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ABSTRACT

This paper describes the development of a speaitildxperimental rig used for
bond durability study of composites specimen umdenbination of sustainable
mechanical load and weathering effects. The speciameler study was Carbon
Fibre-Reinforced Plastic (CFRP) plates bonded wsthecial structural epoxy
adhesive to a concrete prism. The fully mechamigalvas designed to create and
sustain pull-push load configuration to the specimErom setting-up process,
laboratory monitoring works and CFRP plate straiata, it shows that the rig
performed well without any maintenance throughbaetperiod.

Keywords: Bond durability, CFRP plate-concrete bonded sysexperimental
rig, load sustainable.

1.0 INTRODUCTION

Several experimental and testing rigs have beeduper and used to investigate
either for short-term or long-term bond performanoé steel or fibre-reinforced
plastic (FRP) plate-concrete system since 1970knoyvn researchers around the
world. These include four point flexural loads gndl-out test rigs that used for
normal experimental size reinforced concrete beanssnall scale concrete prism
respectively. Most of the designs were relatednigstigation into either bond
performances or bond durability and other mecharpeaformances studies of
steel and FRP system bonded to concrete. In tiye &g of the durability study,
an investigation into the flexural performances sbéel plate-concrete beam
bonded system exposed to outdoor environmentalitt@madinder sustained load
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had been successfully conducted by numerous réearfl-8]. They have used
fully mechanical experimental rig as shown in Fegdr The rig was designed to
create a sustainable four points flexural load isggbonto a pair of externally
steel plate-concrete beam bonded system. The dg used without any
maintenance for bond durability studies of reinéatcconcrete beam that
externally bonded to mild steel plate. The specsngare exposed for more than
15 years to an aggressive environment industrieh @round Sheffield, United
Kingdom. Apart from that, the geometries and thadlng configuration that
assigned to the FRP or steel plate-concrete bospgedimen can be referred to
numerous researches works, for example Nakebal [9] in studying bond
characteristics under various loading effects sagtbending, single face shear,
direct tensile and double face shear. From thedystit shows that the double face
shear was the preferred test method that providgdréficant result. These were
proven by Swamyet al [2], Mukhopadhyayeet al. [10], Maeda,et al [11],
Brosens and Van Gemert [12], Horiguchi and SaeB] Hind Toutanji and Ortiz
[14]. From literatures, it shows that no experina¢nig has been developed
specifically for bond durability study under pulkgh loads configuration.
Therefore, it is very important in this researchdavelop the rig that can create
and sustain the mechanical load for long-term hirdbility study.

This paper discusses the methodology of how a simpchanical rig has
been developed, produced and tested for bond dityasiudy of CFRP plate
bonded to concrete prism using structural type p@whesive. The mechanical
performances of the rig also has been discussguowi the mechanics of the
overall rig-specimen integration in terms of loeahsfer and sustainable.

Tie Rod

Mild Steel I-Beam

Mild Steel I-Beam (spreader)

(constraint
membey

Specimenrginforced
concrete beam
externally bonded to
mild steel plate

Figure 1: Four points flexural load sustained rig

20 DESIGN OBJECTIVE AND METHODOLOGY
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The main objective of developing the experimeritalras to create a sustainable
pull-push loads that can be imposed on CFRP plaeldd to concrete specimen
(Figure 2) for bond durability assessment. The fitage in the design process was
to establish the problem statements which focusethé critical needs of the
product. In this study, the critical parts of tligp design is to counter the problems
that related with specimen’s geometry and loadiogfiguration that need to be
assigned to the specimen’s respected individuakmadt After completing the
parametric study of the specimen, three rig desimcepts have been produced.
Finally, the design concept based on the abilitynaeting most of design criteria
has been selected and develop for further techeiadbation. Apart from that, the
mechanical testing was also performed on individtigl components and
specimen materials in order to determine load amesses limit state. The
specimen materials test data are very importarthmoverall rig-specimen design
consideration.

Pull Load
Mild Steel End Tabs 4—,_

3mm x 5(mm x 15(mm
Pull Load

Hole Centreline

CFRP Plate

1.5 mm x 50 mm x 555 mm

Pust

Bond Length
L =200 mm

Concrete Prism
100 mm x100 mm x 300 mm

A

Figure 2: Specimen configuration under study

2.1 Design Solution

Apart from developing the rig, the analysis andestigation of the ultimate limit

state of the bond joint between mild steel end tBb<CFRP plate was also
considered as a top priority in the overall desmocess. This is important
because the failure in the bond region is not aeddg within certain load limit.

This was to ensure the specimen would not faihexdlamping region rather than
in the CFRP plate-concrete bonded area [15, 16}. djplication of mild steel

plate as end tabs was to prevent or to overcomewtakness of orthotropic

18



Jurnal Mekanikal, June 2009

properties of CFRP plate under tensile stress18),Mukhopadhyayaet al [10]

in their experimental study of Glass Fibre-ReinéatcPlastic (GFRP) plate-
concrete specimen had used mild steel plate geproe®50 mm x 90 mm A.2
mm bonded on both side of GFRP plate in order suenthe GFRP plate did not
tear off prematurely due to reduced cross sectionsa the drilled hole. No failure
along the bonded area of GFRP plate-mild steetaosibonded area was reported
in their study. Therefore, performing both bond ewical analysis and bond test
was the best approach to reach the conclusionterrdiming the load and stress
limit around the pinhole region within the end tabsom pull-push load test
shown in Figure 3, it can be seen that the weakiresshear properties of
orthotropic CFRP plate was the main factor thaiated the failure in end tabs
bond region. The test result shows that the delngnoli mild steel end tabs from
CFRP plate was due to excessive local bond strésshwwas developed at
specimen loaded end interface (i.e. tensile) begibn [19, 20]. This can best be
referred to strain distribution around pin hole engarious applied load level as
shown in Figure 4.

End tabs
bond
region

Figure 3:Close-up view of shear-out bond failure withindrsteel end tabs
CFRP plate under pull-pull load.

——5 kN
——10 kN
—— 15 kN
—— 20 kN
—+—25kN
——30 kN
—+—35kN

Figure 4: Typical strain distribution around endgginhole at various load levels.
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The rig final design is shown in Figure 5 which sists of an upper
constrain plate, lower constrain plate, bearingklguide block, pin, bolts, nuts
and tie rods. All the mechanical design calculatwas referred to design
handbooks [21-24]. In this design, the safety factol.5 has been used for all
critical components. This was based on materidinggsnd numerical analysis.
The assumption made in this design analysis wastltlearig and the specimen
were in the state of equilibrium. The design arialgsarted with first identifying
the most critical rig components and specimen ri@tére. specimen area that
subjected to critical stress under load). To overedhe constraint in identifying
the correct loading mechanism which able to prochigker limit load and also
able to fit the specimen loading point configuratia mini-hydraulic jack with 50
kN maximum load capacity has been selected (Figur&he load applied to the
rig-specimen was measured by a load transducertheétmaximum capacity of 50
kN brand TML supplied by Tokyo Sokki Kenkyujo CotdL [25]. The load
transducer was first calibrated to confirm it metdbal performances prior been
used for load measurement during rig-specimen géFigures 7 and 8).

Bearing block
~ Muts
Upper constrain

late
3 Bolt

) - Tierod
Hydraulic

pump
CFEF plate

Lower constrain
plate

Concrete -

Figure 5: Final design of load sustained bond erpantal rig spring under
compression load test.

i
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Figure 6: Mini hydraulic jack with capacity of &0l.
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Figure 7: Calibration of 50 kN load cell using 10 Instron Universal Testing
Machine.
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Figure 8:Graph of machine load versus load cell load readimder increment
and decrement of applied machine loads.

3.0 RIG-SPECIMEN SET-UP DESCRIPTIONS

The rig-specimen set-up started with the assemlblg tig components
configuration prior to the installation of the speen to the rig itself. After the
completion of setting-up works the mini hydraulack was installed onto the
lower plate follow by the installation of load tsatucer in between hydraulic jack
and the upper constraint plate. The lateral movéragmhydraulic jack and load
transducer was constraint by a circular holes dep8mm in depth and 50 mm in
diameter were formed at both lower and upper camdtiplates. Both tie rods
were subjected to full compression load after thecsnen reached it limit load.
This was achieved by tighten both rods using dosgEem nuts. Finally, the
torque wrench was used to lock the nuts prior leaseng the hydraulic load. At
the early stage, observation on the rig-specimefopeances were monitored
through data logger TDS-302 on the CFRP platerstrautput. The monitoring
was performed in every 15 minutes for the firsti®irs, followed by every 30
minutes for the next 48 hours and finally by evedyhours for the duration of 45
days. There are three rig-specimens used in thiperarent, namely;
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BOLTALS50-C1, BOLTALS50-C2 and BOLTALS50-C3. The roplete rig-
specimen set-up are shown in Figures 9 to 12.

Figure 9:Rig initial set-up. Figure 1(Full set-up and ready to be

Figure 11:Applying hydraulic load. Figure 12: Rig-specimesrfermance
monitoring through strain
reading.

4.0 DISCUSSIONS

The complete performances of the rig-specimen dupire-stressing and during
sustainable load are shown in Figures 13 to 1@BfOLTALS50-C1 specimen.
The curve shown in Figure I®monstrates the three stages of loading conditions
experienced by the specimen, namely; stressinggsty, locking (stage 2) and
applied load released (stage 3). It can be sedrdtliang the stressing stage, the
CFRP plate local strains were non-linear up tolitiné load. This non-linearity
was due to the mechanically controlled mini hydiajaick pumping system which
occurs at non-constant rate. This non-linearity bast referred to CFRP plate
strain curve along bond length as shown in FigdreThe next locking stage was
considered the critical part during the settingpupcess by which the limit load
imposed was set by the applied torque (i.e. detexdhby design calculation) and
this need to be workout in a fast mode and botlotks must be in a balanced load
condition. This could be verified and confirmed agnitoring the strain readings
of both sides (Side A and Side B) of the CFRP plagom Figure 15, it can be
seen that the difference between strain readingsgathe bonded length can be
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used as a standard benchmark to evaluate the ajdmetween both sides of the
specimen in terms of load transfer from the apphgdraulic load. The results
show that the different strain readings betweerh geair (i.e. reading of strain
gauges at the same location, for example SG2A &&BXtc.) for BOLTALS50-
C1 ranged from 0.5% to 30% for the three loadiages and 3% to 85% for low
load level condition. The same results were alsorded by BOLTALS50-C2
where the readings ranged from 0 to 20% for theethast stages and 20 to 85%
for low load level condition. Finally, BOLTALS50-C&howed a larger difference
between those two specimens whereby the differeanoged from 20% to 125%
for the last three stages and 7% to 19% for load Ievel condition. It could be
said that at low to higher load levels the rig-$men slowly adjusted their
loading condition until they reached the final staf equilibrium. In the final
stage, it could be seen that strain readings dbfpéhe final value (i.e. less than
the value just after locking) just after the apgplieydraulic load had been released
(i.e. load equal to zero). The rate of strains eleed along the bonded length in
linear mode. The reduction was due to the loss uppsrt provided by the
hydraulic jack used during pre-stressing. Therefdreould be seen that the rig
worked successfully as designed and capable ofiisirgj the stressed load
imposed to the specimen.

During the performance observation in the labayatnvironment for 45
days it can be seen that the CFRP plates strailingsawere almost constant after
reaching their full statics equilibrium (Figure 1j@st about after two weeks time
period. The laboratory room temperature and husnigiarameters had not
significantly affect the stressed conditions duevéoy small fluctuation of the
overall strain readings during the monitoring pdsioFinally, the rig-specimen
was exposed to outdoor condition for the periodsibf months. During the
exposure period, the rig-specimen performance wgslarly monitored through
strain reading measured at CFRP plate and concrete.

BOLTALSS0-C1
Stage2
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Local Longitudinal Force, N

Figure 13: Three load conditions during pre-siregstages.
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Figure 14: CFRP plate strain along the bond leagtrarious load levels during
pre-stressing.
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Figure 15: Strain readings between Side A and Bitte CFRP Plate after
applied load released.
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Figure 16: Graph of CFRP plate local strains vetisns (days).

24



Jurnal Mekanikal, June 2009

5.0 CONCLUSIONS

The first design and fabricated load sustainabitiégt rig was successfully
produced. The rig successfully produced pull-pusdding configuration on the

CFRP plate-concrete prism adhesive bonded specifriean.rig was capable of

transferring the load-stresses onto the specimdrsastained the load up to 50%
to 65% of the control specimen ultimate failuredo@he reliability of the rig was

technically proven during the observation perioddear laboratory condition.
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