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ABSTRACT

Ten simply supported reinforced concrete beamd) wb reinforcement in the form of
vertical stirrups, were tested under two symmeltyiceoncentrated loads to investigate the
shear strength of High-Strength Concrete (HSC) dniee reinforced by Glass Fiber
Reinforced Plastics (GFRP) and High Tensile StedlS). Nine of the studied beams were
made of HSC with mean compressive strength 70 N/rfiu@ of them were reinforced by
HTS bars and the other four specimens were reiafoby GFRP bars as main reinforcement.
The control beam was made of normal strength cte¢iNSC) with compressive strength 30
N/mm? and reinforced by HTS bars as main reinfoe®m All beams were designed
according to the provisions of (ACI 318-99). Thedséd parameters were the amount of web
reinforcement f4,), the shear span to depth ratio (a/d), and the ofpmain reinforcement
(GFRP or HTS). The actual shear strength of eaambwas compared with the predicted
strength by different codes of practice for NSCrbgaeinforced by FRP bars such as (JSCE-
97), (CHBDC-Draft-98), and (ACI-440-2001) codesadrder to assess the validity of such
codes when applied to HSC beams reinforced by G®RIP web reinforcement and to
establish an empirical formula for the analysis aedign of HSC beams reinforced with
GFRP bars. Within the limits of the test resultstluf research it was concluded that, for
beams reinforced by GFRP, the flexural reinforcemmatio () must be increased to about
(1.44,), as recommended by (ACI 400-2001), to make tregdeequations of (JSCE-97),
(CHBDC, Draft-98), and (ACI 400-2001) applicable foedicting the shear strength of HSC
members reinforced by FRP bars, and there was naei#ted after passing the cracking
loadP, . Lower stiffness and low modulus of elasticityGfftRP bars relative to HTS resulted
in higher crack width; the crack width in beamafeiced by GFRP was six to nine times
that of Beams reinforced by HTS. The proposed de$aymula showed a reasonable
accuracy.

Keywords. High-strength concrete, shear reinforcement, rsteeength, GFRP,
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INTRODUCTION

It is generally agreed that reinforced concretenieahould have adequate shear
reinforcement to prevent sudden and brittle failifter formation of the diagonal crack, and
also to keep crack width at an acceptable levelThg concrete compone¥t is the sum of
the resistances to shear due to various shear meohaloint ACI-ASCE-426 [2] lists three
separate shear mechanisms; Un-cracked Concretehwhturs in un-cracked members or
un-cracked portion of cracked members; Aggregatlotk, which occurs between two slip
surfaces in the cracked portion of the beam; andidd@ction at which the longitudinal
reinforcement resists part of the shear displacéimgedowel forces in the bar [2].

Over the last fifteen years, improvements in mateiechnology and production of
ready mixed concrete have resulted in the avaitatwf higher concrete strength grades. The
term HSC refers to concrete which has a uni-axashgressive strength greater than that
ordinarily obtained in a region. The maximum coterstrength currently being produced
varies considerably form region to region in thensacountry. HSC generally permits more
economical construction due to reduced structuremibver dimensions, this result in a
reduction in the dead loads [3].



Fiber reinforced plastics (FRP) reinforcing bars aurrently available as a substitute
for steel reinforcement in those concrete strustuteat may be vulnerable to attack by
aggressive and corrosive agents. In addition tersoipdurability, FRP reinforcing bars have
much higher strength than conventional steel reamig bars, but their moduli are generally
lower than that of conventional steel [4]. BecaW®ERP and HTS bars have different
properties, including the modulus of elasti¢ty surface characteristics, and bonding
characteristics, the shear strength of concrete baesnreinforced longitudinally by GFRP
bars may differ from those reinforced by HTS [5].

Nawy and Neuwerth [6, 7] concluded that, for cotet@ams reinforced with GFRP
bars, the reinforcing ratio did not affect the momeapacity because the beams failed by
crushing of concrete in the compression zone, tlaisdeveloping the full capacity of the
FRP. In addition, the behavior of the beams witkpeet to cracking, ultimate load, and
deflection could be predicted with the same degkeccuracy as for concrete beams
reinforced by steel. Saadatmanesh and Ehsani (8idfthat, specimens reinforced with FRP
stirrups and longitudinal steel reinforcement faikes a result of yielding in the longitudinal
bars. Satoh, et al [9] showed that, the failurel lfma concrete beams reinforced with FRP can
be calculated using elastic theory. Faza and Gaag§E0] reported that HSC must be used
instead of NSC for concrete beams reinforced wiRP Feinforcing bars in order to take
advantage of the high ultimate strength of FRPfoeomg bars. Benmokrane, et al [11, 12]
concluded that, at low loads crack pattern andisgan concrete beams reinforced with FRP
reinforcing bars were similar to those in convemtity reinforced beams. In addition, at
service load, there were more and wider cracks ghidater penetration in concrete beams
reinforced with FRP reinforcing bars than convemidy reinforced concrete therefore, since
corrosion is not an issue with FRP reinforcing barack width should be redefined on a
basis other than corrosion. Zia et al [13] foundttho shear failure was developed for
concrete beams reinforced with FRP bars but thenbdailed due to tensile rupture of the
longitudinal FRP bars.

Objective and Aims of the Present Study

The present investigation is a part of a largeeassh performed to study the shear
behavior of HSC beams reinforced by GFRP and HT8 different web reinforcement and
shear span to depth ratio [14].

Because there are fundamental differences in tbpepties of HTS and GFRP bars
and due to the empirical nature of shear desigrmoast investigations are required to
determine if these methods are applicable when GrRForcement are used. The main
objective was to evaluate the applicability of emtrdesign codes for shear such as (JSCE-
97) [15], (CHBDC-Draft-98) [16], and (ACI-440-2001L7] to HSC beams with web
reinforcement in the form of vertical stirrups alwhgitudinally reinforced by HTS and
GFRP bars. In addition, an empirical formula wasetlgped for the analysis and design of
HSC beams reinforced with GFRP as main reinforcémen

TEST PROGRAM AND EXPERIMENTAL WORK
Test Specimens

The test program consisted of ten simply supporégaforced concrete beams with
web reinforcement in the form of vertical stirrugdl the studied beams were T-shaped in
cross section as shown in Figure 1. Table 1 sleodescription of the test beams along with
the studied parameters and the actual cube comresteength for the different specimens.
The main reinforcement ratio in all the test beamas kept constant ofy(= 085, ). Two
different mixes were used to develop normal andh Isigength concrete at 28 days of target
strength 30 and 70 N/mm?, respectively. Table@wshthe mix designs for the two concrete
strengths. The used GFRP bars were fabricated ¥moyhester with an outer coat to seal the
bar. The bar is produced using drown continuous'didss rovings and has a longitudinal
irregular surface. A single strand spiral wrap acbthe outside diameter produces a spiral
indentation in the bar. The properties of the GHRPs were given by the producing factory
[18]. The average results of the used GFRP and &&Shown in Table 3.
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Table 1 Description of Test Beams and Studied Peiens

Beam| f | u = As/bd Reinforcement U, = A,/bS No. Of stirrups| a/d
Bl 30 | 2.83 %(H.T.S 4d 12 0.202 @6 @ 280 mm 2|5
B2 | 68.8| 3.93 %(H.T.S) 2® 16 + 2® 12 0.202 g6 @280mm 1.5
B3 | 68.8| 3.93 %(H.T.S) 2® 16 + 2® 12 0.202 g6 @280 mm 2.5
B4 | 67.5| 3.93 %(H.T.S) 2® 16 + 2® 12 0.202 76 @ 280 mm 3.5
B5 | 69.2| 3.93 %(H.T.S) 2® 16 + 20 12 0.324 @6 @ 175mm 2.5
B6 | 67.5| 3.93 %(H.T.S) 2® 16 + 20 12 0.503 @8 @ 200 mm2.5
B7 | 71.2| 0.53%(GFRP) 3¢6 0.202 g6 @280 mm [1.5
B8 | 71.4| 0.53%(GFRP) 3¢6 0.202 g6 @280 mm PR.5
B9 | 67.7| 0.53%(GFRP) 3¢6 0.324 @6 @ 175mm pP.5
B10 | 71.5| 0.53%(GFRP) 3¢6 0.202 @6 @ 280 mm B.5
fo, = Average cube compressive strength of concrete, [2.

M, = Longitudinal steel ratic
M, = Web steel ratic

0] = Bar diameter, HT

(/] = Bar diameter, ordinary mild ste

a/d = shear span to depth ra

¢ = Bar diameter, GFR

Table 2 Concrete Mix-Design
Mix Cement| Sand Crushed | Silica fume| Water| Super-
No. kN kN Basalt kN kN | plasticizers
kN kN
1 3.50 6.40 11.80 1.80| ---
2 5.50 5.50 11.25 0.80 1.60 0.23
Table 3 Results of the test steel and GFRP Spesimen
Reinforcement Yield Strength| Ult. Strength| Young Modulus| Elongation
N/mm2 N/mm? KN/mm?2
Mild Steel 283.0 396.0 200.0 26%
HTS 436.0 602.8 200.0 17%
GFRP 580.0 40.0 3.5%
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Test Procedure

Each beam was tested as simply supported beam twdevertical concentrated
loads using two vertical hydraulic jacks which wemilar in their acting position and value.
The vertical loads were applied in increments (ROfér beams reinforced by HTS and 5 kN
for beams reinforced by GFRP). After each incramére strains in the main steel and
stirrups were measured using electrical strain gauwd length 5 mm, resistance 120.4 + 0.4
ohm, and a gauge factor of 2.11. Detection ofksand marking them for each incremental
load were made when the load reached its steatdy sta

ANALYSISAND DISCUSSION OF THE TEST RESULTS
Deflection Profiles

The deflection profile of the test beams plottedhaee stages just before cracking
load (P,), at working load B,) (approximately 67% of failure load), and at fadluoad
(P;). In general, for all the test beams, the deftectrofile was approximately symmetric
with respect to the vertical axis passing through mid span of the beams. The symmetric
condition violated in a small order, with increagithe applied load. The effects of the
studied parameters such as shear span to depih theti amount of web reinforcement and
the type of main reinforcement (GFRP and HTS) am deflection profile of the studied
beams were illustrated in Figure 4.

It can be seen from Figures 4.-b, c, d, e, anBda(ns from B2 through B6 reinforced
by HTS), that increasing the load frdp, toP,, and tdP, , lead to a gradual increasing in the
deflection values (see Table 5) with gentle cumeatf the deflection profile. In addition, it
can be seen from Figures 4.5-g, h, i, and |, (Be&orwm B7 through B10 reinforced by
GFRP), that increasing the load fréin toP, and toP; lead to a very large increasing in the
deflection values (see Table 5) with steeper cureadf the deflection profile.

It can be seen from Figures 4-g, h, and |, thatemsing a/d from 1.5 for Beam B7 to
3.5 for Beam B10 resulted in increasing the deft@cby approximately 50% as the load
increased fromP, toP,, and by approximately 41% as the load increasem f?, toP;. It
was also observed from Figures 4.5-a, and 4.5 thie deflection of the control NSC Beam
B1 increased by approximately 12% as the load aswmd fronP, toP,, and by
approximately 96% as the load increased fRynto P, , compared with those of Beam B8.

It can be seen from Figures 4-h, and 4-i, thateiasing /4, from 0.202 for Beam B8
to 0.324 for Beam B9 lead to increasing the dafbecby approximately 19% as the load
increased fronk, toPR,, while increasing the load froR) toP; lead to further increasing in
the deflection by approximately 15%.

It can be seen from Figures 4-b through 4-i, thateasing the load froR, toP,
lead to increasing the deflection for Beams B7, B8, and B10 (reinforced by GFRP) more
than that for Beams B2, B3, B5, and B4 (reinforbgddTS) by approximately 116%, 123%,
115%, and 164% respectively. In addition, incregishe load fronP, toP, leaded to further
increasing in the deflection by approximately 158%9%, 168%, and 209% respectively.

Table 5 Deflection Values of the test beamB,aP, and P,
Beam| B1 | B2 | B3| B4| B5| BG6 B7 B8 B9 B10
P 0.39/0.37|0.47| 0.55| 0.66| 0.74| 0.30 | 0.35| 0.444 0.50

cr

P 3.50| 3.10| 3.54| 3.90| 4.45| 5.15| 6.20 | 7.30| 8.60] 9.35

w

P, |818|549)6.14|6.60|7.21|8.01| 13.52| 15.58| 18.02| 19.19
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Figure 4 Deflection Profiles of the Test Beams

Concrete Strain-Profiles

Figure 5 shows the mid span concrete strain-profilhe test beams Bt , P, andP; .
It can be seen from Figures 5-a through 5-f, tfewtBeams from B1 through B6 (reinforced
by HTS), the profile curves B, ,P, andP, intersected together to give the position of the
Neutral Axis (NA) very close to the vertical axisadistant, measured from the bottom of
the beam web, changing according to the effechefstudied parameters (a/d, apd. In
addition, it can be seen from Figures 5-g through that, for Beams B7 through B10
(reinforced by GFRP), the profile curvesPat P, andP, did not intersect together or with
the vertical axis to give the position of the NA.



It can be seen from Figures 5-b through 5-d timateiasing a/d from 1.5 for Beam B2
to 2.5 for Beam B3 lead to increasing the distanthe NA position, measured from the
bottom of the beam web, from approximately 132 nomapproximately 148 mm (i.e. the
compression zone reduced by approximately 12%)hEuincreasing in the distant of the
NA position to approximately 180 mm took place hgreasing a/d to 3.5 for Beam B4 (i.e.
the compression zone reduced by approximately 36%)eover, it can be seen from Figures
5-a and 5-c, that the distant of the NA positiorBeims B1 and B3 were 160 mm and 148
mm respectively. The compression zone of Beam B8 mare than that of Beam Bl by
approximately 8%.

It can be seen from Figures 5-c, 5-e, and 5-f, itt@easingy, from 0.202 for Beam
B3 to 0.324 for Beam B5 lead to increasing the agiistof the NA position from
approximately 148 mm to approximately 188 mm (thee compression zone reduced by
approximately 27%). Further increasing in the distaf the NA position to approximately
193mm took place by increasing to 0.503 for Beam B6 (i.e. the compression zoneced
by approximately 30%).

Figures 5-g through 5-j (beams B7 through B10 mete#d by GFRP) show that the
profile curve atP, was very close to the vertical axis and intersett W, while the other two
profile curves aP, andP; were fare from the vertical axis and the profileve at P, by a
distant increased by increasing a/d from 1.5 faurB&7 to 3.5 For beam B10, and decreased
by increasing4, from 0.202 for Beam B8 to 0.324 For Beam B9. Theas no NA existed
after passing the cracking loBdl.

It can be seen, from Figure 5, that the effecthafas span to depth ratio (a/d) is more
significant than that of increasing the web reinéanent (4, ), while changing the type of
main reinforcement from HTS to GFRP resulted inucdg the compression zone which
performed at the stage of tRe. Exactly after the stage &3, the full cross-section exhibited
complete tension stresses without any compressome.zThere was no NA for beams
reinforced by GFRP bars; this may be attributedtht® low reinforcing ratio of GFRP
barsy = 058y, .
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Crack Width

The effects of the studied parameters such as Hj
amount of web reinforcemert( ), and the type of main reint

pzar to depth ratio (a/d), the
forcement (HTS and GF&P

the relation between the ultimate measured loadagpand the corresponding crack width
were illustrated in Figures from 6 through 8. Cragkith of the test beams was measured
using mechanical gauges of 150 mm gauge length.80d mm accuracy.
It can be seen from Figure 6 that increasing ahfi.5 for Beam B7 to 2.5 for Beam
B8 lead to increasing the maximum crack width bpragimately 19%. Further increasing
the maximum crack width by approximately 66, toddce by increasing a/d to 3.5 for Beam
B10. It was also observed from Figure 6, that thetrol NSC Beam B1 had a smaller crack
width by approximately 79%, compared with that efi BS8.
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It can be seen from Figure 7, that increasifggfrom 0.202 for Beam B8 to 0.324 for
Beam B9 lead to increasing the maximum crack wigtlapproximately 52%.
It can be seen from Figures 8-a, b, ¢, and d,ttteamaximum crack width of Beams
B7, B8, B10, and B9 was more than that of BeamsHE&,B4, and B5 by approximately
686%, 729%, 597%, and 769% respectively.
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It can be seen from Figures 6 and 7 that the effeshear span to depth ratio (a/d) is
more significant than that of increasing the wahfogcement {4, ). Lower stiffness and low
modulus of elasticity in GFRP bars relative to HESulted in higher crack widths. It was
observed from Figure 8 that the crack width in Bed, B8, B9, and B10 (reinforced by
GFRP) is six to nine times that in Beams B2, B3, Bdd B5 (reinforced by HTS). In
addition, there were more and wider cracks wittatgepenetration. Since corrosion is not an
issue with GFRP reinforcing bars, it follows thaetacceptable admissible crack width
should be redefined on a basis other than corrosion

THEORETICAL PREDICTION OF EXPERIMENTAL RESULTES
Many major concrete codes from around the worldb@sed on research conducted

on structural members made of NSC. Recently, somacrete codes have included
provisions for the design of HSC members. Extrapmia of design rules meant for NSC for



use with HSC may not be always, appropriate. ltifaiwas brittle or non-ductile failure, as

with shear failure, extrapolating existing NSC desiules for HSC may result in less or non-
conservative design criteria; therefore it is viemportant to estimate empirical formulae for

the analysis and design of HSC beams reinforced GERP bars based on experimental
work [19].

Proposed Equation

The ultimate shear capacity of HSC beams reinfolmgedGFRP can be calculated
from applying Equation 1 which was modified fromelBquation made by (CHBDC, Draft-
98) [16].

%
v, At
Vu(prop) = 0'032(00( fcu,UEf M dj + hNSW (1)

Comparison of Test Resultswith Codes

The results of the test beams were predicted Bvaekt codes of practice such as
Japanese Society of Civil Engineering Code (JSCE}®23], Canadian Highway Bridge
Design Code (CHBDC, Draft-98) [16], American Cod&C( 440-2001) [17], and the
proposed equation, to assess the validity of sumiex when applied to HSC beams
reinforced by GFRP bars as main reinforcement aitkd vertical web reinforcement. The
prediction of test results by the above mentionmiks and the proposed equation is listed in
Table 6.

Table 6 shows that for beams reinforced by HTSstiear strength predicted by (ACI
400-2001) [17] and the proposed equation were coasee to different degrees. On the
other hand, shear strength predicted using (CHBD@&ft-98) [16] was not conservative for
NSC Beam B1 and HSC Beam B4 (with increasing a&l%®. In addition, the shear strength
predicted using (JSCE-97) [15] was unsafe forladl test beams. For beams reinforced by
GFRP bars, the situation was different. The sh&angth predicted by (JSCE-97) [15],
(CHBDC, Draft-98) [16], and (ACI 400-2001) [17] veenot conservative at all. It can be
argued that the flexural reinforcement ratg)(must be increased to approximately (4,4,
as recommended by (ACI 400-2001) [17], to makedésign equations of (JSCE-97) [15],
(CHBDC, Draft-98) [16], and (ACI 400-2001) [17] dmable for predicting the shear
strength of HSC members reinforced by FRP barsik&rihe studied codes, the proposed
equation was conservative and more accurate faligtieg the shear strength for all the
studied beams, reinforced by GFRP bars, to difteslegrees.

Table 6 Prediction of Sheaefgth by Different Codes of
Practices anel Broposed Equation

V.

Beam Vg |V Test Vies

No. |Reinf.| 4, a/d ™=

Visce | Vonsoe | Vao | VProposed

Bl HTS |0.202)|2.£|0.275| 0.764 | 2.269 2.929
B2 HTS ]0.20z| 1.5|0.500| 1.246 | 4.607 6.540
B3 HTS |0.202|2.£|0.348| 1.014 | 3.208 4.837
B4 HTS ]0.20z| 3.5|0.278| 0.896 | 2.560 4.010
B5 HTS |0.32¢|2.£]/0.370|1.025 | 2.922 4.106
B6 HTS | 0.50¢|2.5|0.400| 1.031 | 2.605 3.418
B7 GFRF | 0.20z | 1.5| 0.205| 0.470 | 0.956 1.694
B8 GFRF | 0.20z | 2.5/ 0.145| 0.385 | 0.677 1.262
B9 GFRF | 0.324] 2.£|0.222| 0.537 | 0.887 1.470
B10 | GFRF|0.20z| 3.£|0.120| 0.348 | 0.558 1.072




Table 6 shows that, for Beams reinforced by HT®, ghoposed equation was less
conservative with increasing a/d. It was observed increasing a/d from 1.5 for Beam B2 to
2.5 for Beam B3 lead to a reduction of the ovemestied value of the shear strength by
approximately 26%, while increasing a/d to 3.5Baam B4 resulted in further reduction of
the over estimated value of the shear strength gproaimately 39%. In addition, the
proposed equation was less conservative with iscrga,. Table 6 shows that increasing
from 0.202 for Beam B3 to 0.324 for Beam B5 lead teduction of the over estimated value
of the shear strength by approximately 15%, whilereasing,to 0.503 for Beam B6
resulted in further reduction of the over estimateslue of the shear strength by
approximately 29%.

Table 6 shows that, for Beams reinforced by GFRE,proposed equation was less
conservative with increasing a/d. It was observed increasing a/d from 1.5 for Beam B7 to
2.5 for Beam B8 lead to a reduction of the ovemestied value of the shear strength by
approximately 26%, while increasing a/d to 3.5Belam B10 resulted in further reduction of
the over estimated value of the shear strength gproaimately 37%. In addition, the
proposed equation was more conservative with isong@,. Table 6 shows that
increasingy, from 0.202 for Beam B8 to 0.324 for Beam B9 leadricreasing the over
estimated value of the shear strength by approximat%.

Table 6 shows that the (CHBDC, Draft-98) [16] wassl conservative with increasing
a/d. It was observed that increasing a/d from @r3Beam B2 to 2.5 for Beam B3 lead to a
reduction of the over estimated value of the slst@ngth by approximately 19%, while
increasing a/d to 3.5 for Beam B4 lead to undeimedion of the results. In addition, the
(CHBDC, Draft-98) [16], was more conservative witicreasingy,. Table 6 shows that
increasingy, from 0.202 for Beam B3 to 0.324 for Beam B5 leadricreasing the over
estimated value of the shear strength by approeimatl%, while increasing/,to 0.503 for
Beam B6 resulted in further increasing in the oestimated of the shear strength by
approximately 17%.

It can be seen from Table 6 that the American Q@d&l-400-2001) [17] was less
conservative with increasing a/d. It was observadt tthe ACI-400-2001 was less
conservative by approximately 30% with increasing flom 1.5 for Beam B2 to 2.5 for
Beam B3, while it was less conservative by appratély 44% with increasing a/d to 3.5 for
Beam B4. In addition, the American Code (ACI-40@2P[17] was less conservative with
increasingy,. It can be seen from Table 6 that the ACI-400-20@& less conservative by
approximately 9% with increasing from 0.202 for Beam B3 to 0.324 for Beam B5, wihiile
was less conservative by approximately 19% witheasing ., to 0.503 for Beam B6.

It can be seen from Table 6 that the effect ofghear span to depth ratio (a/d) is
more significant than that of increasing the wabfoecement {4, ).

CONCLUSIONS

The aim of this research was to evaluate the agiplity of current design codes for
shear such as (JSCE-97) [15], (CHBDC-Draft-98) [H#ld (ACI-440-2001) [17] to HSC T-
beams with web reinforcement in the form of veltsi@rups and longitudinally reinforced
by HTS and GFRP bars. Ten simply supported reiefbrconcrete beams were tested
experimentally under two symmetrically concentrdtetls. Nine of the studied beams were
made of HSC with mean compressive strength 70 N/rfiue of them were reinforced by
HTS bars and the other four specimens were reiafoby GFRP bars as main reinforcement.
The control beam was made of NSC with compressremgth 30 N/mm?2 and reinforced by
HTS bars as main reinforcement. The web reinforcenfa all the test beams was in the
form of vertical stirrups. All beams were desigraadording to the previsions of ACI 318-99
[20]. The studied parameters were the amount of weaiforcement f4,), shear spans to
depth ratio (a/d) and type of main reinforcemenERRE and HTS). Actual shear strength of
each beam was compared with the predicted strersgtly different codes of practice such as
(JSCE-97) [15], (CHBDC-Draft-98) [16], and (ACI-44D01) [17] and the proposed
equation in order to establish empirical formula thee analyses and design of HSC beams



reinforced with GFRP bars. Based on the experinhegtaults in this paper, the following
conclusions, for HSC beams reinforced with GFRB bzan be summarized as follows:

1.

For beams reinforced by HTS, increasing shear spakepth ratio (a/d) from 1.5 to
3.5 lead to increasing the distant of the NA positimeasured from the bottom of the
beam web, from approximately 132 mm to approxinyat#80 mm (i.e. the
compression zone reduced by approximately 36%),iacr@¢asing the cracks width
by approximately 31%.In addition increasing from 0.202 to 0.503 resulted in
decreasing cracks spacing while the number of eraaid crack width increased,
increasing the distant of the NA position, from @ppmately 148 mm to
approximately 193 mm (i.e. the compression zoneged by approximately 30%),
and increasing the cracks width by approximateBt77

For beams reinforced by GFRP, increasing a/d frantd 3.5 resulted in increasing
the maximum deflection by approximately 41% aslt@el increased fron®, toP;,
and increasing the cracks width by approximatelyo6& addition, increasing the
amount of web reinforcemep} from 0.202 to 0.324 resulted in increasing the
maximum deflection by approximately 15% as the |loeleased fronP, toP;, and
increasing the cracks width by approximately 53%eré was no NA existed after
passing the cracking lody] .

Changing the type of main reinforcement from HTSG6RP lead to increasing the
maximum deflection by approximately 176% as thedlazcreased fromP, toP;,
and increasing the cracks width by approximately9%5

The cracks width in Beams reinforced by GFRP wasdato be six to nine times that
of Beams reinforced by HTS, and there were more \aa@r cracks with greater

penetration, hence, since corrosion is not an isgitte GFRP reinforcing bars, it

follows that the acceptable admissible crack wisllould be redefined on a basis
other than corrosion.

For HSC beams reinforced by HTS, the predicted rsk#angth using (ACI 400-
2001) was conservative to different degrees. Intiag the predicted shear strength
using (CHBDC, Draft-98) was not conservative forQNBeam reinforced by HTS and
HSC beams with increasing a/d. Moreover, the ptedishear strength using (JSCE-
97) was not conservative at all.

For HSC beams reinforced by GFRP bars, the shesrgsh predicted using (JSCE-
97), (CHBDC, Draft-98), and (ACI 400-2001) was wohservative at all.

The proposed equation was conservative and motgaechan the relevant codes of
practice for NSC beams reinforced by FRP bars. gifoposed equation was over
estimating the shear strength values for the testms reinforced by HTS. The
prediction was sensitive to the effect of sheansjgadepth ratio (a/d), and the web
reinforcement ratio £, ).
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