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Transformation Angle Truss Model Considered Bending Moment Effect

Sang~Woo Kim" and Jung-Yoon Lee""

" Dept. of Architectural Engineering, Sungkyunkwan University, Suwon, 440-746, Korea
(Received April 10, 2002, Accepted November 14, 2002)

ABSTRACT

For the prediction of shear behavior of reinforced concrete beams, this paper proposed Transformation Angle Truss
Model (TATM) considered bending moment effect. Shear stress-strain relationship obtained from the TATM was
agreed well with test results conducted by this study. Further, shear strength obtained from the TATM was
compared to the experimentally observed results of 170 reinforced concrete beams which had various shear span
ratios, shapes of support, and shapes of cross section. The shear strength of reinforced concrete beams obtained
from test was better predicted by the TATM with 0.96 in average and 11.9%¢ in coefficient of variation than by
other truss models. And the ratio of experimental results to theoretical results obtained from the TATM was almost

constant regardless of the 7 and a/d.

Keywords : transformation angle truss model (TATM), shear strength, shear strain, reinforced concrete beams,

bending moment effect
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(a) Reinforced concrete element

(b) Stress states of concrete element

Fig. 1 Stress conditions and coordinates in reinforced concrete element
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Table 2 Concrete mixture proportion
Mix strength Unit volume weight (kg/m”)
(MP2) Gmax (mm) | Slump (cm) | W/C (%) | S/A (%) W C S G AR
40 25 18 38.7 45 205 530 634 852 0.79%
Table 3 Specimen properties and test results Unit : MPa, mm
Tension reinforcement Shear reinforcement

Beams d ald Bar No. | Steel ratio Sy Bar No. | Steel ratio | £, PN | T e,
S2.0 264 20 4-D22 0.0267 402.0 | D10 @200 0.00323 357.8 4353 3.7
S3.0 244 3.0 5-D22 0.0360 402.0 | D10 @300 0.00215 3578 3725 347
S35 244 35 5-D22 0.0360 402.0 | D10 @300 0.00215 3578 3275 3.05
S4.0 244 4.0 5-D22 0.0360 436.3 | D10 @300 0.00215 3578 284.3 2.65

b=220 mm, f=42.2 MPa, Compression reinforcement : 2-D10
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Table 4 Physical properties and comparison of experimental and theoretical results for the shear strength of

reinforced concrete beams

Texp /T
X Num Of exp. ana.
Section Ref.
! beams ACI | MCFT |RA-STM |FA-STM P;%ﬁgzgd
- VST Mean 12 100 0% 124 099
this study VC(%) | 167 159 177 208 1.7
Simple i Mean 160 108 106 162 099
beam T 17-19 B ycoo | 156 124 127 165 137
Mean 150 103 099. 140 0.99
Sub-total VC%) | 171 1438 163 230 125
Mean 1.35 0.91 0.94 1.38 0.93
Support O |15 2025 VC.(%) | 134 174 114 197 103
Restrained | 1, - . Mean 134 0.9 0.94 135 0.93
beam 19 VC.(%) | 179 164 157 182 132
Mean 1% 091 094 138 093
Sub-total "oINeee | 138 172 113 194 105
Contimious 0 % 12 Mean 1.02 0.74 0.77 1.00 091
beam VCO | 119 99 92 100 81
Mean 140 0.9 095 1.36 096
Total 10 5 o0 | 181 180 154 2.4 119
- 7 | Mean 135 093 093 129 095
Section VC.(%) | 169 183 151 216 111
" o Mean 155 105 103 157 098
VC(%) | 171 139 137 179 137
Mean 133 0.92 0.94 129 096
i ald 2.5 W 5o | 113 190 152 220 104
Mean 153 103 0.99 151 0.9
a/d>2.5 % veooo | 162 136 153 198 147
[0 : Rectangular shape, T : T shape, Ref. : Reference, V.C. : Variation coefficient
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Fig. 10 Comparison of experimental and theoretical results for the shear strength
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