SEXIZIFYY] =2E | M13A Mo (T2 M70%) | 2009+ 128, pp. 1~ G
DOl 10.5000/EESK.2009.13.6.001

AFRP rebar2 HZE Z3J2|E ZI2H9| Mot
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ABSTRACT >> This study carried out a shear experiment on concrete deep beam reinforced AFRP to investigate the shear
strength of deep beam. The test was conducted on 8 specimens, and the variables were shear span ratio, reinforcement ratio,
effective depth, and rebar type. We compared shear strength using ACI 318-08 STM with proposed equations that considered
arching action according to shear span ratio. As a result, it was found that shear strength of deep beam reinforced AFRP rebar
presented higher shear strength than steel rebar. ACI STM's predictions are more accurate than other predicting equations, and thus
this research proposed model versus effective compressive strength of the concrete strut that considered strut size effect based on

test results. The predictions obtained using the proposed model are in better agreement than previous equations and codes.

Key words AFRP rebar, Deep beam, Shear strength, Strut-tie model, Effective compressive strength of the concrete strut
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(& 2) Properties of Rebars

Component/Information Value Diameter | Area Tensile Modulus of
Compressive Strength 27 MPa (mm) (mmz) Strength(MPa) | Elasticity(MPa)
Water to Binder Ratio 449 % Steel 10 78.54 400 200000

Sand to Aggregate Ratio 46.4 % AFRP 9 63.62 1826.9 80697

Water Content 161 kg/m’
Cement Content 341 kg/m’ (# 3) Specimens Notation

Coarse Aggregate Content 924 kg/m® A3DOM. 17
Coarse Aggregate Size 25 mm
- 3 A Rebar Type (A-AFRP, S-Steel)

Fine Aggregate Content 841 kg/m

AN f R EA, 4EA, 5EA
Fly Ash Content 38 kg/m’ 3 umber of Rebar 3EA, » SEA)
AE Water Reducer Contents 1.90 kg/m’ D9 Diameter of Rebar (9mm, 10mm)
Weight of Destiny 2305 kg/m’ M Effective Depth (S-190mm, M-250mm, L-310mm)
Slump 120 mm 1.7 Shear Span Ratio (1.4, 1.7, 2.1)
(& 4) Characteristics of Specimens
. fok b d filfy Er Reinforcement Ratio(%)
Specimens Parameters ald
5 (MPa) | (mm) | (mm) (MPa) (MPa) P o o
A3D9M-1.4 a/d 26.1 200 250 1.4 1826.9 80697 0.38
A3DOM-1.7 a/d, p 26.1 200 250 1.7 1826.9 80697 0.38
A3D9M-2.1 a/d 26.1 200 250 2.1 1826.9 80697 0.38
A4DIM-1.7 o d 26.1 200 250 1.7 1826.9 80697 0.51 0.12 0.12
A5DIM-1.7 o E fulty) 26.1 200 250 1.7 1826.9 80697 0.64
A3D9S-1.7 d 26.1 200 190 1.7 1826.9 80697 0.50
A5DIL-1.7 d 26.1 200 310 1.7 1826.9 80697 0.51
S4D10-1.7 E, fult) 26.1 200 250 1.7 400 200000 0.63 2.87 0.32
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(2! 1) Specimens Dimensions

(# 5) Test Results

Specimens Experiment Maximum Strain, ue s et
P(kN) V(kN) Smm) Rebar Concrete

A3D9M-14 272.09 136.05 18.20 8744 -1771 Shear Compression Failure
A3DOM-1.7 197.95 98.98 22.74 8960 -2121 Shear Compression Failure
A3D9M-2.1 176.00 88.00 34.50 12226 -1124 Shear Compression Failure
A4DOM-1.7 241.99 121.00 26.80 6588 -2188 Shear Compression Failure
A5DOM-1.7 267.94 133.97 15.86 6350 -1747 Shear Compression Failure
A3D9S-1.7 219.15 109.58 28.28 9782 -2418 Shear Compression Failure
AS5DOL-1.7 268.53 134.27 16.70 8099 -2642 Shear Compression Failure
S4D10-1.7 202.99 101.50 10.32 36614 -2420 Shear Compression Failure
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(2! 4) Strut-Tie Model

(¥ 6) Truss Dimension Using Strut-Tie Model

. Degree Trgss S@t A*F Stru.t AB

Specimens - Height Width Width
O om | om | @m
A3D9M-1.4 332 229.0 90.0 42.1
A3D9M-1.7 28.3 229.0 84.5 42.1
A3DIM-2.1 236 229.0 78.6 42.1
A4DOM-1.7 28.0 226.1 89.2 478
A5D9M-1.7 27.8 223.7 93.2 52.6
A3D9S-1.7 27.9 171.9 78.7 36.1
A5SDIL-1.7 28.0 280.3 99.4 59.5
S4D10-1.7 29.0 235.8 73.4 28.4
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(#£8) 71Z & H2tAate| bl

Pexp P, ep /B exp /A exp P, exp
/Ppre /Pyen /Praz /Pcsa | /Pisce

A3D9M-1.4 1.04 0.98 1.38 435 6.07
A3DOM-1.7 0.93 0.96 1.39 3.38 441
A3DIM-2.1 1.05 1.41 1.75 322 4.90
A4DOM-1.7 1.09 1.12 1.56 3.75 4.90
A5DOM-1.7 1.16 1.20 1.62 3.86 5.04
A3D9S-1.7 1.12 1.16 1.88 4.50 5.48
A5D9L-1.7 1.08 1.10 1.41 3.35 4.62

Mean 1.07 1.14 1.57 3.77 5.05

S.D 0.07 0.15 0.20 0.50 0.56
C.0.V(%) 6.88 13.38 12.45 13.29 10.98
* 0 ACI 318-08 of 9t oA 3150]tt.
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(2! 10) Height/Diameter Ratio—Relative Strength Curve

(& 9) ACI 318-08 STM aliMlg S5t AESIQ| X|+2F L/W ratio

. | Strut Length| Strut Width

Specimens | G | G L/W Ratio

mm mm

S4D10-1.7 | 0.6 [0.64 486.1 73.3 6.63

A5D9M-1.7 | 0.6 |0.70 480.3 93.1 5.16
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e TAS Agst 2o mdL Aoklgon o B 2. Razaqgpur, A. G. and Isgor, O. B., “Proposed shear design
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27} FRP rebar2 E7}E ALK} Aodlo] 37 A 5. Tureyen, A. K. and Frosch, R. J., “Shear tests of
o] AAuF 71H o] Ao AFRP rebar® H7)E FRP-reinforced concrete beams without stirrups,” ACI
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. CSA S806-02

0.1MpA/f  byd < V. < 02)¢,1/f  b,d

Vf 1/3
V. —0.035/\¢>C(f Lpr}-]Wfd) b,d

Y g <10
M

= width of the section.
= effective depth of the section.

Ep = modulus of elasticity of fiber reinforced polymer.

= compressive strength of the concrete.

M = factored moment at the section of interest.

= shear resistance provided by concrete.

Ve = factored shear at the section of interest.

A = factor reflecting concrete density effect.
pr = longitudinal reinforcement ratio.
¢. = concrete resistance factor.
E, = modulus of elasticity of concrete.
E, = modulus of elasticity of steel.
2, JSCE-97

Vo= B4B,5uf vedbu/
Fod = Q,Q(f’gd)l/3 < 0.72N/mm?

3,=(1000/d)"/* < 1.5

_ /:
B, =(100p,E,/E,)'* < 1.5
B,=1+M/M, <2 for N;>0
B,=14+2M/M, >0 for N,<0

fol = design compressive strength of concrete.
M, = design bending moment.

M, = decompression moment.
N; = design axial compressive force.
%Y = member safety factor.

3. Razaqpur et al, proposed method

I/(:1 = 0035kmke a’V f/nbwd
I/;‘Z = 0'035kmks akr V f/(: b'u'd

v, 2/3
(3]
m ]I/[F

I/;‘Z = 0‘035kmkska [1 +kr} \% f,(: bwd = Oka V f,r: bwd
k.= (Efpf)l/3

k=10 for |F)<as

= 1. — < 2.

A or V.

k,=1.0, for beams with d < 300mm
750

s T I0+d’ for beams with d>300mm

4, ACI 318—-08 APPENDIX A, s

1) For a strut of uniform cross-sectional area over its
length : 1.0

2) For struts located such that the width of the
midsection of the strut is larger than the width at
the nodes (bottle-shaped struts) :
(D With reinforcement satisfying A.3.3 : 0.75
@ Without reinforcement satisfying A.3.3 : 0.60\

3) For struts in tension members, or the tension
flanges of members : 0.40

4) For all other cases : 0.60

5. Nehdi et al. proposed method

4
3, :0.68—0.012(%) . (Bpp)? <10

a

4
d) » (B > 10

B,=0.75 70.01(

_ 250+d
550

for d = 300mm
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