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Torsional Analysis of RC Beam Using Average Strains
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Park, Chang-Kyu

Abstract

Nonlinear analysis of the reinforced concrete beam subjected to torsion 1is presented.
Seventeen equations involving seventeen variables are derived from the equilibrium equation,
compatibility equation, and the material constitutive laws to solve the torsion problem
Newton method was used to solve the nonlinear simultaneous equations and efficient
algorithms are proposed. Present model covers the behavior of reinforced concrete beam under
pure torsion from service load range to ultimate stage. Tensile resistance of concrete after
cracking is appropriately considered. The <softened concrete truss model and the average
stress—strain relations of concrete and steel are used. To verify the validity of present model,
the nominal torsional moment strengths according to ACI-99 code and the wultimate torsional
moment by present model are compared to experimental torsional strengths of 55 test
specimens found in literature. The ultimate torsional moment strengths by the present model
show good results.
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Table 2 Torsional strengths

Long.. Trans. Test ACI-99 Proposed Model

Beam Section v/x Ste-el ste@l Texo T T T T
ratio ratio n —n n —n
(%) (%) kef-m kgf-m Tew kef-m Tews
Bl Solid 1.5 0.534 0.537 2,270 2415 1.064 2,257 0995
B3 Solid 1.5 1.170 1.170 3825 4,606 1.204 4,294 1.123
B4 Solid 1.5 1.600 1.610 4,827 5855 1.213 5,360 1.110
B7 Solid 15 0.534 1.170 2,142 3,281 1.197 2975 1.085
B9 Solid 15 1.170 0.537 3042 2,810 0.943 314 1.037
B10 Solid 15 2.670 0.537 3,502 3,118 0.890 3,347 0.956
D1 Hollow 15 0.534 0.537 2,281 2444 1.071 2,288 1.003
D3 Hollow 15 1.170 1.170 3,986 4,766 1.19%6 4,429 1111
M1 Solid 1.5 0.827 0.549 3,099 2,853 0.921 2,858 0922
M2 Solid 15 1.170 0.781 4,136 3934 0.951 3875 0937
M3 Solid 15 1.600 1.070 4470 4,537 1.015 4,304 0.963
12 Solid 15 0.827 0.832 3,675 3,850 1.048 3,645 0.992
13 Solid 1.5 1.170 1.170 4,654 51838 1.115 4,900 1.053
14 Solid 1.5 1.600 1.610 5922 6,359 1.074 5918 0.999
15 Solid 1.5 2.110 2.130 7212 8,049 1.116 7433 1.031
J1 Solid 15 0.534 0.537 2,189 2,287 1.045 2,035 0.930
G2 Solid 2.0 0.620 0.626 4113 4,080 0.992 3837 0933
G3 Solid 2.0 0.880 0.882 5,058 5,390 1.066 5,056 1.000
G4 Solid 2.0 1.200 1.200 6,613 6,858 1.037 6,382 0.965
G6 Solid 2.0 0.600 0.594 3986 4,067 1.020 3,802 0.954
G7 Solid 2.0 0.930 0.938 5,369 5,717 1.065 5312 0.989
N1 Solid 2.0 0611 0.622 922 905 0.982 851 0923
Nla Solid 2.0 0611 0.622 922 900 0.977 847 0919
N2 Solid 2.0 1.110 1.130 1475 1,502 1.018 1,388 0941
N2a Solid 2.0 1.110 1.100 1,348 1,498 1.111 1,362 1.011
N3 Solid 2.0 0916 0.903 1,244 1,268 1.019 1171 0941
K1 Solid 3.25 0.564 0.565 1,567 1,590 1.015 1434 0947
K2 Solid 3.25 1.025 1.027 2419 2,587 1.069 2,376 0.982
TO Hollow 1.0 1.29 1.31 21,080 23,118 1.097 21,784 1.033
T1 Hollow 1.0 0.724 0.746 13,190 14,129 1.071 13077 0991
T2 Hollow 1.0 0.724 0.746 13,390 14,129 1.055 13,077 0977
T4 Solid 1.0 0.724 0.746 13,190 14,129 1.071 13,077 0991
VS2 Solid 1.833 0.35 0.36 1,993 2,229 1.119 1,996 1.001
VS3 Solid 1.833 0.52 0.54 2,915 3127 1.073 2,814 0.966
VS9 Solid 1.833 0.33 0.35 2,200 2,715 1.234 2,341 1.064
VB3 Solid 1.833 0.66 0.69 4735 5,202 1.09 4718 0.996
VB4 Solid 1.833 0.66 0.69 4954 5,391 1.088 4916 0.992
VQl Solid 1.0 0.33 0.32 2,154 2,134 0.991 1,948 0.904
VQ3 Solid 3118 0.39 040 2,039 2,189 1.073 1,956 0.959
VQ9 Solid 5.757 0.45 0.45 2,235 2,234 0.99 1,994 0.892
VH1 Hollow 1.0 0.33 0.33 2,178 2,155 0.989 1,935 0.889
VU2 Solid 1.833 0.48 0.67 3,099 3,746 1.209 2,91 0.952
VU4 Solid 1.833 0.63 0.33 2,650 2,353 0.883 2,341 0.884
VM1 Solid 1.838 0.64 0.64 1,417 1,383 0.976 1,252 0.8%4
VM2 Solid 1.833 0.62 0.62 3,998 3909 0.978 3,616 09054
VM3 Solid 1.834 0.67 0.63 10,290 9,707 0.943 9,347 0.909
VM4 Solid 1.833 0.63 0.62 28,480 31,230 1.097 29,198 1.025
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Table 2 Torsional strengths (continued)

Long.. Trans. Test ACI-99 Proposed Model
Beam Section /X steel steel T,
Y ratio ratio o Tn In_ Tn Tn_
(%) (%) kgf-m kgf-m Te kaf-m Tew
A2 Solid 1.0 0.78 1.08 2,304 2,137 0.928 2,121 0.920
A3 Solid 1.0 1.23 1.21 2,834 3,153 1.113 2,897 1.022
A4 Solid 1.0 1.77 1.69 3514 3,984 1.134 3,649 1.039
B2 Solid 2.0 0.78 1.08 2,120 1,954 0.922 1,952 0.921
B3 Solid 2.0 1.23 1.26 2,581 2,916 1.130 2,668 1.034
PT4 Hollow 1.0 1.1 0.67 7,143 5818 0.815 6,371 0.892
2-1 Solid 1.897 1.67 0.62 2,085 2,440 1.170 2,274 1.090
R-1 Solid 1.977 2.27 1.33 1,078 1,040 0.965 1,235 1.145
Mean 1.048 0.982
Cov 0.087 0.066
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