i

%té’:lill?&?&‘alifiﬁliﬁii‘. 5 o o LNo 80’“’]

‘ JAPAN INTE RNATIONAL COOPERATION A(:I‘NCY
" PUBLIC WORKS DEPARTMENT ey S
- MINISTRY oF WORKS MALAYSIA - ' R

T - THE STUDY L
'I‘HE STANDARDIAATION OF BRIDGE DESIGN
IN
»»MALAYSIA

VISAVIVIN NI NOISIG Ioqrsg 40
 NOLLVZIQUVANVIS JHL NO XIS JEL

- I‘INAL REPORT

VOLUMI‘ II
MAIN REPORT

190439 TVNIZ

180498 NIV I TAXI0A

_JiCcL\\ LIBRARY

IIlf IIII||II'IH|I|!|||:HI|IIII g

o 134503101 !

LLCONT AUGUS’[‘ 1996
us Voaie *JAPAN BRIDGI & S’PRUC’I‘URE INSTITUTE ' INC. TOKYO FSSE T
o RO mcnlr CONSUL’I‘ANTS INTI« RNAT[ONAL, TOKYO SITIR L

mww SR B T 96114

. 966T ISNONY

[ . s . SR - T [
ey ; A ¢ L N e




CURRENCY EQUIVALENT
{As of 1st February, 1996)

~ Currency Unit: Ringgit (RM)
RM 1.00 = US$ 0.391 = ¥ 41.621"



I






PREFACE

In response 10 a request from the Government of Malaysia, the Government of
Japan decided 1o conduct the Study on the Standardization of Bridge Design in
Malaysia and entrusted the study to the Japan International Cooperation Agency (JICA).

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

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

I hope that this report will contribule to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the
Government of Malaysia for their closc cooperation extended to the tean.

August 1990

Kimid Fujita 7
President
Japan International Cooperation Agency






Letfer of Transmittal

August, 1996

Mer. Kimio Fujita
President
Japan International Cooperation Agency

Dear Sir,

Itisa grea'_l.t honor for me 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 Pacilic
Consultants International 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 tean: held thorough discussions and investigations with oflicials concerned
of the Government of Malaysia, accordingly, developed computerized design and drawing
systems for the standard bridges, conducted the designs, prepared standard drawings and also
design manuals. The results were collected in the final reports, Volume 1to 1V

_ On behalf of the team I wish (o express my heartfell appreciation to the Oflicials
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 apprecaallon to JICA, the Mmlsiry of I‘orengn

Aftairs, 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,

P Nae AR
ISAMU HISADA =
Team Leader
The Study on the Standardization of

Bridge Design in Malaysia






LOCATION MAP

. Map of Fedorst And Msjor Stato Rlaads
o FPeninsulor Malaysia

AN

YRS 1
2 P o
I WS
L P

I Frb Ay e aeem ey [
PAENS v imsnrsn

FURE A Hi::::'ﬂ,‘f
O
Erdeatid —_—
o W gt

[ LAY Pr Y (R TEE

i o e
e Ll S SRS 8

!
i.
g

Frdecsl Bravk. Resd |

Pra g SARYEK







VOLUME I1 - MAIN REPORT

CONTENTS

PREFACE
LOCATION MAP

CHAPTER1 INTRODUCTION

1.1
1.2
1.3
1.4

1.5

1.6

1.7

General

Background of the Study
Objective of the Study
Scope of the Study

1.4.1 Bridge Type

1.4.2 Design Standard
Schedule of the Study
Organization of the Study

‘Major Aclivities

CHAPTER2 DATA COLLECTION AND SURVEY (PHASE D)

3.1.3 Design Conditions

e Nl e e e
1]
W W BB DO B e e e

2.1 Review of Existing Standards and Specifications 2-1
2.1.1 General 2-1
2.1.2 Outline of Introduction of British Standards 2-1
2.1.3 Bridge Design Standards in Malaysia 2-2
2.1.4 JKR Specification for Bridge Live Load 2-3
2.1.5 Hydrological Guidelines and Regulations for Bridge Design ~ 2-5

2.2 Current Practice of Bridge Dcs:gn and Constiuction in Malaysia 2-38

: 2.2.1 Generat : 2-8
2.2.2 Bridge Design : 2-8
2.2.3 Construction Materials and Precast Concrete Products 2-10 -
2.2.4 Construction Method 2-12

2.3 - Bridge Site Survey 2-15
2.3.1 General 2-15
2.3.2 Summary of Bridge Survey 2-17
2.3.3 Summary of Bridge H}drology Survey 220

2.4 Computer Use for Bridge Design in Ma]aysm 2-21
2.4.1 General . 2-21
2.4.2 Computer Use in JKR Bridge Unit - 2-21
2.4.3 Computer Use in Consultants 2-21

CHAPTER3 SELECTION OF STANDARD BRIDGE TYPE AND

COMPUTER SYSTEM (PHASEID)

3.1 Establiskment of Deﬂgn Standards and Condmons 3-1
3.1.1 General 3-1
3.1.2 Design Standards 3-1

3.1



3.2 Sclection of Sléndard Bridge Types and Span Range -

33

CHAPTER 4

4.1

4.2

3.2.1 General _

3.2.2 Preliminary Design for Selected Bridge Types
3.2.3 Comparative Study for Sclected Bridge Types
3.2.4 Selection of Standard Bridge Types

3.2.5 Span Range of Standard Supersiructure

3.2.6 Selection of Substructure Types

Selection of Computer System

3.3.1 General

- 3.3.2 Proposed Computerized Désign System and Programrite -
3.3.3 Proposed Computer Hardware System and Operation System

(PHASE 111)

Definition of Design Anatysis System

4.1.1 General

4.1.2 Design Analysis System for Superstructure
4.1.3 Design Analysis System for Substructure
4.1.4 Special Consideration

Development of Computer Programme for DeSign Analysis

4.2.1 General
4.2.2 Programming for Supcrstructure
4.2.3 Programming for Substructure

DEVELOPMENT OF DESIGN ANALYSIS SYSTEM

S NN N T N N N
1 1
00 00 00 00 =1 O rt it e

CHAPTER5 DEVELOPMENT OF | DRAWING SYSTEM (PHASE IV)

Defining of Dravs:'ing Systen

(ii)

5.1 5-1

5.1.1 General ' - 5-1

- 5.1.2 Drawing presentation Rules _ 5-1

- 5.2 Devetopment of Computer Programme for Drawing 5-4

5.2.1 General : 5-4

5.2.2 Input Dala 5-4

5.2.3 Output Data 5-5
CHAPTER 6 EXECUTION OF STANDARD DESIGN WORK AND

PREPARATION OF MANUAL (PHASE V)

6.1  Exccution of Standard Design Analysis 6-1

6.1.1 General 0-1

6.1.2 Standard Design Analysis for Superstructure 6-6

0.1.3 Standard Design Analysis for Substructure 6-7

0.2 : Excculion of Standard Drawings 6-9

6.2.1 General 6-9

6.2.2 Standard Drawings for Superstructure 6-9

6.2.3 Standard Drawings for Substructure 6-11

6.3 Preparation of Construction Plan and Cost Estimate - 6-13

6.3.1 General 6-13



6.3.2 Construction Plan
6.3.3 Cost Estimate
6.4 Preparation of Manual
6.4.1 General
6.4.2 Preparation of Manual

CHAPTER7 CONCLUSION & RECOMMENDATION

7.1 General.
7.2  Conclusion
7.3  Recommendation

APPENDICES A Minules of Mecting on the Inception Report
List of Data Collected

Comparison of Design Loading
Melteorological and Hydrological Data
Bridge Site Survey

Design Standards and Design Criteria
Geological Study

The Result of Comparative Study
Structuzal Details of Conlinuous Girder

Minutes of Meeting on the Interim Report (2)
Minutes of Mecting on the Draft Final Report

CRmTIOQMNMODODOR

(iii)

Minules of Meeting on the Interim Report (1) |

6-13
6-21
6 -34
6 -34
6-34

~] s W]
1
e et



Table 2.1
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7

Table 6.8

- Table 6.9

LIST OF TABLES

Computer Software Used by Bridge Consultants in Malaysia
The Result of Preliminary Desiga (1) (for 5-10m span)
The Result of Preliminary Design (2) (for 10-25m span)
The Result of Pretiminary Design (3) (for 25-35m span)
The Result of Preliminary Design (4) (for 35-45m span)
The Result of Preliminary Design (5) (for 45m span)
Span Range for Standard Bridge Types (1)
Span Range for Standard Bridge Types (2)
Computer Hardware System
Summary of Superstructure Standard Bridge Types
Technology Transfer Schedule
Adaptability of Launching Method of Precast Beam
Quantity of Superstructure
Quantity of Substructure
Construction Cost of Single Span Bridge
Construction Cost of Superstructure

(RC Solid Slab, RCSS-10m)
Construction Cost of Superstructure

(Pre-tensioned Concrete Solid Slab, PRSS-16m) -
Construction Cost of Superstructure

{Pre-tensioned Concrete Hollow Siab, PRHS-16m)

Table 6.10 Construction Cost of Superstruclure

(Pre-tensioned Concrete Composite T-beany, PRT-?Zm)

© Table 6.11 Construction Cost of Supessinucture

(Post-tensioned Concrete Composite T-beam, PTT-28m)

- ‘Table 6.12 Construction Cost of Abuiment (F=6m) per one unit

- - Table 6.13 Construction Cost of Pier (H=10m) per one unit

(v)

- Page

2.22

1 3.10

3-11
312
3-13
3-14
3-19

. 3-19

3-27
6-2

6-5

6-19
6-24
6-25
6-26

6-27
6-28
6 -29

6-30

-6 -31

6-32
6-33



Fig. .1
Fig. 1.2
Fig. 3.1
Fig. 3.2
Fig 33
Fig. 34
Fig. 4.1
Fig. 42
Fig. 4.3
Fig 4.4
Fig. 4.5
Fig. 5.1
Fig. 6.1
Fig. 6.2

Fig. 6.3

Fig. 6.4
Fig. 6.5
Fig. 6.6

Fig. 6.7
Fig. 6.8 -

LIST OF FIGURES

Flow Chart of the Study

Organization for the Study

Standard Bridge Types for the Span Sm - 10m
Standard Bridge Typés for the Span 10m - 25m
Standard Bridge Types for the Span 25m - 45m

- Continuous Bridge Types

General Flow Chart for Design Programme
Design Flow Chart

Sectional Analysis Programme

Stability of Pile Foundation Programme

Frame Analysis (for Multiple Columns)
Superstiucture Drawing Programme

Flow Chart for Superstructure Design Progranime
Flow Chart for Substructure Design Programme
Pracedure of Construction

Work Flow of Superstructure

Work Programme of PC Bridge

Parial Debond and Deflected Strand Method

-Speciatized Launching Girder
‘Structure of Total Project Cost

)

NN NSO A D D Db D W W L) e
1

——
o0~

T N T T
— b

1

1 1
L L
P AN SR LS

o
™



ABBREVIATION

(In Alphabetical Order)

AR Arch
BC Box Culvert
BL Bailey Bridge
BS British Standard
BX Concrete Box Girder
C&CA Cement & Concrele Association, UK
CADD Computer Aided Design and Drafting System
CG Continuous Girder
cS - Cable Stayed Bridge

CT " Cantilever

Co., Ltd. - Company Limited _
DID Drainage and Irrigation Department
DRG Drawing

EPU Economic Planning Unit

EUDL Equivalent Uniformly Distributed Load
FR Frame

GOJ. | ~Government of Japan

GOM  Government of Malaysia = -

" HPU  Highway Planning Unit -

"HR *"Hour
HWL Design High Water Level
ISO International Organization Standardization
iT Inverted Tee Beamn |

JICA ' Japan International Coo.peralion Agency
JKR Jabatan Kerja Raya (Public Works Depariment)
IS Japancsé Standard

JSCE Japan Society of Civil Engineering

KEL Knifc Edge Load
LTAL Long Term Axle Load
MMS Malaysian Metcorological Services
MOT Ministry of Transport

MS - Malaysian Standard

(vi)



MTAL
NALS
oT
oIT
P.C.
PC
PCDG
R.C.
S/W
SAR
SBX
SG
SIRIM
SLS

- SMP
SPT
SSAL
'STG
TR

UK

Upv
ULS

UDL

Medium Term Axle Load

National Axle Load Study

Others

On the job training

Prestressed Concrete

Pipe Culvert

Prestressed Concrete Development Group, UK
Reinforced Concrete

Scope of Work

Steel Arch Bridge

Steel Box Girder

Simple Girder

Standards and Industrial Research Institute of Malaysia
Serviceability Limit State

Sixth Malaysia Plan

Standard Penetration Test

| Substandard Axle Load

Steed Simple Girder

- Truss
‘Uniformly Distributed Load

United Kingdom
Ultrasonic Pulse Velocity
Ultimate Limit State

(vii)



mm
cm

m

km
min2
cm?2

m2

cm3

m3

kg

fon

N

kN

tm.
kN.m
kgffem?2

N/mm?2

Pa

'Kl:"a: Co

" MPa

quiliis= g

—

°C
%
m/s
scC
M

ABBREVIATIONS FOR MEASUREMENTS

millimeter

centimeter

meter

kilometer

square millimeter

squate centimeter

square meter

cubic centimeter

cubic meter

kilogram

metric ton

newlon (9.8067 N = 1 kgf)

kilo newton

ton meter (1 tm. = 9.8067 kN m)
kito newton meler

kilogram (force) per square centimeter
(1 kgffem?2 = 98.067 Kpa)
Newton per square millimeler

(1 N/mm2 = 1,000,000 Pa = Mpa)

pascal (1 Pa = 1 N/m2)

kilo pascal

" mega pascal (1 MPa = 10.197 kgf/em2)

velocity

area

length

radius of gyration

- pounds per square inch

(1 psi = 0.07031 kgffem2)
degrec centigrade
percent

* meter per second

second .
Ringgit Malaysia

(vii)



CHAPTER1  INTRODUCTION

1.1

1.2

1.3

Geiteral

This Main Report, as Volume 1f of Final Report, was prepared for the Study on
the Standardization of Bridge Design in Malaysia and submilted to the Public
Works Departméni (JKR), Ministry of Works, Malaysia in accordance with the
agreement between JKR and Japan International Cooperation Agency (JICA).

" The Report presents the results of all the Study Phases from the Phase'l to VI

carried out during the Study period (August, 1994 - July, 1996) in accordance
with the flow chart of the Study shown in Fig. 1.1.

Background of the Study

© Of the national transportation system in Malaysia, road is the most dominant

transportation mode for both passenger and freight. The traffic survey in 1991
shows that road carried as high as 99.8% of total passengers and 98.5% of total
freight in the country and it is alse expected that in the next decade the role of
road will become increasingly important.

In an effort 1o improve the cfficiency of the road transportation of the country, the
Government of Malaysia (GOM) undertook the National Axle Load Study, Phase
I in 1986 to 1988 and which reporied that the loading capacily of bridges was
becoming a major constiaint due 1o the increasing number of heavy vehicles. To
cope with the aging of the bridges, GOM carried out the Bridge Rehabilitation
and Maintenance Study in 1992 by receiving the technical assistance of JICA.
The study pointed out various problems of the bridges and some of which came
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 rccommendation and the request of GOM, JICA
dispatched the scope-of-work mission in December, 1993 to confirm the outline
of the next study to GOM.

Thus, the JICA Study on the Standardization of Bridge Design in Malaysia was
started from August, 1994.

‘Objective of the Study

The main ot:jedives of the Study are:

(1) Preparation of standard bridge design,

(2) Development of computer aided design and’ drafting (CADD) sys{em for

standard bridge design, and

- (3) Preparation of manuals for bndge planmng, design, construciion and cost

eslimate.



1.4

Additional objective is the transfer of technology fo the Malaysian countcrpaﬂs
through the Study.

Scope of the Study

1.4.1 Bridge Type

The bridge type to deal with in the Study is limited to concrete beam bridges with
span length of up to 45 m but does nof cover steel bridges. Although the design
of superstructure is the primary objective of the Study, the design of subslruclure
will also be carried out for typical cases, partially by compulcnzed analysis.

1.4.2 Design Standard

1S

The design standard was discussed in the Technical and Steering Committee and
confirmed as follows:

(1) Design Standard
The British standard based on the limft state design theory was adopled in

line with JKR's usage. However JKR understood that the Japanese standard
could be used in arcas which are not covered by the British Standard.

(2) Design Load

The latest British loading specification, BD 37/88 was adopted according to
the load strengthening plan of JKR.

Schedule of the Study

The Study is divided into six phases and consists of the following study
components. The overall schedule of the Study is shown in Fig. 1.1 — Flow Chart
of the Study.

PhaseI  Data Colieclion and Survey

- (1) Review of standards and specifications

(2) Suivey on current practice of bridge design and COnSlruCllOB
(3) Bridge site survey
(4) Survey on computer use

Phasc 1t~ Selection of Bridge Types and Computer System
(5) Establishment of design slandardé and conditions

(6} . Selection of bridge types and span range
(7) Selection of computer systen '



1.6

1.7

Phase [Il  Development of Design Analysis System

(8) Defining of design analysis systeim
(9) Development of computer programine for design analysis

Phasc IV Development of Drawing Systein

(10)Defining of drawing system
(11)Development of computer programme for drawing

Phase V - Exccution of Standard Design Work and Preparation of Manua
(12)Execution of standard design analysis
(13)Exccution of standard drawings

{14)Preparation of manuals

Phase V1  Presentation of Design and Drawing System,
Preparation and Submission of Final Report

- (15) Preparation of draft final report

{16) Preparation of final report

- (17) Presentation of standard design and drawings

Organization for the Study

For smooth jmplementation of the Study, GOM sel up the Steering Committee
and under it the Technical Committee in the JKR headquarters. SKR designated
the Bridge Unit of Roads Branch as the counterpart agency to the Study Team and

assigned two counierpart engineers.

JICA organized the'Adn’lsi)r) ‘Comiliee 10 provide advice and guidance for the
“execution of the Study, and the Study Team comprises eleven Spccnahsls under

the Teain Leader.
The above organizations are illustrated in Fig. 1.2.
Major Activities

st Fiscal Year

24th Aug. 1994 : Technical Commitice meeting for Inccplioh Report and

* design standard,

25th Aug.  : Steering Commiltee meeling for Inception Report and design

standard {the Minules of Meeting in Appendix A).

26th Aug. " : Visit PC beam factory ~ Hume Industry.
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The Or:ganizalions are illusteated in Fig. 1.2,

Steering Comumitlee

Chairman :

Member :
Membm o
Member :

Membeér @

Member :

Dato’ §r. Chua Soon Poh
Director of Roads

Branch, JKRHQ.
Economic Pjaﬁning Unit
Ministry of Works -

Assl. Director, Bridge Unit
Engineer, Bridge Unit |
Engineer, Bridge Uﬁil

Japan Intemational

Cooperation Agency {JICA)

Sociat Development Study Division

| Technical Comumittee

Chairman :

Member :
Member :
Member :
Member :

Ir. Rohani Abdul Razak
Asst. Director, Road Branch
{r. Ismai} B. Mohd Taib

Mr. Amit Esmail

Mr. Zainuddin Jasmani

Ms. Normala Hassan

Counterparis

Engineer :
Engineer :
Engineer :
Engineer :

Engineer :

Engineer :

Mr. Amir Ismail

“Mr. Zainuddin Jasmani

Ms. Norsﬁala Hassan

Ms. Rozila Mal Senapi

Mr. Mohd. Fairuz bin Mohamad
Mr. Mohd. Yunos Ali

Coordinator : Mr. Y. Ikeda

Malaysia Office : Mr. Y. Yamamoto
JHICA Advisory Commitiee
Chairman i Mr. K. Nishikawa
Member:  Mr. Y. Inokuma
Member:  Mr. H. Hoashi

_HCA Study Team

Team Leader: Mr. L. Hisada

Dep. Team Leader (System Bngineer) :
Mr, H. Sakai
Dep. Team Leader (Bridge Engincer) :
_ Mr. H. Honda
Cost Estimation/Construction Planser :
Mr. T. Tokozumi

: Bridge Engineer : Mr T. Chujyo

Bridge Engineer : Mr. H. Takaura

liydro!ogyfl{i\’er Engineer :
Mr. T. Furukawa
System Design ;' Mr. C. Kanemitsy
System Design:  Mr. €. Ogiwara
System Desigﬁ (ngramming) :
Mt. H. Suzuki
System Design (Programming) :
Mr. T. Hanajima

Assistant M. K. Kataoka

" Fig. 1.2 Organization for the Study



1s-251h Sep.
5th--27th Oct.

25th Qect.

24th, 27th,
28th Oct.
& 3rd Nov.

4th & 15th Nov. :

22nd Nov.

2nd Fiscal Year

11th May, 1995 :

25th May
29th May
1st June

13_lh- June

28th June,
3rd & 41h July

Ath & 14th July

24th July

1st Aug.
4th Sep.

-2nd Oct.

12th-14th Oct.

Bridgc site survey frip to west and cast coasts of peninsular
Malaysia and Sabah/Sarawak. '

Discussion and exchanging ideas with Malaysian consultants
and contractors.

Visit PC pile factory = Petro-pipe~Daido.
Technical Committee mectings for design standard (design

load, combination of loads, grade/class of material, etc.)

Technical Commitiee meetings for Draft Progress Report.

Technical Committee meeting for technology transfer,
workshop and training of counterpart in Japan.

Technical Commillee meeting for explanation of Interira
Report (1).

: A sct of personal computers were procured by JICA and set

at the Study Team site office.

‘The Steering Comnjilteé for the Interim Report (1) (The
Minutes of Meeling in Appendix J).

- Two JKR cnginecré Were 'pos'led‘ to the Study Team for OIT

on the design of the sién’da’rd bridge.

Visiting sites of LRT, expansion joint and Middle 'Ring Road
projects

Technical Commitice meetings for substructure design.
Mecling with Alcom on proposed bridge hand rail.

Additional two JKR engincers were posted to the Team for
OJT on the design work.,

Two JKR draughtinen were posted to the Study Team for
OJT on the drawing work.

Dialogue with the loca} Manufacturers of precast beams.

Visiting PC beam factory and the Second Ring Road in Johor

1-6



Bahru,
23rd Nov. : Technical Commiltee meeting for the Interim Report (2}

24th Nov. : ‘The Steering Comunittec meeting for the Interim Report {2).
(The Minutes of Meeting in Appendix K)

27th Nov. :  One day Seminar for the Standardization of Bridge Design.
3rd Fiscal Year

271h-28th May, : Explanation and discussion on the Design Manual with JKR
1996 Bridge Unit

ist July ¢ Pre-technical committee meeting on Draft Final Report and
other related subjects

4th Suly : Fechnical Committec meeting for explanation of Draft Final
. Reports and the final seminar

Sth July : Steering Committee meeting for explanation of Draft Final
Reporis

8th July " : Signing ceremony of the Minutes of Meeting (Appendix L)

9th July : The seminar on the Standardization of Bridge Design in

Malaysia at Hotel Equatrial, K. L.






CHAPTER2  DATA COLLECTION AND SURVEY (PHASE D)

2.1

Review of Existing Standards and Specifications

2.1.1 General

2.2

Due 1o historical relation with United Kingdoni (UK), Malaysia has adopted the

‘British standards for bridge design and construction since the 1940's. - However,

in such condition of the bridges in the country in recent years as the accurnulation
of hlgh\xa) bndgcq and the number of hcavy vehicles have increased rapidiy,
there is a growing concern in JKR (Public Works Dcparimem) to set up the own
bridge loading specification reflecting the actual teaffic condition and foresceing
the future highway development of the country. Meanwhile, DID (Drainage and
Irrigation - Departiment) has recently started preparing a guideline of the
hydrological requirements for the bridge construction crossing rivers and canals.

The standards, specsﬁcahons, and guidelines of Malaysia for bridge p]anmng and
design were reviewed both of being in use and planned to adopi, and that became
the grounding in establishing the design standard for the Study.

Outline of Introduction of British Standards

The first introduction of the British standard in Malaysia was BS153 in 1945: that
was for the design of steel girder bridge and the standard introduced for the first
time the general idea of HA loading ~ equivalent uniformly distributed load with
a knife edge load. In 1954, BS153 added another live load concept of HB loading
for the passage of cxceptional industrial vebicles, but the application of HB
loading in Malaysia was not put into practice until the carly 1970's. The practice
of HB loading in Malaysia, seemed 10 be from around. 1972, was conditioned to
be guided along the center-line of the bridge deck with no other vehicles allowed
on the bridge, being different from the prachcc in UK.

For the design of foundations of bxi_dges, CP2004 was used:and the revised
edition, BS8(04 was put into practice from around 1980.

In the carly 1980's, JKR adopted BS5400 as an official standard for design and
construction of bridges. The BS5400 was a first comprehensive standard
published in 1978 in UK combining the design and construction of steel, concrete

-and composite bridges and specifications for loads, materials and workmanship.

It incorporated for the first time the idea of limit state design method, and made
modification on the live load specification i.e. (1) the intensity of HA loading was
reduced in the loaded length of less than 30m and vice versa for over 30m and (2)

variable spacing as introduccd 1o the inner axle spacing of HB loading.

BD 21/84 was introduced into Malaysia in the mid 1980's for the assessment of
highway bridges and structures. It increases the HA loading intensily for the span

‘range of less than 30m.



' The revised HA loading curb of BD21/84 was used as the basis of the Long Term
Axle Load (L'TAL) in the JKR's live load specification of 1590.

In 1988, the British live load specification was revised by BD37/88 taking into
account the results of the rescarch in UK since the loadings specified in BS153
and BS5400--Pari2 such as (1) there has been a significant increase in the number
of heavier vehicles, (2) the maximum weights of normal commercial vehicles
perinitted have increased, and (3) impact, overloading and lateral bunching were
revealed to influence the loading in the shorter span rangc hlghcr than what was
cnvisaged before.

2.1.3 Bridge Design Standards in Malaysia

As above outlined of the introduction of British Standards, the following latest

cdilions of the British Standards and their modifications are in use in Malaysia as

the general standards for design and construction of highway bridges:

(1) BS5400:

For design and construction of steel, concrete and composite bridges except
Scction 6 - Highway Bridge Live Loads of Pari2 (1978) -~ Specification for
Loads which is superseded with JKR Specification for Bridge Live Load
(1990). :

(2) JKR Specification for Bridge Live Load (1990):

Prepared by JKR based on BSS4OO Part 2, BD21I84 and National Axle Load
Study -~ Phase I. :

(3 BSSO{M:

For the design and construction of foundations.
(4) BS8110:

For the design and construction of concrete structure.
Besides the general standards mentioned above, many of other British industrial
standards for materials, tests and workmanship, some of which have already been
introduced into’ the Malaysian standards, are in use as well including the
followings, for examples:

BS4447:

Specnﬁcallon for the- pcrformanc-: of prcstreSSmg anchoragcs for post-—
tensioned construchon



BS4449:
Specification for carbon steel bars for the reinforcement of concrete,

BS4461:

Specification for cold worked stee} bats for the reinforcement of concrete,
BS4466:

Specification for bending dimensions and scheduling of bars for the
reinforcement for concrete,

BS4486:

Specification for hot rolled and processed high tensile alloy stecl bars for the
prestressing of concrete,

BS4757:

Specification for nincteen-wire steel standard for prestressed concrete, and so
on.

2.1.4 JKR Specification for Bridge Live Load

-The JKR Specification for Bridge Live Load was formulated in 1990 through the

review in the Bridge Loading Commitlee set up in the Bridge Unit of JKR of the
results of the National Axle Load Study (NALS), Phasc I'in 1986 to 1988. The
'NALS Phase I warned that insufficiént loading capacity of the bridges was
becoming a major constraint” of the road transportation in the country and
recommended to have own traffic loading specification to meet the traffic
condition and in accordance to the future road development plan of Malaysia.

The JKR live load specification was prepared in line with the general concept of
the highway bridge live toads of BS5400-Part 2 and taken into accourit the
revision of the HA loading curve in the shorter span range of less than 30m by
BD21/84, but did not take up a drastic change of the concept of BS5400-Part 2 to
coordinate with the long use of the British standards in the past in -Malaysia.
- However, instead of the HB loading .of BS5400-Part 2, the JKR live load
specification worded out the special vehicle loading consisting of a fractor and a
multi-axle trailer based on the past application records to JKR' of abnonmnal
- ve¢hicle passing.

. The main fgaiu;res of the JKR live load specification in comparison with BS5400-
- Part 2 are as follows: . :
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The JKR live load specification shall be applied in conjuncllon with all the
other parts of BS5400 except Section 6-Highway Bridge Live Load of
BS5400 Pari 2.

The limit of applicable loaded length of S0m was introduced based on the
fact that most bridges in Malaysia are not over S0m in span length, while
BS5400 Part 2 is applicable in longer span length.

‘The JKR live load consists of Lonig Term Axle Load (LTAL) as normal
loading and Special Vehicle (SV) load as abnormal loading being replaced
with the concept of HA and HB loadings of BS5400 Part 2 respectively.

Loads to be considered were specified as the selection of more severe effects
of either a) design LTAL toading or b) design SV loading controlled or ¢)
design SV loading uncontrolled combined with design LTAL loading. That
is, in addition tfo the selection of a) or ¢) as similar as stipulated similarly in
BS5400 Part 2, another sclection of b) was added.

Notional lane width was fixed 10 2.5m, while 835400 Part 2 takes variable

width accordmg to carriageway widths,

©)

LTAL loading consists of a Uniformly Distributed Load {(UDL) and a Knife
Edge Load (KEL), or of a Twin Wheel Load (TWL).

UDL was derived from the loading curve in BD21/84 modified to suit 2.5m
fixed lanc width. The cquallon of UDL and its loading curve is given in

Appendix C.

KEL per notional lane width was taken as 100 KN modified from 120 KN in
BS5400~-Part 2 to suit 2.5m fixed lane width.

TWL alternative to UDL and KEL was specified to apply two 112 KN wheel
loads spaced at 1.8 apart, each placed on the carriageway and disiributed
over a circular contact area of 360mm diameter, while BS5400-Part 2
specified a single wheel load of one 100 KN over a circular contact arca of
340mun diameter. :

(10)SV loading cohsisis of a ractor and a multi-axle irailer. The plan and axle

arrangement are shown in Appendix C. The weight and the dimensions of a
fractor arc constant with a-60 KN and two 120 KN axles. The length of
trailer and the number of trailer axles are variable depcndmg on to cause the
most severe effect in maximumn 20 axles, One unit per trailer axle load is
taken as 10 KN. :

(11)Sv le;{ding was specified to apply in twb-ways following the loads to be

considered mentioned above in the item (4) of this section.



(i} The Y loading controlled shall, under the load case b), be applied along
the center-line of the bridge carriageway with no other vehicles atlowed
on the bridge. The appropriate number of units of trailer axic load shall
be 20.

(ii) The SV loading uricontrolled shall, under the load case ¢), be applicd
together with the LTAL loading. The appropriate number of units of
trailer axle load shall be 7.  The configuration of the combined
application of SV and LTAL loadings, shown in Appendix C was
derived by simplifying the HA and HB loading combination method of
BSS5400-Part 2.

2.1.5 Hydrological Guidélinés and Regulations for Bridge Design

2.1.5.1 Guideline of JKR

JIKR has the guideline "Buku Panduan Rekabentuk Jambatan® fos planning and
designing of bridges formulated in 1985 mainly from the river hydrological view
points.

Major contents of the guideline arc as follows:

M)

&

&)

RO,

Runoff and Hydraulic Analyses

Both runoff for the cstimation of flood discharge and hydraulics to decide

flood water level and velocity, shall be analyzed by the method authorized by
DID. -

Design Discharge

100 year probability flood is adopted for the estimation of design discharge
of river and drainage channel. 50 years is adopted for the design discharge of
culvert.

Bridge Opening

Thcfc is a provision of freeboard between HWL (high water level) and soffi
of bridge beam to be taken as 0.3 to L.O m.

Abutments and Piers

For abulments acling as retaining walls against approaching embankment of

- bridges, they shall be buiit with enough safety to current of flood.

Piers in rivers shall not affect flood flow adverscly. Solid wall pier is the
" most favorable for it either traps drifting logs nor causes local scouring.
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Bank Protection

Bank protection shall be provided around abutments where scouring is
anticipated.

2.1.5.2 Guideline of DID

_DID is responsible for river planning and implememaiion of flood contro). At
present, DID is in preparation of a guideline of the hydrological requirements for
the bridge construction across rivers, drainage channels and canals.

Major points of the guideline are as follows:

L
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Hydrological Check for Bridge Design

Preceding construction of bridge, the plan and design of the bridge shall be
examined from the hydrological view point and approved by State DID.

Direction of Bridge

Bridges shall be so planned as to cross river flow in perpendicular but shall
not be planned in skew angle as much as possible.

Design Dischargc

The following return periods are recommended for the estimation of design

discharge: -

1) Ri#’cts in Urban area L 100 year
2) Rivers in rural area ' . 50 year
3) Drainage channels 20 year
4) Sewerage (including culverts) in residential arca 2-3 year
5) Sewerage culverts across main roads 25 year
Bridgc Opening

Abutments shall not be located inside of water way of river or drainage.

Freeboard between HWL. and soffit of bridge beam is considered to take
0.6m for the rivers in rural arca and 1.0m in urban area..

Abutments and Piers
The location of abutments is specified as above in (4).

In bridge planning, it is required to minimize the number of picrs inside of
river as much as possible. The shape of pier shall be so design as to
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“minimize resistance and disturbance to river flow. Along with that, oval-

shape is recommendable.

Foundations of abutments and piers shall be cmbedded below river bed
decper than estimated scouring level with appropriate allowance.

2.1.53 River and Water Regulations

The following existing river and water regulations in Malaysia seem to be
involved for the planning and designing of bridges across rivers and waters:

1

)

Water Act-1920

Section S of Caption 146-Control of Rivers and Streams stipulated in 1989
prohibits any activities affecting rivers such as falling of any tree into river,
obstructing or interfering with any river, building any bridge, jcity or landing
stage over or beside any river (width more than 20 feet) except undér a
license. Water Act-1920 or its similar enactmient is put into effect in most of
the states in Peninsular Malaysia.

Sarawak Land Code

Caption 81 stipulates that the Stafe has sole propetty in rivers, streams, lakes
and water courses,

(3) The Sabah Land Ordinance

- Caption 68 stipulates that the State has sole pmpcny in rivers.



22 Current Practice of Bridge Design and Construction in Malaysia
2.2.1 General

The current practice of the bridge design and construction in Malaysia were
studicd such as ih planning and construction planning for bridge construction.

The information sumimarized here was obtained from the discussions with JKR,
local consultants and contractors, and from the surveys of construction sites and
concrete factorics.

2.2.2 Bridge Design
2.2.2.1 Bridge Plannitig

When a bridge proposat was drawn up, all necessary data for bridge planning
including topographic, geological and hydrological surveys as well as geometric
conditions were collected by the hands of States JKR ¢ngincers. In this stage,
technical judgments made by the State engineers in charge were very important to
take or 1o reject the data into future design work.

Recently, it became an obligation for the bridges of crossing rivers or channéls to
obtain the approvals of DID. The bridge design shall be examined hydrologically
along the guideline of DID such as of location of abutments and piers, frecboard
an HWL, from direction of piers, ete. The draft guideline has been completed 1o
start applying from new bridge designs.

On public utility- fixtures it is a basic concept that attachment of utilities to

structures is not preferred and is prohibited from the view points of safety of

gslmclurc and other publics and also of an acsthetical consideration. - Only
“exception may be granted with approva! from the Heddquancrs

~ Geomelric design of bridge is based on "the Guide on Gcomciuc Design of Roads
of JKR".

2.2.2.2 Bridge Design

Bridge design work for the federal routes in Malaysia is generally carried out by
the Bridge Unit of KR or by the Consultants appointed by the department.

“The Bridge Uniton average carry out the design of about 40 bridges annually.
2,2.2.3 Standard Drawings of JKR

JKR owns standard drawings (lukisan—lukisan Tipikal Dan Piawai Untuk Projek
Jambatan) for the following beams, abutments and pites:



W

Beams

~  Pre-tensioned inverted T-beam (span length of 12.5m, 14.93m, 16.76m
and 18.9m)

-~ Post-tensioned I-beam (span length of 25m and 31.24m)

(2) Abutments (bank-seat type, width RS (13m), H=2m and 2.15m with \\;ing

S

walls)

—  For Inveited T-beam (12.5m span length)

- For Inverted T-beam (14.93m span length)

—  For Inverted T-beam (16.76m, span length)
Type I for RC square pile
Type 11 for PC spun pile

Piles

- RCsquare pile (250 x 250mm - 400 x 400mm)

—  PCspun pile (Diameter 350mm - TObmnl)

—  Steel pipe pile (Diameter 570mm and 750mm)

—-  'H'universal bearing pile

2.2.2.4 Details for Bridge Design

For design details JKR has their own design manual (Buku Panduan’ Rekabentuk
Jambatan 1985) which explains design method, design procedure and sample
design calculations in accordance with BS153 or BS5400.

)

)

Influence of Earthquake

In Malaysia, carthquake force is not considered to the ordinary bridge designs
except tor the design of special bridges like channel bridge.

Soil Investigation

Disturbed sampling is sometimes practiced for bridge design, but undisturbed

- sampling is seldom carried out.

* Standard p’cnelration:tcsl {SPT) is carried out according to BS1377. The
~ valie of the SPT is similar to that used in Japan. '

Also vane shearing test (VST) is often carricd out ilj soft ground.
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In laboratory, triaxial compression test is carricd out more than unconfined
compression test,

(3) Raked Piles

In Malaysia, p)les are gencrally designed for vertical load only but hon;rontal
- force to pile is not considered. To resist horizontal force, raked piles are
~ always adopted in abutments and piers. Bearing force of pifes in JKR are
estimated based on the N-values of SPT lest. - Gearing force of piles ‘is
eslimated by skin friction and point bearing support according to the
Meyerhof formula.

The safety factor of bearing force of a pile is taken as 2.5 for point bearing
piles and 2.0 for friction piles in JKR.

(4) Earth Pressure

'Earth pressure against abutment is estimated by the earth pressure at rest (K0)
of 0.50 in JKR, Although the value KO is greater than the aclive earth
pressure (Ka). Ka is usually used for the stability analysis of inverted T-type
abutment in UK arid Japan.

2.2.2.5 Construction Consideration

It is favorable to take account of construction method from the design stage.
However, it is difficult for design engincers o consider the construction method
in their design works because the construction method is generally the choice of
conlractors after contract in Malaysia.

2.2.3 Construction Materials and Precast Concrete Products

The ‘information of construction materials and precast concrete producls are
mainly obtained from JKR and precast concrete factories in Malaysia,

2.2.3.1 Construction Materials

Raw and manufactured materials are produced or manufactured in accordance
with MS complying to BS Code.: The main construction materials of cement,
reinforcing bars, prestressing tendons and timber are hundred percent supplied in
Malaysia. These are adequate for current needs. Other materials like elastometric
bearing, guard rail/hand rail, steel angle/channel, steel form, pipe scaffolding are
alsp manufactured locally. Heavy steel productions like steel pipe pile, sheet pile
and H-section pife have been recently manufactured in Malaysia,

Four kinds of Portland Cement like ordinary, ordinary rapid ha‘rdenihg, moderate

sulphate resisting and sulphate resisting cement are manufactured.  Granite
crashed coasse aggregate with maximunt size of 20mm and fine aggregate graded
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size of Smam down from river sand or washed mining sand are normally used for
concrete struclures in Peninsula. On the other hand, the qualily of sandstone
coarse aggregate in the states of Sabah and Sarawak is not hard esiough for high
strength prestressed concrete.  The ready-mixed concrete of grades 15 to 50
(50N/mm? at 28 days strength) are available in the major cities of Peninsula.

Mild steel round bar (250N/mm? yield stress) and high yicld deformed bar
(460N/mm? yield stress) of size range 8mm to 32min with 12m standard length
are manufactured for the use of concrete structures. For use of post-tensioning,
VSL., Freyssinel and BBRV -anchorages arc available according to user’s
requirement.

2.2.3.2 Precast Conerete Products
¢} Pre-tensioned Prestressed Concrete Beam

The pre-tensioned prestressed concrete beams are manufactured by two
companies whose faclories are located in the major cities of Peninsula. Three
types of beams are designed and manufactured in accordance with BS5400
(stecl, concicte and composite bridge 1984) and they are widely used
throughout Peninsula, as follows:

- M-Beams (for spans from 16 to 29m)

These beams were developed by the C&CA (Cement & Concrele
Association), UK. The beams are laid at 1.Gin center.

‘= I-Beam (for spans from 18.3 to 27.4m)

These beams were developed by the C&CA, UK. They are spaczd at
1.5 center and constructed with diaphragm beams. '

- Inverted T-Beam (for spans from 5.5 16 19.3m)

These beams were developed by PCDG  (Prestressed  Concrele
Development Group), UK. These beams are spaced at 508mm center.

Required concrete cube compressive strength of beams are between 45 and -
SON/mm? at 28 days and prestressing strand of 7 - 12.9mm (1860N/mm?
yield stress) is used. Beams are cured by covering and maintaining them ina -
wét condition by the application of low pressure sleam unti] the specified
cube strength is reached.

(2) Precast Concrete Pile
- Prestressed spun concerele piles and reinforced square cross section piles are

manufactured by several companies whose factories are located in the major
cities of Peninsular and are widely used for the construction projects. These

211



piles are designed and manufactused in accordance with BS and MS code.

Prestressed spun concrete pies are joined on site to form piles of various
required lengths and come in diameters of 250mm to 800mm and in length of
6m to 18m. Presiressed spun piles arc precast product manufactured by a
centrifugal compactness process. The use of steam curing allows the piles to
achieve the necessary strength faster; compréssive concrele cube strength
- reaches SON/inm? at 28 days. Generally the piles can be driven after 14 days.
One of the pile conipany products prestressed spun pilés are ‘applied with
autoclave curing processing which produced cohcrete compressive strength of -
80N/mm? within 1 day of casting.

Precast reinforced concrete piles with square cross section are manufactured
in sizes ranging from 150mm to 400mm square and joined on site 1o form
piles of required length with the use of plate welded joint. Minimum pile
_concrete cube strength is 45N/mn? at 28 days.

(3) Quality Contra!l in Factory

The major precast concrete production factories have been awarded the I1SO
9002 certified by the Standards and Industrial Research Institule of Malaysia
(SIRIM). . Quality control procedures, including the regular testing and
inspections are carried out continuously by the relevant MS and BS Codes of
Practices and Quality Assurance System (ISO 9002).

2.2.4 Construction Method

The information of current bridge construction methods, the launching of precast

conerete beams and construction of piling are mainly obtained from JKR and the

local/foreign contractors.  In addition,- ficld survey was conducted at several
- existing bridge sites and at a few construction sites.

(1) Centractors

The various types of contractors usually involved on construction projects
are: main contractor, special contractors/mominated sub-contractors and
labour sub-contractors. The nominated sub--confractors concerning bridge
construction are piling sub-contractors and prestressing sub-contractors.

The use of heavy construction equipment procuring’ from overseas have
become popular particularly in the big cities. Bull-dozers, traclors, pile
driving for precast and cast-in-silu, track cranes, crawler cranes elc. are
quite commonly used. The contractor can ecither rent or lease particular
equipment of sheet pile/tl-section pile for teinporary works from the
equipment leasing companies. o
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Typical Type of JKR Bridge

The relatively new bridge construction and replacement for short and middle
spans in the late 1980's and the carly 1990's arc commonly precast prestressed
concrete beams which are supported on the pile~bent type picrs and the bank
seat type abutments with prestressed spun piles or steel piles forming 1:5 to
1:4 rake in Peninsula, whereas, in Sabah and Sarawak the imported rolled
steel I-beams composited with reinforced concrete slab have been usually
constructed because of poor quality of sandstone. These beams are supported
on the pile bent type piers and the bank seat type abutments with steel piles or
precast reinforced concrete piles.

Launching of Precast Prestrossed Concrete Beams

Most of the precast prestressed concrete beams with lengths of up to 30m are
lifted and launcheéd by a single fruck cranc or two truck cranes depending on
the weight of beams and site conditions. Truck cranes with the lifting
capacities of 15 ~ 50tons are commonly used for handling and placing precast
beams.  Big truck: cranes with the lifting capacities of 68 ~ 150ions are

“available but there are a very limited number of these particular cranes in

Malaysia at the present time.

Launching method by the specialized launching girder is applied especially
for the multi-span bridge with 20m to 40m span length.

Pile Driving

Prestressed spun concrete piles are regularly used for JKR projecis because
the advantages over precast reinforced concrele piles are the large bearing
capacity for the same section, large bending capacity and high durability due
to great density of the concrete. Steel pipe piles are especially uscd at either
deep depth of river water or deep penctration to reach a bearing stratum, oy
hard soil layer in between ground and bearing stiatum.

Diescl hammers are commonly used for the driving of precast piles becanse

© this method is very advantlageous e.g. the equipment is relatively simple, the

&)

construction speed is high, the materials are reliable, and the bearing capacity
can be confirmed. Héwever, they are becoming difficult to use in urban
arcas as this method generates noise and vibration.

Bored and Cast-in--Place Piles

" Bored cast-in—place piles are rormally constructed in locations whege noise

and vibrations are resiricted i.e. in urban arcas or large scale bridge
foundations. Micropiles are classificd as small diameter (less than 300mm)
bores cast-in=-silu piles which are the desirable foundation in fracturcd rocks
where the cracks/fractures can be grouted at the same as the grouting of the
micropiles. Thercfore, these piles are usually used for the ground of lime
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stone stratui.
(G) Expansion Joint

The most common type of joints are the buried joints for shoit span bridges
and applicd either elastometric joint on sliding steel plate joint for middle
span bridges. The finger type joint is also applied mainly for long span
bridges. _ :

Asphaltic plug type joint (thorma joini} has been recently employed for the
middle span bridges. This type gives a more comforlablc ndc and low noise
level which is particularly used in urban area.

(7) Bank Protection

The river bank protections around the abutments are mostly made by grouted
rip-rap with fooling of wiremesh stone gabion or dumped stone. However,
the shallow footing or insufficient length of bank profection allows local
scouring thus affecting the stability of abutments. The retaining walls for the
over bridges in urban area are commonty constructed by the Reinforced Earth
method (Teire Armee method).
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2.3 ' Bridge Site Survey

2.3.1 General

Br‘idgc site survey was carried out to obtaiii general views on the existing bridges
in Malaysia and that would help the Study understand actually what type of and
how standard ‘bridge desngns were required in the particular environment of the
country.

M

Survey Area

The survey was planned to cover major representative areas in the geography
and the road network of Malaysia.

The west coast of Peninsula Malaysia north and southward from Kuala
Lumpur was indispensable as the area where the most populaled,
industrialized and developed of road network in the country, as well as there
were expected to sce the geological problems of irregular spreed of limestone
from the north of Kuala Lumpur to and soft alluvial deposits along the
coaslal plains southward.

Secondly, the cast coast of the nosth half peninsula was chosen to sce the
influences of the monsoon and the ocean currents from South China Sea.

~ Along the trans—peninsular route of Kuala Lumpur to Kuantan, the bridges

(2

siteated in mountainous terrain could be surveyed.

The last was Sabah and Sarawak. The two states, as they were for apart from
Peninsula, were also indispensable to study their characteristics of natural
conditions, road and bridge constructions, administration system, and so on."
It was a great intérest to know if there were specific pmblems to the Stafes in
br[dgc construction in particular.

Bridges Surveyed

Candidale bridges were picked up in advance from the bridge inventory of
JKR adjusting to the survey schedule in each area chosen. The bridges were
picked up s0 as to represent various aspects of the bridges large ri\ ers, single
and multi-span;, poor and good rating of soundness, and so on.” However,
during the survey, some bridges were changed and added dcpcndmg on the
itinerary and by the recommendations of each State JKR.  For Sabah and
Sarawak, no bridge list could be prepared before, so, the survey there was
carried out by the arrangement of the both states JKR.

A total of a little over 100 bridges were actually survéyed: 41 in the west
-coast of Peninsula, 34 along the trans—peninsular toute and in the cast coast,

and 28 in Sabah and Sarawak. The itinerary and the bridge list surveyed arc
aftached in Appcndlx togclhcf with the field reports.



{3) Method of Sufvcy

The survey team, consisting of team leader, threc bridge specialists (two for
bridge structures and one for geological condition), a hydrology specialist
and a JKR counterpart engincer, moved as a group and the state JKR officers
joined the team in cach area. :

A bridge sitc was totally surﬂreycd by di\'iding the job among the specialist
into superstructure, substructure, geological and hydrological conditions.
The survey was carried out in general on the following points:

1) General Data (to confirm the bridgc inventory)

~  Bridge name, No., and location.

~  Year of construction and loading specification.
- — Total and span lengths.

- Bridge and carriageway widihs.

-~ Types of super and substructures.

-~ Normal or skew angle.
Traffic load restriction or not.

2) Problem of Superstructure

- Problem, bridge rails, expansion joints and drains,
- Main beams, cross beams, and deck slab.
~  Bearings.

:3) Problem of Substructure

—  Abutments.
- Piers.

4) Geological Problem

- Ground scitlement.
~  Approach road embankment.

5) Hydrological Problem

- River course, slralght of curve, o

~  Bridge dircction, normat or skew to river.

- Width and height of undcr~bridgc opening, and frccboard on HWL.
- Type of pier and abutinént steucture, wall or pile bent,

- Direction of pier and abutment, parallel or skew to water flow.

—  pier location and ratio of total pier widihs to river width.

- Embedding of fooling.

- Scour protection around pier and abutment.

- Location of abulment, out'or inside of water way.
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= Bank protection adjacent to abutment.

The results were recorded on the preformed bridge survey sheet with
photographs per bridge. A sample of the sheet was attached in Appendix.
Besides, the information of the state JKR staff and from the local people
obtained during the survey was another good source to know the
problems of the bridges deeper, stch as the of past repair and
reconstruction, constriction method, past flood damage and water level,
elc. '

Results

The field reports for the resulls of the suivey prepared by the bridge and
hydrology specialists were attached in Appendix D. The bridge survey sheets
with phofographs werc compiled separately from this Reporl and were
subimilted to JKR.

The findings and recommeéndations obtained though the survey were
summatized in the sections 2.3.2 and 2.3.3 hereinafter.

2.3.2 Summary of Bridge Survey

(1)

@)

Typical Bridges in Malaysia

In Peninsula M3135 sia, most were concrete bridges. In particular precast PC
beam bridges in span length not over 30m were dominant but steel bridge

~was very few seen except for some historic bridges.

Also in the Peninsula particularly along the west coast, many old RC beam
bridges were still in service although they were aged, narrow of carnagc way
and inadequate of load carrying capacity.” These old bridges were going to be
replaced with wider and longer PC beam bridges.

In Sabah and Sarawak, stecl bridges have been construcied more than
concrele bridges. At small to medium river crossings, rolled steel I-beam or
welded steel plate girder bridges were often used like precast PC beam
bridges in Peninsula.

However, in Sarawak, at large tiver crossings where large navigation
clearance was required near to sca, large-scale PC cantilever or segmental
box girder bridges were observed.  They were comparatively recent
constructions of the late 1980's or the 1990's and based on individual designs.

Application of JKR Standard PC Beams

The JKR recent standard designs of M~beam, I-beam and inverted T-beam
weére widely seen at the comparatively new constructions of the 1980'3 and

" the 90's in Peninsula,



(3}

4)

)

(6)

However, the application of the standard beams at some bridges were nol
adequate: the spacings of the beams at many bridges were t00 conscrvative
and less than the standard spacings.

Cross Beams

Sonie bridges did not have a cross beam at the middle of span but certain
bridges had. Although the main function of cross beams was to distribute
loads among longitudinal beams, it was very difficult to explain clearly why
cross beams were and weren’t designed. There were many examples both of
with and withoult cross beams.

For designing precast PC bean bridges, attention is lo be given to the
{ransverse integration of miain beams. In the Study it will be carefully
considered as the minimum requirement of transversal rigidness to integrate
inain beams.

Beamn Coupling

To climinate expansion joints, the beam coupling method was adopted in
several multi-span PC beam bridges, The joint gaps between neighboring
beams on pier were integrated in longitudinal direction by filling concrete so
as 1o consfruct deck slab conlinuously after simple beamis were erected
individually. Beam coupling was often seen at the relatively recent
conslructions of PC post-tension beam bridges both in the Peninsula and
Sabah/Sarawak.

'_ The beam coupling method will bc.siudicd further and adopted in the Study.

: Pile-bent Pier and Abutment

Most piers and abutments surveyed were pile-bent structure even that of
importan! bridges crossing large rivers. The construction of pile-benis o
drive piles and then cast a pile cap above water level was much easier than {o
embed a fooling into river bed which should involve costly and difficult
cofferdamn work specially in deep water.  However, careful attention should
be paid to the change of river bed by scouring which would undermine the
stability of piers.

For hydrological and slability problem the pile-bent structure will not be
adopted in the Study. Instead, wall type structure with embedded fooling is
to be adopted.

Salt Water Damages

Sait damage was scen along the cast coast on piers and abutments rather than
superstruclures.
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The columns and piles near on the tidal level were severely damaged by salt
water, However, the damages of PC beams by sea brecze were not seen both
in the Peninsula and Sabah/Sarawak.

Settlement of Embankment
The west coast of Johor along the national road Route 5 is covered with soft
marine alluvial deposits resulting to the settlement of embankment behind

abutment and the sinking of slope protection which were seén here and there.

The installation ‘of approach stab will be considered in the Study. In

- connection with this, however, the construction method and backfill material

behind abutment is also needed to be considered in a specification.
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2.3.3 Smnmary of Bridge Hydrology Survey

(1)

)

&)

(@)

®

(6)

River Course and Bridge Direction

- There were many bridge crossing rivers at curved reach and with skew
angle. Moreover, bank protections were not provided sufficiently
adjacent to abutments.

Under--bridge Opening

~  There were many bridges which had insufficient undei-bridge opening:
some abutments were located inside of water way. = That secmed to
narrow flood flow and cause severe erosion and scouring around bridges.

Structure and Direction of Piers

—~  Most piers supporting short span bridges were pile bent structures. Some
picrs supporting long span bridges ai large rivers had pile caps or
footings but they were constructed above water.

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

Location and Direction of Abutments
- There were many abulments Jocated inside of _wélc: way. Most

abutments werc pile bent structures and some were situated skew to
- water flow.” That would cause erosion and scouring at abutments.

'Bank Protection around Bridge

- Bank proteclions were not pm\'id.ed sufficiently’ at many -bridge sites.
There were many bank erosion problemns observed particularly in Sabah
and Sarawak.

Obstacles under Bridges

Some piers and abutments were damaged by drifting logs. Ol pier and
abutment concretes remained under new bridge. Such drifting logs or
concrefe remains under bridge would block flood flow and threaten the safety
of bridges.



2.4 Cowmputer Use for Bridge Design in Malaysia

2.4.1 General

In Malaysia, computers have come into wide use in the business world. Personal
computers of world major brands are available al computer shops in Kuala
Lumpur and many computer magazines at book stores.

For engineering use, most hardwares aré product of the United States but the
softwares from the Uniled Kingdom are widely used in Malaysia. The computer
use for bridge design has been practiced in the JKR Bridge Unit and in local
consultants by using personal computers and programmes available in the market.

2.4.2 Computer use in JKR Bridge Unit

Each c_nginccr and draftman _ is equipped with a personal computer for his
exclusive use. These machines are interconnected by LAN system. On every
floor of the Bridge Unit there is a plotter.

These computers were used mainly for documentation, structural analysis and
data preparation. Nowadays, all drawings were prepared by drawing progranimes
and plolting machines. All the softwares the Bridge Unit owns are available in’
the market in Kuala Lumpur including the programmes from structural analysis to
drawing systcm. Even the topographic map was being prepared by drawing
programirie.

2.4.3 Computer Use in Consultants

Local consultants also have used computers for bridge design mainly for design -

analysis.

Among many application programmes they have for bridge design, the followings
are the bridge analysis programmes which are recently most used in Malaysia.



Table 2.1 Computer Software Used by Bridge Consultants in Mealaysia

Programme [0S Supplier Object .
Superstress  [Windows INTEGER  |Plane tiuss, Plane frame, Plane girder,
(Structural [(UK) Space truss and Space frame
Engineering
System) . » .
GTSTRUDL {MS DOS 6.2 |QE DESIGN {General 3D analysis, FEM analysis
AEGIS- PTE Lud. -
-|DOMAIN  [(Singapore)
o o3 - : .
[AIT _ - Pile design
STAAD 3  |MSDOS 6.2 |Ceanet Sdn. |Analysis/design
Bhd.
; (Malaysia) _ - _
LUCAS MS DOS FEA Ltd,  |Analysis of deck slab, beam, capping -
{(UK) beam, frame (3D & 2D), plate, ctc.
PILE 3D MS DOS In-house - |Analysis for forces and displacements
. ' for a 3-dimensional pile group
Other
In-house
- |Programme
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CHAPTER3  SELECTION OF STANDARD BRIDGE TYPE
AND COMPUTER SYSTEM (PHASE )

3.1 Establishinent of Design Standards and Conditions
3.1.1 General

Determination of design criteria and deign condition were made based on the
survey described in the Scction 2.1 on this report, the discussion on the Technical
Committee and the agreement in thie Steering Commiittee Meeting.

Design criteria are the basic elements applied to carcy out standard design, and
design conditions are the agreed details that are necessary in implementing the
design in detail.

In this chapter design standards, design criteria, and design conditions for design
of standardized bridge in this study were determined.

3.1.2 Design Standards

The design standards to be applicd in this Study arc based on the British
Standard's "Limit State Design Mcthod” and the design live load to be applicd is
based on BD37/88, which werc agreed upon as recorded in the Minutes of
Meeting at the Steering Committée meeting held on 25th August 1994.

Other loads to be applied, besides the above-mentioned design live load, were
also discussed at a series of the Technical Commitlee mecting held and
determined to apply BD37/88 on 24th October 1994 (Reference: Appendix F).

Therefore, the standards to be applicd in this Study are as foltows: *

Bridge Design Standard BS35400

Design Load Standard BD37/88

Foundation Design Standard BS8004

Geometrical Structure Standard A Guide on Geonietric Design of Roads,
JKR

Howevecr, in instances whereby il is impossible to comply with the above-
mentioned standard, it was also agieed to adopt Japanese design standard.

3.1.3 Design Condilions
~The design conditions were established to attain standard designs in consideration
of simplicity, cleamess, safel} and easiness in appllcahon and management of the

design by a wide range of engineers.

After thorough discussion al the Technical ‘Commillee meeting, the major
“decisions were made as follows:



3.1.3.1 Method of Design Analysis
Elastic method of analysis beam theory shall be used in the design.

3.1.3.2 Width Composition
A bridge width of 13 meires for RS/U5 and 11 metres for R3IU3 has been decided
upon respectively, but an improvément in type of parapct and kerb stones will be
decided upon pending further investigation. :

3.1.3.3 Material to be Used

) Giade of concrete

Reinforced Concrete Beamn : ~ Grade 40
Pretension Concrete Beam : Grade 50
Postiensioned Concrete Beam Grade 50
Substructure : Grade 40
RC File : Grade 40
Bore Pile : Grade 30
PCPile : Grade 60
(2) Reinforcement bar : Y460, R250

(3) PCStecl

- Basically T12.7 and T15.2 will be used. But a design was carried oul by
using the dimensions of the material normally used in Mataysia.

- 3.1.3.4 Load to be Considered

(1) Design load

Material Unit Weight ( KN/n3)
Steel, Cast Steel, Forged Steel 78.5
-Reinforced and Precast Concrete ' 25.0
~Mass Concrete 235
Premix Pavement ' 23.0
Cover Soil 19.0
Walter 10.0

- (2) Supcrinﬁposcd dead load
The crossfall of the bridge shall be 2.5% and the thickness of premix shall be

miniimum constant 1=60mm on the plain concrete of adjusting the crosstall so
that the beam shall be setin a true vertical position.
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(4)

)

©)

N

The load by water—pipe and light post shall be ignored.
Live load

“The number of notional lanes shall be 4 lanes for both R5/US and R3/U3. A
nominal live loading and its application shall comply with regulation
BD37/88.

Collision load

The collision load shall not be applied for the design of superstructure biut
only for piers. The bridge over the road shall maintain a clearance of more
than 5.7 metres.

The vehicle collision load shall be considered in accordance with Clause 6.8
of BD37/88.

Prestressing force

The design shall basically comply with regulation BS5400 by using the
dimensions of the material normally used in Malaysia, but in the case of
_post-tension beam, the design plan shall be planned in such a wianner that the
beam will be stressed on two stages — at the time of manufacture and after
transportation but before construction.

Effccts of shrinkagc and creep

The design shall comply with CEB manual. The hmnidity to be considered
in the design shall be taken as 80% from the meteorological data studies. .

Wind load

Based on metcorological data, the mean hourly wind gust speed shall be 40
metres per second. It shall be applied to the transversal direction of
superstructure and substructure. However, the wind load was ignored for the
superstructure design because the influence was not a major factor compared
to other loads.

(S)V Temperature

- (i) Temperature change

Temperature change shall be considered for the design of bearing,
expansion joint and substructure, and the magnitude shall be 20 degrees.



{ii) Temperature difference

Design for superstructure shall be carried out in consideration of the
temperature difference in accordance with BS5400. But the teinperature
difference was ignored, because its influence was not a major factor
compared to the other loads in determining the structural material.

), Earth pressure

The calculation of active carth pressure working on the abutments shall be
carried out in accordance with the Coulomb's equation. No consideration of
the resistance by passive carth pressure working on the abutment shall be
estimated. -

(10) Longitudinal load

More severe longitudinal load resulting cither fromi HA or HB due to traction
of breaking shall be taken. This force acts at one notional lane and parallel to
road traffic.

(11)Accidental load due to skidding

The accidental load due to skidding shall be considered for the design of picts,
acling in any direction on and parallel 1o the surface of road in accordance
with 6.11 of BD37/88.

(12} Effects of stream, curcent and floating diift wood

Since this is not specified by BS5400, the design shall comply with Jépancsc
design criteria, which takes into consideration of the collision force carried
* by floating logs.

' 3.1.3.5 Combination of Loading and Design Classification

Described below are the loading combination and the design limitation
classifications determined to be applied for the design of reinforced concrete and
prestressed concrete under Scrviccability Limit State (SLS).

Design crack width is applied for design of reinforced concrete members and
Timitation of tensile stress {Class 1, Lel & Class 2, Le2 of BS5400) is applied for
design of prestressed concrete member.

(1) Class 1 under load combination 1

(2) Class 2 under load combination 2 to 3 :
(3) Design crack width for reinforced concrete beam @ 0.25mm
(4) Design crack width for slab : 0.15mm
(5) Design crack width for substructure : 0.25min



3.1.3.6 Detailing
Required minimuni concrete coverage for reinforcement bars and the minimum
ratio of reinforcement bar to concrete for cach structural members shall be

considercd as shown below,

(1) Cover for reinforcement bars

(i) Girder : S0mm
(ii) Slab : SOinm
(iil) Abutment and walls ~ : 50mm
(iv) Piers ' : 50mm
- {v) Fooling : 70mm
(vi) Piles : 70min

(2) Minimum percentage of reinforcément bars

(i) Slabs and beams 2 0.15%

(ii) Columns : 1.0% or 0.15N/fy

(iii) Walls + 0.4%

(iv) For témpcrature ¢ As>Kr(Ac-0.5Acor)

3.1.3.7 Stability Analysis of Foundation

Stabilily analysis of spread and piled foundation shall be made as descsived below,

(1) Spread foundation
The design shall be carried out in accordance with BS5400 and BS8004.

(2) Piled foundation
The BS5400 and BS8004 do nof specify the dcsign-method for anal}*sis of
piled foundation. The displacement method which is commonly used in
Japan shall be adopted.

3.1.3.8 Structural Design of Substructure

The structural désign of each component of substruclures shall be basically
carried out in accordance with BS5400.
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Since the actual procedure to obtain secilona! forces of parapet wall, wing wall.
and approach slab are not described in BS5400, the forces, therefore, shall be
calculated with applicable JS with modification.

3.2 Selection of Standard Bridge Types and Span Range
3.2.1 General

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

They arc composed of the five types as indicated in the Minutes of Meeting on the
Scope of Work (26th January, 1994) and the other five types which were selected
from the result of the visual inspeclion survey on the representative existing
bridges.

- The preliminary design was conducted from the view point of structural
characteristics which be clarified by the result of désign calculations.

The preliminary design was carricd out in the following manner.

(i) classification of the comparative bridge tj'pes by span range,

| (i) assumption of limited scope of design condition, i.c. span, width,
combination of loadmg, design cross seclion, for the purpose of preliminary

design,

(iiiy detenmination of the calculation method of cross sectional forces, mainly for
the distribution of the live load,

(iv) design calculation.

The comparative study was conducted from the view point of cconomy,

construction difficulties, maintenance, rehabilitation, current practice in Malaysia

and so on.

The comparalivc study was carried out in the following manner.

() for cconomic evaluation of each fype, a prehmmar) cost calculation was
made based on the calculated material quantities and lhc conslructlon unit

prices which were previously surveyed.

(i) in addition to the above, construction difficultics, maintenance, repair and
general practices in Malaysia were considered in the evalualion. :

Based on the rcsul!s of prchmmary design and comparatuc study, standard bndge
types were selecled in consideration of effcchve ulifization in future.
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However, a general comparative study was conducted for substructure and
foundation and continvous bridge without preliminary design process.

The word here, "selected bridge types” mecans that the objective bridge types for
preliminary design and comparative study, and "standard bridge types” refers the
bridge types determined finally for standard design.
In this sections, above mcntioned Preliminary Design (3.2.2) Comparative Study
(3.2.3), Span Range (3.2.5) and also Standard Types and Design Range for
Subslructure and Foundation are described more in detail.
3.2.2 Prellminary Design for Selecled Bridge Types
3.2.2.1 Categorization of Selected Bridge Types for Preliminary Desngn
In accordarice with a span range, cach struclure type was categorized into
‘different groups as shown below. After that, preliminary designs were carried out
based on the representative span lengih of each group.
Group 1 : (Span range: Sm - lﬂrh)
(1) Reinforced monolithic concrete stab & T beam
(2) Reinforced concrete solid slab
(3) Pretensioned concrele solid slab
Group 2 : (Span range: 10m - 25m)
(1) : Pretensioned concrete mvcrtcd T beam
(2) Steel I beam
(3) Pretensioned concrete hollow slab
(4) Pretensioned concrete T beam

Group 3 : (Span range: 25m - 35m)

(1) Posttensioned concrete live load composite 1 beam
(2) Posttensioned concrete live load composite T beam

Group 4 : (Span range: 35m - 45m)

. {1) Posttensioned concrele live load composn!e T beam
(2) Presircsscd concrete box girder (cast in situ)

For the above structure types, the preliminary designs were carried out with
both the span of 38m and the maximum span of 45n.



3.2.2.2 Main Hypothetiéai Conditions of Preliminary Deesigns

)

@

)

@

()

Span
The conditions on span are as stated above.

Width

-1t was assuimed that the width for RS/US would be 13m carriageway, one side

parape! weight 7.315kg/m as superimposed dead lodd and that the average
thickness of premix would be 13cm including the plain concrete to arrange
the height.

Materials

As stated in section 3.1, Grade 40 was used for reinforced concrete and Grade
50 for prestressed concrete. Y460 was selected for reinforcement. T12.7mm
and T15.2mm was selecled for PC tendon respectively.

Load combination

As stated in section 3.1, the load combination was adopted as P + D + 1.2SD
+SH + CR + 1.2HA and P + 1.2D + 1.75SD + SH + CR + 1.5HA for S...S
and U.L.S respectively.

Crack limitation and flexural tensile Emitation-

o Crack limitation for reinforced concrete was adopted as 0.25mm, whercas
= any flexural tensile shall not be allowed for prestressed concrete.

©)

Cover for reinforcement

Cover for reinforcement was adopted as S0mm.

3.2.2.3 Procedures of Preliminary Designs

(M

@

Scctional shape

The sectional shape was determined in accordance wnth the standard designs
of JKR as well as those of Japan.

Calculation of seclional force

The caleulation of the seéctional forces on live load were carried out by using
the grillage analysis programme only Eor post-tensioned T-beam with the
span of 30m. :

For the types other than the posl-tensioned T-beam, the sectional forces
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were calculaled by assuming a load dlSl[lbUllOI‘l factor based on lhc
calcutation results on the representative post-tensioned T-beam.

(3) Design calculation

Design calculation for preliminary design was conducted on bending
moments and shear force as shown below.

- Check on bending moment at midspan.
- - Reinforced concrete:

“Check on width of cracks under the serviceability imit state
-Check on stability under the ultimate limit state

—  Prestressed concrete:

" No flexural tensile stress under the serviceability limit state
Check on stability under the ultimate limit state

Check on shear force at around supporting cross sections
~  Check on stability under the ullimate limit state
3.2.2.4 The Result of Preliminavy Designs

The pretiminary designs for 10 types structure were carried out and the results are
summarized in following Table 3.1 to Table 3.5.
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3.2.3 Proposed Bridge Types aud Span Range

Comparative Study was conducted from the viewpoint of economy, structural
characteristics, construction difficultics, maintcnance, rehabilitation and so on.

The result of the comparative study for cach item is shown below (also please
refer to Appendix H).

3,2.3.1 Econontical View Point

The standard superstructure types are more cconomical except the pretensioned
concrete solid slab for the short span range, however, the pretensioned concrete
solid slab was sclected due to the advantage of under—mentioned (4), (7), (5), (6),
(2) items in construction easiness.

3.2.3.2 Structural Characteristics

(1) For the standard supersiructure types for a shorl span, it is possible to obtain
smaller beam height compared to the T & Slab beam height.

(2) The centroid of T-beam types is located al more towards the upper flange
- compared to inverted T-beam and type of I- beam, therefore prestressing
force can be performed more effectively.’

(3) Both Pretensioned Inverted T—-beam and Post-tensioned I beam have a wide
and lower flange and they are nof recommendable from structural view point,
because, the shear reinforcement bars were obliged to be cut when PC tendon
are bent up from the midspan toward the end of beam.

3.2.3.3 Construction Difficulties

(1) For the reinforced concrete, it can be vsed for a short span, and it is possible
to execute cast in situ casily without large sized scaffolding.

{2) Pretensioned solid slab and pretensioned holiow slab have the same external
shape, therefore, girder~manufacturing facilities can be ulilized commoniy.

(3) For the box'beam,: due to complicated seclional shape, it is more difficult to
construct cast in situ especially for inner fornvwork and concrete work.

(4) Duc fo the simpler extermnal shape of the standard superstruciure types
compared to other types, béams can be manufactured more easily under
improved quality control.  For the T-beam type, the ‘external shape was
simplificd by removing a lower flange.

(5) Beamns manufactured in a factorf,' have advantage in befter quality control

compared fo cast in situ beams, provided that the Icnglh of beam could be
transporied in ¢onsideration of yoad condition and vchlc]e The length should
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norinally be within 30m.

{6) Pretensioned and Posltensioned beams have advantage in construction, if a
bridge cannot be constructed without scaffolding.

(7) Afier installing beams, cast in situ of the standard superstructure types will be
only required at the filling area and the arca of a cantilever slab. Therefore, it
would be casier in construction at site.

3.2.3.4 Maintenance and Rehabilitation

(1) Steel I-beam required anti-corrosion treatment during manufacturing process
as well as re-paint works after installation, therefore, the maintenance cost for
the structure would be higher. Morcover, JKR’s basic request is concrete
bridges.

(2) Standard supesstructure Lypes would require only the minimum maintenance
in future if enough attention is paid to maintenance of bridge accessories such
as bearing, expansion joini and facilities.

- 3.2.4 Selection of Standard Bridge Types
Standard supersiruclure types were sclected from the comprehensive evaluations
and the comparative studies of cach structure type, and they were also selected in

respective span categories as stated below.

(1) Rcinforéc_d concrete solid slab and pretensioned concrete solid slab were
selected for span 5m - 10m.

~In any of the types, it was aimed that simplification in the Cross-sﬁction and
- ‘uniform cross-scctional shape for whole span - of a bridge for ‘ease in

construction.
'_ 13 600 20640 30
I i -
_ & |
g A =
e i
g 2
. o ) &
Reinforsed concrete solid slab i

700 -
_ Pre-tention_ed coﬁcr_ele solid slab

Fig. 3.1  Standard Bridge Types for'lh'c Span Sm - 10m
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Pretensioned concrete hollow slab and - pretensioned ‘concrete live load
composite T-beam were selected for span 10m - 25m.

The outer shape and the dimension of the pre-tensioned concrete hollow slab
were designed the same as those of pre-tensioned concrete slab, so that the
facilities like forms could be utilized efficiently and also simplified shape of
the inner form make construction easier.

" Pre-tensioned T-beam was so desigaed that it docs not require transversal PC

&)

tendons for slab and slab is placed on precast beam as live load composite
beam in consideration of load distribution and leakage preventive measure
from road surface drain water. These are requested by JKR. Also, size of the

" upper flange of precast beam was designed as small as possible to eliminate

structurally useless portion of the slab. The design was aimed at the uniform
cross-section for the whole span of a bridge.

Pre-tensioned concrete hollow slab  Pre-tentioned concrete live load composite T-beam
Fig. 3.2 Standard Bridge Types for the Span 10m - 25m

Posttensioned concrete live load composite T-beamn was selccled for span '_ '
25m - 45m. :

The struclural detail dimensions' of the posi-tensioned T-beam were
determined in the same manner as the pre-tensioned T-beam. This type has
longer span and larger reaction forces, therefore, thickness of a part of the
web is assumed to be thinker at the end of beam for setting of rubber bearings.
This type is also adopted in continuous beam which is mentioned later.

60"0

I
: I i
B l
’ " E

,é

L LBOOIRG

X5

" Post-tensioned conctete live load composite T-beam

-Fig. 3.3 Standard Bridge Types for the Span 25m - 45m
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On the other hand, five structure lypcs of rcmforccd monohlhlc concrete T &
Stab, ‘pretensioned concrete inverted T-beam, steel I-beam, positensioned
concrete live load composite I-beam and prestressed concrete box girder
{case in situ) were excluded from the standard bridges.

(4) Standard continuous bridge type

Continuous bridge shall be designed as live loﬁd.compositc T-beam with slab
connection only. the connecting parl was decided as Type 1 (refer to-
Appendix I) in the Technical Commillee mecting by the reasons described
below. :

- Type 1 had been adopted in Malaysia because seismic load and
temperature load are not principal factors. Moreover, construction is
casier.

- Inexperienced engineer in charge of bridgé design would be able to
design the bridge systematically and casily.

-t is more difﬁ¢ult to apply the standardized beam to continuous bridges

due to the stability of the stalically indeterminaled force caused by
connecling slab and beam.

Typel Type? Typel

Cornection of Slsb cnly | Connection of Sleb and Bsam | Cornection of Sisb and Bamn
Fig. 3.4 Continuous Bridge Types
3.2.5 Span Range of Standard Superstracture

' This work was established to execule this Study in consideration of the most
suitable and effective application and management by wide range of engineers.

In consideration above, the span range of standard supcrslmcturc in_this Study
- was determined through a series of the Technical Commitice meeting as shown
below.

As the result of the discussion in Technical Commiltee meeting, the post-
tensioned concrete live load composite T-beam was decided to be adopted only
for the span of 25m or morc, although it has beén considered to adopt for 10 to -
_ 25m span.
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On the skew angle to be considered in design, only 15° and 30° were adopted

for the design calculation, but 0° was also adopfed in preparation of design

drawings as a final product.

Table 3.6 Span Range for Standard Bridge Types (1)

Skew

Span Bridge Type Width Case
6m ' RCSS and PRSS 13, 1im 15° ,30° 8
| 8m -do- -do - -do - 8
1 10m RCSS and PRSS -do - - do - 8
12m . PRHS ' -do - -¢o - 4
14m -do - - do - -do - 4
16m PRHS - do - -do - 4
18m PRT -do - - do - 4
20m - -do - - do - -do - 4
[ 22m PRT - do - - do - 4
25m PYTS and PTTC -do - -do - 4
28m - o - - do - -do - 4
30m - do - -do - -do - 4
32m -do - - do - -do - 4
_ 35m -do - -do - do- 4
40m ~do - - do - ~-do - 4
4510 PTTS and PTTC -do - -do - 4
Total . 76

Table 3.7 Span Range for Standard Bridge Types (2)

i . Span ()
T P 1
OOR L I R A A A §
PRSS e A O R U N B B
[ I R A
PRHS [ e S N N N
| N O R e R
U O A A R T
S T I
JSSLILAJNN 1 SN IO N B s It s o
RCSS : Reinforced Concrete Solid Slab
PRSS Pretensioned Concrete Solid Stab
PRHS Pretensioned Concrete Hollow Slab.
PRT  : - Pretensioned Concrete live load composite T-beam
PITS  : Postiensioned Concrete live load composite simple T-beam
PITC : Posliensioned Concrete live load composite continuous T-beam



3.2.6 Selection of Substructure 'l‘ype's
3.2.6.1 General

The scope of the design of substructures have been discussed in the Steering and
Technical Committec since the beginning of the Study, and it was agreed that the
standard design of substructures shall be prepared only for lypxcal cases by
partially computerized anal}sss :

Concerning the types of substructures and the design cases, several types of
abutment and pier were lnmall) recommended in the Prchmmar} Study Report of
February, 1994 such as:

) Abutment  : Inverted T-1ype, and gravity type.

(ii) Picr i T-type, multi-column type and solid wall type
(iii) Foundation : Spread foundation and pile foundation for both abutment
and pier

Based on the above recommended types and the cases of structures, the Study
Team conducted studies on merits and demerits of each type through the bridge
site survey and the survey of current praclice of bridge design and construction in
Malaysia.

Through the discussions with the JKR Bridge Unit in a series of the Technical
Committec meeting conducted in August to November, 1994, the recommended
types and cases for the substructure design were modified to meet ihe
requirements of JKR and 1o ceflect the results of surveys on the existing bridges in
Malaysia. The structure types which have been seldom adopted in Malaysia were
not sclected for the standard design in this study.

3.2.6.2 Study for Selection of Substructure Types
| (1) Abutment
(i} Invericd T-type

This type is selected as a standard abutment in placc of the ex:slmg
bank-seat type which is the most p0pular abutment in Malaysia. Many
damaged samples of bank-seal type were found in the existing bridge
site survey. The main advantage of this {ype is to ensure sufficiently
embedded footing for stability and durability of the structures.

(ii) Gravity type

No example of this type of abulments were found in Malaysm lhrough
the existing bridge site survey and also information from JKR. It is
generally considered that the ground condition is not suitable to adopt
this type. :



(2) Pier
() T-type
This type is commonly adopted in Malaysia for both river bridge and
grade separation bridges.
{ii) Multi-column type

The multi-column type does not suit the piers in rivers as the multi-
column often disturbs water flow and catches drafting logs and debris.
However, this type of pier is used quitc often in viaducis and grade
separation bridges because of its simplicily and easiness in construction.

(3ii) Soltid wall type

This type, as well as T-type, brings about fewer hydrological problems if -
it is designed and constructed propeily in right position in rivess.
However, this type of pier had been little adopted in Malaysia for it
needs more concrete and less economical.

(3) Foundation
(i) Spread footing -

Most bridges are supported by piles in Malaysia. Also lh]S type was not
observed in the existing bridge survey nor popularly used.

(u) Pite foundation

The majority of foundation bndge piles are prccasl RC or PC piles, and
bored-piles, steel-pites and micro-piles are also adopted in a case.

3.2.6.3 Selected Substructure Types

Through the study for cach substruchire 1ype mentioned above and after duc
discussions with JKR, the type and case for the substiuclure designs to be
prepared in the Study was selected as follows:

(i) Abutment : Inverted T-type only, with the heightup to H = 10m
(i} Pier : T —lypc and multi- column type wilh the height up to H =
20m
(iii) Foundation : Pile foundation only with point bcarmg pllcs
~and friction piles

The above fypes and cases shall be prepared for the standard design of -
substructure in the Study in connection with the déesign of superstruciure.



Besides the above sclected types, the following sample designs were prcba’red by
the request of JKR in the later stage of the Study.

- High abutment (H=12m) with PC piles for bridgc cross over railway
~  Abutment with spread footing for an exceptional case

- High pier (H=30m) with PC piles for a pier in valley-

~  Bored piles for abutment and pier for construction in urban area

3.2.6.4 Design Range of Substructure

This work was cstablished to exccute this Study in consideration for the most
suitable and effective application and management by a wide range of engineer.

The Study Team discussed on the problems involved in dclertninétion of the
design range of substructure many times in a scries of the Technical Commiliee
mecting. They are:

~ difficullies to cover all parameters such as supersiructure conditions, height
of substructures, soil conditions and so on, in the standard design.

— nceessity 10 make ‘some modification and additional calculahon for
substructure and foundation when their standard design is in use.

On the other hand, in order‘ to manager the standard design effectively, the
training of engineess should be implemented in the course of this study so that
they would be capable to manage modifications of the standard design in future.

The Study Team considers the training of cngineers as the mos! important matter
in order to obtain better results not only this time but for future bridge design in
Malaysia as well.

In consideration of the above, the design range of standard design for substructure
was determined as shown below.

- Al design cases that JKR proposed will be carried out.

~  ‘The drawings of standard design of substructure and foundations show the
change of the struclures where the design parameters (height of slrucrurc,
span, type of foundation, skew angle) are changed. :

- Furthermore, the drawings show maximum and minimum scale of each
structure type (abutment: 1 type, piers: 2 types)

- The range of the design drawings will be reviewed after design calculation.
The design drawings might be able to prepare all the design cases depending
on the structural members (parapet wall, body, pile cap, pile) if the focus is
made on cach member, but not the whole sinicture.
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{1) Standard Design

(a) Abutment (Inverted-T abutment)

® Nuraber of cases for design calculation

Superstrucivre Span Range

. 6mto 10m, 12014022m | 25mto 3Zm 35m to 45m_|
o : No. of cases | No. of cases No. of cases No. of cases.
Height of Abutment [1: 6m I 6m 1: 6m 2: 8ni, 10m_ |
- |1Span . 1: t0m 2:16m, 22m 2: 28m, 32m 2: 35m, 45m 'H
Foundation 2: Bnd Bearing |2: End Bearing |2: End Bearing |2: End Bearing
(PC Pile} Friction Friction Friction _|__Friction . |
Skew Angle 2:15° 30 2:15° ,30° 2:15° .30 2:15° ,30°
Ne. of Désign Cases | N=1x1x2x2=4 | N=1x2x2x2=8 | N=ix2x2x2=8 | N=2x2x2x2=16

(ii) Number of cases for reference drawings to be prepared

Parainelers

Height of abutment

Span

Type of Foundation

Skew

Min. Span

Max. Span

Height Span
8m 35m
10m 35m
om lom
6m  28m
bm " 28m
6m  28m
6m  28m
bm 28m
~6m  28m
om 10m
6m 10m
10m  45m
idm 45m

Foundation
(PC Pile)

End Bearing
End Bearing
End Bearing
End Bearing
End Bearing
Friction

End Bearing
End Bearing
End Bearing
End Bearing
Friction

End Bearing
Friction

[P .
DQOO_QMOOOOOOO

Skew Case No.

i == RV B o = TIC N i W =N OF, TN - NN VT (N I Y



(b) Pier {T-type Pier and Multiple Column Pier)

(i) Number of lypical cases for design calculations

Sugerstructure Span Range
12m-22m 25m - 32m- 35m - 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
Foundation (PC Pile) - 2: End Bearing .~ |2: End Beaiing 2: End Bearing

. Friction Friction Friction

Skew Anple 2:15° ,30° 2:15° 30 2:15° ,30°
No.of Design Cases - | 'N=1x2x2x2=8 N=2x2x2x2=16 | N=2x2x2x2=16

(i1) Number of cases for reference drawings to be prep'ared

Paramelers
Height of pier

Span

Type of Foundation

Skew

Min. Span

Max. Span

: Foundation
Height Span  (PC Pile)

10m 28m  End Bearing
15m1 28m  End Bearing
10m . 16m  End Bearing
10m 28m  End Bearing
10m  28m  End Bearing
10m  28m  Friction

10m  28m  End Bearing
10m  28m - Erd Bearing
10m = 28m . End Bearing
10m - 16m  End Bearing
10m  16m  Friction

20m  45m  -End Bearing
20m  45m  Friction

3-24

Skew Case No.

0 1
0 2
0 3
0 1
0 1
0 4
0 1
15 5
30 6
0 3
0 7
0 8
0 9



(2) Sample Desig (for the sét of calculations and drawings)

(8) Spread Foundation 1 case
Height of Inverted T-ype abuiment for m -

(b) High T-type abutment - 1 case
Clearance between both abutments for 30m
Height of abutment  12m

Foundation * PC Pile end bearing
It a s | Bt
=l 2 ol
oo Tg £ g
T <<

=== Tl !

Lﬁ——r S =l ok

Clesrance for oridge 2cr0ss Railway

(¢} High pier . 3 cases

Height of pier 30m
Foundation (1) PC Pile cnd bearing
(2) PC Pile friction
(3) Bored pilc  800mm
(d) Mulliple column pier 1 casc
Height of pier 20m
Pile diameter Bored pile  800mm
Total nos. of sample design Gcases

' '(3) Suﬁlmary of Design Réngc’ for Substruclure

Typical design

Design calculation Abutment; 30 cases, Pier; 40 x 2 = 80 cases
Design drawings Abutment; 11 cases, Pier; 9x2 = 18 cases
Sample design 6 cascs

3.3 Selection of Computer System
3.3.1 Generat
- Thc_sclécﬁoh of comp'uie; system composed of hardware and softwarc was

- conducted ‘mainly for the personial computer system in consideration of wide
ulilization in Malaysia and the capacity as computerized design system.
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The selection was also made in conmdcralnon of ihc cosl of other compuicr system
to ensure its economy.

3.3.2 Proposed Computerized Design System and Programme

Computerized design system is divided into four parts, namely, design of
superstructure and substructure, drawing of superstructure and substructure.

System proposed for the design of superstructure is a systematized automatic
design system by using personal computei.

The compulerized design system for supcrstructure was developed for five
programines below.

Programme 1 :  Input of common data
Programme 2 :  Structural analysis
Progtamme 3  :  Design for main beam

Programme 4 : - Design for ¢ross beam
Programme 5 @ Qutput of the result of design

For the design of substruciure a partially computerized design system is used.

The design system for substructure was developed for three programmes
undermentioned.

Programme 1 : Struclural analysis for plane framed structure
Progtamme 2 :  Design for reinforced concrete members
Programme 3  : . Design for stability of piles

AutOmatlc system by Auto CAD, which is synchromzcd is used for drawing of
© superstructure.

| For drawing of substructure Auto CAD by manual opération is used.
3.3.3 Proposed Computer Hardware System and Operation System
(1) Proposed Computer Hardware System

Computer hardware system shall bé such systemn which is capable to build
capacily as computerized design system, and also it should be easier to
familiarize with bridge design engincers in:Malaysia. - Hardware system was
selected in reflecting the discussions with and the requests made by JKR and
in consideration of the cost of other computer hardware system.

As mentioned above, the computer hardware system for this study shal} be
compahblc to the IBM-PC (Intemalwnal Business Machme Co.,) whlch is
commonly used in Malaysia,



" Thé details of the hardware system given below is for budget purposes as of
October, 1994. L

Table 3.8 Computer Hardware System

N Description
CPU 1 80486 DX2/66 MHZ ot belter |
Monitor 21" Colour Monitor |
Hard Disk - 129GB
Printer | Laser Shot A3 size
Ploiter - Ink Jet AQ size -
Back Up _| External Portable Hard Disk
UPs 600 VA
CAD Auto-CAD Version 12

(2) Proposed Computer Operation System

On the other hand, the operation system and language to make up the
programme systems for the design and drawing are as follows:-

- QOperation System : MS-DOS Ver 6.2
- Analysis of Stiucture and Section  : © FORTRAN language
- Input and Output :  BASIC lenguage






CHAPTER4  DEVELOPMENT OF DESIGN ANALYSIS SYSTEM
(PHASE 11D |

4.1 Definition of Design Analysis Systen
- 4.1.1 General

-In order to design st_an'dz{rd bridgc types, design analysis systern was defined
according to the design standard established in the Technical Committee meeting.

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

Based on the design analysis system, the developnient of the computerized design
programming and drawing programming shall be carried out.  Therefore,
definition of design analysis system is very important in this Study.

4.1.2 Design Analysis System for Superstructure

4.1.2.1 Structural Analysis

Structural Analysis shall be carried out according to the Analysis Flowchart
undernmentioned.

(___START )
B
[ (1) Input of common data 1

| @ Calculalibﬁ of écciion‘ properties ]
[ '(3) Formation olf grillage fraxﬁc |
| (4) Setup supijort condilion ]
l {5) Setup lciad condition _l
[ : (6) Grilla;c analysi?j
C Ei\li[) )

D_efinilions for each states of above flowchart is described as follows.

(1) Input of common data

In order to proceed the structural analysis, requisite data such as'span length,

4



)

)

4)

189

width, the number of main beams and cri_lss i_)cams,j loads, dimension and
propertics of material shall be prepared. The data shall be used for analytical -
data for design and basic data for drawings.
Calculation of section propertics

The seclion properties in structural analysis shall be calculated as the £ross

‘concrete section in consideration of effective width of flanged beam. In

particular, the end cross beam is not effective whole section but main beam
and intermediate cross beam are effective whole scction in this standard
bridges. . '
Formation of grillage frame

Formation of grillage frame shall be carried out for each discréte stage of
ereclion. For example, the grillage frame for the composite T--beam shall be
formed three types as follows.

- Simple beam _

- Grillage framc composed of main beam and cross beam

- Grtllage frame composed of main beam, cross beam and stab

Set up support condition

The support condition shall be fixed for vestical, and free for horizontal and
rotation.

Set up load condition

Based on input of common data, dead load, superimposed dead load and live

load shall be st up.

6y

Grillage analysis

Elastic methods of analysis should be used to detcrmine internal forces and
deformations.

In the Grillage Analysis, the Study Team decided the limitation of the 20

numbess main beams and 11 nuinbers cross beams. Cross beams shall be
composed of actual cross beams and the design section only for nain beams.



~ 4.1.2.2 Desigh for iain beam

Design for main beam shall be carricd oul according to the design flowchart

below.
(___STaRT )
[ (1) Definition of the rq:olrcscnlahvc main design |
r {2) Ca!culai:on of ﬂcxujral stressed under S.L.S J
I ® 'Calculationlof prestressing |
r 4) As‘sess:ﬁc‘nt for ﬂcxulral stressed under S.L.S |
| [(5) Assessment for stability _of‘l flexural strength under ULS !
[ (6) Cal:culation of shear sticés and to:flsional shear stress ﬁu_der ULS ]
E (7) Calculation of ultimate vt:nical shear resistance |
[ ¥ Calculélion of :hear reinforcement j
|.—79) Caléu}alion of l'jrsion reinforcement |
[ o) Calculalion. of longitudinal {hcar onl);' for'cqmposite T—iﬁ_earn_ !

C BND )

(1) Definition of the represcnlatix-'é main beam
The representative main beam to the respective design as for the flexural,
shear and torsion shall be derived from the four critical forces calculated by
the structural analysis as follows.
-+ The beam causing the maximum moment at the U.L.S
- The beam causing the maximum shear at the U.L.S
~  The beam causing the maximum torsion at the U.L.S
- The beamn causing the minimum torsion at the U.L.S
(2) Calculation of bending stress at the S.LS

“The stiffness constants shall be adopted according to the load condition. For
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#

)

(6)

cxample the bending stress of the compos;te T-beam sha!l be calculated by - -

the three stiffness.

- Net cross section (exclude the sheath for PC tendon)

- Gross transformed scction 1(main beam only)

- Gross transformed section 2 (inain beam and slab)

Calculation of Prestressing

lmm_cdiaiely after anchoring, the force in the presiressing tendon should not
excecd 70% of the characteristic strength for post-tensioned tendons, or 75%
for pre—tensioned tendons.

Losses of prés!rcss resulting from subsequent shiinkage and creep of the
concrete shall be  calculated based on the CEB/FIP international
Recommendations using 80% humidity of Malaysian meteorological data.
Assessment for flexural stresses under serviceabitity Jimit states

For the S.L.S., the examinalion of flexural stiess shall be carried out one
stage for reinforced concrete, or four slages for presiressed concrete
respectively.

- Immediately after anchoring

~  Under own dead [oad

—  Under superimposed dead load

— - Under live load

In reinforced concrete, however, design crack width shall be checked in -
accordance with ¢l 5.8.8.2, Part 4, BS5400.

Assessment of stability for flexural strength under the Ultimate Limit State

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

Composite T-beam, assessment shall be made on composite seclion.
Calculation of shear stress and torsional shear siress under U.L.S

Shear stress and totsional shear slress shall be calculatcd by respeclive section
as below.

~  Reclangular section for the solid slab
~  Box section for the hollow slab
- T--section for the live load composite T -beam

For the live load composile T-beam, section of propestics shall be based on
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those of the composite section, with due altowance for the different grades of
concrete where appropriate.

(7) Calculation of ultimate vertical shear resistance

The value of 0.87 shall be applied as the parlial safety factor for characteristic
strength of PC tendons.

For the live load composite T-beam, the verdical shear force due to Ultimate
Loads shall be calculated to be resisted by the precast unit acting alone.

(8) Calculation of shear reinforcement
The effective depth for the calculation of shear reinforcement shall be taken
as the depth from the extreme comipression fibre to the centroid of the

{cridons.

For the live load composite T-beam, the depth of slab shall be éddcd o the
precast unit.

(%) Calculation of torsion reinforcenicnt
The calculation of torsion teinforcement shall be carried out only where the
torsional shear stress in a minor rectangle is larger than minimum ultimate
torsional shear stress.
" (10)Calculation of longitudinal shear only for composite T--beam
The caleulation shall be based on Cl. 7.4.2.3, Part 4, BS5400.
4.1.2.3 Design for Cross Beam

The design of cross beam shall be conducted with nearly the sane flowchart as in
the case of the design of main beam.

Described below are the agreed matters only for the design of cross beam.
(1) Treatmént for prestressing foice

- It is just & intricate problem to conduct a calculation of the losses of
prestressing force of cross beam according to each discrete stage of erection;
it is, therefore, decided to follow the practice in Japan as below.

That is, a simplificd method was adopted by setting the factors as follows:
— initial prestressing force is ~ 7 x characteristic sircnglh of PC tendon,
~ effective factor for prestressing force is 0.8,
- then, effective force is (0.7 x 0.8=) 0.56 x characleristic strength



)

Design of cross beam for flexural moment of composite T-bean

For the positive flexural momeni, the design shall be carried out as
prestressed concrete member reflecting the each discrete stage of erection.

For the negative flexural moment, the dc'sign shall be carried out as
reinforced concrete member to the composite T-scction.

4.1,3 Design Analysis System for Substructure

Hypothesis condition on design analysis of substructure are stated as follows,

(M

)

RO

@

&)

Working carth pressure

Coulomb's active earth pressure shall be considered for stability analysis and
earth pressure at rest shall be considered for wings which have fixed end at
vertical direction.

Analysis of each inembers

Wall of abutment and pier shall be designed as cantilever slab, beam of pief
shall be designed as beam, and pile cap shall be designed as beam and slab or
flat-slab.

Design analysis of pile foundation

Pile foundation sha}l be treated as elastically supported beam, and is analyzed
by using deformation method in “hl(‘h pile cap and piles are connected by -

working force and deformation.

Spring of subgradc (Reaction of subgrade)

Spring of subgrade shall be considered to horizontal and vertical directions of

pile. Horizontal spring shall be calculatéd from the results of undrained
compression test or triaxial compression test based on JS.

Design of multiple column

Multiple column type pier shall be designed accordmg to 2-dimensioned
frame analysis calculation. Pile cap shall be designed as a continuous beam
bearing the reactions from coluinns and the reactions from pile heads.

For design of substructure, partially computcrizcd design system {sectional
analysis for each members, slablhl) for pile foundation, frame analysis) shall -
be prepared. _



Design of the substructure shall be carried out according to the design flowchat
as follows.

(" START )

| Planning of subslrjcture {ype and size J

| [  Arrangement of Jémund condition |

| Dcsi'gri loa;i an‘d foaﬁ combination " |
rEsiimation of rougiﬁ sizé of foﬁndaiiﬁn ]
| Calculation of cach slljbslmcture"mmnbers ]
| Calculation of 'slabiliﬁy of pile foundation J
I Calculalidnl-:)f pile shaft |
)

C  END )

4.1.4 Special Consideration

Deesign of slab shall not be incorporated in the computerized design system in this
Study, and standard slab thickness shall be defermined by the Finite Element
Mecthod. The calculation sheels shall be preparcd separately to assure the safety
of slab.” The thickness shall be determined with thorough consideration on safety,
sinée stab supporls directly the live load which are repeated loadings.



4.2 I)evelopment of Computer Programme for Desigh Analysis
4.2.1 General

On the hardware system, as mentioned in clause 3.3.3, personal computer systemn
should be uscd for this project.

As for the software syslem, it is difficult 10 use them duc 10 problems of copyright
and owrniership.

Therefore, the software for the design system uscd for this project shall be
exclusively developed by Study Team

Automalic design programme, which can design simply by persenal computer
built for the bridge types of standard design in accordance with the design
analysis procedures, was established in the séction 4.1.

In order to operate casily by bridgc engineers in Malaysia, the computer
programme shall be developed as the simple dialogue personal computer system.

Development of computer progranmine has been reviewed thréugh the discussion
in the Technical Commitice.

4,2.2 Programming for Superstrucmre.

The general flowcharts for the design programme proposed for this project are as
shown in Fig. 4.1 and Fig. 4.2.

4.2.3 Programming for Substructuré

The flowcharis of the analysis programmes for substructure are shown in Fig 4.3,
Fig. 4.4 and Fig. 4.5. :



( starr )
: ; Design specifications and conditions

UT Dimension of beam, slab and other
accesories

&

Dead load, superimposed dead load,
live load, etc (use influence load line)

Structural Analysis

— ™

Design for Main Beam

. . _ Please refer to design flow chart
Design for Cross Beam ~ Fig. 3.8.

Design for Slab

Data file for drawing syslém '

Drawing Program Systems

Fig. 4.1 General Flow Chart for Design Programme



INPUT ; Input data of the design for bending

Design for bending

NO NO
o Check

[ ]

Input data of the design
for shear and torsion

Design for Shear and Torsion

T [ ———

NO : NO
Y Check

C STOP ) Change Dimension
I 1 |

Fig. 42 Design Flow Chart
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(__START __ )
|
/. Property of Material /
o
[ Serviceability Limit State |
. |
[ Ullimate Moment of Resistance ]
o | _
[ Ultimate Shear of Resistance |
. -
| Ultimate Torsional Resistance |
o
(" BND )

Fig. 4.3 Sectional analysis programme.

(CSTART )

| : '
S Pile Data B .
Ground Condition S
- Load Data
}
[ Analysis of Pile System |
|

END )

Fig. 4.4 Stability of pile foundation programme
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(_START )

: |
Skeleton Data
Member Data
Load Data
| Calculation of frame analysis _|
|

(. END )

Fig. 4.5 Frame analysis (for Multiple columns)
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CHAPTERS  DEVELOPMENT OF DRAWING SYSTEM
5.1 Defining of Drawing System
5.1.1 General

The development of automatic drawing system was intended mainly for
superstructure. A comprehensive computer programme was developed for the
drawing of superstructure, which is closely’ linked with the design analysis
programme, covering all the standard superstructuré types and is equipped for
quantity estimation.

For substructure, no automatic drawing programme specific to the Study was

- prepared. The drawing of substructure are produced by using the existing drawing
computer programnies available in JKR. All the necessary drawing data of the
standard substructure types are manually input to produce drawings of basic case.
According to the method in the basic case, JKR draughtmen prepare the drawings
for other cases, also by hand drafling with auto-CAD. The prepared drawings
wete out-put by a plotter.

In addition to the development of computer-aided drawing system, the drawing
presentation rules were confirmed based on the JKR's guideline.

5.1.2 Drawing Preseatation Rules
The drawing presentation sules were prepared based on the Guide Line for
Presentation of Engineering Drawings of JKR and through the discussions in the
Technical Commiltee. Major rules decided are as follows:

(1) Size of Drawing Sheet and Margin

‘Size of Sheet : Al (341 x 594mm)

&1l
800 {mm)
{Drawing Area) ol o
| N
(Title Area) 3 - &l




(2) Letters

- Letter Size :  All 2.75mm except title of 5.0mm
- PenSize :  0.35mm except title of 0.5mm
- Font > Roman Simplex
- Colour > Yellow
{3) Lines
‘Kinds of Lines PenSize | Colour
. : (mrm)
Dimension Line, Extension Line, Leader and Arrow 0.18 - White
Structural Line, Centre Line, Under Line, and Table Line 0.25 Blue
Cross-section Mark : 0.35 ~ Blue
Re-bars and PC cable 0.50 Magenta

(4) Dimension Line

- {mm)
- Arrow Size : 3.0
- Tick Size 2.0
- Extension above line ;20
- Offset from feature ' . | 3.0

- Spacing of dimension lines: 7.0
"~ (5) Re-bar and PC-cable

- Re-bar

4'[10 B4 - lSO i‘”“"l

Spacmg of Re-bar

Diarneter of Re-bar

i |
b

. M= Mild Stesl)
L Number of Re-bars

5-2

L Shape of Re-bar

—-Barmark(B Beam, $ = $lsb, D = Dizphragm)

L — Typeof Re-bar (T = High Yicld Strength 460,




Splicing of Re-bars

- PC-cable

——— - -t — — o =

P A e R e ]

A

L 17 NOGS. 12.7mm$® PC-STRANDS

L Diameter of PC-STRANDS

Namber of PC-STRANDS
© (6) Other Marks

- Arrow
. lgg‘ “(mm)
T o
E . o
- Cross-section Mark (mm) 9.0
-
[Tip]
- Break Line i

,,__1\?%
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5.2 Development of 'Comp‘nter Programme for Drawing (Superstructure)

5.2.1 General

The automatic drawing system for superstructure shown in Fig. 5.1is composed of
4 task programmes and a CAD system. The drawing system is devised to compute
quantities as well.

5.2.2 Input Data
Input data is prepared in two different ways: automatic input from design analysis
data and manual input for additional data. . Further, the input data is divided into

three categories consisting of structural lines, seinforcement including prestressing
steel and configuration. '

The following are the input data required for the system.

~ Category ~ Automatic Input Manual Input
1(1) Structural Lines |- Basic design data {span, |- Carriageway data
width and main-beam and | (thickness of pavement)
cross-beam lay-out) |- Parapet data (dimensions
- Dimension data (cross- of curb)
sectional dimensions of |- Footway data (thickness -
main beam) of footway)

- Width component (parapet,
footway and carriageway)

{2) Reinforcement - Longitudinal prestressing |- Concrete cover data
including stee! data - |- Longitudinal reinforcement
prestressing steel |- Transversal prestressing - | arrangement data

: ] steel data |- Link arrangement data

(3) Configuration - Drawing scale data

- Drawing position data

The configuration of drawing is adjustable by changing the drawing scale and
position input data for the suitable layout of plan, profile, cross-sections, details,
etc. on a drawing sheet of A-1 size.
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523  Output Data
(1) Drawings

The types and the contents of drawings output in the system were determined
for cach standard structure type as follows:

() Superstructure

~Structure Type _ Namge of Drawing No. of Drawing
Reinforced Concrete Solid Slab ~ General dimensions and Re-bar | .
Arrangements
Pre~tensioned Concrete Solid  — General Dimension 1
Slab ~ Re--bar and Prestressing Steel 1
Artangerrients '
Pre—tensioned Concrele Hollow — General Dimension 1
Stab ~ Re~bar and Prestressing Steel 1
Arrangement _ :
Pre—fensioned Concrete - General Dimension 1
Composite T-Beam ~ Re-bar and Prestressing Steel 1
Arrangement for Beam, and Detail
of Slab
Post-tensioned Concrete ~ General Dimension _ 1
Composile T-Beam - Re-bar and Prestressing Stecl 1
Arcangeient for Beam _
- Detail of Slab _ 1

{b) - Substructure

_ Structure Type Name of Drawing 'No. of Drawing
T-type Picr - General Dimensions o 1
- Bar Arrangement
Mutltiple Column Pier - General Dimensions
- Bar Arrangement
Abutment - General Dimensions
(inverted T abutment) - Bar Arrangement
Bored Pile ~ ¢ 800 Bar Arrangement
Wing Wall - Léngth of 5 meters
Bar Arrangement
- Length of 3 meters 1
o Bar Arrangement .
Approach Slab ~ Wing Wall (t=700mm) 1
(Jength of 5 meters) General Diinensions and
' Bar Arrangement _
~ Wing Wall (t=500mm) 1
“General Dimensions and
Bar Atrangement

k| |k ek | et ek ]
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Volume
The following kinds of quantities of major construction malerials arc output

for each standard structure type:

- Concrete volume of main beams, cross beams, slab and parapet.

- Form area of main beams, cross beams, stab and parapet. .

~  Re-bar bending schedule and weight for main beams, cross beams, slab
and parapet. : :

—  Prestressed steel length and anchotages for main beams and cross beams.



Start

P—

— V.. . ¥
Automatic Input of Manual Iaput of

Design Analysis Data Additional Data
o { L
Input Data
L §
Reinforcement and
Structural Lines Prestréssing Stee'l Configuration
_ ; |

L

P

—
: Structural Line \J
€ Arrangement Programme

Structuraf Line
Data F_ile

e —

J'_—"'"—“'I

einforcement

l[A:rangement Programme

Y

Reinforcement and
Prestressing Steel Data File

WJL'QI 1
e

_ ?{[meingl,aypm Programme ]

Y

Velume Computation Programme

EAD System |

—_—

Qutput Data

—

IPlotter _@

T

Y
]_Voiume Output

Fig. 5.1 | Superstructure Drawing Programme
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CHAPTER 6  EXECUTION OF STANDARD DESIGN WORK AND
'PREPARATION OF MANUAL (PHASE V)

6.1 Exccution of Standard Desigh Work
6.1.1 General

Based on the design analysis system defined in Section 4.1 and by applying the
computer programmes developed in Section 4.2, actual design analysis
computations for both super and sub-structurcs were carried out and completed
by the end of August, 1995.

Prior to the exccution of standard design computations, the following measures
wee taken to ensure smooth and effeclive operation:

- (1) Defining of design conditions, _applicab!e optimum cross—sections and spans, -
etc. by preparing lists.(refer to Table 6.1)

(2) Prepatation of flow chait of computer programincs for design analysis. (refer
to Fig. 6.1 and 6.2)

' (3) Preparation of flow chart of development of computer programmes for
drawing. (tefer to Fig. 5.1)

(4) Defining of Technology Transfer (refer to Table 6.2)

Receiving 4 counterpart engincers from JKR, and posting cach two of themn
for supcrstructure and substructure respectively, the technology transfer was
practiced from the middle of June up to the end of August, 1995 for the aim
‘of on-the-job—fraining.  The main - objcclives ‘of the training are
understanding  of compufations and operation of computer programmes.
With this training, JKR engincers will be able to carry out the design works
by themselves after the Study tenn is over.
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6.1.2 Standard Design Work for Stiperstl"ucmré

(1} Computation Cascs

Type ~ Span % Width X Skew = Total
Reinforced Concrete Sodid Slab 3 2 2. 12
| Pre-tensioned Concrete SolidSlab - 3 2 2. . 12
- Pre~tensioned Concrete Hollow Slab 3 2 2 12
Pre-tensioned Concrete T-beam 3 2. 2 12
Post-tensioned Concrete T--beam 7 2 2 28
Total 76

(2) Methodology

" To deepen the counterparts' understandings and for the future effective use of
the standard design, the computation of superstructure was carried out by the
counterparts firs! and the Study Team member checked the results.

The "on the job training (GIT)" was performed to the JKR counterpart
engincers with the lectures by the Study Team members about design
procedures, design principles, operation of computer programmes, elc.

The major design analysis technigues transferred to the JKR counterpart
engincers made through the on-the-job training, are summed up as follow:

(a) General imérpretation of input data: for what design pu'rposé, how to put
- into computation and which pravision of BS-Standards relating to.

(b) First .as'surnplion of beam size from: <

- recommended spa-height ratio of main beams, and

- width-height ratio of cross—bcams

(c) Design of prestressing about:
- how to assume initial prestressing force,
- causes for prestress losses, and

- how to decide presiressing steel layout

(d) Criteria and limitations for:

- bending stresses of beam at transfer of prestressing force,

~  bending stresses of beam in serviceability limit state (S.L1.S),

~  the factor of safely of beam against bending moment in ultimate

limit state (U.L.S}, and

— shear siresses of beam under various Joad combinations.




6.1.3 Standard Design Work for Substructure

(1) Computation Cascs

__(Number of Cases)
Standard Design : , : . ]
Type : | Span % Foundation X Skew = Total
H= 6m 5 2 2 20
Abutment H=8m | 2 2 2 8
H=10m 2 2 2 8
' subtotal 36
_ H=10m| 6 2 2 24
T-type Pier : H:15m 2 2 2 8
H=20m 2 2 2 _ 8
sublotal 40
_ _ H=10m 6 2 2 24
Multiple Column Pier { H=15m [ 2 2 2 8
H=20m| 2 2 2 8
subtotal 40
Total 116
Sample Design o ]
Spread foundation for 8m high Inverted-T Abutment 1
Iligh Inverted-T Abuiment (12m) 1
High T type Pier (30m) with 3 types of Foundation 3
Bored Pile Foundation for Multiple Column Pier : 1
: Total 6

(2) Methodology

Like the computation of superstructure, the substructure computation was
carried out together with counterparis as a part of the on-the-job training.
Since the computation cases of subsfructure arc many, it was necessary to
develop number of small computer programunes for the member design
analysis unlike in the case of superstructure. The burden of numerous
computation were shared with the JKR engineers.

The counterpacts contributed much in preparation of many compuler
programmes with well understanding the explanation of the Study Team such
as totalling of loads for stability analysis and disiribution of loads to various
abutment and pier membets.

The major techniques transferred to the counterparis about the substeucture
- analysis are as follows:



@

()

(©)

(d)

First assumption of abutment and pier sizes about:

- balance of abutment/picr height to foundation width,

-~ minimum bearing surface width,

- required member thickness, and :

- balance of cantilever span to center span of two column frame pier
and of single solid column pier '

Pile design aboul:

- minimum pilé spacing and distance from edge,

-  loading capacity per pile, geotechnical and structural, and

- connection of pile top into pile cap.

Loading condition about:

~ loads and load combinations specificd in the British standard
BD37/88, and

= selection of super-imposed loads.

Techniques of design analysis for:

- totalling of loads for niember analysis by usc of the Microsoft excel
programme,

~ usage of reinforced concrete section, pile load distribution and rigid

frame programmes,

— .procedure of stability analysis of foundation, and

~  analysis methods for parapet and wing walls.



6.2

Execution of Standaid Drawings
6.2.1 General
Based on the drawing system definied in Section 5.1 and by applying the
computer programiiies developed in Section 5.2, actual drawing works for both
super and sub-strictures have been carried out and scheduled to be compleled
by the end of November, 1995.
 Prior to the exccution of standard drawing works, the following measurcs were
{aken to ensure sinooth and effective operation:
(1} Defining of suitable layout for all drawings.
(2) Dcﬁm’ngg of the arrangement of reinforcing bar obfained by the design
result.
3) Preparahon of representative drawings for Abutment, T-pier and Multiple
pier by manual.
(4) Defining of Technology Transfer
Receiifing 2 counterpart technicians from IKR, who were posted mainly
for substructure drawings, the technology transfer was practiced from the
middle of September up to the end of November, 1995 for the aim of on-
the-job-training. The main objectives of the training are understanding of
drawing works and opecrations of computer programmes. With this
training, JKR technicians will be able to carcy out the drawing worl.s by
themselves after the Study term is over. .
6.2.2  Standard Drawings Work for Superstructore -
o) Drawing Cases
Type Span x Wi&lh X Skew = Cases Drawings No.of
Drawings
Reinforced Concrete Solid Slab 3 2 3 18 1 18
Pre-tensioned Concrete Solid Sizb 3 2 3 18 2 36
Pre-tensioned Concrefe Holtow Slab - 3 2 3 18 2 36
Pre-tensioned Concrete T-beam 3 2. 3 18 2 36
Post-tensioned Concrete T-beam 7 2 3 42 3 126
: Total 114 252




(2) Meihodology

Drawings for superstruclure have been drawn up according to the flow as
undernmientioned.

Prcparalidn of input data by Study Team member {refer to 5.2.2)
Input data composed with automatic data and manual data. - '

Automatic data shall be reflected accurately to the design analysis result.
Structural lines and configuration ‘in the manual input data have been
planned uniformly by the Study Team member prior to the execution of
standard drawing work.

Accordingly, required reinforcement  data  composed  with  link,
longitudinal and transversal bars have been only prepared together with
counterparls as a pait of the on-the—job-training.

Procedure of preparation for reinforcement data was transferred to the
JKR counterpart engincers.

Exccufion of standard drawing work by counterpart technicians.

Drawings for superstructure were drawn up automatically based on the
input data using the developed computer-aided drawing programmne, and
final drafting was carried out by connecling with Input data and auto-
CAD system.
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6.23  Standard Drawing Work for Substriciure

8y

@

Drawing Cases
Standard Design .
~ Type ' Cases x Drawings x No. of Drawings
| H=6m 7 2 14
Abuiment H=8m 1 2 2
H-10m { 3 2 6
Subiotal 22
H=10m G 2 12
T-type pier | H=15m 1 2 2
H=20m 2 2 4
N Subtotal 18
| H=10m | 6 2 12
Multiple column pier H=15m 1 2 2
H=20m 2 2 4
__Subtotal 18
B | Total 58
Wing wall _ 3
Approach slab 2
Grand

Total 63

Sample design
_|Spread foundation for 8m high inverted-T abutment 1x2 2
High inverted-T abutment (12m) * ~ 1x2 2
High T type picr (30m) with 3 types of foundation . 3 x 2 6
Bored pile foundation for multiple column pier. 1x3 3

. Total 13
Methodology

Drawings for substructure have been drawn up according 1o the flow as
undermentioned. :

—  Preparation of representative drawings based on the Malaysian praclice for
abutment, T-pier and multiple pier by Study Tcam member.

- Execution of drafting work by counterparts with referring to the
abovementioned sample drawings. - Counterparts and Study Team member
have discussed so many times how to reflect accurately the design result,

- -Chccking and guidance on standard drawings by Study Team member.
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Checking poin{s on the structural size and arrangement of rci:ifor‘ce:hcnt
were transferred to the JKR counterpart technicians through the guidance.

Final drawings (output)

Drafing work was carried out by using auto-CAD systein by manual and a
plotler. _

6- 12



6.3 Preparation of Construction Plan and Cost Estimate

6.3.1 General

Before the commencement of bridge construction, construction procedure should
be plarined, however construction procedure for bridges is varied depending on
scope and quantity, and construction site condition. General construction plan for
standard bridge is summarized in this Section. According 10 typical construction
procedure, construction cost for 5-1ype standard bridges is estimated.

6.3.2 Construction Plan

(1)

@

Procedure of Construction

Prior to starting actual construction, the consiruction plan should be studied
and identified the problems in order to complete the project in accordance
with the Drawings and Specifications with sound enginecring practice.

The construction plan should be reviewed from time to time during
constiuction, in accordance with the prevailing circumstances on the site, also
if variation of the contracl or design changes are required during construction,
the construction plan should be modified or corrected to mecet the requirement.

The construction plan will be provided taking into account the scope and
quantity of works, and site condition including environment. Generally, the
construction plan include the followings:

- Construction method and work approach
- Plant and equipment: '
- Work programme

~  Quality control

~  Construction safety

The procedure of bridge construction is shown in Fig.6.3.
Work Flow and Programme
The work flow of superstructure (post-tensioned concrete beamé) is shown in

Fig.6.4. Typical work programme of constiuction of pre-fensioned and
post-tensioned concrete bridges are shown in Fig.6.5.
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PRELIMINARY STUDY

Scope and Quantity of Works

1. Crossing over river or flyover railways/highways
2. Bridge length, span length and weight of beam

3. Quantity of major work items

Site Condition and Environment _

4. Topographic and geographic condition, and climate
5. River condition ..., water level and stream velocity
6. Environment ..... housing, hospital, school and others
7. Road traffic condition

" CONSTRUCTION PLAN

Construction Methed and Work Approach

1. Structure excavation ..... open excavation or cofferdam method

2. Pile driving ..... percussion or excavation or hydraulic method

3. PC beam fabrication yard ..... river bed or on approach road

4. Handling and launching PC beam ..... by truck crane or by launching
steel girder or other method

-{Plant and Equipment

1. Kind, number and period use

Work Programme
1. Sequence of works
2. Production rate ..... labour and equipment
3. Possible working day ‘
..... effect of major public holidays and seasonal weather constraints

Quality Contro}
1. Technical inspection
2. Quality control testing

Construclion Safety

L. Relocation of water channel and cofferdam
2. Handling and Jaunching PC beams

3. Construction adjacent to existing structure

Fig.6.3 Procedure of Construction




PREPARATORY WORKS

:j Site Survey
| ~  Manufacturing base for PC beams
{
| ' _
MANUFACTURING OF PCBEAM |
~  Formwork
L ~  Reinforcing steel and ducts
| ~  Concrete placing
| ~  Curing
PRESTRESSING ]
-~ Installing prestressing steel
l ~  Calibration of jack
R ~  Prestressing
o -~ Grouting
HANDLING AND LAUNCHING |
~  Sefting bearings
| ~  Lifting and transportation
4 ~  Launching and placing
|
CROSS BEAM |
- Formwork
. ~  Reinforcing steel
! ~  Tendons
! ~  Concrete placing -
! ~  Curing
| ~  Prestressing
RC SLAB ]
-  Formwork
! ~  Reinforcing stect
$ ~  Concrete placing
| -~ Curing
MISCELLANEQUS WORKS _
~  Parapet and handrail
l ~  Drainage Pipe
! - Expansion joints

PAVEMENT

Fig.6.4 Work Flow of Superstructure

~  Base course
~  Wearing course

6415



1. Pre-tensioned Concrete Bridge Bridge length ;. 3~span x 22.7m = 68.1m
No.ofbeam: 3 x11=33nos.

Work Items Month

1 2 3 4 5 0

Mobilization and preparation U, S
Manufacturing PC beam 1
Bearing -
‘Transportation & launching —_—
Hanging scaffolding -
Cross beam —
RC slab |
Misccliancous works

Pavemcnt —
Demobilization _ o ]

Reinarks :  Manufacturing PC beams in factory : 30 days

2. Post—lensioned Concrete Bridge Bridge length : 3—Span X 28.7m = 86.1m
: No.ofbeam : 3 x7 =21 nos,

Work Iteins _ Month

1121341567189 10]11

' Mbbilizalio_n and preparation f—tfnf

Manufacturing PC beam
Bearing : I Sl S
I.aunching

Hanging scaffolding
Cross beam

RCslab
Miscellancous works

"Pavement

Demobilization

" |Remarks : - Manufacturing PC beaws on site

{16 days x 21 nos.) /3 - manufaciuring bases = 112 days .

Fig.6.5 Work Programme of PC Bridge

6-16 .




NG

Pile Driving

In Malaysia, the Environmental Quality Act does not set specific limits for
noise from construction sites. Since piling works with high noise levels and

- ground vibration cause considerable nuisance in the surrounding environment,

* cast~in-place piles are conimonly used for structure foundation in Kuala

(4)

Lampur,

In driving the piles, diesel hammer produces high noise level together with

“ground vibrations, however it may be used where there are no nuisance in

environment, because of faster driving rate, easy availability of equipment
and cosl eifective.

Adjacent structures may suffer damage if the vibration is of high enough
intensity, therefore, for prestressed spun concrete pile driving works, auger
boring, or hydraulic hammer 10 be employed where there are housing or
building, or in close proximity to the existing structures.

Manufacturing Pre-tensioned Concrete Beam

Iit order to reduce beam sections or dead load of beam, the partial debond
strand method and deflected strand method are employed for hollow slab and
composite T--beam respectively. The application of these methods is new to
Malaysia.

It can avoid tensile siresses at the top at supports by preventing bond for
some of the strands for a computed length near the e¢nds by covering the
tendons with plastic tube. The deflected strand method needs some
additional investment on the plant to provide for hold-downs and special = .
equipment for raising the sirands. The both methods are Hlustrated in Fig.6.6.

" Partio! Debond Strand Mathod

Ancher Support _ Ancher

Fig. 6.6 Partial Debond and Deflected Strand Method
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(S): Handling and Launching Precast Concrete Beam
(a)} Launching Mcthod

The precast prestressed concrete beams are usually faunched in position
using truck cranes or launching steel girders or gantry crane or bent. T he
launching cquipment used for the beams are depend on the following
matters. : -

- Cendition of fabrication yard (location, widih and length)
~  Obstacles above and below the beam 10 be launched

- Weight and length of beams :

- Gradieat and alignment

~  Safety of handling and launching operation

For selecting launching method, the methods in the Table.6.3 are marked
©, O and A in order of their freqiency of employment. -

The small scale beams, as pre—tensioned beams under 15 fons, weight
may be lifted and launched by single truck crane, however two truck
cranes arc usually used for weight of 15 to 70 fons precasi concrele
beams and for over 70 tons in special case.

Specialized launching steel girder with portal crane is suitable for post-
tensioned beam with weight of 50 to 135 tons (25 to 45m span),
especially for muliiple span bridge. Launching by specialized launching
steel girders is shown in Fig.6.7.

Guy wire

Traversing Trolley .
e

Lifting eguipnaent P _-\ -

N\
%‘;{f‘
3\
fg‘
d

1> v A A 5 Slezper for
| L el ! ? s o i 3
/ § . 3 . ."I! l_,’ >~ d ' . rail
. b . . \ L : A
AN O e
: ] Ve Steel gzirder

AN 2 -
7 S L
/ ; Dorta) crane

Pier

Fig. 6.7 Specialized Launching Steel Girder
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‘(b) Safety Measures

During transportation, since the prestressed concrete bears are subjected
to the combined stress only corresponding 1o the prestressing and the
bcndmg due 1o the dead load, the tensile stress at the top fiber of the
beam is 10kg/cm?,

If the beam is inclined left or right, the bending moment acts laterally
duc 10 its dead load and the tensile stresses are induced on 4 side and at
the top fiber of the beam. Therefore,  appropriate handling  and
launching study shall be undertaken specially for long and slender
girders, to cnsure against lateral buckling or cracking during various
stages of handling and launching. Allowable angle of mclmauon is
referred to Manual.

~  Position of temporary supporl
Prestressed beams are only allowed to be suSpcnded of supported
firmly at their bearing points

- Inclination of bearns
Long and slender beams to be safeguarded against tilling by means
of auxiliary supports and the temporary sirutting or bracing.

{6) Quality Conlrol

Aside from keeping to a work programme, it is very important to ensure that
the works are carried out in accordance with specifications and esiabhshcd
~good practice and the technical inspection, and qualily control testing to be
‘performed - by - experienced engineers, techmicians and inspectors.
Relationship between quality, progiess and cost is shown below.

Y

Cost (-—expensive)
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