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Failure Behavior of FRP RC Beams without Shear Reinforcements
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ABSTRACT In order to substitute FRP bar for steel bar in new structures, it is necessary to establish a reliable design code. But
relatively little research has been conducted on the material in Korea. So, a total of 22 beam specimens (18 GFRP reinforced con-
crete and 4 conventional steel reinforced concrete) were constructed and tested. In the first phase of the experiment, it was carried
out to observe flexural behavior, and collect deflection and crack data. In order to eliminate of the uncertainty by the shear rein-
forcements and induce flexural failure mode, any stirrup were not used and only shear span-depth ratio were adjusted. However,
almost beams were broken by shear and the ACI 440.1R, CSA S806, which were used to design test beams, showed considerable
deviation between prediction and test results of shear strengths. Therefore in the second phase of the study, shear failure modes
and behavior were observed. A standard specimen had dimensions of 3,300 mm long x 800 mm wide x 200 mm effective depth.
Clear span and shear span were 2,800 mm, 1,200 mm respectively. Control shear span-depth ratio was 6.0. Four-point bending test
over simple support was conducted. Variables of the specimens were concrete compressive strength, type and elastic modulus of
reinforcement, shear span-depth ratio, effective reinforcement ratio, the effect of bundle placing method and cover thickness.
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Table 1 Variables of test specimens

Specimens  |f. (MPa)|Reinforcement| a/d |pr/ pﬁ,” Cover

NG2 | 274 | GFRP 2DI3 | 6.5 0.8 3d,

NG4 | 274 | GFRP 4DI13 | 6.5 1.6 3d,

NG8(1)] 274 | GFRP 8DI3 | 6.5 3.2 3d,

NG8(2)] 274 | GFRP 8DI3 | 6.5 32 3d,

NG8-1| 274 | GFRP 8D13 | 6.5 32 1d,

Series| NG8-2| 274 | GFRP 8D13 | 6.5 32 2d,

I |[NG8B| 274 | GFRP 8DI13 | 6.5 32 3d,

NG5 | 274 | GFRP 5D16 | 6.5 3.0 3d,

NG4C2| 274 |G4D13/C2D10| 6.5 3.0 3d,

MGS8 | 325 | GFRP 8D13 | 6.5 2.8 3d,
NS8 274 Steel 8DI13 | 6.5 | 022 | 34,
NS11 | 274 | Steel 11D13 | 6.5 | 030 | 3d,
HG2 | 39.6 | GFRP 2D13 | 6.0 0.6 3d,
HGS 39.6 | GFRP 5DI13 | 6.0 1.5 3d,
HG8 | 39.6 | GFRP 8D13 | 6.0 2.4 3d,
HGS8-1| 39.6 | GFRP 8DI13 | 6.0 24 3d,

Series| HG8-2| 39.6 | GFRP 8D13 | 6.0 2.4 3d,

I |HG8A| 39.6 | GFRP 8DI13 | 6.0 2.4 3d,

10HGS5| 39.6 | GFRP 5D13 | 10.0 | 2.5 3d,
12HG4| 39.6 | GFRP 4D13 | 12.0 | 2.4 3d,
1.5HS2| 39.6 Steel 2D16 | 1.5 | 0.43 3d,
3.0HS2| 39.6 Steel 2D16 | 3.0 | 0.43 3d,

”pfb : reinforcement ratio of balanced strain state
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Table 2 Dimension of specimens (unit : mm)

Specimens d t c n@b B Ls a Lm L

NG2 200 47 200 400 800 200 1,300 300 3,300

NG4 200 47 47 706 800 200 1,300 300 3,300

NGS8(1) 200 47 47 706 800 200 1,300 300 3,300

NGS8(2) 200 47 47 706 800 200 1,300 300 3,300

NG8-1 200 22 22 756 800 200 1,300 300 3,300

Series NGS8-2 200 32 32 736 800 200 1,300 300 3,300

I NG8B 200 47 47 706 800 200 1,300 300 3,300

NG3 200 55 55 690 800 200 1,300 300 3,300

NG4C2 200 47 47 706 800 200 1,300 300 3,300

MGS 200 47 47 706 800 200 1,300 300 3,300

NS8 200 47 47 706 800 200 1,300 300 3,300

NS11 200 47 47 706 800 200 1,300 300 3,300

HG2 200 45 200 400 800 250 1,200 400 3,300

HG5 200 45 80 640 800 250 1,200 400 3,300

HGS 200 45 50 700 800 250 1,200 400 3,300

HGS-1 200 20 50 700 800 250 1,200 400 3,300

Series HGS-2 200 30 50 700 800 250 1,200 400 3,300

I HGS8A 200 45 50 700 800 250 1,200 400 3,300

10HG5S 120 45 80 640 800 250 1,200 400 3,300

12HG4 100 45 100 600 800 250 1,200 400 3,300

1.5HS2 200 55 50 100 200 400 300 400 1,800

3.0HS2 200 55 50 100 200 200 600 400 2,000

Table 4 Concrete strength
(a) 16 GFRP Type f. (MPa) Jsp (MPa) f (MPa)
Normal 274 2.4 -
(b) 413 GFRP Medium 325 33 -
High 39.6 35 12.0

(c) #10 CFRP 1, 23k AE n% ZagEe & A Y 5=
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Table 3 Material property of reinforcements
Type Steel GFRP CFRP
Name D13 | D16 | D13 | D16 | D10
Diameter (mm) 127 | 159 | 12.7 | 159 | 9.5
Sectional area (mmz) 126.7|198.6 | 126.7 | 198.6 | 70.9
Yield strength (MPa) 412 | 579 - - -
Tensile strength (MPa) | 582 | 690 | 1,130 (1,021 2,435
Rupture strain (%) - - 23 | 25 1.8
Modulus of elastisity (GPa) 200 | 200 | 49 41 135
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Table 5 Test results
Test Analysis
Soeci , N ACI 440.1R-06 CSA S806-02
pecimens| Pues | Concrete | FRP bar Fa11ur4f): EA Flexure Shear Failure | Flexure Shear Failure
(V)| e o) | g ey | mode ™ (MN) | | b vy | mode? | P (kV) | Py (V) | mode?
NG2 325 2,722 | 9,557 F(R) [12.4(025)] 41.9 25.4 S 4147 [83.1(384)] F
NG4 550 | —4672 | 14,718 ST  [24.8(0.50)| 64.5 35.3 S 69.0 [83.148.0)] F
NG8(1) | 902 | —2,999 | 9,569 ST [49.7(1.0) | 862 48.9 S 91.8 83.1 S
NG8(2) | 873 -3,161 | 14,695 ST [49.7(1.0) | 862 48.9 S 91.8 83.1 S
NG8-1 83.6 | —3.913 | 9,568 ST [49.7(1.0)| 86.2 48.9 S 91.8 83.1 S
NG§-2 892 | —3,562 | 9,557 ST [49.7(1.0) | 862 48.9 S 91.8 83.1 S
NG8B 829 | —4359 | 13,626 B 49.7(1.0) | 86.2 48.9 S 91.8 83.1 S
NG5 96.1 3,645 | 14,771 SC  [40.7(0.82)] 795 44.6 S 84.8 83.1 S
(C)12,654
NG4C2 | 877 -3,117 G) 7.519 DT  [44.000.89)| 82.1 46.2 S 87.5 - -
MG8 940 | —2,747 | 11,694 DT [49.7(1.0)| 953 51.0 S 100.5 90.5 S
HG2 445 —2,000 | 24,000 | FR) [12.4(025) 456 29.0 S 44.9” 101 F
HG5 750 | =3,000 | 16,000 DT  [31.0(0.63)] 90.9 44.9 S 99 101 F
HGS 95.5 -2,500 | 24,000 | ST(R) |49.7(1.0)| 111 56.0 S 122 101 S
HGS-1 108 -3,500 | 24,000 | ST(R) |49.7(1.0)| 111 56.0 S 122 101 S
HGS-2 107 -3,300 | 15,000 | ST(R) |49.7(1.0)| 111 56.0 S 122 101 S
HGSA 89.5 4,700 | 24,000 DT [49.7(1.0)| 111 56.0 S 122 101 S
10HG5 46.2 D D F(C) [31.000.63)| 40.8 342 S 443 60.4 F
12HG4 | 312 D D F(C) [24.8(0.50)| 27.8 28.0 F 303 50.3 F
NS8 789 | =3290 | 9,569 F(Y) [202.7(4.1)| 60.6 139 F 60.4 158 F
NS11 103 -3,020 | 9,565 F(Y) [278.7(5.6)| 814 139 F 80.8 158 F

Note : 1) malfunction, 2) calculated by ACI 440.1R method, 3) axial rigidity of reinforcements (rigidity ratio to NG8) 4) F = Flexural
failure, S = Shear failure, ST = Shear-Tension failure, SC = Shear-Compression failure, B = Bond failure, DT = Diagonal Tension fail-
ure, R =bar Rupture, C = concrete Compression, Y =steel Yielding
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Table 6 Crack experimental data

(a) GFRP RCE &Y 7HE RC @A )
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Table 7 Equivalent rectangular concrete stress model

Parameter ACI 440.1R CSA S806
Eo 0.003 0.0035
(o 0.85 0.85 - 0.00157 > 0.67
0.85 —f’
B 140 0.97 — 0.0025¢7, > 0.67
(0.65< 5, £0.85)

&, Ultimate strain of concrete
o4 :Ratio of average stress in stress model to the specified concrete

strength
B : Ratio of depth of stress model to neutral axis depth
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