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Abstract This paper presents the results of flexural test of concrete beams reinforced with GFRP and conventional
steel reinforcement for comparison. The beams were tested under a static load to examine the effects of the
reinforcement ratio and compressive strength of concrete on cracking, deflection, ultimate capacity, and modes of
failure.

The test results showed that the ultimate capacity of the GFRP-reinforced beams increased with increasing
reinforcement ratio and concrete strength, showing a 41.3~51.6% increase compared to steel reinforced beams. The
deflections at maximum loads of the GFRP reinforced beams were 4.1~6.3 times higher that of steel reinforced
beams. The measured deflections of GFRP reinforced beams decreased approximately 31% compared to the theoretical
predictions because the theoretical flexural stiffness was underestimated at the maximum loads. For the
GFRP-reinforced beams, the ACI code 440 design method resulted in conservative flexural strength estimates.
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[Fig. 2] Relations between strength reduction factor and
reinforcement ratios of FRP Bar
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[Table 1] Experimental program

. Af Concrete Reinforcement
Specimen No. Strength X
(mm?) (MPa ) ratio (p;/pp,)
FRPNC-1 143 1.23
FRPNC-2 214 134
N - 265 I —
FRPNC-3 28 246
STNC-1 143 (Norml 0.14
- Strength) |——
STNC-2 214 0.21
STNC-3 286 0.30
FRPHC-1 143 0.71
FRPHC-2 214 1.07
FRPHC-3 285 49.0 145
STHC-1 143 (High Strength) 0.17
STHC-2 214 0.26
STHC-3 28 0.35
3.2 AIEx=

B o] P A AMEE GFRP Bare U] DAMA] A%
3 Ao g EEA EAL Table 29 21, ALS D-10
© 24 GFRP} 5Yd 27 <] SD300S A3

[Table 2] Physical properties of GFRP Re-bar [9]

Nominal Si::(t)is()srl;] Tensile Elastic | Ultimate
Type Diameter Area Strength | Modulus | Tensile
(mm) o | (MPa) | (MPa) | Strain
(mm?)
GFRP 953 713 597 26,134 0.0228

47t 2 s—}aagrq, YEFE A }éﬁaﬂr 23.5Mpaa+

50
= 27 295 MPa 30MPoE L}E}L‘D} A3 l A
¥ =g E9] wjdi]E= Table 33 2,

[Table 3] Mix-proportions of the concrete

Cement Water Fine (Core Admixture
Type (kg/m?) | (hg/m?) Aggregate | Aggregate (kg/m®)
/ J (kg/m?) | (kg/m*) | ™
NC 248 181 738 1033 -
HC 401 165 637 914 172
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(b) ngh strength concrete
[Fig. 51 Failure modes of steel reinforced beams
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[Fig. 6] Load-deflection curves

[Table 4] Maximum loads and failure modes

Specimen Pexp Ptheory Pexp/ Failure
No. (kN) (kN) Ptheory mode

FRPNC-1 356 354 101

FRPNC-2 461 27 108

FRPNC-3 538 462 116 Concrete
FRPHC-1 415 327 127 crushing
FRPHC-2 573 532 098

FRPHC-3 582 6.9 088

STNC-1 23 205 1.09

STNC-2 322 302 107

STNC-3 414 301 106 Yield of
STHC-1 25 210 112 Le;:sf?srf;]ﬁ
STHC-2 360 312 115

STHC-3 40 412 107
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g measurement and prediction
—
20— Spzcmam Deflection at max. load (mm)
No 6maxv theory 6max' €XD. 6exp/ 6theo1'y
Gage-T FRPNC-1 481 275 057
10 Gage—2
Gage-3 FRPNC*Z 431 312 072
Gage—4
ogetar FRPNC-3 376 372 099
0 . | . . : : | FRPHC-1 545 298 055
-2000 -1000 0 1000 2000 FRPHC-2 492 U5 0.70
Strain (X 10°%) FRPHC-3 42 %5 060
(a) FRPNC-1 STNC-1 6.2 6.3 1.02
15 - STNC-2 66 58 1.14
B STNC-3 68 71 0%
STHC-1 63 62 1.02
Z‘ i STHC-2 6.1 55 111
= 107 STHC-3 65 65 1.00
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[Fig. 7] Load-strain curves for GFRP and concrete
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[Table 6] Comparison of crack width between

! 5.8
measurement and prediction. SE [ erang =5
R e
Sz Crack width (mm) T UTT
No wa, theory wc’r, exp. wexp/ wtheory
FRPNC-1 19 14 0.74 I T —
FRPNC-2 16 14 088 , r | Ser.ag = 33
FRPNC-3 15 13 087 | ? \ (J
FRPHC-1 16 12 075 Y 5 c "
FRPHC-2 15 13 087
FRPHC-3 12 11 092 3 v : -
STNC-1 12 08 067 T | Seroavg = 92 ‘
STNC-2 10 08 080 ) R N [ [ ]
STNC.3 1 06 05 | L L O L A
STIC-1 05 04 080
STHC-2 07 04 057 (a) STNC-1, STNC-2, STNC-3 (from above)
STHC-3 08 05 063 | |
g { o, aug 7.2
| RS nEe
T 17 f T 1 | Sor.qg = 72 |
J S N TOIS T T v
ST 7R N AN L A A I J 5 — 62
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N | v
s b | e
/ § or, avg
. T T T T
Y : I R 1 T T 1 O
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[Fig. 8] Crack patterns for beams reinforced with
GFRP bar.

[Fig. 9] Crack patterns for beams reinforced with
normal steel bar.
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