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Abstract—Comparative behavior of Prestressed concrete (PRS0
beams subjected to two point leadings in terms of failure load.
deflection & fuilure modes i evalunted. FfTect ol Glass fiber
reinforeed pelymer (GERP) strengthening on PSC  beams
before & after first cracking is measured. Experiment includes
testing of nine simply supported PSC beams havinz cross-
seetion 150 mm x 200 mm with effeztive span of 30 meter,
Three unwrapped PSC Leams, three PSC heams wrapped by
GERP after initisl londing upto first crack & aml three
uncracked PSC beams strengthiencd using GFRP are tested
uptn failure.

Three dilferent wrapping patterns are executed on beams, Far

(ZL{7) span loadings, wrapping of full length af bottom and
~upto 137 of depth is provided, forming a U-shape around the
aeam eross-section. For (2LM) span loading, wrapping of full
length at bottom and upto 1/3™ of vertical depth is provided
and extra wrapping near the supports is provided. For (2L03)
span leading, U shape wrapping is provided near the supports;
for full depth,

It is observed that in (2L/7) span loadings, compared to
unwrapped PSC beams, the FRP wrapping along longitudinal
tirection, reduces deflections and inerexses the load carrying
capacity for wrapped PSC beams. In (2LM4) span loading,
combination of verticul and horizontal GFRP sheets, tugether
with a proper epoxy adhesion, lead to increase the ultimate
load carrying capacity for wrapped PSC beams. In (ZL73) span
landing, presence of vertical GFRE sheets near support reduces
the shear effects considerably and increase [oad chrrying
CAHICITY. E

Index Terms—fully Prestressed heams; GFRP wrapping;
different span loadings; load-deflection response; filure mode.

L INTEODUCTION

odern structural engineering tends to progress towards

more  economical  stuctures  throuzh  gradual):
improved methods of design and the use of higher-strength
materials, Such developments are particularly imporant i
the field of reinforced concrete; The limiting: features of
ardinary reinforced concrete have been larmely over con- -
byt the develapment of prestréssed concrete. A Prestressad
concrete. memiber can be-defined as one 0 which =
introduced internal stresses of ‘such magnitude  and
distribution that the. sirusses. resulting from the aiven
external loading are counteracted to a desired dearee
Concrete is busically a compressive material, Prestress
applies a precompression o the member that reduces or
climinates undesirable tensile stresses that would otherwise
be present. Cracking under service loads can be minimized
or even avoided entirely. Deflections may be limited 1045
accepiable value

11.-DESIGN OF PSC BEAMS

PSC beams are designed using limit state theory using
[S: 1343-19840 All bedms have same cross-section of 150 &
200 mm with effective lensth of 3.0 m. Requirement of
reinforcement is evaluated by applying prestressing force of
85.47 KN in case of all the beams. Six high tensile 4mme
prestressing wires and 8mmdi @ 300 mm clc stirrups are
used a5 lateral reinforcement in the beams. Two no of
10mm bar at top and bottom respectively is used as non-
prestressing reinforcement. Specimen detailing is shown in
Fig. | ;
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Fig. I Reinforcement j')ﬂ:li[ for PSC Beam
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M1, DEVELOPMENT OF PRESTRESSING FACILITIES

Prestressing  system exclusively developed for this
research work is shown in Fig. 2. Screw jack is provided for
prestresing of HTS wires. For fixing of HTS wires, wire
locking barrel is used. The screw jack along with maoving
anchor block  is. fixed to the Jacking end side {stretching
end). The steel plate mould is fubricated and put into place
with bolted ¢nd plates having holes for pretensioning wires
Lo pass through;

V. MATERIALS

Selected proportion for M43 grade concrete mix s
cement: sand: grit: Kapchic water 131.36:2.21:0.55:037. ¢
mm HTS wires are used for prestressing. Tension test for the
wire is performed on UTM and its ultimate strenath is found
as 2350 N/mm’. Fiz. 3 shows the load-deformation
relationship for HFS wires. Test was carrded to find out
maximum tensile strength of the wire. GFRP laminate is
used for wrapping on the beams.

V. GFRP WRAPPING ON BEAMS

Thres PSC beams are tested up to first cracking. They are
then strengthened using Glass fiber reinforced polvmer
(GERF) laminates and asain tested upto failore. Thres
uncracked control PSC heams immediately after giving the
required curing, are strengthened using GFRP laminates angd
then tested. Different tvpes of strengthening arrangement aro
provided based upon diffcrent span loadings. Fig 4 shows
the different types of strengthening arrangements provided

VL TESTING COF BEAMS

Total nine PSC beams are cast and tested by applying
two point loading. The details of notations of PSC beams
tested with three different loading positions are mentioned
as below. Three PSC beams initially tested up to first
cracking, after that they provided with Wwrapping are tested
upto failure, which are denoted by PSCWFC1, PSCWFC3.
& PSCWFCH respectively. Three uncracked PSC beams sire.
wrapped and tested, which are denoted by PSCW1, PSCWS3,
& PSCW4 respectively, Three different types of loading
positions ie. 21/7, 2L/4 & 2173 span loadings respectively
are employed for testing of beams and are denoted with
notations 1, 3, & 4 respectively. Asshown abova 1.8, &4
eic. are generally written afier category of specimen exhikits
the loading span emploved for the respective category of
specimen. Fig. 5 shows the testing set up fabricated and
prepared for testing of the beams.

VI RESULTS AND DISCUSSIONS

The overall comparison is obtained between the
experimental observations & theoretical caleularions for the
beams. Results of Failurc Load & Load-Displucement
relationships for different span loadings in case of all the
beams are given in Table 1. Basic beam theory is applied for
calculating deflection and failure load in case of all the
beams,
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Fig: 3: Load-Deformation for HTS Wires
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VIIL FAILURE LoAD PSC beams is observed to be significantly less compared to

. . . . the wrapped PSC beams. Higher load carrying capacity. is

The comparison of experimental & theoretical values of  oyiqens in case of uncracked wrapped PSC beams compared

failure loads for all the beams is represented in Table 1 & 1 pSC heams wrapped.after loading upto first visible crack.
figure 6 respectively, Load carrying capacity of unwrapped 5
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Fig. 6 Comparison of Theoreticnl and Experimental Failure Loads

The experimentally observed failure loads are higher than ' =
the capacity of the beam evaluated theoretically, Table |
gives the % increase in failure load in cize of all the
wrapped PSC beams compared to unwrapped PSC beams
tested at different span loadings obtained experimentally.
The percentage increment in failure load for PSCWFC and
PSCW beams are 17.24%,15.78% & 25% and 20.68%,
39.47% & 40.91% respectively as compared to unwrapped

| ——P50e
~— PSCWFCA |

PSC beams for different span loadings as shown in above |~4=Fotwd
table. : |—h;—th&nreth:35
I Loan-DEFLECTION - =1
Maximum displacements-at the time of failure load in ' OHCD 0 SR O0DS SR 0 0080 0060 10
case of all the Specimens are given in Table 1. These are | defizction (mm)
observed at the centre af the beams during the testing by
using LVDT (Linear variable displacement transducer). (b) 2144 Span Loading
Fizures 7{a), Tib) & T(c) represent the load- displacement
refationship for all the beams tested at 2177, 21/4 and 2113 -
loading spans respectively, |
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{a) 2147 Span Loading Fig. 7: Load-Defection Relationship
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From Figs: 7(a) to T(c), it can be seen that as the span
loading increases. the tendency of the beams to deflect
under lesser ldading decreases. This is primarily due to the
reduction in the moment caused by thz point loads. 1t is
apparently shown by above fipures that the load carrying
capucity of the beam increases as the loading span increases,
But actually it is the rediciion in the moment that causes the
beam to deflect lesser as the span increnses. Becanse of the
increase in loading span, the load required inducing same
amount of moment increases; and hence for the sami
loading the deflection obseryved is lesser than the load forthe
smailer loading'spans,

X FAlLURE MoDE

Catastrophic’ faflure, Le. Rilure with laroe sound is
observed in wrapped: beams during the experiment due to
the sudden failure of the fibers in tension. Specimens also
fail due to the de-bonding of the fikers from the concrete
surface. Figs. 8{a), 8(br & 8{c) show mechanism behind
failure observed in case of the PSC beams wrapped after

first crack respectively. Here load is given in the form of

push, due 1o which bottom fibers are intension, Due to this,
bottom fibers of the beam pget de-bonded in tension as
shown in Fig. 8(a) respectively, as the tension camying
capacity of the wrapping system is more than its bonding
capacity.

{by 202 Span Loading

(c) 2143 Span Looding

Fig & Faillore modes for PSC Bearns

X[ CONCLUDING REMARKS

In PSC beams, due 1o the high tensile strength tendons
present in the fension zone bonded well with the high
strength conéretie of grade M43, The pretension in the
tendons prevents the widening of the cracks at the earlier
STALES:

The “highest failure load is observed in wrapped
uncracked PSC beams compared 1o other beams: This i3
due to the transfer of stresses from conerete to the fibres
through bonding, thus preventing the beam to fail even
after the strain in concrete crosses the allowable limit,
The wripping acts as an external réinforcement and
takes complete tensile load afier the concrete fails to
transfer. effectively  the stresies to the tendons/
reinforcement.

Theoretical failure load is higher comparsd to
experimentally observed failure load due to assumaption
of linear stress distribution in the side reinforcement. But
in reality very few amount of side fibers at extreme
bottom faces take part during the loading. Parabolic
siress distribution is generally observed in case of the
fibiers,

The wrapping also helps the PSC beams to take up more
shear load compared to unwrapped PSC beams. This is
clear from the fact that the beams loaded with higher
span loadings in anticipation of shear failure have
actually failed in flexure.

Failure nmodes observed in all unwrapped PSC beanis are
closely matching with expected flexural & shear failure.
De-bonding of bottom fibers and tension failure of side
fibers are observed as failure mode in case of all the
wrapped beams.

Also in case of wrapped beams, the failure takes place
primarily. due to bond failure, ie. de-bonding between
concrete surface and FRP and/or due 1o tension failure of
the FRP sheets. This avoids the local failure or failure of
the concrets in compression.
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