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Fracture morphology and mechanism of concrete cube test blocks

subjected to compression failure

KANG Yaming', JIA Yan®, LUO Yucai'
(1. School of Chemistry and Chemical Eng. , Beifang Univ. of Nationalities, Yinchuan 750021, China;

2. School of Mathematics and Information Science, Beifang Univ. of Nationalities, Yinchuan 750021, China)

Abstract; There is friction between the machine head and the contact surface of the concrete test block in the test of
the compressive strength. This force constrains the displacement of the upper and lower end face of the test block.
Finally, the boundary conditions of the upper and lower surfaces have an influence on the real strength. In view of
this phenomenon, the shear band in the concrete cube subjected to strong constraint was analyzed. Moreover, the
actual crack angles range and the most dangerous rupture angles of ordinary concrete were calculated based on the
Mohr-Coulomb criterion of unitization and the test datum . The results show that:(1) There are two kinds of zone
in the cube, one is the disintegration zone which are left-right symmetric. These zones have a tendency that will
detach from the cube. The other one is thrust zone which is top-bottom symmetric. These zones are within the
influence of the end restraint, which has a trend of penetration into the cube in the vertical direction. (2) The true
rupture angles of ordinary concrete are between 64 °~ 83° subjected to uniaxial compression, and the most
dangerous rupture angles are at about 73°, but the fracture surface whose dip angle is 45 ° and above are affected by
the boundary constraint. These cause the actual fracture surface not to coincide with the true rupture surface, so
the measured compressive strength is larger than the true value. This phenomenon is shape effect; (3) The boundary
constraint has an effect on the rupture path, which can be changed by adding depth-width ratio. To eliminate the
shape effects, the critical ratio of height to width should be 3 : 1 for ordinary concrete used in engineering.

Key words: fracture morphology; boundary condition; stress concentration; Mohr-Coulomb criterion; shear failure;

form effect
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Tab. 1 Standard values of strength parameters for concrete with different strength grades in the specification
S €20 C25 C30 €35 C40 C45 C50 C55 C60
PLEY 58 </ MPa 2.1 2.5 2.85 3.2 3.5 3.8 3.9 4.0 1.1
PUE R 61 /MPa 13.4 16.7 20. 1 23. 4 26. 8 29. 6 32. 4 35. 38.5
BYESRELL &(6=1/01) 0. 157 0.150 0. 142 0.137 0.131 0.128 0.120 0.113 0.106
HEETR( I ERGERER M, EFRES WBTUISE, k2 P . aTLUE N, NEERE Mkl
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Tab.2 Standard values of shear strength of concrete with different strength grades
SiR E S 40 C20 €25 C30 C35 C40 C45 C50 C55 C60
WEESE i ¢/ (7) 55. 34 55. 76 55. 94 56. 26 56. 59 56. 80 56. 98 57. 29 57.33

®3 BAREERARERESZRRIHRRETELRRY

Tab.3 The fracture surface friction coefficient of concrete with different strength grades

o S C20 C25 C30 C35 C40 C45 C50 C55 C60
BT BE R R p(p=1gg) 1.446  1.469  1.479  1.497  1.516  1.538  1.539  1.557  1.559
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Tab. 4 Failure angle range and most dangerous fracture angle of concrete with different strength grades/(°)

WA B/ (°) C20 C25 C30 C35

C40 C45 C50 C55 C60

Wi 69.0~75.7 68.1~77.1 66.9~78.5 66.5~79.1 66.2~79.8 66.1~80.2 65.2~81.1 64.8~81.8 64.1~82.8
REK WA 72.5 72.5 72.6 72.9 73.0 73.1 73.1 73.4 73.5
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Fig. 3 Graphic method for fracture angle range

of concrete with different strength grades
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Fig. 4 The fracture morphology of cube in the

measurement of compressive strength
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Fig. 5 Shear slip surface of cube subjected to strong

constraint from upper and lower surfaces
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Fig. 6 The superposition of shear bands of cube subjected to

strong constraint for upper and lower surfaces
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