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AI}STRACT

Thc Public' Lllorks Depurtntant Muluvsiu (.lKR) i,s ctrrrcntl.t' tloing u

.joinl sltrtlv wilh Univer.sili Tcknologi Multn'sitr (U'l'il|) rtn Curhttn

l-'ihra llain/ctrced Pol),ntar (L'F RI') [hc uinr ttf thc studv is ttt

invc.stiguta thc a.ffectivencss of CFRI' in gpfi4nc:irtg tlrc flcxtrrul
c'ctlttrc'itt' rl reinforccd concrate (R.(-.) haun,s. Thi.s ittt'ttlves

luborulon' investigutions on R.C. bcunts us wall us ot1 uctuul

slrtrcturc. Fot' lha investigulion on un uclttul .strtrcttte, u .rcvctt

spun R.C. haun bridgc, nuntely I'-'l'009/035/80 itt Kttulu Piluh wtts

salaclat l . ' l 'hc inva.; l igutiott  t t 'u.s c'orr iad rtul h.t '  checking thc

.strangth rf'tlta haunt.t ha.fbra und ufier upplic'cttittn o/ OFRt'. 
'l-ha

.flexurul t:trput:itic.s of the bridgc.\upet'slt'u(tut'c t'cra dclt:rtninad b-t'

loud lc.sling tha bridga. 
'['his 

puper prcscnl:; tha Ittutt last.s c'urricd

out on hritlga FT'}09/035/80 in Kualu Pilah. Tha pupcr dc.scrihes

lhc prcpurutrtry, rl)rk involvctl in the loud tc.rl, Ihc instrtrntcntutittn

und proccclur"es udopted in cdrrr:ine ou! thc loutl tc,st. 
'l'hc 

rcsulls

untl their cotnpurisotts .r.ilh tha theoreticul vulua.t ure di.sc'trssctl

and intportunt.fintlings und concltrsions prcsanled.

1.  Int roduct ion

Load testing of bridges has been used in some coLlntries to determinc their true safe
load carry ing capaci t ies [ ] .  L ,ven wi th the avai labi l i ty  of  Inodern day analyt ica l

methods, load test is sti l l  considered an effective rneans of proving structural theory

and soundness of  assumpt ions used in the design and construct ion [2,3.4] .  Bakht

and Csagoly (1979) and Bakht and Jaeger (1988) reports that load test carried out in

Ontario fiequently reveals that the actual load carrying capacity of a bridge is very

much higher than what the theory predicts. The Governnrent Of Malaysia Report
(1992 and 1995) repor ted s imi lar  f ind ings and at t r ibuted th is  phenornenon to the

bridge inherent residual load capacity.



In  Malaysia.  br idge load test ing was f i rs t  carr ied out  in  199 I  on a s ingle span
reinfbrced concrete (R.C.) f iarne bridge and a steel bridge in Kuala Langat District.
Selangor [5]. The two bridges, rvhich lvere earmarked tbr replacernent rvere load
tested to fa i lure in  order  to determine thei r  u l t imate capaci t ies.  l 'hen in  Novetnber
199 I .  under the JICA Studl ,on Br idge Maintenance and Rehabi l i ta t ion fu l l  scale

load tcsts rvere carr ied out  on thrcc br idges [61.  The object ive of the load tests in  the

Study rvas to deternr inc thc st ructL l ra l  reservcd loadin-e capaci t l , 'o f  the nra in

component  par t  of  the br idge.  In  1994,  JKR Malaysia gained considerablc
exper ience in br idge load test ing under the Br idge Capaci t l 'Study in  Peninsular
Malaysia as rcpor tcd by KLr Mohcl  Sani  (1996).  

- l 'he 
i i i r r  o f  the load tcst  in  the Study

was to proof  load the br idgcs to Long Tcrm Axle Load (L ' l 'AL)  i .e .  the Malaysian

dcsign load at  t l re  t inre.  Thc load tcst  rcsul ts  shorved thal  i r l l  the l -5 br idges load

tested in  the Study r .vere able to carrv loads h igher  than LTAl-  [ .7 ] .

The expcr icncc gained by. lKI t  on load tcst ing had rnade i t  rccognised that  load
test ing is  an indispensablc approach in thc determin ing the actr . ra l  br idge sal -e load
ci i r r f  i r rg capaci t r - .  F lor .vever . . lKR has not  conducted any load test  s i t rcc then unt i l
rcccnt ly  rvhen an opportuni ty  ar iscs through a- lo int  s tudy bctrvcctr . lKI {  arrd LJTM on

the appl icat ion of  carbon f lbre re infbrced polyrner  (CITRP) cotnposi tcs.  
- l 'he 

a i rn of '

the study is  to  inves( igatc thc cf f tc t iveness of  CFRP sheets or  Ianr inates in

cnhancing the l lcxura l  capaci ty  of  I { .C.  beat t rs .  This  involvcs laborator l '
invest igat ions on R.C.  beat t ts  as rvc l l  as on act t ta l  s t ruct t l re .

For  the invest igat ion o l -  CIFRP conrposi tes on an actual  s tn lc tL l rc .  a seven-spi ln
R.C.  bearn br idge,  nanrel l '  I -1 '009/035/80 in Kuala Pi lah rvas selcctcd.  I t  rvas

decidcd that  t i r l l -scale lond tcst  bc carr ied out  on the br idge belbrc and af ter  the

appl icat ion of  CFRP in order  to dcterrn ine the actual  gain in  s t rength a l icr

appl icat ion of  CFRP.

' l 'h is  paper presents the load tcsts carr ied out  on br idgc FT009/035/80 in Kuala

Pi lah pr ior  to  insta l la t ion of  CIFI{P.  A paper on the ef l 'ect  o l -CFI{ I ' ]  on the br idge
rvil l  be presented later. 

' l  
he present paper wil l describc the preparatory rvork

involved in the load test, the instrurrientation and procedures adopted in carrying ottt

t l ie  load test .  The resul ts  and thei r  cornpar isons lv i th  the theorct ica l  va lues rv i l l  be

discussed and important  f ind ings and conclus ions presented.

2.0 Bridge Description

Bridge FT009/035/80 is located in Kuala Pilah Town along Federal Route 9 (i.e.

Tampin -  Karak road) .  The br idge.  which was constructed in  1960's,  has 7 s imply

suppor led spans wi th each span having equal  length of  9.1 m. This br idge is  ideal

for the intended study as 7 CFRP material suppliers have agreed to supply their

materials for the study. The superstructure consists of 2 independent structures with

each one comprising 3 rectangular R.C. beams casted monolithic to an R.C. slab.



The details of the bridge are shor.vn in FigLrre I and 2. Structural drar.vings for this
bridge 'uvere not available, hence rnost of the structural details were obtained fiont
f ie ld rneasurernents and invest igat ions.
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l ' igura l. Cross-scction of thc bridge

A dcta i lcd invcst igat ion of  the br ic lge shorvcd that  i t  is  general l ) ,  in  good
condition r.vith no signs of serious clef'ects except tbr solne flne shrinkage cracks
detectcd at the sides and sofflts of bearrs. Carbonation lests carried out on thc
bearns indicated carbonat ion depth of  between 7 ro 39 mm against  the concrete
cover of bet$'een 25 to -50 mltt. Estimated in-situ concrete cube strength of seven
cores taken fiom the beam of each span gave a range of between 20.5 N/nrrnr and 3j
N/rnmr. whereas the estimated in-situ concrete cube strength from the rebound
han rmer tes tgavea rangeo fbe t r . veen3TN/ rnmrand4gN/n rm2 .  Theh ighe r rebound
hammer readings were expected as the carbonated concrete surface has higher
strength [8]. Some concrete breakouts were carried out at the soffit of the bearns to
obtain the rebar sizes and their cover and also to provide access for installation of
strain gauges directly on the rebar. concrete at the sofflt of Beam 3 on Span I r.vas
totally removed unti l the rebar to obtain the actual amount of steel. This is
necessary in order to calculate the theoretical capacity ofthe beant.



3. Load Test

3 .  I  Gene ra l

The purpose of the study is to investigate the actual strength gained on the beams
strengthened rvith CFRP. In order to achieve this purposc. load tests rvcre carried
out  befbre and af ter  the insta l la t ion of  the CFRP and observ ing the ef lccts  on the
bcams. ln this study, the effects on the bearns lvere studied by fixing strain gauges
and def lect ion t ransducers at  the r r id-span and measur ing thei r  responscs rvhcn the
bridge rvas loaded.

j . l  Load  f cs l  O rga r r i sa t i o l

Load tcst ing is  a cornplex operat ion,  which involves a largc rnanpower ut i l isat ion.
Various teatns were organised to perfbrnr spccific tasks to ensurc that the load test
would be carr ied out  sntooth ly  and successf i r l ly .  Thc tcarns set  r . rp fbr  t l te  load test
were as fbllorvs:

Br idge t in i t ,  JKI{  involved in the overal l  orsanisat ion of  the load test  inc luding
dcta i led p lanning;  pre l in t inarv lvorks such as br idgc inspect ion.  i r rvcst igrr r i r rn
and analys is ;  coordinat ion betrveen the var ious teants and rcsponsib lc  in  the
actual  execut ion of  load test .

LJ ' I 'M rvas rcsponsib lc  lbr  f rx ing of  s t ra in gaugcs and l inear  t rarr rsduccrs and data
acclu is i t ion through the data- loggcr  dur ing the load tcst .

JKI{  Kuala Pi lah lvas responsib le fbr  prov id ing s i te  ass is tance such as c lear ing
ol -s i tc .  erect ing tents lbr  data- loggers and guests.  s taging fbr  v ideo cantcra.
prov id ing r .vatchrnen rvhcn inst rurrentat ion rvere insta l led,  l ia is ing rv i th  local
pol ice and radio lbr  t raf l lc  contro l ;  and contro l l ins the t ra l f lc  dur ing the load
test.

JKR Workshop was responsible for transporting concrete blocks to and iiont
the br idge s i te  and provid ing t l ie  tcst  vehic le dur ing load test .

CFRP suppl iers rvere responsib le fbr  insta l l ing thei r  products on thei r  rcspL.c ivc
spans after the flrst load test.

A contractor was engaged to erect staging to provide access fbr
gauges. transducers and CFRP.

of

t Tenaga Nasional to provide steady power supply for gauges installation.
site preparation and data-logger during load test.

Wi th a large number of  personnel  involved,  a comprehensive program
formulated for all the participating teams to adhere in order to ensure that the

other

was

load



test went on smoothly. Regular rneetings were conducted to discuss the progress or
problems f -aced by the teams.  At  the sarne t ime the Br idge Uni t  rvas in  consta l t t
contact l.vith all the tearrrs to ensure that all teethins problents rvere resolved befbre
the Ioad test .

3 .3  Equ ip rnen t

The inst rumentat ion used to measure the beanrs ' responsc to the appl ied loads rvere
rcs is tance rv i re s t ra in gauges to mcasure st ra ins and l inear  vol tage det lcct ion
transducers ( l -VDT) to measurc def lect ions.  T l rc  gauges and LVDT were insta l lec l
at  the nr id-span of  Beanr 3 and 4 at  cvery span at  locat ions as shown in F igurc 3.
Gauges insta l led on thc bot tom rc infbrcerncnt  r .vould rneasure ntar i rnunt
st ra in/ l r torr tent  rvh i le  sauges insta l led at  the rn iddle and top o l - the beanrs rvould be
i ib le to obta in the neutra l  ax is  of  thc deck.  thus conf l r rn ing the composi te act ion o1 '
thc c leck.  l 'he LVD' l 'were insta l led on independcnt  supports  and posi t ioned at  thc
nr id-span of  Bearr t  3  and 4 to Ineasure rnaxi rnur .n dc l lect ion o1 ' thc bcams duc to each
load case.

B3

F igure J. Locaticln of strairr eauges and

utDr

LVD' I '

The readings f rom the st ra in gauqes and LVDf rvcrc recorded v ia connect ions
to two por table data loggers rv i th  mu l t ip lexors on each s ide of  the r iver .
Inst runlentat ion on Span 1.  2.  3 and 4 were connected to the data logger s tat ioned at
the Kuala Pi lah r iverbank whi le  inst rurnentat ion on Span 5.6,  and 7 r .vere connecte.c l
to the data logger stationed at the Karak riverbank. ' l 'his 

rvas to avoid errors in
readings i f  some connect ing wires were too long.  Concurrent ly ,  prec ise level
measurements were also taken to check fbr anv settlement at the supports and also as
a counter  check for  the LVDT readings.

For  the appl ied load,  a JKR low loader was used as a test  vehic le.  This was
because the lorv loader was used before during previous load test carried by jKIt
thus its axle configurations and weights rvere known [1.7]. Hor.vever, as this time
the low loader rvould be incrementally loaded rvith concrete blocks weighing 2.5
tonnes each instead of previously 2 tonnes, the axles were weighed at JKR
workshop for each load level to be imposed on the bridge prior to the load test. 

' fhe

h
c

850



test truck configuration and the loads irnposed during load test is shown in Figure 4
and  Tab le  l .

f- igure J. Cclnfiguration of lor'v loadcr

Tuhlc l :  Ax le Loads and Vehic le Loads

Load
Level

No. of Axle Weielht, kI\ Gross
Weighl

0
I
2
3

0
1 0
l 4
t 6

4-')

78
82
82

227
141
540
589

59 44
68 11

68 82
10 82

40 4 l
n 2  l t 2
t52 155
t76  n9

3.4 Test Procedure

Thc load test  was carr ied out  by s lowly nrov ing the lo lv  loader a lc lng the center l ine
of  the br idgc and rneasur ing the br idge rcsponscs rvherr  i ts  tandem axles st raddlcd
over the nr id-span.  The t ravel  l ine and stop posi t ions were chosen to produce the
rvorst  and eclu iva lent  load e l lbct  on thc Bearn 3 and 4 at  each load level  (L l , ) .  The
travel and stop positions rvere clearly rnarked on the bridge prior to the load test for
ease of  guid ing the low loader a long the r ight  t rack.  DLrr ing the load test  key
personnel r,vcre positioncd at the front. back and side of the lolv loader to ensure that
i t  t raveled and stopped at  a correct  posi t ion.

The load test was conducted in the fbllowing rnanneri init ially the lor.v loader
wi th LLI  would load Span 1 at  the predetermined posi t ion,  and then proceed to
Span 2 when all the readings were taken. This procedure was repeated to the rest of
the spans unti l Span 7. At each load position the low loader rvil l  remain in place
long enough for vibration to attenuate and for strain and deflection measurements to
be taken betbre proceeding to the next load position. After f inish loading on Span 7.
the low loader would return to its loading area to add concrete blocks to LL2. Then
the low loader would resume loading all the spans again follorving the exact
procedure. The load test ended when all the spans had been tested rvith every LL.

9.20nrl . 07n t



Figurc j .  Load tcst on one of the spans with lorv loadcr at LL3

Dur ing  the  cn t i re  c lu ra t ion  o f - thc  load tes t ,  thc  b r idge rvas  c losed to  a l l  t ra f l l c  to

ensurc thi i t  the load tcst rverc carr ied out slnoothlv and to cnstrre saf-et1' of al l

pc rsonne l  invo lvcd  rv i th  the  load tes t .  T ra l f i c  was  d iver ted  to  a  de tour  road by  JKR

Kuala  P i lah  rv i th  the  ass is tance o f  loca l  t ra f f l c  po l i ce .  
' l ' hc  

p roceed ing  o f  the  load

tcst were recordcd by the l , ibrary tJnit  of JKR using video rccorder and catnera.

Figure 6. General scene at the bridge site during load test

4. Load Test Results antl Discussions

The data collected during the test were brought back to the office to be processed

and analysed. l-he def' lection results were fairly good as they follow similar trend as

the theory predicted as shown in Figure 7. The results shorved that the deflections

of the two beams were fairly the same and were consistently rnuch lower than the

theoretical deflections. Table 2 showed that the actual deflections lvere lower than

the theoretical values by about l6Yoto 52Yo.
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The disparity in the results could be attributed to inherent stif-fhess in the bridge
in which the theoret ica l  rnodel  fa i ls  to  account  for .  The st i f fness in  thc br idee could
be due to:

I  bet tcr  la tera l  d is t r ibut ion of  the deck s labs than those predictcd by s i rnple
analvs i  s .

f r ic t ion or  r ig id i ty  of  the bear ings.  In  theoret ica l  analys is .  the bear ings should
al low the beams to f iee ly  move or  rotate.  However.  in  real i t l , the bear ing
sti lfness restrained these fiee movements allowed for in the design.

stiffness of non-structural elements. The presence of parapets, water mains and
premix surfacing of about 23Omm not considered in theoretical calculations as
structural members do contribute in increasins the decks' stit lness.
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The strain results as demonstrated in Figure 8 and Table i did not compare rvell
rv i th  the theoret ica l  va lues.  Unl ike the def lect ion resul ts .  the st ra in resul ts  do not
even exhib i t  s i rn i lar t rend as the theoret ica l  va lues.  I t  is  observcd that  general ly ,  the
strain readings increased as the load were increased frorn Ll-l to LL2 bLrt sor.nehorv
decreased rvhen loads were increased from LL2 to LLi.

. Iherrn
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Figure,\. Strain results at sof f it of Bearn l

- l 'hcse 
st range resul ts  could be expla ined by thc prescnce of  f ine shr inkage

cracks on the bearns. Thesc shrinkage cracks reprcsent rvcak points in the bcarns
and when the tcnsile stresses in the concrete bottorn f-ibre exceedecl its tensile
st rcngth.  in ternal  rn icrocracks might  propagate f iorn these cracks [9] .  As a l l  the
stra ins readings were reduced af ter  LL2,  i t  is  prcdic ted that  thcsc cracks may have
developed at  LLi  i rnd thus would re l ieve the st ra ins in  the concrete and rcsul t inq in
lower s t ra in readinss than at  LL2.

Tuhle 3' Strain results at beam soffi l

It was also observed that the lengths of the connection cables might have
affected the strain results. Table 3 showed that the strain reaclings on Beam 3 and
Beam 4 at each span are fairly closed but differ quite a lot at different spans.

I-oad

I-cvel

S'l'R:\lN (lll(lllo)

'l-heorr Span I Snan 2 Srran 3 Snarr  J Snan 5 Span 6 Snan 7
B3 B{ B3 B{ B3 B{ B3 B't 83 t]{ B3 B.t u3 B{

I _ t . l 193 b t rJ8 l 0 l l l 6 t37 I  t l t 5 l 1 5 0 I 6 : I 8.+ 1 1 1 263 261 263
LL2 215 23t 257 l f / 1 7 0 l9( 208 277 281 2t1 2 i ! 2 l 228 2l 2 l ' ,
t-L3 2 i 8 t01 106 r03 t I l 147 125 l 0 l 77 20( 219 / ) ) 1 8 7 t9,



The test to check the ner.rtral axis of the beams also did not yield good results.' fh is  
can be at t r ibuted to s i rn i lar  reasons above i .e .  shr inkage cracks at  beams and

unequal length of connecting wires. Apart f ionr that coM 1995 [l] reporleci that
d iscrepancies in  concrete st ra in readings ar ise due to inhornogenei ty  of  concrete and
presence of voids in concrete. Nevertheless the results did shorv that there are
cornposi te act ions betrveen the beams and deck s lab as the st ra in readinqs at  a l l
posi t ions were posi t ive i .e .  a l r .vays in  tension.

5.  CONCLUSIONS

Notrvithstandin-q the fact that the original objective of thc load test was to vcrify the
ef f -ect ivencss of  CFRP in cnl rancing thc capaci ty  of  the br idge.  thc load test  resul ts
have led to solne Lrsef i r l  f ind ines as descr ibed below:

o The br idge has a capaci tv  of  ar  least  0.71-TAL.  Even though thc h ighest  load
inrposed on the br idge'"vzrs ec lu iva lent  to  0.7t ,TAL.  t l re  resul ts  shorvcd that  thc
br idge has p lcnty of  rcserves to carry rnuch h isher  loadins.  ' fh is  

is  in  l ine wi th
the repor t  bv Ku Mohd Sani  (1996) that  a l l thc l -5 br idecs load testcc l  dur ing thc
Br idge Capaci tv  StLrdv.  exhib i rcd capaci t ies h igher  than LTAt. .

r  
- rhe 

br idgc deck cxhib i t  conrposi te act ions betr .veen the beanrs and thc s lab.
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