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Fig. 1  Shear-failure modes for reinforced concrete beams and three types of cracks

(@ web-shear crack; @ flexural crack; @ inclined-shear crack)
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force distribution diagram force distribution diagram
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Table 1  Error analysis between formulae (18) ~ (21) and test values!?

(21)

7]

items €max €min T guarantee rate /% €mean €tandard deviation

eq. (18) 0.09 -0.87 99.6 -0.38 0.185

eq. (19) 1.74 -0.92 86.8 - -
data 1 and data 2

eq. (20) 0.06 -0.85 99.4 -0.34 0.198

eq. (21) 2.64 -0.83 71.1 - -

eq. (18) 0.10 -0.67 96.4 -0.38 0.193

eq. (19) 0.14 -0.76 98.2 -0.51 0.219
data 3 and data 4

eq. (20) 0.10 -0.67 96.7 -0.36 0.191

eq. (21) 0.78 -0.55 79.1 -0.21 0.276

eq. (18) -0.21 -0.73 100 -0.46 0.116

eq. (19) 1.34 -0.80 97.9 -0.53 0.295
data 5 and data 6

eq. (20) 0.10 -0.85 97.9 -0.45 0.191

eq. (21) 2.61 -0.62 72.9 - -

Note: e =(calculated value—test value)/ test value;

e e = L1 — number(e = 0)/number(e < 0) ] x 100%.
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Shear Strength Formula for Reinforced Concrete
Beams Without Web Reinforcements
Against Size Effect

LUO Lin'*? ,  WANG Qi-zhi’
(1. State Key Laboratory Breeding Base of Mountain Bridge & Tunnel Engineering,
Chongqing Jiaotong University, Chongqing 400074, P. R. China;
2. School of Civil Engineering & Architecture, Chongqing Jiaotong University ,
Chongqing 400074, P. R. China;
3. Department of Civil Engineering ,Sichuan University, Chengdu 610065, P. R. China)

Abstract: Based on the limit equilibrium method, equilibrium equations were established by
studying the free body composed of the critical inclined crack and the top cross-section from re-
inforced concrete beams without web reinforcements. Analyzing the relationships between prin-
cipal stresses of the critical shear compression zone and damage forms, stress analysis of the
critical shear compression zone was done. Then by applying Bazant’ s size effect law, a shear
strength formula of reinforced concrete beams without stirrups for both diagonal tension failure
and shear compression failure was obtained, where the critical shear compression zone height
was the unknown parameter. And then by Levenberg-Marguardt nonlinear least-square curve fit-
ting on Bazant’ s test database, exponential relationship between the height of the critical shear
compression zone and parameters was gotten. Finally, comparison with Collins’ test database
shows that the obtained shear strength formula can be demonstrated to agree more favorably
with the test database than those from ACI 318-08 and GB 50010-2010, and close with Bazant’ s

shear strength formula.

Key words: reinforced concrete beams without web reinforcements; shear strength; limit equi-
librium method; size effect; critical shear compression zone height; stress distri-

bution



