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2 STM: Softened Truss Model
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Fig. 8. Shear crack patterns for beams with different
transverse reinforcement conditions[11]
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Method CSA ACI 318-19  Proposed
Mean 1.36 1.40 1.06
Standard Deviation 0.25 0.28 0.17
<0.75 (%) 0.3 0.6 1.8
>1.5 (%) 22.5 313 2.5

Table 2. Experiment/model shear capacity for database of
beams without stirrups
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Method CSA ACI 318-19  Proposed
Mean 1.33 1.28 1.06
Standard Deviation 0.24 0.24 0.17
<0.75 (%) 0.0 0.0 0.9
>1.5 (%) 15.9 14.2 2.5

Table 3. Experiment/model shear capacity for database of
beams with stirrups
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ST120 Stirrups 33.0 107.50 128 1.30 1.00 0.95

SP120 RCTR 29.0 123.50 147 132 115 0.94

RCTR 30.0 126.00 135 120 1.08 0.88

ST80 Stirrups 36.0 125.50 125 1.05 0.99 0.89

Karayannis
etal 2013[12]
w
T
>
=
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SP80 RCTR 32.0 144.00 1.43 1.08 114 0.86

SPA80 RCTR 35.0 151.50 132 0.97 1.08 0.80

G1-C Stirrups 28.0 82.61 1.05 0.95 0.80 0.72

G1-76 RCTR 34.5 103.40 136 136 1.02 0.85

G1-81 RCTR 35.0 120.00 155 140 117 1.00

G1-85 RCTR 28.5 91.85 118 111 0.89 0.74

G2-C Stirrups 27.0 83.42 113 1.04 0.85 0.73

G2-73 RCTR 27.0 94.84 134 131 1.00 0.83

G2-79 RCTR 29.5 102.40 141 143 1.06 0.89

G2-85 RCTR 28.5 85.62 117 110 0.88 0.73

G3-C Stirrups 22.5 82.90 123 115 0.91 0.83

G3-62 RCTR 26.5 93.20 150 152 1.09 0.94

G3-70 RCTR 36.0 106.70 1.65 175 121 1.02

G3-75 RCTR - 100.00 153 157 112 0.94

G3-80 RCTR 22.5 134.30 2.03 175 150 124

RCTR 25.5 108.40 164 170 121 1.02

G4-C Stirrups 26.5 90.90 116 111 0.86 0.82

G4-76 RCTR 30.0 107.60 141 118 1.05 0.86

G4-81 RCTR 29.0 102.20 132 114 0.98 0.81

Shatart et al 2016[29]
Q
@
&

G4-85 RCTR 26.5 100.90 129 113 0.96 0.79

G5-C Stirrups 22.5 81.56 111 107 0.82 0.73

G5-73 RCTR 21.5 82.82 117 115 0.86 0.72

G5-79 RCTR 27.0 90.90 1.26 123 0.93 0.80

G5-85 RCTR 29.5 95.90 132 123 0.97 0.84

G6-C Stirrups 25.7 73.30 1.09 1.03 0.80 0.74

G6-62 RCTR 27.0 77.80 125 124 0.91 0.78

G6-70 RCTR 30.0 88.40 137 142 1.00 0.89

G6-75 RCTR 27.0 83.20 127 128 0.93 0.78

G6-80 RCTR 25.5 99.10 150 140 110 0.95

G6-85 RCTR 29.5 74.40 112 1.07 0.82 0.68

A200-90 Stirrups 58.0 210.00 218 143 179 179

A200-90 Stirrups 32.0 220.00 2.28 145 187 191

A200-85 RCTR 25.0 245.00 2,57 151 210 177

A200-85 RCTR 50.0 255.00 2.68 152 219 187

A200-80 RCTR 26.0 235.00 247 150 2.02 1.68

) A200-80  RCTR 45.0 24000 253 150 206 173
® A200-75 _ RCTR 20.0 23500 250 152 204 170
< A200-75 _ RCTR 28.0 22000 234 149 191 163
w A200-72 __ RCTR 27.0 21000 225 149 183 155
B A200-72 __ RCTR 46.0 22300 239 151 195 167
o B150-90  Stirups  25.0 24500 234 133 195 174
£ B150-90  Stirups  29.0 23500 225 132 187 165
& B150-85 _ RCTR 780 27500 265 139 220 161
B150-85 _ RCTR 340 28500 274 140 228 168
B150-80  RCTR 20.0  255.00 247 137 205 153
B150-80  RCTR 31.0 27000 262 139 217 164
B150-77 __ RCTR 46.0  188.00 184 129 152 123
B150-77 __ RCTR 23.0  109.00 107 100 0838 070
= Stirrups Average 153 119 121 113
< RCTR Average 173 135 136 11

Table 4. Shear capacity calculations of beams with RCTR
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Method Mean SD
ACI 318-19 1.15 0.18
CSA 1.15 0.18
Zararis 1.15 0.17
Proposed 1.02 0.17

Table 5. RCTR improvement ratio prediction capability
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Abstract

Classic one-way shear design provisions began with 45 degrees truss analogy introduced by Ritter and then
rectified by addition of a concrete contribution term (V.) which was basically based upon the results of some
academic tests of simply supported RC beams with concentrated loadings. There are some strong evidence
and examples that this empirical approach and the difference between its experimental base and the effective
mechanisms in many of existing applications can be disastrous. Shear failure of reinforced concrete falls in
the category of brittle and undesirable failure modes and has caused unrectifiable incidents in structures and
infrastructures throughout the world. Some of such examples are the shear failures observed in the event of
Kobe earthquake, shear failure of US air force warehouse, fatal highway bridge failure in Laval, Canada, and
damage of Sleipner offshore platform. After such observations, there have been some good efforts in
development of methods based on the physical description of main mechanisms influencing the shear behavior
of RC members and especially RC panels under in-plane stresses that led to development of theoretical
approaches such as modified compression field theory (MCFT), softened truss model (STM), and critical shear
crack theory (CSCT). These theories made some breakthrough in nonlinear analysis of RC structures and
become the basis for shear design in some of advanced codes like AASHTO LRFD, fib model code and CSA.
Due to the complex nature of shear behavior in reinforced concrete, consensus in this field has not been reached
among researchers, yet. In this study, through a parametric study on shear capacity of reinforced concrete
panels based on Local Stress Field Approach (LSFA), and assumption of a thorough and compatible physical
description, an efficient method for shear capacity analysis of reinforced concrete members is introduced. The
principal effecting input parameters in parametric study were selected randomly within a reasonable range in
the n-dimensional space of variables. These variables included: ratio of longitudinal stress to shear stress, ratio
of longitudinal reinforcement, yield stress of longitudinal reinforcement, characteristic strength of concrete,
maximum aggregate size, transverse reinforcement amount, and yield strength of transverse reinforcement.
The remaining input parameters, like concrete tensile strength, fracture energy, rebar size, etc. were picked
reasonably, in accordance with main parameters. Using an immense and strong experimental database of
reinforced concrete slender beams failed in shear alongside with a database of reinforced concrete panels failed
under in-plane loads, it is shown that the proposed method is a reliable, simple and easy to use approach that
possesses high accuracy in calculation of shear capacity of slender reinforced concrete beams with or without
transverse reinforcement, in comparison with existing reputed methods, and leads to safe and economic
designs. Continuous transverse reinforcement (CTR) with a rectangular or polygonal shape is a relatively new
technique that has been introduced in order to accelerate and facilitate the construction of RC structures.
Studies show that rectangular continuous transverse reinforcement can improve the shear behavior and shear
capacity of reinforced concrete beams, although existing shear design provisions, even the most advanced ones,
are unable to predict this enhancement in capacity. It is shown that the proposed method is able to predict the
aforementioned improved shear capacity of reinforced concrete beams with rectangular continuous transverse
reinforcement.
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