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Concrete Shear Strength of High Strength Concrete Beams
Reinforced with FRP Bars
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ABSTRACT

This study evaluates the concrete shear strength for normal and high strength concrete
beams reinforced with 3 type FRP bars (CFRP, GFRP, HFRP). Experimental results obtained
from twenty-four simply supported concrete beams are compared with values predicted by FRP
shear strength expressions proposed in the various literatures, including the ACI Committee 318
and ACI Committee440. The shear strength correction factors are proposed through the
regression analysis.
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Table 1. Mix proportion of concrete

Design - Slump Air w/C S/a Unit weight (kg/m®) AE water
Swength | ooy | (%) (%) %) : reducer
(MPa) ° ° ° w S G (g/m%)
27 12 45 455 459 363 165 818 1000 1810
55 21 42 322 430 480 155 730 975 4800
Table 2. Property of reinforcement bars
Reinf ‘ Elastic modulus Yield strength Ultimate strength R "
einforc
emen (MPa) (MPa) (MPa) emar
Steel bar 200,000 300 440 D13
CFRP bar 122,000 - 2,135 ¢9
GFRP bar 41,000 - 1,020 ¢9
HFRP bar 60,000 600 670 ¢9
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Concrete strength type

Shear reinforcement type

N : Normal Strength Concrete

H : High Strength Co.ncrete

S-N-

—T—

reinforcement type

Flexural

S
C
G
H

: Steel bar (D13)
: CFRP bar (29)
: GFRP bar (29)
: HFRP bar (@9)
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. No shear

" reinforcement

: Steel bar (D13)
: CFRP bar (29)
: GFRP bar (29)
: HFRP bar (29)
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Specimen No.

1 : NO.1
2 1 NO.2
3 : NO.3

Fig. 1 Explanation of specimen code
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Table 3 Specimen details

Flexural

Specimen . Concrete
reinforcement

code type Strength
S-N-SN-1,23| Steel bar

C-N-SN-1,23| CFRP bar | Normal

Strength

G-N-SN-1,2,3[ GFRP bar Concrete
H-N-SN-1,23| HFRP bar
S-H-SN-1,2,3| Steel bar

C-H-SN-123| CFRP bar High

. Strength

G-H-SN-1,23| GFRP bar Concrete
H-H-SN-1,2,3 HFRP bar
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Table 4. Test results
A of A f
Specimen |Max. load verage Deflection | Failure Specimen |Max. load verage o Deflection | Failure
code (kN) max. (mm) type code (kN) max. (mm) type
load(kN) load(kN)
S-N-SN-1| 5347 60.29 Diagonal || S-H-SN-1| 57.39 67.86 Flexural
S-N-SN-2| 5968 58.96 61.05 Flexural [|S-H-SN-2| 57.34 53.19 81.34 Flexural
S-N-SN-3| 57.74 56.44 Flexural || S-H-SN-3| 59.84 87.86 Diagonal
C-N-SN-1 44.25 18.05 Diagonal [ C-H-SN-1 60.04 34.34 Diagonal
C-N-SN-2! 4857 4751 20.77 Diagonal |C-H-SN-2! 5293 56.24 18.89 Diagonal
C-N-SN-3 49.70 21.87 Diagonal || C-H-SN-3 55.76 23.78 Diagonal
G-N-SN-1 33.64 28.16 Diagonal [[G-H-SN-1 40.58 58.12 Diagonal
G-N-SN-2{ 3L.77 3271 28.62 Diagonal |G-H-SN-2| 40.86 41.59 37.33 Diagonal
- - - - G-H-SN-3| 43.32 59.55 Diagonal
H-N-SN-1 18.89 2178 17.65 Flexural ||[H-H-SN-2| 30.09 3128 44.03 Diagonal
H-N-SN-2 24.67 ’ 36.97 Flexural ||H-H-SN-3 32.47 ’ 55.05 Flexural
Table 5. a ; and B s for FRP bar reinforced concrete beam
¥ Shear B 2 Shear E,
Speci o (=a==)|| Speci o (=a=L)
pecimens (MPa) |force (kN) ! A E pectmen (MPa) |force (kN) ! A E,
C-N-SN-1 22.13 1.213 0.738 C-H-8N-1 30.02 1212 0.739
C-N-SN-2| 122,000 24.29 1.332 0.811 C-H-SN-2| 122,000 26.47 1.068 0.652
C-N-SN-3 24.85 1.362 0.830 C-H-SN-3 27.88 1.125 0.686
G-N-SN-1 16.82 2.744 0.562 G-H-SN-1 20.29 2437 0.500
G-N-SN-2| 41,000 15.89 2.592 0.531 G-H-SN-2| 41,000 20.40 2.454 0.503
- -~ - - G-H-SN-3 21.66 2.602 0.533
H-N-SN-1 9.45 1.053 0.315 H-H-SN-2 15.04 1.234 0.370
H-N-SN-2 60,000 12.34 1.375 0.414 H-H-SN-3 60,000 16.24 1.333 0.400
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Fig. 2 Shear strength correction factor according to Fig. 3 Shear strength correction factor according to
ultimate strain

ultimate strength ratio
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Fig. 4 Comparison of regression model and other models (mean values)

Table 6. Ratio of Vip/ Ve

Specimen | Micha . ACI | ACI | B- | Specimen | Micha . ACI ACI G-
Deitz Deitz )
code -luk 318 440 | model code -luk 318 440 model
C-N-SN-1} 1.223 | 0408 | 0774 | 3184 | 0918 || C-H-SN-1 [ 1212 | 0404 | 0768 | 4643 | 0910
C-N-SN-2| 1.343 | 0.448 | 0850 | 3495 | 1.008 || C-H-SN-2{ 1.068 | 0.358 | 0677 | 4.085 | 0802
C-N-SN-3| 1.374 | 0458 | 0870 | 3576 | 1.032 || C-H-SN-3 | 1.125 | 0375 | 0713 | 4304 | 0845
G-N-SN~1| 2767 | 0922 | 0589 | 7203 | 1.027 | G-H-SN-1 | 2437 | 0812 | 0519 | 9320 [ 0904
G-N-SN-2| 2613 | 0841 | 0556 | 6.802 | 0970 || G-H-SN-2 | 2454 | 0818 | 0523 | 938 | 0911
- - - - - - [ G-H-sN-3! 2602 | 0867 | 0554 | 9950 | 0966
H-N-SN-1| 1.062 | 0354 | 0331 | 2764 | 0669 || H-H-SN-2| 1235 | 0412 | 038 | 4722 | 0.778
H-N-SN-2| 1.387 | 0462 | 0432 | 3609 | 0.874 | H-H-SN-3| 1333 | 0444 | 0415 | 5097 | 0.839
» ACI 318-99 Eq. (11-5), AC! 440.1R-01 Eq. (9.1)
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