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ABSTRACT

One directional and biaxial tension tests of 13 reinforced concrete panels were conducted to derive a constitutive
law of concrete. Based on the test results, a model equation is derived for the stress-strain relationship of concrete
in tension. Main test variables are reinforcement ratio and the load ratio applied in two directions. In addition, a
failure envelope of concrete in tension-tension region is suggested based on the initial crack occurrence. Test results
show that the concrete carries substantial tensile stress even after cracking occurrence. However, the application of
this proposed stress-strain relationship for concrete is limited to the case where the direction of reinforcement

coincides with the direction of the applied principal stresses.
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Fig. 1 Reinforcement ratio

Table 1 Specimen details

Reinforce— Dimension of | Cover Spacin
.| Amount Specimen Depth c/dp pacing
ment Ratio (mm)
(mm) (mm)
R1=0.0090 | 8-D29 | 1500x1500x380 80 2.8 300
R2=0.0135 | 8-D29 | 1000x1000x380 80 2.8 200
R3=0.0188 | 10-D29 | 900x900x380 80 2.8 150

o9l &3 PrPE L, 10577, 1026824 olAS Z+
2 Jehld, 47 4£°, 60°, ol Zzh 4l |, 2, 32
2 FEEAY. Fig 2v AgAg] oigh Awiv, 7]
o= PyPE 9ujgi.

2

B-R1-1
1 Test Method
U: Uniaxial tension

B: Biaxial tension

Reinforcement Ratio
R1: 0.0090
R2:0.0135
R3:0.0188

Applied Load Ratio (tan"'a)
1: 45 degree
2: 60 degree
3: 75 degree

Fig. 2 Specimen identifications
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Fig. 3 Specimen configurations and dimensions
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Table 2 Test results

Specimen fox Per for bor Ec
(MPa) (kN) (MPa) | (mm/ml) | (MPa)
U-R1-1 44.0 1,064 1.83 0000115 | 18,348
B-R1-1 440 839 1.49 0.000098 | 17,653
B-R1-2 481 966 1.72 0.000077 | 24,675
B-R1-3 39.1 1,131 2.04 0.000107 | 20,467
U-R2-1 46.2 730 2.10 0.000128 | 16,484
B-R2-1 36.6 560 147 0.000116 | 13,966
B-R2-2 400 673 1.76 0.000120 | 16,167
B-R2-3 39.1 863 2.31 0.000123 | 19,837
U-R3-1 46.2 783 217 0.000121 | 20,331
B-R3-1 434 T 2.06 N.A. N.A.
B-R3-2 36.6 662 181 0.000126 | 16,429
B-R3-3 39.1 1,111 346 N.A. N.A.
B-R3-4" 39.1 1,111 207 0.000117 | 28,803

* Supplementary specimen exactly same as B-R3-1
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Fig. 4 Failure envelope of concrete in tension-tension
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