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Table 1 Mixture ratio of C40 concrete kg/m®
Cement Mineral filler Fly ash Sand Aggregate Admixture
270 75 45 860 880 8.5
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Fig. 1 Testing machine of the uniaxial compression
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(a) Stress-strain curves of general rock?*) (b) Stress-strain curves of different materials
P2 2 A A A5 3 ) g - A it 2k
Fig. 2  Stress-strain curves of indoor uniaxial compression tests
Fz2 RWERIW
Table 2 Analysis of test results
) Compressive strength/MPa Elastic modulus/GPa
Material Sample ID
Test data Average value Test data Average value
G-1 55.5 28.0
Granite G-2 55.5 54.2 22.1 243
G-3 51.5 229
C-1 394 16.1
Concrete C-2 39.7 393 18.2 18.7
C-3 38.9 21.8
GC-1 40.4 7.2
Granite-concrete GC-2 41.5 41.1 6.7 6.7
GC-3 41.5 6.1

Note: In sample ID, G represents the granite, C represents the concrete, GC denotes the granite-concrete, and 1, 2, 3
represents the sample number.
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(a) Stress-strain curves of granite (b) Failure mode of granite
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Fig. 4 Comparison of stress-strain curves and failure modes between test and numerical simulation
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Table 3 Comparison between test and simulated value
Effective modulus Peak stress
Material
Test/GPa Simulation/GPa Error/% Test/MPa Simulation/MPa Error/%
Granite 243 243 0 54.2 553 2.0
Concrete 18.7 18.7 0 393 40.1 2.0
Granite-concrete 6.7 6.7 0 41.1 41.1 0
x4 MRANSH
Table 4 Microscopic parameters of materials
Material Density/ Tensile Cohesive Effective Particle friction Stiffness Friction
ateria
(kg'm™) strength/MPa  strength/MPa  modulus/GPa coefficient ratio angle/(°)
Granite 2790 50 150 17.5 0.3 2.53 30
Concrete 2360 51 50 8.0 0.2 1.33 70

x5 FEAUSH

Table 5 Microscopic parameters of interfaces

Shear stiffness/ Joint friction

(N-'m™)

Normal stiffness/
(N'm™)

Cohesion/GPa
angle/(°)

Frictional coefficient

9x10’ 4.5x10* 20 20
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Fig. 5 Numerical model of granite-concrete specimen with single crack
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Table 6 Scheme of numerical simulation

al(°) Model L/mm H/mm vo/(mm-s™) E/GPa T/ MPa &/107
0 30 1 0.01 5.437 16.31 0.30
30 30 1 0.01 5.872 27.60 0.47
60 30 1 0.01 6.476 38.21 0.59
90 30 1 0.01 6.464 42.66 0.66

2.4 MR ER D
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Fig. 6 Numerical simulation results of PFC?”
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Fig. 7 Propagation path of cracks
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Influence of Crack Angles on the Mechanical Behavior and Energy Evolution
of Granite-Concrete under Uniaxial Compression

LI Qingwen', LI Hanjing', ZHONG Yugi', LI Ling', CAI Shiting', LIU Yiwei'?

(1. School of Civil and Architectural Engineering, Liaoning University of Technology, Jinzhou 121001, Liaoning, China;
2. School of Civil Engineering, Shandong Jianzhu University, Jinan 250101, Shandong, China)

Abstract: To investigate the influence of the crack angle on the strength and energy evolution of granite-
concrete composite specimens under uniaxial compression, a numerical simulation study was conducted
using the two-dimensional particle flow code (PFC?®) based on the micro-parameters calibrated through
laboratory tests. The research results indicate that the strength and deformation characteristics of granite-
concrete are affected by crack angles, and their strength and deformation parameters gradually increase with
the increase of crack angle. During the uniaxial compression process, the internal energy of the specimens
transforms into macroscopic crack propagation, and the final failure modes are mainly tensile fractures and
shear fractures. The total energy and dissipated energy of the composite specimens increase with the increase
of crack angle, and the total strain energy is more than the dissipated energy when the specimens are
damaged. Based on the calculation of dissipated energy, a damage constitutive equation was constructed,
indicating that when the damage factor reaches 0.8, the specimen is already close to its limit state, resulting
in significant energy consumption and a decrease in the strength of the composite specimen.

Keywords: granite-concrete composite; single crack; particle flow code; uniaxial compression; energy

damage constitutive
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