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Shear Strength Prediction of FRP RC Baem without Shear Reinforcements

Jae-Hoon Lee” and Sung-Jin Shin"*
"Dept. of Civil Engineering, Yeungnam University, Gyeongsan 712-749, Korea

ABSTRACT There are many problems in application of FRP reinforcing bars as shear reinforcement, since bending of FRP bars is
not a feasible process on construction site. Even though FRP bars can be manufactured in bent shape, they have lower strength at bent
location. However, there are no serious problems to use FRP bars as flexural reinforcement. Plates or slabs like bridge decks, in general,
do not need shear reinforcements. These types of members with FRP flexural reinforcement have lower shear strength than those with
conventional steel flexural reinforcement. However, reliable process or equation for shear strength estimation of FRP reinforced concrete
without shear reinforcement are not established, yet. In this study, predicted shear strength obtained from available design equations and
assessment equations are compared with 211 experimental results. The results showed that among the current design codes, the Archi-
tectural Institute of Japan (AlJ) and the Institution of Structural Engineers (ISE) provided the best estimation. ACI 440.1R-06 provided
conservative results with degree of dispersion similar to that of ISE. In addition, regression analysis on the collected experimental results
was conducted to develop regression models. As a result, a new reliable shear strength equation was proposed.

Keywords : FRP RC, FRP bar, without stirrup, shear strength, regression analysis
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Table 1 Comparison of regression coefficient

Equation 1| pr dla 1/d
ACI 440.1R-03"| 12| 0 0 -
ACI 440.1R-06"™ 12| 0 0 -
28 d<300mm:0
CSA S806™ | 1/3 | 1/3 13 75300 mm 1
Design 2 d<250mm:0
ISIS™ 1210 0 d>250mm : 1
JSCE32> 1/311/3 0 1/4
AP 1.0 10.23 1.0 0
ISE® 13(1/3 0 1/4
Michaluk et al.?{ 1/2] 0 0 -
Deitz et al.” [ 1/2] 0 0 -
El-Sayed et al™”| 1/2| 0 0 -
Study 20 awd>25:0.64 d<300 mm:0
Razaqpur et al ™} 124 13 0 55164 d>300mm: 1
Choi et al.™ | 1/3 ] 1/3 1.0 1/4
Cho et al™ [1/2]1.0 -1.0 -

o] ggko] THIF A &S udit}. o H7IE U
| 9o Z|a3r} WY EE A Z7]2 JSCEE oF
200 mm, AIJ¢} ISEE 400 mmE E3 Y& o5 BE
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B 7L Table 29 2tk 2E
e AR A9 33 EE 4 AslE AgEgen
Actulz® A FE0|t}h Table 20 YeEbd B7H|= &
29 oz B FaR P (p,n S UERIT

Figs. 1~4= 8 259 43S Holal ok FRP RC
AdAe FEEANIE 1% 0159 B¢7t dubE o),
CFRP B7F& AMESH ¢ Ao 1.75%7HA A=At

al,

= o}7 gtk 282 ACI 440.1R ©]2]9] AA|7]ZA] (Fig. 1). A E SIS E= 40 MPac] 7Pg Bo] AR5
= Agx| 7] g Hels dE 2 s UA] %k Ao, Ho 814 MPa7kA] AF o] G =AU th(Fig. 2).
7] a3l ated FAAFE 9 B AT Wb A7) & 8.0 m|vko] thE-E-o| x| kFig. 3), Michaluk 5
Table 2 Summary of sample data
Investigator “iRp I\CIOF‘R(]’f °P e;:z;rz b | - (MPO) P (%) ald d (mm)
Lee et al.'” 10 27.0 ~ 396 | 008 ~0.15 | 6.0 ~ 6.5 200
Nawy et al.”>” 2 283 ~ 40.7 | 0.05 ~ 033 | 3.7 ~ 4.0 152 ~ 286
Michaluk et al.” 2 66.0 0.16 ~ 020 | 84 ~ 125 | 104 ~ 154
Matta et al.” 9 29.5 ~ 59.7 | 0.12 ~ 0.24 3.1 147 ~ 883
Deitz et al."” 3 27.0 ~ 308 | 0.15 ~ 0.83 | 45 ~ 5.8 158
Choi et al.” 1 30.2 0.95 4.0 350
Cho et al.” 9 9 30.6 0.08 ~ 0.58 | 1.5 ~25 215
Nagasaka et al.” 2 234 ~ 34.8 0.05 1.7 265
Zhao et al.”” 3 343 0.79 ~ 1.59 3.0 250
Mizukawa et al.”® 1 34.7 0.85 2.7 260
Duranovic et al.”” 1 329 0.31 3.7 210
Swamy et al."” 1 39.0 0.26 3.2 222
Yost et al.*” 18 36.3 0.22 ~ 0.46 4.1 225
Alkhradji et al.*” 3 24.1 0.15 ~ 046 | 2.6 ~ 2.7 280 ~ 290
Trueyen et al."”’ 4 2 39.7 ~ 42,6 | 0.18 ~ 0.45 3.4 360
Tariq et al.* 6 6 341 ~ 432 | 015 ~092 | 2.8 ~37 | 310 ~ 346
Lubell et al.” 1 40.0 0.09 3.1 970
El-Salakawy et al.* 5 3 40.0 0.17 ~ 067 | 6.0 ~ 6.5 155 ~ 165
Gross et al.”*” 12 12 603 ~ 814 | 023 ~ 053 | 4.1 ~ 6.5 140 ~ 225
Razaqpur et al.”” 7 405 ~ 49.0 | 0.18 ~ 064 | 1.8 ~ 42 225
El-Sayed et al.”™" 5 5 436 ~ 63.0 | 0.17 ~ 1.48 3.1 326
Guadagnini et al.”” 3 42.8 0.29 1.1 ~ 34 223
Noe et al.”” 2 2 30.8 0.07 ~ 0.47 3.5 215
Yun et al.>” 5 6 1 30.8 ~ 57.8 | 0.09 ~ 0.27 3.5 215
Chung et al.” 15 30.6 024 ~ 058 | 1.5~ 45 215
Kim et al.™” 15 30.6 0.08 ~ 0.19 | 1.5~ 45 215
All investigations 135 70 5 1 234 ~ 814 | 0.05 ~ 159 | 1.1 ~ 125 104 ~ 970

A
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O Hybrid
100 - O Aramid
. [ CFRP
c
T 80 - BGFRP
o
E
£ 60 -
=4
©
< 40
(=
20 +
0 . 11
~0.25~0.50~0.75~1.00 ~1.25~1.50~1.75
Dest
Fig. 1 Statistical data of o
140 -
2iacamid) [ Hybrid
120 ~ O Aramid |
O CFRP
100 1 B GFRP

Data Number (n)

~30 ~40 ~50 ~60 ~70 ~80 ~90

f!
Fig. 2 Statistical data of .’
120 - -
Litiybrid) O Hybrid
100 - P13 Aramid) 0 Aramid
o CFRP
80 - B GFRP

Data Number (n)

~25 ~4.0 ~6.0 ~8.0 ~10.0 ~12.0
a/d
Fig. 3 Statistical data of a/d

o o)& Agle olAE TV A Aol ke Ak
A7k 10, 12914 BAFZo] Aghabcte] 9425} B E B
19lc), AgA 7] 2.5 uwﬂo AsE g el A
A} FaEel= EE 400 mm T U]'O]J_ Matta 5
°] 800~1,000 mm Zo]2] %@—2: A5t 500~800 mm
7] A77F ARSI Z(Fig. 4), 27] &3l thetele
0 B2 A94 A7t 9des Aoz e

140

Lisyerie OHybrid |
3{aramid)
120 O-Aramid |
—_ [ CFRP
£ 100
- B GFRP
8 80 -
§
Z 60
vl
8 40
o zl.ﬂramiﬂh
20 4 |
3
0 - T T T r -
AL SLLSS ,ﬁ&h@

d
Fig. 4 Statistical data of d

2 AL E v ZESATE Table 3914 Case I Table
29] 2117 AEE 25 &85t AES H9-0]3, Case
= A9x| 7] 7F 2.5 w)wel AE8E A2t 1827H =
Z HESE 7ot} Fig. 55 Case 19 slg3s= Z230]
t}. Table 33} Fig. 525 ofej <] 7&%3 ds & AUk

1) Case 1¢] A% AIL™ Rajagpur 5,”" AW 59
2ol Fegdat Batwels 3 A#E F Th
2) AGA 77} 2.5 vkl A5 AL C

735 ISE7F AAld oz 4% AsE Fa 9o o
£ Matta 579 d7ot= dx)3).

3) ACI 440.1R-06'"S MCFTS= ®H/lE s v
o|Zale)s W+l o} Razaqpur =9 FA 3 7ho]
o].zh;};q*— AR S FHE 3 o] A% .L%;(].oﬂ/q
¢3S AT ATk EH ACI 3189 A (5)F ]

TT '
wro g 3 4 A5 Hlsle] WA AR A Eo]
oS +rs & 3t

Table 3 Evaluation of shear strength: Vies/ Ve

CASE 1V CASE 1I?
mean | C.O.V | mean | C.O.V
ACI 440.1R-03 | 5.78 0.77 4.83 0.54

ACI 440.1R-06
(Trueyen et al.)

CSA S806 1.47 0.43 1.29 0.31

Equation

2.47 0.58 | 2.01 0.29

Design ISIS 153 | 069 | 128 | 039
JSCE 165 | 054 | 136 | 026
Al 126 | 032 | 123 | 034
ISE 140 | 055 | 1.15 | 027
Michaluk et al. | 3.93 | 149 | 3.06 | 0.60
Deitz et al. | 131 | 149 | 1.02 | 0.60
El-Sayed et al. | 1.66 | 052 | 139 | 0.24
Study

Razaqpur et al. | 1.16 0.34 1.07 0.27
Choi, et al. 1.84 0.34 1.66 0.23
Cho, et al. 0.99 0.45 0.99 0.48

(1) Including all data (211 ea.)
(2) Exclude a/d <2.5 case
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Table 4 Regression analysis results

Statistic Variance
Case =
Data R’ MSR MSE F
1 211 0.71 6.61 0.05 127
1T 195 0.64 3.82 0.04 85
I 182 0.63 2.94 0.04 78

Table 5 Regression coefficients and P-values

Case 1 Case 11 Case 111
coeff. | P-value | coeff. | P-value | coeff. | P-value
In(k) | 1.61 |[1.3E-08| 1.70 |[2.6E-08| 1.65 |1.5E-10
b, 0.14 0.018 0.10 0.069 0.09 0.070
b, 0.30 |[1.8E-27| 0.32 |[1.9E-30| 0.33 |[2.5E-33
bs 0.85 |1.1E-46| 0.64 |1.8E-24| 045 |3.1E-12
by 042 |[5.2E-13| 0.35 |8.8E-10| 0.25 |[3.2E-06
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Table 6 Comparison of regression coefficients

Case | k b, b, b3 b, |mean|C.O.V.
(1) | 499 | 0.14 | 0.30 | 0.85 | 0.42 | 1.05 | 0.27
(2) | 5.00 0201 0.33 | 066 | 033 | 0.94 | 0.29
(3) [3.20 | 020 | 0.33 | 0.66 | 0.33 | 1.47 | 0.29
JSCE 0.93 | 0.33 | 0.33 | 0.00 | 0.25 | 1.65 | 0.54
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