary design was conducted from the view point of structural
characteristics that can be clarified by the result of design calculations.

- The comparative study was conducted from the view point of economy,
-~ structural characleristics, construction difficulties, maintenance and other
+ currenl practices in Malaysia.

"~ The preliminary and the comparative studies were conducted on a total of 10
types of superstructure. They arc composed of the five types specified by the

- Scope of Work and the other five types thal were sclected from the field
surv ey of cms‘.mg bndgcs

- Asa rcsull, five different types of supérstmcturc were selected fdr varicus
“span length (5745 meters), and they were designed to cater for up to 30
degrees skew angle.

— On the other hand, a general comparative study were carried oul for
* substructures in the. form of lhorough discussion and series of meeting with
“the Technical Committee, and also in reflection of the resuits of the site

survey on existing bridges. The rccommended types of the Scope of Work

~were modified to meet the requirement of JKR. The structure types which
were seldom adopted in Malaysia were not selected for the standard type in
this Study.

In paralle] with selection of the standard bridge types, selection of computer
system; development of design analysis. system; development of computer
programme for design analysis; and development of drawing system and
programnme were carried out.



~  As slated in the basic policies of the Study implementation, the computer
systemn, hardware and software, was selected for personal computer system in
consideration of the capacity for computerized design system, popularity in
Malaysia, easiness in use, reasonable cost and compatibility with IBM-PC
which is commonly used in Malaysia.

- For the development of design analysis system, the Study Team conducted
the design analysis procedurc at first, and definition for design method in
- detail was carried out at each design stage so as to ensure an adequate degree

of safety and serviceability according as the standards.

An analysis ﬂoﬁ*chaﬂ for structural analysis, a design flowchart for main beam
and cross beam were established for superstructure. Also, a design flowchart was
sel for substructure taking account of some hypothetical conditions determined.

— In the development of computer programme for design, the software for the
design system used for this Study was exclusively developed by the Study
“Team. Each flowchart for design programme for both super and substructure
was established.

- Development of automatic drawing system  was intended mainly for
superstructure. A comprehensive computcr programme was developed for
the drawing of superstructure, which is closely linked with the dcsign
analysis programme, covering all the standard supersiucture types and is
equipped for quanluy estimation. However, the drawings of substructure are
produced by using the existing auto CAD in JKR, with hand draftlng

Actual design work for both super and substructures was carried oul based on the
establishcd design analysis systems and developed computer programmes for
about threc months (Junc te August, 1995).  And, the draughling work was
carried out for another three months (September to November, 1995).  The both
design and draughting works were carried out in Malaysia for the aim of training
and technology transfer 1o the Bridge Unit engincers, JKR.

In the implementation of the design and draughting works for the standard bridge
types, a total number of computation cases, in combination of the types and other
parameters, for superstructure amount to 76 cases, and the number of drawing
- casc amount to 114 cases. On the other hand, those for substructure amount to a
total of 122 cases, including 6 sample design cases, for compuiation, and a total of
35 cases (29 for standard, 6 for sample) for the drawing. Thus, a DUMEroVs
design and drawing cases were carried out to meet the request made by JKR at the
later stage of the Study. -

A total number of the drawing sheets are some 250 sheets for the superstructures
and some 75 sheels for the various purpose of substruclures.



2.1

Conclusion
Necessily of the Standardization of Bridge'Design

In the Malaysian national transport system, road transport is by far the most
popular mode of transportation for both passenger and freight. Traffic studies in
1991 have shown that 99.8% of passengers and 98.5% of freight traffic were
transported by road. It is foreseén that in the coming decade, the role of road
network will indeed beconie even more important and prominent as the main
mode of transport of goods and passengers.

On the road network, bridges are key eleiments because of thcif strategic locations
and of the adverse consequences when they fail or when their capacity is impaired,

In an effort to further improve the cfficiency of the transport industry, GOM
undertook the National Axle Loads Study (1986-1988) and the Bridge
Rehabilitation and Maintenance Study (1990-1992 by JICA). These Studies
revealed that the limitation on the loading capacily of bridges emerged as the
major constraint in allowing heavier permissible truck load and that the various
deficiencies which include the deficiencies due to improper bridge design and

- construction.

These deficiencies should be eliminated in new bridge design and construction,
for efficient implementation and maximum utilization of the limited available
resources.  In order to achicve the objectives, establishment and application of
standard design of personal computerized system for appropriate types of
superstructures and typical design of some types of substructurc at an early stage

. - is a basic nced to GOM.

22

B-l.aj.or: Results in Engineering'Aspect

. i (1) Basic Design Standard

 The basic design standards adopted in this Study are based on the British
 Standard's "Limit State Design Method" to meet the request of GOM and
because of their wide practicality in Malaysia.

They are Bridge Design Standard: BS5400, Design 1oad Standard: BD37/88,

- Foundation Design Standard: BS 8004, and JKR Geomeltiic Design of Roads.
Howeves, the Japanese Standards were also adopted whenever the above
standards are not applicable.

By adopting these latest standards, the loading capacity of the standard bridge
is remarkably increased and will be able to satisfy the conditions under a
rapidly increase of heavier vehicle, increase of the permissible maximum
weight of normal commezcial vehicle and a loading characteristics of special
vehicles.



(2) Superstructure

&)

Praciically five different types of superstructure were developed for various
span length, including 3-span continuous {ype. The standard bridges were
designed to cater for a skew angle of up to 30 degrecs.

Type Span Range {(in)
Reinforced concrete solid slab 5to 10
Pre-tensioned conciefe solid slab 5t010

_ Pre—tensioned concrete hollow slab 10to 16
Pre—tensioned concrete T-beam 181022
Post-tensioned concrete T-beam 22 to 45
Substructure

AM the abutments and picis are furnished with the footings to bc'cmbcddcd
suffi cxently under river bed to provide more durable and stabic structures
from a view point of river hydrology.

(a)

4)

(c)

Bridge Abutments

Inverted T-abutment was adopted as a {ypical design. The height of the
abuiment ranges from 6m 1o 12m high and will support the
superstruclure for the various span range as slaled above. It can cater for
a skew angle of up to 30 degrees.

Briégé Piets

Two types of plch were adopted and these include T- -type pier and; -

mulhplc_colunm pier. The height varies from 10m to 20m and will
support the various span range of superstructures as stated above.

Sample Design

Some sample design, besides the typical types mentioned above, were
carricd out by the request made by JKR and these includc':-— '

-~ 8 meters high inverted T-abutment on spread foundation
12 meters high inverted T-abutment (railway bridges)

- 30 meters high T-pier with 3 types of foundation

-~ Multiple column pier on bored pite foundation

Foundation

‘Since the majority of JKR bridges. are across rivers, the foundation are

usually founded on piles. In view of this, the Study concentrates sainly on
the design of pile foundation. However, an example on the design of spread



2.3

2.4

foundation was carried out.
(5) Selection and Development of Computer Aided Design & Drawing

The computer syslem, hardware and software, was selected for personal
computer system in consideration of the capacity for computerized design
sysfem, popularily - in Mataysia, casincss in use, reasonable cost and
compatibility with IBM-PC which is most common in Malaysia.

The software, on the other hand, for the design system used for this Study
was exclusively developed by the Study Team. '

Technology Transfer and Training

Apant from the preparation of a design manual, it was one of main objectives of
the Study to train and transfer technology to the engineers of the Bridge Unit,
JKR.

To achieve the objectives, the Study Team carried out the design and draughting
works in Malaysia for the period of 6 months. GOM provided 6 extra JKR
personnels to the Study Team to undergo an on-thé-job training, thus the
objective was achieved in the ferm of undesstanding the computations and
operation of the computer programme. Their contribution is much appreciated.

Assessment of the Bridge Design Standardizatien

With the introduction of the standard bridges; the following benefits are
anlicipatcd_:

- Deficiencies, such as an overdesign or an underdesign encountered due to
- individual design of case to case, will be elimitated, and a more systeimatic,
rational and economical, as a whole, bridge design could be achieved.

- The design will cfficiently deal with the increase of live load due to heavier
vehicle traffic and also loading characteristics of special vehicles like trailer.

- A morc systematic' maintenance works could be practiced by the

'standardization of bridge types.

- The State and the District JKR wil) be able 1o carry out the bridge’ design for
short span bridges quickly by utilizing the staridard drawings, and also they
“are able to improve the knowledges of bridge engineering by the prepared
design manual, which covers planning, design, construction and cost estimate.



3’

Reconumendation

3.1 In Practical Use of the Standard Design

3.2

3.3

(1) The standard bridge typcs adopted would not require a radical change of

@

(3)

existing facilitics in production of PC beams by the local manufacturers.
Thercfore, they should be put into practical use as carly as possible with a
minimum transitional period for modification of the existing facilities.

It should be understood that the bridge design standardization was prepared
for the aim of overall efficiency and cconomy in design, construction and
maintenance of the short span bridges, therefore, it has certain limitations and
a careful examination should be made in application of the standard desigas
to a specific, individual site condition.

The Bridge Unil, JKR should have the authority to cxamine and to approve
all the bridge design and appropriateness in application of the standard

~ designs under JKR jurisdiction.

Design of Superstructure and Subsfructure

M

@

Supeistructure

For the design of prestiessed concrete members vnder Serviceability Limit

 State (SLS), the limitation of tensile stress {Class 1 under load combination

1) was applied. However, in consideration of the occurrence of the load
specificd in BD37/88 is exiremely seldom and-of the characteristics of
restoration of prestressed conctete member, the lmilation of tensile siress
should be relaxed in the design. If so, a more rational and economical design :
of prestressed concrete members could be achieved. | '

Substructure

A partially computerized and manual input system was adopted in this Study
for the design of substructure and foundation, However, in considering the
burdens encountered in the process and a gapid increase of demand of the
design, a fully computerized systern and programue should be developed for
the design of substructure and foundation at an early slage.

Tustitutional Arrangement

The inspeclion and the supervision forces on bridge construction sifes should be
strengthened more at the District and the State level.

A strict specification and a good design themseives do not guarantee a quality
confrolled finished product without proper inspection and supervision.






1.1

1.2

1.3

CHAPTER1  INTRODUCTION

Background of the Study

In an effort to further improve the efficiency of the road transporiation of the
couniry, the Government of Malaysia (GOM) undertook the National Axle Load
Study, Phase I in 1986 to 1988 and which reporléd'that the loading capacity of

- bridges was becoming a major constraint due to the increasing number of héavy

vehicles. To cope with the aging of the brldges, GOM carried out the Bridge

‘Rehabilitation and Maintenance Study in- 1992 by teceiving the technical
assistarice of JICA. The study pointed out various problems of the bridges and

some of which cani¢ from lack of the standard design and construction. The
study, therefore, recommended another study for standardization of the bridge to
improve the bridge design, construction and maintenance in the country.

‘In response to° the above recommendation and 1he'request of GOM, JICA

dispatched the scope-of-work mission in December 1993 1o confirm the outline

‘of the next study o GOM.

Thus, the JICA Siudy on the Standardization of Bridge Design in Malaysia was’

“started from August, 1994,

The Study was completed in July, 1996 with the submission of the Final Report.

Objective of the Study
The main objectives of the Study are:

(1) Preparation of standard design of superstructures and typical design of
substiuctures.

(2) Development of compulcr aided design and drafting (CADD) system for
standard bridge design, and

(3) Preparation of manuals for bridge plannmg, desigan, construcuon and cost
cstimate.

Additional objective is the transfer of technology to the Malaysian counterparts
through the Study.

Scope of the Study

1. Bndge Type

The bridgc type 10 deal with in the Study is hmlled to concrete béam bridges
“with span length of up to 45m, subject 10 JKR Road Geometric Standard
{ R3/U3 and RS/US, but does not cover steel bridges. - Although the design of
-superstructure |is the primary objective of the Study, the design of
“substructure will also’ be carried out for: typical cases, partially by
“computerized analysis.



2. Désign Standard
The design standard was discussed in the Technical and Steering Cominittee
and confirmed as follows:

(1) Design Standard

- The British standard based on the limit state design theory was adopted
“in line with the JKR's usage. However, JKR understood thal the
Japanese standard could be used in areas which arc not covered by lhc
British standard

(2) Desi gn Load

The latest British loading spcc;tlcatlon BD 37/38 was adoptcd according
1o the load slrcnglhcnmg plan of JKR. . o

The Study was carried out in 6 phases from August 1994 to July 1996 Flg.
1.1 shows the major work items of the Study and their interrelationship.

14 Comp‘osuion of the Report
The Final Report consist of 4 volumes as listed below:

Volumel :  Execulive Summary
Volume I @ Main Report
Volume HI ;' Design Manual
Volume [V :  Standard Drawings

In addition to the above, a sct of visual inspection sheets of existing bridges and
design calculation sheels for super and subslructure were prepared and submitted
10 GOM. ' '
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' CHAPTER2  CONCLUSIONS AND RECOMMENDATION
2.1 Conclusion
2.1.1 Necessity of the Standardization of Bridge Design

In the Malaysian national fransport system, road iransport is by far the most
popular mode of transportation for both passenger and freight. Traffic studies in
1991 have showi that 99.8% of passengers and 98.5% of freight trafic were
transported by oad. It is foreseen that in the coming decade, the role of road
network will indeed become even mor¢ important and prominent as the main
mode of transport of goods and passengers.

Up to date, a total of about 45,000km of roads has béen built in the country and
among those, the federal roads amounted to-16,{}00km.

On the road network, bridges are key elernents because of their strategic locations
and of the adverse consequences when they fail or when their capacity is impaired.
It is estimated that there are about 4,500 bridges in Malaysia, out of which 2,500
bridges are located on fcderal roads.

In an effort to further improve the efficiency of the transport industry, the
Government undertook the Phase 1 of the National Axte Load Study (1986 — -
1988). This Study showed that the limitalion on the loading capacity of bridges
emerged as the major constraint in alfowing heavier pennissible truck foad. Asa
spin off from the National Axle Load Study, the Government also reccived
technical assistance from JICA (1992) in a study called the Bridge Rehabilitation

* and Maintenance Study. The Study results 1evealed the various deficiencies in
the studied bridges which includes the deficiencies due to improper bridge design
and cons!ructlon

These deficiencies should be eliminated in new budgc dcsngn and construction,
for efficient implementation and maximum utilization of the limited avaitable
resources. In order 1o achieve the objectives, establishment of standard design of
appropriate types of superstructures and typical design of some types of
substruclure at an early stage is a basic need to GOM.

2.1.2 Major Results in Engihe'ering Aspect
(1) Basic Demgn Slandard

- The basnc design slandards adOpted in this Study afe based on the British
Standard's "Limit State Design Method” to meet the request of GOM and
' because of their wide practicality in Malaysia.

They are Brldge Design Standard: BS 5400, Design Load Slandard BD37/88,
Foundation Design Standard: BS 8004, and JKR Geometri¢ Design of Roads.
. However, the Japanese Standards were also adopted whenever. the: above



standards are not applicable.
(2) Supersirhcturc

Practically. five different types of superstructure were developed for various

span length, including 3-span continuous type. The standard bridges were

~ designed to cater for a skew angle of up to 30 degrecs.

Type o Span Range (m)
~ Reinforced concrete solid slab 5t010
Pre-tensioned concrete solid skab - S5to 10
Pre-tensioned concrete hollow slab 10t016
. Pre--tensioned concrete T-beam 181022 .
Post—tensioned concrete T-beam 2210 45

(3) Substructure

- All the abutments and piers are furnished with the footings to be embedded
sufficienBy under river bed to provide more durable and stable structures
from a view point of river hydrology.

(a) Bridge Abutments

Inverted T-abutment was adopted as a typical design. The height of the
abutment ranges from 6m to 12m high and will support the
superstructure for the various span range as stated above. It can cater for
a skew angle of up to 30 degrees.

{b) Bridge Piers -

Two types of piers were adopted and these include 'l.‘—_'typc pier and
multiple column pier. The height varies from 10m to 20m and will
supporl the various span range of superstructures as stated above.

(c) Sample Design

Some sample design, besides the typical types mentioned above, were
carried outl by the request made by JKR and these include:--

8 meters high T--abutment on spread foundation
12 meters high T-abutment (railway bridges)
30 meters high T-pier with 3 types of foundation
Multiple column pier on bored pile foundation

1

(4) Foundation

Since the majority of JKR bridges ate across rivers, the foundation are



“usuatly founded on piles. In view of this, the Study concentrates mainly on
‘the design of pile foundation. However, an example on the design of spread
'feundaiton was carried out.

In the Study, two types of pile were considered for the bridge foundation:
driven pile (PC pile) and bored pile. Design calculation examples to
deterinine the design load on piles based on friction and end-bearing were
compiled in the design manuals for references. However, since ground

~ condition varics from one localion o another, the designer must carry out the
geotechnical designs to determine the soil carrying capacity and subsequanﬂy
the deplh of piles.

(5) Selkection and Development of Computer Aided Design & Drawing

The computer system, hardware and software, was selected for peisonal
computer system in consideration of the capacity for computerized design
system, popularity in Malaysia, easiniess in use, reasonable cost and
compatibility with IBM~PC which is most common in Malaysia.

The software, on the other hand, for the design system used for this Study
was exclusively developed by the Study Team. - The automatic design
programme was built for the design of standard bridges and it was also
developed as the simple dialogue personal computer system for easiness in
operation by bridge engincers in Malaysia. An automatic drawing system
and a comprehensive computer programme were developed mainly for
superstructure. It is closely linked with the design analysis programme,
covering all the standard structure types and also equipped for the quantity
estimation. However, no specific automatic drawing programme for
substructure was prepared. Utilizing the existing avto-CAD in JKR, all the
necessary drawing data of the typical subsiructure ty pes are manually input to
produce drawings for standard case, which allows engineers to draughting for
other cases in accordance the standard case.

.2.1.3 Consideration Paid in Selection of the Standard Bridge *I‘ypes

Several parameters were considered in the Study to determine the suitable types
of bridges to be adopted:

(1) Materials
" The construction materials, eg. cement, steel bars and prcglrcséing strands,
- adopted in the standard bridge design are those which are widely available
locally. chcnheless, these matcnals must meel the minimum requirement
specnﬂed in the Codes.
(2)' Economic

~ Economic comparison were carried out between the proposed presiressed



beam and the beam that are currently used in bridge construction.
(3) Method of Construction

In developing the standard bridges, the Study Team has adopted cusrent
methods of construction that are available locally. Any new method of
construction being proposcd are decmed to be viable and practical.

:(4) : Mainfenancc

The standard bridges were selected to take into account of the maintenarice
aspecl. Various good desigi praclice in minimizing future maintenance
ptoblems are mcorporates in the slandard bndge design, and these are as
follows:-

—  Beams with straight edges
- - Effective scouring protection
- Ensure durability by using higher conciete slrenglh sufficient cover,
‘crack width control :
~  Quality control of local contractors
-~ Proper layout of the bridge

{5) Production of Precast Members

The precast prestressed structural members were dcve!oped after faken
account of the technical and production capability of the local manufacturers.
Simple scctional bearn shape with straight edges were adopted in the Study to
ensure high quality finished products. In sclecting the precast beams, the

- Study Team has also try 1o reduce initial investment cost of a new bedding by
the manufacturers.

" (6) Assthetic Consideration

The aesthetic of the standard was considered whenever possible in the form
of simplicity and symmetry of shape and slimness of the overall bridge
structures.

2,1.4 Technology Transfer and Training

Apart from the preparation bt' a design manual, it was one of main objectives of
the Study to train and transfer tcchnology to the cngineers of the Bndgc Unit,
JKR.

To achieve the objeclives,'- the Study Team carried out the design and draughting -
works in Malaysia for the period of 6 months. GOM provided 6 extra JKR
personncls to the Study Team to undergo an on-the—job training, thus the
‘objective was achieved in the form of understanding the computations and
- operation of the computer programme. Their contribution is much appreciated.



2 1.5 Assessment of the Blidge Design Standardizatlon

With the introduction of the standard bridges, the Eollov.mg benefits arc
anlicipated:

Deficiencies, such as an overdesign or an underdesign encountered due to
individual design of casc to case, will be climinated, and a more S}stcmanc,
rational and economical, as a whole, bridge design could be achieved.

.The dcmgn will efﬁcxemly deal wuh the increase of l;vc load due to heavier

vehicle fraftic and also loading characteristics of Specml vehicles like trailer.

A more systemau_c mainienance works could be practiced by the
standardization of bridge types, -

The State and the District JKR will be able 1o carry out the bridge design for
short span bridges quickly by utilization of the standard drawings, and also
they are able to imptove the knowledges of bridge engineering by the
prepared design manual, which covers planning, design, conslrucnon and cost
estimate.

2.2  Recoinmendation

2.2.1 In Practical Use of the Standard Design

1

@)

3

The standard bridge types adopted would not rcquiré a radical change of
existing facilities in production of PC beams by the local manufacturers.

- Therefore, they should be put into praclical use as early as possible with a

minimum Iransitional period for modification of the existing facilities.

it should be understood that the' bridge design standardization was prepared
for the aim of overall efficiency and economy in design, construction and
maintenance of the short span bridges, therefore, it has certain limitations and

-a careful examination should be made in application of the standard designs

to a specific, individual site condition.

The Bridge Unit, JKR should have the authority to examine and 10 approve
all the bridge design and appropriatencss in application of the standard
designs under JKR jurisdiction.

222 Necessity i_}f Improvement in Planning Bridges

" The visual inspection of existing bridges revealed the need of improvement as in
the following:-

a sufficient opening under bridge should be kept.
skewed bridges should be avoided as much as possible in connection with:



“1oad allgnmen! and river conditions. -
a sufficient revetment should be provided and mamtamed properly to protect
-bridge structures. -

Besides of the above, all necessary goidelines for proper bridge planning were
explained in the design manual. -

223 "l)esign of Supersmicturc and Substructure

(1)

@)

Su perstructure

For the dcs:gn of prcslressed concrete members under Semoeabﬂﬂy Limit

State (SLS), the limitation of tensile stress (Class 1 under load combination

1) was applicd However, in consideration of the occurrénce of the load

specified in BD37/88 is extremely seldom and of the characteristics of
restoration of pres(rcssed concrete member, the limitation of tensite stress
should be relaxed inthe design. If so, a more rational and economical design
of prestressed concrete members could be achieved.

Substiuclure

A partially computerized and manual input system was adopted for the design
of substructure and foundation. Considering the burdens encountered in the
process and a rapid increase of demand of the design, a fully computerized
system and programme should be developed for the design of substructure
and foundatlon atan earl:, stage.

2.24 Institutional Arrangement -

1)

€]

The inspection and the su'pcwision forces on bridge construction sites should
be strengthened more at the District and the State level.

A strict specification and a good design themselves do not guarantee a quality
controlled finished product without proper inspection and supervision.

There arc quite number of skilled and experienced draughtmen who are
capable 1o operate auto-CAD at the Bridge Unit, JKR. If, some simple and
easy - education on the basic rules and requirements of “the design is
nnplcmentcd their quality will sure be graded up more and careless mistakes
in draughting could be grevented. :



CHAPTER3

- ABSTRACT OF THE STUDY

3.1 Results of Bridge Site Suivey

Bridge site survey was carricd out 10 observe general views on the existing

bridges

aind hydrological aspects by visual inspection covering major

‘representative areas in the geography and the road network of Malaysia, including
the Peninsula and both Sabah and Sarawak. -

A total of 1D3 bridges were surveyed: 75 in the cast and the west coast of the
~ Peninsula and 28 in Sabah and Sarawak. The findings from the visua! inspection
results are as follows:

(1) Bridge Survey

Typical Bridge Types

Precast PC beam bridges in span length not over 30m were dominant in
the Peninsula, but steel bridges with I-beam and plate girder were quite
popular in Sabah and Sarawak.

Application of JKR Standard PC Beams
The JKR standard M-beam, I-beam and inverted T--beam were widely

adopted as PC beams in recent bridges (1980's —). However, inconsistent
application of the spacing were seen at some bridges.

- Beam Coup]ing :

Beam coupling method was often observed on PC post-tension beam
multi-span’ bridges to eliminale cxpansion joint. It appeared quite
efficient to avoid expansion joint which is often a weak point of bridges.

Pile-bent Pier and Abutiment
Most piers and abutments surveyed were pile-bent structure, mainfy

because of economy and easiness in construclion. However, the structure
have caused hydrological and stability problems of bridge as a whole.

‘Salt Water Daimages

Salt damages was observed on piers and abutmenis along the east coast,
but superstructures of PC beans were in good condition generally.



@

Bridge l{j’drology Survey.

River Course and Bridge Direction

There were many (50% among inspecied) brldgc crossmg rivers at
cur\red rcach and with skew angle. :

- Under-bridge Opemng

Thcre were many bridges (75%) whlch had insufficient under-bridge o

opening:  some abultments were localed inside of water way. Thal
seemed to narrow flood flow and cause scvere erosion and scouring

‘around bridges.

Structure and Direction of Piers

Most piers supporting short span bridgcs' were pilc bent Slruclures Some
picrs supporting long span bridges al large rivers had pile caps or
foohngs but they were constructed above water,

Some pile bent piers were found skew 10 water flow. Such piers would
disturb flood flow and catch drifts easily as well as accelerate erosion
and scouring by turbulence.

Location and Direction of Abutments

There werc many abutments located inside of water way. Most
abutments were pile bent struclures and some were situated skew to
water flow. That would cause erosion and scouring af abutments.

Bank protection around Bridge

Bank protections were not provided ‘sufficiently at many bridge sites
(90%). There were many bank erosion problems observed particularly in
Sabah and Sarawak.

Obstacles under Bridges

Some piers and abutments were damaged by drifting logé Old pier and

~ abutment concrete remained undér new bridge, Such drifting logs or

concrete remains under bridge would block flood flow and thrcaten the
safety of bridges. '



.32 Selection of Standard Bridge Type and Compuiter System

3.2.1 Establishmént of D'e;sign Stanﬂatd and Condition

(1} Design Standard

2

The design standards applied in this Study are based on the British Standard's

"Limit State Design Method" and the design live load applied is based on

BD37/88..

Other loads besides the above-mentioned design live load, were also
determined to apply BD37/88. '

Thc'rcforc,g the standards applied in this Study are as follows:
Bridge Design Standard BS 5400
Design Load Standard BD37/88
Foundation Design Standard - BS 8001 -

Geonietrical Structure Standard A guide on geometric dcsign of roads

However, in inistances whereby it is impossible to comply with the above-
mentioned standard, it was also agreed to adopt Japanese design standard.

Design Conditions
The ‘design conditions were established in consideration of simplicity,
clearness, safety and easiness in application and management of the design by
a wide range of engineers.
The major conditions are summarized as follows:
- Mecthod of Design Analysis -
Elaslic method of analysis beam theory
- Width Composition

Bridge width 13in (R5/US5) and 11m (R3/U3), JKR Standard

—  Grade of Major Materials

Grade of Concrete
Reinforccd Concrete Beam i Grade 40
Pretesision Concrete Beam P Grade 50
Positensioned Concrete Beam @ Grade 50
Substructure Pe Grade 40 -

RC Pile - Grade 40



Bore Pile e Grade 30

PC Pile ‘ : Geade 60
Reinforcement Bar : Y460, R250
PC Steel

Basically T12.7 and T15.2 will be used. Buta de'sign was c‘_arfied out by
using the dimensions of the material normally used in Malaysia.

Loads

Dead Load
Material Unit Welght (kN/m3)
Steel, Cast Steel, Forged Stecl 78.5
Reinforced and Precast Concrele 25.0
‘Mass Concrete 235
Premix Pavement . 23.0
Cover Soil : 19.0
Water - 10.0

Superimposed Dead Load

The crossfall of the bridge shall be 2.5% and the thickness of premix
shall be minimura constant 1=60min on the plain concrete of crossfall
adjustment. :

Other Loads

Superimposed Dead Load
Premix pavement t=60mm.
Plain concrete for crossfall (2.5%) ad]us!ment

Live Load
Notional lanes — 4 lanes for both RS)‘US & R3/U3.
Nominal live load ~ BD37/88.

* Coltision Load
Not apply to superstructure but piers only.
Minimusm clearance 5.7m over roads.

Prestressing Force
BS 5400. Two-stage prestressmg for postutensmned beam.

* Effects of Shrinkage and Creep -
- CEB manual. Humidity 80%.



- Wind Lead

- Maximum 40m/s ~ transversal direction.

Temperature

Temperature change — 20 degrees for bearing, expansion
. : L joint and substructure,
Tempéfatur’c difference  —~  BS 5400. But it may be ignored.
Earth Pressure -
Aclive earth pressure on abutments, with Coulomb‘s equauon, only.
Longltudmal Loads

Severer longitudinal load &ithér from HA or HB duc to traction or
breaking that acls at one nouonal lane and parallel fo road traffic.

Accidental Load due to Skidding
6.11 of BD37/88

Effects of Steeam, Current and Floating Drift Wood
Japanese design criteria, because BS 5400 does not specify.

Combination of Loadin‘g and Dé.sign Classification

Applicd loading combination and the design limitation classifications for
reinforced concrele and prestressed concrete under Scrviceability Limit
State (SLS) are summarized below.

Design crack width is applied for RC membeis and limitation of tensile
stress (class ‘1, Le—-1 & class 2, Le-2 of BS 5400) is apphed for PC
membcrs .

C!ass 1 under load combination 1
Class 2 under load combination 2to 5

~ Design crack width for reinforced concrete beam : 0.25mm
Design crack widih for slab : 0.15mm
Design crack width for substructure : 0.25mm

Stability Analysis of Foundation

' Spread foundation - :  BS 5400 & BS 8004,
 Pile foundation 1 IS

Structural Design of Substructure .

" Structural component:  BS 5400 ,
Scctional forces of parapet and wing wall @ JS with modification



3.2.2 Selection of Standard Bridge Types, Span Range and Work Cases

In order to determine the bridge types for standard design, a preliminary design
and comparative study was conducted on a total of 10 type of superstructure.

They are composed of the five types as indicated in the Minutes of Meeting on the
Scope of Wark (26th Jariuary, 1994) and the other five types which were sefected
from the result of the visual inspection survey on the rcprcscniat;vc ¢xisting
bridges.. ;

The prchmmar) design was conducted from the view point of slructura]
charactcnshcs which be clarified by the result of design calculations.

The compatative study was ‘conducted from the view  point of ¢Conomy,
construction difficulties, maintenance, rehabilitation, current practice in Malaysia
and so on.

Bascd on the result of preliminary design and comparative study, standard bridge
types were selecled in consideration of effective utilization in future.

- However, a general comparative study was conducted for substructure and
foundation and continuous bridge without preliminary design process.

(1) Selected Types for Standard Superstructure

* Reinforced Concrete Solid Slab (RCSS)
Pre-tensioned Concrete Solid Stab (PRSS)
Pre-tensioned Concrele Hollow Slab (PRHS)
Pee-tenisioned Conerete Composite T-beam (PRT)

" Post-tensioned Concrete Composite F-beam (PTT)

AN

Boam Type " Span Rasige Cross Section
P B

. 5. . _ : )
RCSS 6m - 10m C{'bgl QUBR o s e KR SRR N R SR A E S S ST M W

PRSS | 6m- 10m ]j]%j L T ey

PRHS 12in- 20m

PRT 18m-22m |

P¥YT 25m - 45m

Fig. 3.1 Selected Types for Siandard Superstiucture

3-‘_6



{2) Number of Cases for Design Calculétioﬁ and Drawing for Supérstruclufc

. The following number of C_ascé were cérric_d out.” As regards to skew angle,
15°  and 30° for the calculation, but 0° was also prepared for the drawings.

Span - Bridge Type | - Width Skew Case
| 6m. RCSS and PRSS|* 13m, 11m N 3
‘8m ~do-. | =do- ~do— _ 8
10m  |RCSSand PRSS| ~do - _--do -~ 8
12m ‘PRHS | ~do -~ ~do ~ 4
C14m | =do- ~do -~ ~do - 4
16m PRHS | -do- ~do- 4
~ . 18m PRT | =do~ ~do - 4
. 20m e = do - ~do - 4
22m _PRT - do - ~do - 4
~ 25m PTTS and PTTC| -~do -~ ~ do 4
28m - do - ~do -~ - do - 4
- 30m ~do- ~do - ~ do.— 4
32m ~do- . ~do-. ~do - 4
35m ~do~ | . ~do- ~do - 4
40m —do - -do- | -do- 4
45m —do - ~do=. - —do - 4
_ | 76 {calculation)
Total - - 114 (drawing)

(3) Selected Standard Type for Substructures

The scope of thc design of substructires was agreed that the standard design
of subsinictures shall be prepared only for typical cases by parually
computerized analysis.

Conccming the type of substructures and the design cases, scveral types of
abutment and pier were initially recommended in the Preliminary Study
Report of February, 1994 such as:

Abutment :  Inverted T-type and gravity lype

Pietr ~  : T-type, mulli-column type and solid wall type

Foundation :  Spread foundation and pile foundation for both
' abutment and pier.

“The above recommended types and cases for the substructure design were
“modified, through studies and discussion with JKR, to meet the requircments
of JKR and to reflect the résults of surveys on the existing bridges in
‘Malaysia. The structire types which have been seldom adopted in Malaysia
were not selected for the standard design in this Study.



Selected types for typical substructures are summarized as below:

- Abutmcnl

- Foundation :

Inverted T-type with the height up to H=10m.

PC pile foundation with point bcarin‘g type

and friction type.

- Sample Designs for Substructure

Besides the above selected types, the following sample - designs were
prepared by the request of JKR at the later stage of the Study.

‘High abutment (H=12m) with PC piles for bridge cross over railways.
Abutment with spread footing for an cxccptlonal case.
High pier (H=30my) with PC plle for a pier in valleys

Bored piles for abutment and pier for construchon in urban area.

(4) Number of Cases for Standard Design - Calculahon and Drawmg for

Substructure

Abutment

- __ Number of Cascs for Design Calculation.

Total =

4+8+8+16= 35cases '_

Superstructure _Span Range .
T tmo10m | 1Zmto22m | 25mio32m | 35t io 45m

| 'No.ofcases | No.ofcases | No.ofcases | No. of cases
Height of Abutment |1 :6m 1:6m . 1:6m 2 1 8m, 10m
Span 1:10m 2:16m, 22m  [2:28m,32m - J2:35m, 45m
Foundation 2': End Bearing |2 : End Bearing [2 : End Bearing |2 : End Bearing
{PC pilz) - Friction ~ Friction _Friction Fnct:on '
Skew Angle f218°,30° - [2:15° ,30° 7 |2:15° ,30° l2:15°,
No. of Design Cases- | N=Ix1x2x2=4 | N=1x2x2x2=8 | N=1x2x2x2=§ N'ﬁ=232x2x2=16




- Nunber of Casés for Reference Drawings to be Prepared

Parameters -

Total = 8 + 16 + 16 = 40 cases

Height | Span | Foundation | Skew | Case
e '_ (PC pile) No.
Height of abutment { 8m | 35m | End bearing | 0 1
L 1 10m | 35m | Endbearing | © 2
Span 6m | 16m | End bearing | 0 3
& 1 6m | 28m | Endbearing| 0 4
- |Type of foundation | - 6m | 28m | Endbearing{ 0 | 4
L _6m | 28m | Friction | ‘0 5
Skew 6m §{ 28m [Bndbearing| 0 | 4
~6m | 28m .| End bearing | 15 6
_6m | 28m | Endbearing | 30 -] 7
Min. span 6m | 10m - | Endbearing| 0 | 8
_ 6m_ | 10m | Friction |. 0 9
Max. span 10m | 45m | Endbearing | 0 10
10m | 45m ) Fricion |- 0 | 11
Pier (T-type Pier and Multiple Columin Pier)
- Number of Typical Cases for Design Calculations
Superstruciure Span Range |
12m to 22m 25m10 32m 35m to 45m
. ' No. of cases No. of cases No. of cases
- |Height of pier _|1:10m 2:10m, 15m |2 : 10m, 20m
Span 2:16m,22m  |2:28m,32m  |2:35m,45m
Fouadation 2': End Bearing 2 : Fnd Bearing |2 : End Bearing
(PC pile) - Friction - Friclien Friction
Skéw Angle 2:15° ,30° 2:15° ,30° 12:15° ,30°
No. of Design Cases | N=1x2x2x2=8 | N=2x2x2x2=16 | N=2x2x2x2=16




)

- Number of Ca.'se;s for Reference Drawings to be Prepared

Parameters Height

Foun'dali(')n.

Skew | Case

- Span
: (PC pile) No.
Height of Pier 10m { 28m | End bearing 0 1
15m | 28m | Endbearing| O 2
Span 10m | 16m -] End bearing | 0 '3
' . 10m | 28m | Endbearing| 0 | 1 .
Type of foundation | '10m | -28m | End bearing | 0 1
1 110m f-28m | -Fricion' | 0 4
Skew 10n | 28m | Endbearing| O | 1 .
10m | 28m | End bearing { 15 5 .
10m | 28m | EBadbearing{ 30 | 6
Min. span 10m | 16m | BEndbearing|{ 0 | 3
_ 10m | 16m | - Friction 0. 7
Max. span 20m | 45m | End bearing 0 8
' 20m | 45m Friction = | ~ 0 -9 ]

Number of Cases for Samiple Design Calculation and Drawings for
Substructure

Spread Foundation 1 case
Height of Inverted T-lype abutment for 8m -
High T-type Abutment 1 case
Clearance between both abutment for 30m
Height of abutiment 12m
Foundation PC pile end bearing
High Pier ‘3 cases
Height of pier 30m _
Foundation (1) PCpile end bearing
' (2) PC pile friction
(3) Boredpile  @800mm
Multipie Column Pier 1 case
 Height of pier 20m _
Foundation Bored pile. ¢ 800mm
Total nos. of Sample Design: 6 cases
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3.2.3 Selection of Co:hpu&r Systein

‘The computer system; hardware and software, was sclected for personal computer
systein in consideration of capacity for computerized design system, popularity in
Malaysia, easiness in use, reasonable cost and compatibilify with IBM=PC which
is comunonly used in Malaysia.

(1) Computerized Design System and Progrém'mc

The system consists of four patts:

Design of Supesstructure

A systetnatized automatic design system by using pérsonal computer.
Developed Programnic

Programme 1 : Input of comumon data

Programue 2 : Structural analysis

Programme 3 : Design for main beam

Programime 4 : Design for c1oss beam

Programme 5 : Oulput of the result of design

Design of Substiuctures

A partially computerized system.

Developed programmes

Programme 1 : Structural analysis for plane framed struclure-
Programme 2 : Design for reinforced concrete members
Programme 3 : Design for stability of piles

Drawing of Superstructure

Automatic systemn by auto-CAD, synchronized.

Drawing of Substructure

Auto-CAD by mianual operation.
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(2) Compuler Hardware and Operation System

- Hardware Systern

L Description _
| CPU 1 80486 DX4/100 MHZ or beller
Monitor 21" Colour Monitor
Hard Disk | 29GB ‘
Printer Laser Shot A3 size
Plotter | Ink Jet A0 size o
‘Back Up | External Portable Hard Disk
UPS | 600 VA - B
CAD Auto-CAD Version 13
- Operation System
‘Operation System : MS-DOS Ver. 6.2
Analysis of Structure and Scction :  FORTRAN language

Input and Oulpul : : BASIC language



33 Developm:_en't of Design Analysis System

- In order fo désign standard bridge types, design analysis system was defined
according to the design standard established.

Thc Study Team conducted the design analysis procedure at first, and the
definition for design method in defail was carried out in each design stage so as to
ensure an adequate degree of safety and serviceability according to the standard.

Basc'd on the design analysis systei, the development of the computerized design
* programmiing and drawing programniing was carried out,

3.3.1 Design Analysis System for Superstructure
(1) Structural Analysis

Structural aﬁalﬁ'sis was carricd oul according to the analysis flowchart
“undermentioned.

( S’I‘?RT D)

ITI) Input of corumen data ]
E A ;

[ () Calculation of section properties |

| (3) Formation of grillage frame J |
i _

I (.4)-Set up support condition ]

[(5) Set up toad condition |
R
r (6) Grillage analysis j
—

(" EnD )
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(2) Design for Main Beam

Design for main beam was carried out according to the design flowchart
below. :

(. START )

|_(1) Definition of the representative main beam ]

L(Z') Calculation of flexural stresses under S.L.S.'[

[ 3) Ca!éulaﬁon’ of brcstressing—] '
) :

l (4) Assessment for flexural stresses under S.L.S.J
| (5) Assessment for stabitity of flexural strength under U.L.S. |

[(6) Calculation of shear stress and torsional shear siress under U.LS. |
o . i .
' [(7) Calculation of ultimate vertical shear resistance I
I _
L(S) Calculation of shear reinforcement I

- { (9) Calculation of torsion reinforcement |
1 B

l (10) Calculation of Iongiiudinal shear only for composite T-beam

C Bl\llD B}

(3) Design of Cross Beam

The design of cross beam was carried out with nearly the same flow chart as
in the case of the design of main beam, bul by seiting the conditions
concerning temperature for presiressing: foree and flexural moment of
composite T-beam.

3.3.2 Design Analysis System for Substructure

Some hypothesis conditions on design analysis of substructure, as listed below,
were detenmined and the design was carricd out according to the design flow charl.

~  Working carth pressurc

— Analysis of each member

—  Design analysis of pile foundation
~  Spring of subgrade '



- - Design of multiple colomn

C“S"ﬁ@

[ (1) P}anmng of substmcturc lype and snch
l

;{_(2) Atrangement of gmundi condition |
] !

[ (3) Design 104d and load combination |

(4) Estimation of rough size of foundaiicﬂj

L(S) Calculation of each substructure 'mémb‘ers]

[ (6) Calcutation of s‘tabili{y of pile foundation |

L (7) Ca!culauon of pile shaft ]

C ENBM_)

- Special Consideration

Design of slab was not incorporated in the computerized design system
in this Study, and standard slab thickness was determined by the Finite
Element Method. The calculation sheets was prepared separately to
assurc the safety of slab. The thickness was determined with thorough
consideration on safety, since slab supports directly the live load which
are repeated loadings.

3.4 Development of Computer Programme for Design Analysis

As to the hardware system, a personal compuler syslem was used as mentioned in
Cls. (2) of sec. 3.2.3 of this report.

On the other hand, the software for the design system used for this Study was
exclusively developed by the Study Team.

Automatic dcs:gn pmgrammc which can desngn s:mply by personal computer was
built for the bridge types of standard design in accordance with the design
analysis procedures esiabllshcd

In order to oPcratc easily by bridge engmeers in Malaysia, the computer
programme was develo;acd as the simple d;aloguc personal computer systein.
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3.4.2 Design Progranine for Substsucture

Substrutture

Design

'-—-@‘;il ity Analysis

Diniensions'and Loads

Distribution of Loads on Piles (Programme : FPDNN2) 7

——{_Design of Abuuncnl’s_IN%

N T

Darapel Wall
Front Well
Wing Wall -
PileCap -
Apptosch Slab

——{Stabitity Aratysis_ |-
——LDﬂgnol’Piers ]

Dinensions sod Loads

Distrituiion of Loads on Fifes (Propamme : FRDNN?)

b [stwuctoral Besigrs }-—

Single Solid Wall Miee
Double Column Pier (Programine : TMATS)
Pile Csp

Geatechnical Cepacily

[ Design pite Capecity}-

Structural Capacity

—-I Reinforced Concreté Sectional B:Sign (Programme ; BSDAN)]

Fig. 3.3 Flow Charl for Substructure Design Programme
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‘3.5 Developnient of Drawing System and Prograimme

3.5.1 For Superstructure
The development of automatic drawing system was intended mainly for
supersiructure. A comprehensive computer programme was dcveloped for the
drawing of superstructure, which was closely linked with the design analysis
programme, covering all the standard supcrstructure lypes and was equipped for
quantity cShmatlon

3.5.2 For Substructire
For substruclure, no automatic drawing programme specific to the Stedy was
prepared. The drawings of substricture are produced by using the existing auto-
CAD in JKR.

3.5.3 Drawing PreSent'at_ion Rules
The drawing presentation rules were established based on "The Guideline for
-Presentation of Engineering Drawings of JKR" covering various common items
which are necessary in preparation of drawings.

3.5.4 Developmeit of Drawing Programme for Superstructure

(1) Drawing Programme

Au!omﬁc Tnput of Mlagua! I:pux ol‘
Am.'vs is Data Addisoaal D’e-a

la;u Duza

.| Reinforcement and ’
- Pr ing Steck | | Coafiguratiod
L I

_—— T ]
Swuctural Line
Arngement Pregraome

* Reinforcemeat [
Amograent Progrunine

. Reinforcement snd
Paxstreasiog Sel Decs File
M baving tageat ?‘:vﬂ-"mml‘I(AWA
I — AR,
[pare |
L \fﬁ_..m~>l Volure Codiputation F‘rémm]
| CAD Sfmm'l :
' Outpat Daty :
Fiinoi] © [FeeOaw

Fig. 3.4 Superslmctu'rc Drawing Programme -



' T he automatic drawing programme is composcd of four task pmgrammcs and
" a CAD system.

The 'syélem is devised to computc quantities of major construction maferials
for each standard type of structure.

(2) Input Data ahd Ouipui Drawings
- Input Data .
Input data was prepared in two:different ways : automatic input from
design ana]ys:s data and manual input for additional data. Further, the
input data is divided into three categories consisting of structural lines,
reinforcement including pre.stressmg steel and configuration.

- Oulput Data (Drawings and Quantities)

A type and content of outpul drawings from the system are pre-
determined for cach standard structure type as shown below.

Structural type Name of drawing | No. of drawing

Reinforced concrete solid slab |« General dimensions and re- 1
_]_bar arrangement
Pre-tensioned concrete solid |~ General dimension 1
slab " |- Re-bar and prestressing steel 1
_arrangement o
Pre-tensmned concrete hollow - General dimension 1
slab o - Re-bar and prestressing steel 1
. | arrangement
|Pre-tensioned concrete - General dimension 1
composite T-beam - Re-bar and prestressing steel '
N : arrangement for beam, and
| , | detail of slab _
Post-tensioned concrete - General dimension 1
composite T-beam - Re-bar and prestressing steet 1
arrangement for beam
Lo - Detail of slab 1

3.5.5 Drawing Method for Substructure

- The Study Tea'm'prepared drawings for basic case, by hand drafting, at firsl,
~ based on the design results and by using the JKR’s auto-CAD. According to
the method JKR draughtmen prepared the drawings for other cascs, also by
hand drafting with auto- CAD The prepared drawings were out-put by a
p!oller
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~ Draﬁ'ing for Substructure (Out-put data):

Structure Type _ Nanig of Drawing No. of Drawing/Case

T-Type Picr “General Dimensions 1
L Bar Arrangement 1
Multiple Columin Pier | General Dimensions 1
' | Bar Arrangement 1
Abulment | Geiieral Dimensions 1.
(Inverted T abutment) | Bar arrangement 1
. PC | $600Bar Arrangément b
Pite o o |
| Bored ¢ 800 Bar Arrangement 1
: lengthof Smeters .. | 1
. Bar Arrangement
Wing Wall '
Length of 3 meters 1
Bar Arrangement 1
Wing Wall (t=700mm)-
General Dimensions and 1
Approach Slab Bar Arrangement
(Length of 5 meters) o
. Wing Wall (t=500mm)
General Dinensions and 1
Bar Arrangement

;3.6 Execution of Standard Design Work and Draughting

Aclual design work for both super and substructures was carricd oul based on the .
established design analysis systems and the developed computer programmes
from the middle of Junc {o the end of August, 1995. The draughting work was
carried out from September to the end of November, 1995,

{1) Training and Technology Transfer

The design and draughting works were carried out in Malaysia for the aim of
training and technology transfer to the Bridge Unit engineers, JKR.

GOM provides 6 extra JKR personnels consisting of 4 engineers and 2
draughtmen to the Study Team to undergo an on-the-job training. The
objective was to achieve the transfer of technology in the form -of
understanding the computations and operation of computer progratinnes.

(2) Methodology of the Work

The computation was generally carricd out by the counterparts enginecrs first
and the Study Teaim member checked the results. However, in the case of



3.7

&)

subslmclurc theic are many computation cases and it was obliged to devclop
numbér of small computer programmes for design analysis of structural
members. The burden of numerous computation cases were often shared
with the engineers under training. This method aimed to deepen the
engineers understanding and to promote effective use of the standard design
in future,

The major techniques on design snalysis and draughtmg transferred to the
engineers could be summarized as follows: :

- Supcrslmclurc + General interpretation of inpiit data.
' Initial assumplion of beam size.
Design of prestréssing.
Criteria and limitations.

~  Substructure :  Initial assumplion of abutment and pier size.
Pile design.
Loading condition.
Techniques of design analysis.

- Draughting . Application of the data base prepared for the basic
& pp
cases.

Number of Cases for Design Work and D}aughling

In the implementation of the design and draughling works for the standard
bridge types, a total number of computation cases, in combination of the
types and other parameters, for superstructure amount to 76 cases, and the
numbes of drawing case amount to 114 cases. On the other hand, those for
substructure amount to a total of 122 cases, including 6 sample design cases,
for computation, and a total of 35 cases (29 for standard, 6 for sample) for
the drawing. Thus, a numerous design and drawing cases were carried out to
meet the request made by JKR at the later stage of the Study.

Prepavation of Design Manuals

A design manuals were prepared at the final stage of the Study and intended to
serve as a guide for the usage of the standard design by the JKR enginecrs.

The manuals consist of the following 5 divisions.

DivisionI  Bridge Planning

Division Il Bridge Structural Analysis

Division I1l . Bridge Construction Plan and Cost Estimate

Division IV Operation of Design Programme
‘Division V. Operation of Drawlng Programme
‘Division VI Operation of Quantity Calculation
“Division VII * Opezation of Substructure Design



The manuals cover all fundamentals needed for thic JKR engincers to carry out the
design work from planning stage up to cost estimate. Each of the divisions can be
used independently of the other but is actually inter-related with cach other in the
process of design work. The snanual are useful for the J KR engineers to improve
the knowledge of bridge engineering.

To introduce the major subjects of the design manuals broadly, a seminar on the
standardization on bridge design in Malaysia was organized, and not only - the JKR
engineers from all over the country, but also the represeéntative from the Tristitute
of ‘Engincers Malaysia, Malaysia Consulling Engineers Association, local
consulting engineers and the rclalcd manufactures participated the seminar.
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