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COMPRESSION FAILURE CRITERION OF CONCRETEY

JinLiu LiJian YuWenxuan Du Xiuli?

( Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology,
Beijing 100124, China)

Abstract Concrete structures in normal service are often subject to complex stresses and are inevitably subject to the
sporadic dynamic loads. The failure criterion is the foundation for the study of mechanical properties of concrete under
complex loads. Limited by the test equipment and other conditions, the existing dynamic biaxial tension-compression
strength failure criterion has a complex form, lacks of higher strain rate and lateral stress ratio range and has not yet
considered the coupling effect of strain rate and lateral stress ratio comprehensively. In order to further propose a more
applicable and accurate failure criterion of concrete dynamic biaxial tension-compression strength, a 3D random
numerical model of cubic concrete is established on a mesoscale in this study. The dynamic tension-compression failure
behavior of concrete materials under different strain rates and lateral stress ratios are simulated. The influence of strain
rate and lateral stress ratio on the failure modes and dynamic biaxial strengths of concrete are discussed respectively. The
failure criterion of dynamic biaxial tension-compression strength of concrete is put forward. The simulation results
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indicated that with the increase of strain rate and lateral stress ratio, the internal damage of concrete specimen increases
and the number of cracks increase. Under dynamic biaxial tension-compression loads, with the increasing strain rate, the
dynamic spindle compressive strength and dynamic lateral tensile strength of concrete increase gradually. With the
increasing lateral stress ratio, the dynamic spindle compressive strength decreases while the dynamic lateral tensile
strength increases. The dynamic biaxial Tension-Compression failure criterion of concrete proposed in this paper has the
advantages of wide range of applicable strain rate and lateral stress ratio, concise form, no longer restricted by physical
test conditions and considering the coupling effect of strain rate and lateral stress ratio, etc. The established failure

criterion of concrete has been verified from different angles.

Key words concrete, strain rate, lateral stress ratio, dynamic biaxial loading, tension-compression failure criterion
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Table 1 Summary of failure criteria proposed by different scholars
Data sources Type of loadings Failure criterion
Ref. [2] static Tx , Ty
foo fe
Ref. [3] static O oy
—=a—+b
i
Ref. [5] static 2Zx 1 T2y
foo fe
Ref. [6] static Tx | 8%z
— +08—=1
fi fe
Ref. [7-8] static [
VA
Ref. [9] static Ox , Tz
fio fe
Ref. [4] dynamic o p 72 ( o, )2
— =a+b—+c|—
fi Je fe
Ref. [5] dynamic O (éd) o,
— =a+blg| = |+c—
f YA
Ref. [10] dynamic ox _ ald o &
= Trod +b(1-e)lg Z
Ref. [11] dynamic 5:a2+blg(8,—d)+l
fi fe &
ox _ o2l fe _ _
Ref. [12] dynamic fi  A+0.05-1.07143(fi/f.) (Foo<1<-005)
o 071 f
— = ———==(-0.05<1<0
£ 1-07 fc( )

Note: oy and o, represent the lateral tensile strength and spindle compressive strength of concrete under biaxial loads, respectively. f; and f; represent the

uniaxial tensile strength and uniaxial compressive strength of concrete under biaxial loads, respectively. Parameters a, b and ¢ represent fitting parameters of

different failure criteria. The research scope of strain rate in dynamic loads is 10 s™! << 107257,
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Table 2 Mechanical parameters used in simulations

Parameter Young’s modulus Poisson ratio Eccent-ricity ~Stress ratio Dilatant angle Fracture energy Compressive yield  Tensile yield
E /GPa v n /% Joo=teo wi(°) G, /[(m>-J™) strength o, /MPa  strength o, /MPa
aggregate 60.0° 0.16 0.1 1.16 30 60 0.667 80.0° 8.0°
mortar matrix 32.5¢ 0.20 0.1 1.16 18 50 0.667 40.0° 4.0°
1TZ 26° 0.22 0.1 1.16 15 30 0.667 32.0¢ 3.2¢

Note: Data “a” is determined by Ref. [10], data “b” is determined by Ref. [15-17] and data “c” is determined by inversion method.
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Fig. 10  Fitting results of the Eq. (14) under different strain rates
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