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A Study on the Prediction Model of Shear Strength
of RC Beams Strengthened for Shear by FRP
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ABSTRACT

In this paper. an analytical model is proposed to predict the shear strength of RC beams
strengthened by FRP. This predictional model is composed of two basic models—the upper bound
theorem for shear failure (shear tension or shear compression criteria) and a truss model based on
the lower bound theorem for diagonal tension criteria. Also, a simple flexural theory based on USD
is used to explain flexural failure. The major cause of destruction of RC beams shear strengthened
by FRP does not lie in FRP fracture but in the loss of load capacity incurred by rip-off failure of
shear strengthening material. Since interfacial shear stress between base concrete and the FRP is a
major variable in rip-off failure mode, it is carefully analyzed to derive the "shear strengthening
effect of FRP.

The ultimate shear strength and failure mode of RC beams, using different strengthening methods,
estimated in this predictional model is then compared with the result derived from destruction
experiment of RC beams shear strengthened using FRP. To verify the accuracy and consistency of
the analysis, the estimated results using the predictional model are compared with various other
experimental results and data from previous publications. The result of this comparative analysis
showed that the estimates from the predictional model are in consistency with the experimental
results. Therefore, the proposed shear strength predictional model is found to predict with relative
accuracy the shear strength and failure mode of RC beams shear strengthened by FRP regardless of
strengthening method variable.

Keywords : shear strengthening, predictional model, upper bound theorem, lower bound theorem, truss model,
flexural capacity, interfacial shear-bonding stress
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Fig. 3 Failure mode with web crushing criterion in shear of RC beams shear-strengthened by FRP
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Table 2 Comparisons between predicted and experimental results

Designati Experimental Failure Predictional Failure Exp./P
esignation result(tonf) mode(exp.) result(tonf) mode(pre.) xp./bre.
CON-1 10.50 8 10.38 s® 1.01
CP1-VW 17.30 S 16.03 gV 1.08
CP1-1VS 16.30 S 16.49 g 0.99
CP1-1DS 17.80 S 19.01 g2 0.94
CS1-VW 17.00 S 17.86 s 0.95
CS1-DW 18.20 S 20.84 s? 0.87
C82-VW 10.80 S 8.86 s® 1.22
CS2-DW 11.00 S 12.44 s? 0.88
)+ shear tension or crushing failure
@ diagonal tension failure
06 - v 06
\ r plasticity ’ ﬁl:s;icny
05 P tlexural a5 J "_' M S !
2 I A CON-T_ | 2 L 1,0?(1%8
§ 04 § 04
2 03 8 02
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’ o1 ’ 01 ) Tl
o - Q
0 1 2 ald 3 4 5 0 1 2 ald 3 4 5
a) Control specimens b) Vertical strip strengthened specimens(CFRP)
08 0.6 e
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05 B truss 205 truss
= Y L ~~~~~ flexural 9 - flexural !
3 0s * CPi-DS| 8 04 L_e_cPi-vw]
3 2
203 £03
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Fig. 13 Predicted and experimentally measured capacity of test beams
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Table 3 Details of other published data

I 23 H4d v ERE
23 FRER 494 0.78, FIED 6
Ae 0.4 AEEET B A7 d3udy
BHe AEge v -AES AAE
of @A

ZAnFE 49 A¥A H(S-50-75-UTIM S&=
Ak (shear) & 9vldtn 50 ATRFEIM], 75
v a2A8EWE, a8ln UTe UF strip®

el o glevt Ud stripelel EAlgte gatolA

4.6)

Concrete Effective | Stirrup | Chord Flexural Strengthening method
Part | strength | 2% depth | (e) | () | strengthening Strip | Wing( h,) | Jacket( 4,)
Ref. 4 373 200 250 0~0.75 0.023 — 0~1.25 — —
Ref. 6 | 414 | 150 | 113 — | 0.02 |3 100 2200 | 2% 250 | 120 150
strength @ kaf/crf strip of I: &, k. s,
lenght : mm strip of I @ pgy
flexural strengthening : ¢,. b, f,
Table 4 Comparison of predicted failure foads and experimental results of other published data
Part iBeam’ a/d Strengthening | Experimental Failure Predictional Failure Exp./Pre.
designation method result(tonf) | mode(exp.) | result(tonf) | mode(pre.)
5-0-0 3 control 8.15 S 9.27 S 0.88
S-50-0 3 control(s) 13.45 S 13.19 S5-M 1.02
S-100-0 3 control(s) 15.10 M 13.19 M 1.15
S5-0-50-UT 3 90° strip 8.83 S 8.75 S-M 1.00
S-0-75-UT 3 90° strip 10.60 S 9.79 S-M 1.08
Ref. 4 S-0-100-UT; 3 90° strip 12.28 S 13.19 S-M 0.93
8-0-125-UT| 3 90° strip 13.30 S 13.19 S-M 1.00
$-50-50-BT{ 3 90" strip(s) 14.50 M 13.19 5-M 1.10
3-50-50-DT|{ 3 45° strip{s) 14.95 S 14.62 S 1.02
S$-50-50-UT| 3 90° strip(s) 14,15 S 13.06 S 1.08
S$-50-75-UT| 3 90" strip(s) 15.23 M 15.01 S-M 1.01
CcO 3.54 control 3.52 S 3.14 S 1.12
CP 3.54| control(f) 3.54 S 3.14 " s 1.13
SO 3.54 90° strip 4.23 S 4.91 S-M 0.86
Ref. 6 SpP 3.54 1 80° strip(f) 4.20 S 491 S-M 0.86
WO 3.54 wing 4.28 S 4.80 S-M 0.89
WP 3.54 wing(f) 4.61 S 5.50 S 0.84
JO 3.54 jacket 5.11 M 4.38 M 1.17
JP 3.54 jacket(f) 6.36 M 6.74 M 0.94

f ! beams repaired in flexure

s ' beams with stirrup
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