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The Experimental Comparison of the Uniaxial and Biaxial
Tensile Strengths of Concretes

Hong-Seob Oh"” and Goang-Seup Zi’*
"Dept. of Civil Engineering, Jinju National University, Jinju 660-758, Korea
? Dept. of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea

ABSTRACT The characteristics of the biaxial flexural tensile strength of concretes was compared to that of the uniaxial strength.
The uniaxial and biaxial strengths in this study were obtained from the classical modulus of rupture test and the biaxial flexural
test recently developed by Zi and Oh and Zi et al., respectively. Three different sizes were considered to investigate the effect of
the size of aggregates. To estimate the stochastic aspect of the strength, 32 specimens were used for each test. The average biaxial
flexural fracture strength was about 20% greater than the uniaxial test. At the same time, the coefficient of variation for the biaxial
test was 18% greater than the uniaxial test. This means that the probability of the biaxial cracking can be greater than the uniaxial

cracking.

Keywords : biaxial flexural fracture strength, flexural tensile strength, new test method, experimental data
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(a) (b)
Fig. 1 (@) Apparatus of biaxal flexural test (b) Theoretical
moment distribution of specimen
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Fig. 2 FE analysis result on the biaxial flexural test
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Fig. 3 Schematic analysis of circular plate using principle of

superposition
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Table 1 Concrete mix proportion
Weight (k
W/C (%) |Slump (mm)| Air (%) | Sa (%) 5 . eight (ke) S ISP (CWL%) AE (Cxwt%)
35 120 5 39.45 193.9 553.0 6424 10363 0 0

Table 2 Test variables

Notation Specimen height (mm) |Size (mm) (HxWxL) (HXD)| Clear span (mm) a (mm) Compressive strength (MPa)
3 30x60x187.5 125 30 31.55
Uniaxial 6 60x60x375 250 60 35.1
12 120x60%750 500 120 28.4
3 30x187.5 125 30 36.8
Multiaxial 6 60x375 250 60 33.6
12 120x750 500 120 31.8

Note) H is a height of specimen, W is a width of specimen, L is a length of specimen, D is a diameter of specimen, and a is a distance from
a loading point to a support.
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(b) The support and test setup for biaxial specimen

Fig. 4 Test setup
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Height 30 mm Height 60 mm

Height 120 mm
(a) Uniaxial specimen

Height 6 mm

Height 120 mm
(b) Biaxial axial specimen

Fig. 5 Failure patterns of the specimen
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Table 3 Test results

Height 30 mm Height 60 mm Height 120 mm
Uniaxial Biaxial Uniaxial Biaxial Uniaxial Biaxial
No. Flexural Flexural Flexural Flexural Flexural Flexural
strength | f,./ A/E( strength | £,/ A/E( strength | £,/ A/E( strength | £,/ A/E( strength | £,/ A/E strength | £,/ A/E
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
1 10.111 1.748 8.521 1.404 5.083 0.858 5.098 0.879 2.792 0.511 4.445 0.788
2 6.681 1.155 7.953 1.311 5.667 0.956 8.294 1.430 3.792 0.694 5.528 0.980
3 6.319 1.093 | 10.623 1.751 6.583 1.111 6.433 1.109 4.083 0.748 3.053 0.541
4 7222 1.249 8.748 1.442 5.083 0.858 5212 0.899 5417 0.992 5.297 0.939
5 7.583 1.311 | 11.304 1.863 4.750 0.802 4.473 0.771 4.958 0.908 5.304 0.941
6 7.944 1.374 9.032 1.489 5.667 0.956 5.524 0.953 4.958 0.908 5.670 1.005
7 7.944 1.374 7214 1.189 4.000 0.675 9.728 1.678 5.042 0.923 5.010 0.888
8 5417 0.937 5.794 0.955 6.000 1.013 6.732 1.161 3.167 0.580 6.085 1.079
9 5417 0.937 8.294 1.367 5.750 0.971 6.277 1.082 3.667 0.671 3.941 0.699
10 5.056 0.874 6.362 1.049 5.083 0.858 7.939 1.369 3.458 0.633 4.296 0.762
11 7.042 1.218 8.691 1.433 5417 0914 5.326 0918 2.708 0.496 5.397 0.957
12 6.861 1.186 8.237 1.358 6.000 1.013 7.598 1.310 5.208 0.954 4367 0.774
13 7.583 1.311 | 10.566 1.741 4417 0.745 8.990 1.550 4542 0.832 4.083 0.724
14 7.764 1.342 8.862 1.461 5.083 0.858 5.283 0911 3.208 0.587 7.562 1.341
15 6.861 1.186 6.021 0.992 5.167 0.872 8.606 1.484 4.667 0.854 5.574 0.988
16 8.306 1.436 7.442 1.227 5.167 0.872 7.839 1.352 3.875 0.709 4438 0.787
17 6.319 1.093 5.624 0.927 4.167 0.703 6.732 1.161 3917 0.717 4.900 0.869
18 6.139 1.061 8.010 1.320 4.083 0.689 5.879 1.014 3.792 0.694 4.935 0.875
19 6.319 1.093 8.975 1.479 5.667 0.956 7.868 1.357 4.000 0.732 4367 0.774
20 7.042 1.218 5.908 0.974 4.500 0.760 7.243 1.249 4458 0.816 6.426 1.140
21 5.056 0.874 6.419 1.058 4.500 0.760 4317 0.744 5.000 0915 4.687 0.831
22 5.056 0.874 4.999 0.824 4.250 0.717 6.362 1.097 4208 0.771 4.509 0.800
23 5.958 1.030 2.727 0.449 4.833 0.816 6.618 1.141 4.667 0.854 5.219 0.926
24 7.944 1.374 8.180 1.348 7.250 1.224 6.021 1.038 3.333 0.610 6.249 1.108
25 6.681 1.155 | 10.282 1.695 5917 0.999 7.612 1.313 3.958 0.725 5.184 0.919
26 6.319 1.093 8.010 1.320 5.667 0.956 4.942 0.852 3.958 0.725 2.663 0.472
27 7.403 1.280 9.600 1.582 4.667 0.788 5.098 0.879 3.792 0.694 4.083 0.724
28 5.778 0.999 5.453 0.899 5.667 0.956 6.874 1.185 5.127 0.909
29 5.936 1.024 3.266 0.579
30 5.042 0.894
31 4.651 0.825
32 3.089 0.548
Eq. (1) 3.48 3.67 3.30
Eq. 2) 437 4.7 4.08
Average 6.790 1.174 7.780 1.282 5.222 0.881 6.581 1.135 4.097 0.750 4.826 0.856
Star}dz.lrd 1.156 0.200 1.956 0.322 0.776 0.131 1.399 0.241 0.735 0.135 1.031 0.183
deviation
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