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Tension Stiffening Effect for Reinforced Concrete Members
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ABSTRACT

This paper presents tension stiffening effects of reinforced concrete members obtained
from experimental results on direct tension and bending. From the direct tension test
program, crack patterns were investigated with tension softening behaviors of concrete.
Tension stiffening effects and losses of strain energy were, also, analyzed from the
load-deflection curve with the main experimental variables such as concrete strength.
yielding stress and reinforcement ratio of rebar.

Tension stiffening effect of RC members increase linearly until the first crack
initiate. decrease inversely with number of cracks, and then decrease rapidly when
splitting cracks are happened. The tension stiffening effect is shown to be more
important at the member of lower reinforcement than that of higher. Therefore, it
necessitates to consider the tension stiffening effects at a nonlinear analysis. From
the above analysis, a tension stiffening model of concrete is proposed and verified by
applying it to bending members. From the numerical analysis by finite element
approach, it is shown that the proposed model evaluates a little higher in analyzing at
nonlinear region of high strength concrete, but, perform satisfactorily in general.

Keywords © tension stiffening effect. RC members, nonlinear analysis
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Table 1 Concrete mix proportion and compressive strength test results.
Design . wW/B | s/ Unit weight (kg/m®) Compressive Tensile Elastic
strength é;““) ( (7 ) ( lya) strength strength modulus
(kef/cm®) m 7 ’ W c | SF | 8 G (kat/cm®) (kef/cm®) (kgf/cm®)
200 19 56 45 180 | 320 - 820 | 1,002 215 21 202,457
400 19 35 40 175 | 500 - 673 1,013 371 32 294,845
600 19 25 35 170 | 558 62 579 | 1.073 605 52 340,304
%) SF : P2¥ dantE
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Table 2 Experimental specimen series of direct tension test

Concrete Rebar Section{bxdx ¢) .
strength - Type ( ) Specimen
(kef/em?) Strength Diameter mm
A 120x120x1500 1L.3-D22-A
3D30 D22 B 120% 120 x1500 L.3-D22-B
200 C 120120 1500 L3-D22-C
D29 A 129 x129x1500 L3-D29-A
SP40 D22 A 122X 122> 1500 L4-D22-A
D29 A 129x 129 x 1500 L4-D29-A
A 122x122 %1500 M3-D22-A
3P30 D22 B 122x122>x1500 M3-D22-B
400 C 122x122x 1500 M3-D22-C
- D29 A 129x 129> 1500 M3-D29-A
ap40 D22 A 122x 122> 1500 M4-D22-A
D29 A 129x129 <1500 M4-D29-A
A 122 x 122>x 1500 H3-D22-A
SD30 D22 B 122 x 1221500 H3-1D22-B
600 C 122x122 %1500 H3-D22-C
D29 A 129% 129X 1500 H3-D29-A
an40 D22 A 122 x122x 1500 H4-D22-A
D29 A 129x 129 %1500 H4-D29-A
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Table 3 Experimental specimen series of bending test

. Rebar ) Shear reinforcement
Specimens ) ';/h) o/ o (um)
Rebar Dia. Each (02) % i
L-0.5-A 2 0.57 0.1766 D10@100
1-0.5-B D19 2 0.57 0.1766 N10@100
L-0.5-C 2 0.57 3.227 L 0.1766 D10@ 100
L-1.5-A D25 3 1.52 0.4710 D13@ 100
L-2.5-A D29 4 2.57 0.7964 D13@100
M-0.5-A 2 0.57 0.0978 D10@100
M-0.5-B D19 2 0.57 j 0.0978 D10@100
M-0.5-C 2 0.57 5 827 0.0978 D10@100
M-1.5-A D25 3 1.52 | ' 0.2609 Dl3@ 70
M-2.5-A D29 4 2.57 0.4411 D13@ 70
H-0.5-A 2 0.57 0.0796 D10@100
H-0.5-B D19 2 0.57 - 0.0796 D10@ 100
H-0.5-C 2 0.57 % 160 0.0796 D10@100
H-1.5-A D25 3 1.52 ' 0.2123 Dl3@ 65
H-2.5-A D29 4 257 0.3589 Dl3@ 59
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Table 4 Strain energy of direct tension test members.

Specimens Strain energy(ton - mm) Strain energy ratio Ratio of A-type
RC Rebar Concrete (C/RC) (%)
L3-D22-A 16.683 13.492 3.190 0.191 100.0
L3-D22-B 15.844 13.492 2.352 0.148 73.7
L.3-D22-C 14.525 13.492 1.033 0.071 32.4
L3-D29-A 31.545 27.360 4.185 0.133 -
L4-D22-A 28.107 24.390 3.717 0.132 -
L4-D29-A 41.191 36.848 4.343 0.105 -
M3-D22-A 17.893 13.492 4.401 0.246 100.0
M3-D22-B 16.906 13.492 3.414 0.202 77.6
M3-D22-C 15.365 13.492 1.873 0.122 42.6
M3-D29-A 32.118 27.360 4.75H8 0.148 -
M4-D22-A 29.429 24.390 5.039 0.171 -
M4-D29-A 42.894 36.848 6.046 0.141 -
H3-D22-A 19.086 13.492 5.094 0.293 100.0
H3-D22-B 17.956 13.492 4.464 0.249 79.8
H3-D22-C 16.016 13.492 2.524 0.158 45.1
H3-D29-A 33.631 27.360 6.271 0.186 -
H4-D22-A 30.360 24.390 5.970 0.197 -
H4-D29-A 43.741 36.848 6.893 0.158 -
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Table 5 Initial cracking load and strain energy for beam

Specimens Initial cracking load Yielding load Ultimate load Strain energy
(ton) (ton) (ton) (ton - mm)
L-0.5-A 7.366 16.533 22.400 63.747
L-0.5-B 5.599 16.133 22.766 57.348
1.-0.5-C 3.300 15.900 18.600 47.322
L-1.5-A 11.400 41.866 45.533 213.693
L-2.5-A 16.366 71.066 71.066 466.743
M-0.5-A 8.099 17.200 23.800 68.575
M-0.5-B 6.533 16.800 24.400 59.631
M-0.5-C 4.866 16.600 20.366 51.031
M-1.5-A 11.600 44.166 48.966 214.067
M-2.5-A 16.566 74.499 74.499 518.004
H-0.5-A 8.599 18.200 23.933 71.967
H-0.5-B 6.600 17.600 23.066 62.103
H-0.5-C 6.299 16.800 19.733 52.785
H-1.5-A 12.266 46.599 48.900 220.933
H-2.5-A 17.033 80.366 83.266 520.479
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Fig. 13 Crack pattern of beam with different reinforcement
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