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Abstract

This study focuses on the development of a three-dimensional mesoscale modeling method for fi-
ber-reinforced concrete, addressing its multi-phase composition and complex mesostructure to en-
hance the accuracy of mechanical performance prediction and mechanistic analysis. Through sec-
ondary development of Abaqus using Python, parametric generation and spatial random distribu-
tion of concrete aggregates, fibers, mortar, and the interfacial transition zone were achieved, estab-
lishing a numerical model that reflects the true three-dimensional mesostructure of the material.
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Uniaxial compression finite element simulations were conducted, and the results indicate that
cracks initiate in the interfacial transition zone and gradually propagate into the mortar, ultimately
forming a “V”-shaped failure pattern consistent with experimental observations. The stress distri-
bution in fibers exhibits significant spatial heterogeneity, with highly stressed fibers concentrated
along the crack path, effectively contributing to bridging and reinforcement. The developed model
overcomes the limitations of two-dimensional simplifications, enabling a more realistic simulation
of damage evolution and failure processes in three-dimensional space.
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Figure 1. Aggregate model
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Figure 2. Three-dimensional microscopic model of concrete
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Figure 3. Three-dimensional model of fiber-reinforced concrete
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Figure 4. Components of fiber reinforced concrete 3D model
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Table 1. Material parameters

=1 MR

AL P /GPa MEl /N4 R4 f/MPa AR f/MPa
R 70 0.16
Y 69.7 0.3 - 1226

WIS S X B AR W 20 R 3 Fom

Table 2. Mortar constitutive relationship

=2 WRAMRKER
JE 458 1/MPa R N AR R LS PN 3/ MPa THERNAE EnAGIESVTP

20.9 0 0 3.5 0 0

35.1 0.0003 0.0912 2.22 0.00011 0.32656
35.1 0.00031 0.096 1.75 0.00015 0.44131
345 0.00051 0.1444 1.43 0.00019 0.5241
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332 0.00073 0.1964 1.2 0.00023 0.58556
31.5 0.00097 0.2487 1.04 0.00027 0.63266
29.5 0.00122 0.299 0.92 0.0003 0.6698
275 0.00147 0.3461 0.82 0.00033 0.69982
25.6 0.00172 0.3894 0.74 0.00036 0.72456
23.8 0.00196 0.4289 0.68 0.00039 0.74532
22.1 0.0022 0.4647 0.49 0.00054 0.81347
20.6 0.00243 0.4972 0.39 0.00068 0.8515
19.2 0.00266 0.5264 0.32 0.00083 0.87592

18 0.00288 0.553 0.28 0.00097 0.89302
16.9 0.0031 0.577 0.25 0.00111 0.9057
15.9 0.00331 0.5988 0.22 0.00125 0.91551

15 0.00352 0.6187 0.21 0.00139 0.92334
14.1 0.00372 0.6368 0.19 0.00153 0.92974

Table 3. Constitutive relationship of interface transition zone

=3 AALEXAERR
JE458% /1/MPa AR gk AR IRV HLAHSE 3/ MPa TFARINAE EOAGIE VTS

11.9 0 0 3 0 0

17.3 0.00007 0.0353 2.6 0.00006 0.14937
20 0.00029 0.1101 2.11 0.00012 0.29137
20 0.00036 0.1294 1.73 0.00017 0.40006
19.9 0.00051 0.1726 1.45 0.00022 0.48163
19.6 0.00068 0.2148 1.25 0.00026 0.54394
19.1 0.00085 0.2551 1.09 0.00031 0.59271
18.5 0.00103 0.2933 0.98 0.00035 0.63178
17.8 0.00121 0.3291 0.88 0.00038 0.66372
17.2 0.00139 0.3626 0.81 0.00042 0.69032
16.5 0.00158 0.3936 0.74 0.00046 0.7128
159 0.00176 0.4224 0.54 0.00064 0.78765
15.2 0.00194 0.4491 0.43 0.00081 0.8301
14.6 0.00212 0.4739 0.36 0.00098 0.8576
14 0.0023 0.4968 0.32 0.00115 0.87696
13.5 0.00248 0.518 0.28 0.00132 0.89137
13 0.00265 0.5377 0.26 0.00149 0.90255
12.5 0.00283 0.5561 0.24 0.00165 0.91149
12 0.003 0.5732 0.22 0.00182 0.91882
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Figure 5. Compression damage diagram
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Figure 6. Time history variation of compression failure
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Figure 7. Fiber mises stress cloud map
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