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ABSTRACT

Bridge agencies around the wor ld are today paying much at tent ion to the evaluat ion of  br idge performance. Publ ic  Works Department
lvlaiaysia (PWD), as the agenry responsible tbr some 5000 bridges in the country has often been required [o assess the structural load capacity of
existing bridges. The conventional method used invoived back calculations using some simplitications. There are some inhcrent problems with this
conventional approach. As such, the caiculated load capaciry has always been very much lower than the'actual' load capacitv (as was evident in some
testings carried out in Canada). A severely deteriorated single span R.C. frame bridge structure was to be demolished to make way for a new bridge.
The PWD avai led i tsel f  of  th is opportuni ty to test  load the br idge to col lapse in an at tempt to determine the mechanism of  fa i lure end the ul t imate
load capaciry of  the br idge.  Also of  interest  is  the lateral  load dist r ibut ion and load redistr ibut ion character is t ics of  lhe structure near fa i lure.  This
paper descr ibes the procedures of  test ing and the instrumentat ions used in the test .  Conciusions der ived f rom observat ions made dur ing i .he test  as
wel l  as f rom the analysis of  test  resul ts are presen[ed.  These include rhe lateral  load dist r ibut ion both at  e last ic  and inelast ic  statcs.  The ent i re test
process w3s recorded in r  v ideo tepe.
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i.O INTRODUCTION

The Public Works Departmcnt Malavsia (P\l 'D) is responsible for

,tr .  tunug"t"nt o[ some 5000 bridges in Malaysia' As a bridge

agency in this country,. the PWD is often required to assess the

structural  in legr l tv  o l  exrst ing l r r idges to ensurc publ ic  safety;  and to

""^f" . "  
the ; f fe; t  of  abnormal vehic les againsl  the load-carrytng

capaci t ies ot  rbc br idge'  to bc crosscd

In ei ther case,  a structural  analysis of  exist ing structures ln quest lon

ir ,  to U" made'  Tradi t ional ly ,  a detai led inspect ion is  made tn

which measurement ot  tbe br idge dimensions is  taken'  As-bui l t

irr.iingt *iff be referred to, if tirly are availabie' Back calcuiation

is then made that  rnvar iably iequire some assumpt ions and

, lmoi in"ut iont .  F inal ly .  bascd on the condi t ions of  the structure tne

""i."i^oa 
ioad capacity is appropriatell' discounted'

The rea re i nhe ren tp rob lemsw i t h th i sconven t i ona lapp roac i ] :

i .  Simpl i t ied lateral  d ist r ibut ion of  whecl  loads;

i i .  Assumptron made of  the mode of  fa i lure;

iii. Procedures based on results from tests performed in

the laboratory or field load testing within eiastic

range onlY;

iv .  Fai lure to consider the ent i re structural  svstem'

v. Ignoring the stiffening effects of parapets or the

Dresence of  comPostte act tons'

As a result, the calculatcd load capacit-v is often vcq 
"t"tf l:l::

than the 'actual '  load capaci ty '  as u 'as evident  in some test lngs

.urr iea out  in Canada (Bakht & Jaeger 1988) '

Indeed, the conventronal analvsis scepticaliy called the'cookbook'

t",it.a t now undct fire and experts are looking for a more reliable

metbod to assess the performance of an existing bridge (1990)'

;;;;;;ttly, fuil-scale ioad testing is the only reliable method

uJu' i tuUt.  no* to euuluute the structural  integr i tv  of  a br idge'

In Malaysia,  a severely deter iorated s ingle span R C.f rame structure

was to be demolished to make *ay for a new bridge' The PWD

availed itself of the opportunity to test load th.e bridge to collapse in

on?"rnp, to determine the mechanism of failure and to determine

the ultimate capacity oi the bridge' Also of inlerest is the lateral

load distribution and load redistribution characteristics of the

structure near failure'

The full-scale Ioad tesr on bridge 375i5 was conductcd by the main

contractor responsible for the ieconstruction work through its sub-

contractor. The work was in fact included in the contract as an

addition variation order because the need to test Ioad the bridge

came as an afterthought'

This paper describes the procedures o[ 
. 

testing and the

instrumentations used in the resr' Conclusions derived from

observat ions made dur ing the test  as rvel l  as f rom lhe anal ls is  of test

resul ts are presenled'  i lese include the lateral  Ioad dist r ibut ion

both at elastic and inelastic states'

2.0 BRIDGEDESCI\IPTION

Bridge 3?5/50 is located in the Kuala l:ngat District' Selangor and

is ap"proximrtely 375.5 km away from Johor Bharu along Federal

Truni< Rout"  Nt .  s .  t t  is  an R'C'  r ig id f rame-typed structure wi lh 4

R.C. beams monol i th ical ly  cast  wi th the R'C s lab'  The beams are

tit"rally stiffened by 5 R.b. diaphragm beam-s' 
^The 

columns of the

porta l  f rames are extension of  the 300 mm x 300 mm R'C pi les '  Al

;he abutments,  R.C. reta in ing wal ls  rvere cast  behind the pi les and

bea r  on  t nem.

A detai led condi t ion survcy s 'as done jo int ly '  bv thc contraclor  and

the PWD staff a feu' rveeks beiore the testing ln lhe survel"

detai led dimensions ol  the br idge and concrete covcr to

rein lbrcement rvere measured and rccordcd.  This data rvas la lcr

u s e d f o r b a c k c a l c u l a t i o n t o C ] c t e r m i n e t h e t h c o r c t i c a ] p e r l O t m a n c c
oi  t f r "  f  t lag- .  The br idgc has a rv idth o[  5 '6m and a lcngth of  6 3m

It  is  interesi ing to note that  the th ickness of  the bi tuminous surfacing

rvas found to Le 2go mm thick due to man),years over laying rvork.

Figure 1 is  a skcich showing the elcvat ion of  the i ) f rdgc

w
f!Lla!-s

F igure  i :  E leva t ion  v iew o f  Lhe br idge as  v ie rved towards

downst ream.

Figure 2.
Note the sevcre

Corrosion of
Rein[orcement.

The detai led inspect ion also revealed that  the br idge was badly

damaged, especia l iy  at  the pi le up-stands ( i ig^ure 2)  The

.up.ritru"tr.i was in rather good condition except for.the t]'o edge

beams which showed signs of iocalised corrosiors at the mid'span'

Carbonat ion tests carr ied our by the contractor  indicated that

carbonat ion was severe rv i th some spots as deep as 49 mm from lhe

surface whi le in most  other parts '  the af fected depth was 10 mm'

Concrete core tests done on the s labs,  bcams, columns (pi lcs)  and

abutment wal ls  gave an average cube strength of  29'0 N/mm2, 25 0

N/mm2, 47 N/mm2 and 27 N/mm2 respecl ivel ) ' .  Stat ic  Modulus oI

Elast ic i ty  for  beam was 14,100 N/mm2 whi ie the vaiue for  column

was 28,700 N/mm2.

l
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3.0 TESTING PROCEDURES
3.1 OBJECTTVES OF TEST

The purpose o[  the load test  was to gather re levant  Cata to achjeve
the foilowing objectives:

i .  To  de te rm ine  rhe  amoun r  o f  l a re ra l  l oad  d i s t r i bu t i on
ior  the br idge svsrem testeC; part icular l ) ,  near rhe
u l r i m a r e  I i m i r .

i i .  to determine the modes of  fa i lures pert inent  to the
br idgc rype.

i i i .  to determine the ul r imare load capaci tyof  the br idge.

iv .  ro derermine the redisrr jbut ion properry of  rhe br idge
as the structural  system fa i ls .

As th is was the f i rs t  and only fu l l -scale load tcst ing evcr conclucrcd
in Malaysia,  the test  would also serue as a re lerence and guide for
future testing(s).

3.2 TEST PROCEDURES

The test  consisted of  two stages:

Stage i :  Truck Load (oi  t l red rnagni tude) ar  d i i ierenr joad
posl  t . ions;
Srage 2:  Stat ionary Dead l_oad (wi th load increment unt i l
fa iJ ure)

Stage 1 l -oading rvas designed ro obtain the lateral  load dist r ibut ion
character is t ics of  the srructure wi th in the elast ic  l imi t .  Two t ruck
overiy Ioaded with aggregates were used. Each truck had a front
axle and two rear axles,  1.4 m apart ,  the dimensions of  which are
given in figure 3. The rveight of each axle was weighed using a
portable weigh br idge and the twin axles were iound to be of  equal
load.  The loads provided by the t ruck were of f ixed magnirudes but
the loading posi t ions were var ied to inc iude al l  pois ib i l i r ies of
causing the maximum load effects.

Concrete block each weighing belween 3.5 to 4.g tons wcrc uscd lo
provide the stat ionary dead load.  The exacr weight  o i  the resr  b locks
rvere weighed wi th a load cel l  connccred ro rh i  i r t t rnq hook.  

. l .he

accurary of  the load cel l  was 0.01 kN.

3.1.1 Preparar ion for  TesLing

Afewweek before the Ioad tesr ,  lhe br idge w.as c josed ro rhe publ ic
and the t raf f ic  d iverted to a temporarv br idge.  The surfaces of . lhe
beams were whi te-washed wi th s laked l ime. This was fbr  the
purpose of  detect ing any cracks and also captur ing the stress
patterns of  fa i lure.  The ioading posi t ions were c lear ly and
permanent ly marked wi th rvhi te paint  on t .he deck surfacing.  Thc
integr i ty  of  the l inear d isplacement t ransducers and stra in*gluges
instal led was checked and monj tored over a pe r iod of  more than 24
hours to ensure proper funct ioning dur ing the load test  srnce the
water level  was subject  to r idal  f lucruar ion;  and the gauges might  be
submerged under u,ater .

3 . : . 1  l ns t r umen ra r i on

A tota l  of  36 resistance-wire stra in gauges were uscd in rhe resr .
The gauges were manufactured by TML ol  Japan wi th an accuracy
of  1 micro stra in.  Polyester  gauges wrth a gaugc lengrh oi  120 mm
were used lor  concrete measurement whi le fo i l  gauges oi  3 mm
gauge length were uscd for  steel  measuremcnt.  6119.,  *" re
insral led in posi t ions to record and monj tor  the load efFects jo terms
of longi tudinal  st ra ins (see f igures 4a & b) .

L inear d isplacement t ransducers were instal led at  mid_spans and
quarter  spans of  the beams to measure and moni tor  the def lect ion
of the beams due to each load case. A higb sensiriviry steple.ss
spr ing ioading LDTx, i th a range of  100 mm reads to 0_01 mm was
used. Precise level measurements were aiso carried out to monJfor
any settlement at the abutments irnd to check the stee\ [rame
supports for  the l inear d isplacement t ransducers.  This was done bv
instal l ing precise level  s!3t ion t t  speci f ic  loc: t r ions al  the 3burmenr
wal is /p i les and steel  f rame support .

Figure 3: Axle configuration and weight.

Stage 2l -oading was designed to cause complete ia i lure of  rhe
br idge.  I t  is  essent ia l  thar the term ' fa i lure 'be def ined here.  As was
menl ioned ear l ier  in the preceding sect ion,  rhe purpose oi  the fu l l
scale load lest  was !o invest igate the performance behaviour ( load
paths) of the bridge system as the weaker members fail Jeading
eventuallv to the failure of the whole structural system. In this
regard, failure was defined as the complete collapse of the entire
strucLure.  A catastrophic col lapse of  the br idge was expected.
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Ficure 4a:  Plan l -ocat ion ol -  instruments
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Figure 4b:  Locat ion of  instruments

The readout uni t  for  st ra in measurements was an automat ic data
Iogger wi th automat ic pr intour.  The data logger togerher wi th the
switch box can read up to 500 channels at a scanning speed of 0.08
channcl per second. The data logger was linked to a portable
computer wi tb sof tware to enable mea-suremenLs and plot t ing ( load-
deflection and load-strain curues) be insrantaneously displayed on
the computer screen.

3.2.3 l-oading cases

For each stage of testing there were a number of diflerent load
cases.  For stage 1,  there were 16 load cases involv ing two loadcd
truck in various positions. For each of these load cases, the
readings of  the gauges and t ransducers were automat ical ly  logged.
For the purpose of this paper, only the effects due to load sequence
152, 153, l-S5, l-S12, l-S13 and 1515 are reporred in seition 5.0.
Figures 5a, 5b and 5c, show sequences lS2, 153 and lS5. l-oads
lS12 and l -S13 are mirror  images at  the centre span of  the br idge,
of load 152 and lS3 respecrively. lnad l-S15, is on rhe orher side of
the br idge to load l -S5 and the t ruck is  facing the opposi te way.

r l i
Zffi

Figure 5b:  Axle Load sequcnce No.3 (153)

Figure 5c: A;rle l-oad sequencc No.5 (15-s;

For stage 2 tst ing,  i l  $as or ig inalJy proposed thal  rwo concentrated
loads of  1.8 m apart  be appl ied against  a kent lcdge o[  concrcrc
blocks to s imulate the PWD standard wheel  loads (1990).  There was
however a d i f f icul ry in the dcsign oi  rhc test ing r ig which had to span
across the length of  the br idge.  I t  was therefore decjded thar
concretc b lock be used as c iead load instead.  Tbe loadtng rvas
appl ied over an area of  6.3 x 5.8 m (see f igure 6)  using rwo 30-ron
cranes.  One crane was used lor  the placement of  the concrete
block whi le the other uas used ro hoisr  up a * ,orker to he lp posir ion
the concrete block in p lace.  The precauLion taken had proved to be
necessary when al  one stage of  the loading the Joading block fc l l
down. The strains and deflections wcre rccorded for evcry 20 tons
load interval .

I
-l!, '-

I r''

I

I
, ' t

'i:

f*ttot'*

Figure 5a: Axle l-oad sequence No.2 (IS2) Figure 6:  Scene of  load test  at  51.4 Tons
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4. TEST RESULTS

The results of the ioad test was reported in figures 7 to 10' Ncgative

values indicate compression striin and positive values indicate

tension strain.

Hair l ine cracks wcre observed on Beanr No 4 at  a tota l  load of

iSO-fO ,onr. At about 295 tons, the structure began to show signs of

iuiiur., ut 309 tons the superstructure showing plastic state

behaviour. The structure would coliapse if the load was main[aincd'

t  r t  t t . r -  was any accidenl  due to unexpected catastrophic fa i lure '

un-ual iUonot p iece of  concrcte b lock was placed to in i t iate fa i lure

Og"t .  i f  l  Thcn the'Kuala Langat br idge is  ia l l ingdown (see f igure

1 ? )

Ficure L1:  At  maximum load 320'67 tons'  The br idgc col lapsed

ab"out 3 minutes after the final load was applied'

Figure 7:  Stra in a l  mid-5pan f rom axlc loadings'

Thc f igure above shorved t i ie  lateral  load dist r ibut ion oi  t i lc

superst iucture at  lhe c iast ic  stage.  For loads.  at^the.middle oI  the

br idge,  the two inter ior  beams have higher stra in Simi iar ly '  whcn the

ioad- is on s ide oi  thc br idge'  the respect ive cdge beam slra lncd

morc than the other three bcams.

5. INTERPRETATION OF RESULTS

5.1 Stage 1 ioadinq

S t r a i n  a t  M i d - s p a n
T r a n s v e r s e  S e c L i o n

v + "
:frfj-rli-

1 2 3 d
B e a m  N o .

r ? l {

D i s L a n c e  a c r o s s  l h e  w i d t h  ( : l )

- 6 ?  + L S 5  + L S i ?  + 1 5

Stage 1 loadtng

Load  S t ra tn  Cu rve
a t  M i d - s P a n

I l r c r o  S t r a t  n

1 0 0 0  I

5 0 0  i

o so rQo 
,'.'io r'"1llr 

?so

- c 3  + c ?  + c l

Figure 8:  Stra in curvc at  mid-span, for  beanl  I  to 4

This is  a stress stra in curve.  I t  can bc seen that  lhc pair  of  intcr ior

and edge 6g4rn5 5h6wed s imi lar  t rends At  non I inear phasc'  the rc

appear to be convergence of  st ra in of  the intcr ior  and that  o l  i ls

immediate edgc beam.

Load  SL ra in  Cu rve
Fo r  F rame  ?

o  5 0  L o o  l 5 o  2 0 0  z s c  3 0 0

L o a d  ( T o n s )

- c l u  .  C t 7  
* C ? 5  + c z a

Figure 9a Stra in curve for  gauges lT '  18,25 and 26
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- 1 0  0

- l 5 c

0

Figure I2:  The col lePscd br idgc

35C
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L o a d  S t r a i n  C u r v e
F o r  F r a m e  Z

100 150 zOO 25A 3OO 350
Load (Tons)

- U 1 1  * G 3 .  + C 3 0

Figure 9b:  Stra in curue for  gauges 7,  1 1,  34 and 30.

These two f igures showed rhat ,  the u,al l  ar  G7, Gl  1,  Gl7,  G1g, G25
and G26 entered the non l inear Ioad and stra in re lat ionship at  2og
tons.  The stra in readings before fa i lure,  for  G7 and G11 indicated
that  they are in tension and the bot tom wal ls  ard in compressron.

S t r a i n  a t  M i d - s p a n
C o n s t a n t  L o a d  ( 3 0 8 . 8 8  T o n s )

Itl ic.o Slrain

stronger beams arc incrcasing,  which ind jcate t .hat  load redistr ibuLion
occurred.

I t  is  a lso norcd that ,  in f igure 9a and b,  the non i inear phase
occurred at  ioading of  around 268 tons,  ear i icr  than that  o l  the
beams. This showed that  thc decks arc vcry much stronger rhan thc
wall/column.

6.2.1 Col lapse

The actual  col lapse of  the structure occurs at  a ioad of  about 320
tons,  wi th the whole superstructurc ia l l ing into thc r ivcr  vrr tual ly  in
one piece.  I t  is  obvious thar the pi lc  bent  sysrem at  the
embankment is  the weakest  in the overal l  s l ructural  system. Thc
pi les buckie f i rs t  evcn though the supcr st ructurc a lso bcgins ro shou,
s ign of  y ie ld ing.

7.  CONCLUSION

The structure bchaves l inear ly unt i l  a load of  about 282 tons.  Beyond
300 tons,  buckl ing of  p i le column becomes evident ,  as scen f rom the
sudden col lapse of  the complerc supersrructure,  aJthough rhc mid_
span of  the supersrructure is  a iso showing s ign of  y ie ld ing.
Redistr ibut ion of  loads lor  such a srructure is  not  very ef f ic ienr
pos-s ib ly duc to the diapghram beanrs Lhemsclves are nor suf f ic jent lv
st i f f .  Some distr ibut ion is  seen oniy torvarc is or  near col lapse state.
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Figure 10:  Constat  load srra in curuc at  mid_span, for  bcam l  Lo 4.

At  constant  load of  309 tons,  the beams are wel l  in to t l ie  non rrnear
range. As was demonstrated by the curves jn figure g, the edge and
irs in lermediate inter ior  beam approached or a-re converqino to rhe

Xl: 
rjrli This can be clearly ieen in the figr.. u;;,":?;,"g;";:,

uJ and b4.

6.  DISCUSSION AND CONCLUSIONS
6.1 Stage i  loading

Under th is loading condi t ions,  whcn the t ruck w,as at  the centre l ine
of  the br idge,  rhe load drstr ibur ion factor  are found ro be 0.39,  i .00,
0.91 and 0.57 for  beam 1,  2,3 and 4 respect ively.  Simi lar ly ,  under
onelane loading rhe load djst r jbut ion factors or"  i .00,  1.00,  0.63 and
0.2 for the same beam configuralions. These are demonstrated by
the load strain curue of iigure 7, for loads I-S2, LS5, lSl2 and IS15.

6.2 Stage 2 loading

Under UDL load,  the behaviour dur ing the in i r ia l  srage is  s imi lar  to
the to the t ruck loads as the structure is  st i l l  in  the eiast ic  stage.
Beam GI is  seen to be weaker than the other three beams, however
af ter  282 tons,  as lhe structure enters the non l inear phase,  Lhe
super structure began to demonstrate the load dist r ibut jon par ierns.
As shown by the rapid increase in the stra in of  the other three
beams.as was shown by figure 8. The curve in figure 10 also showed
that ,  the st . ra in in the weaker beams are reducing and that  of  the


