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Numerical Simulation of Bonding Performance of GFRP Anchor-mortar
Considering Interface Damage Based on Piecewise Model
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Abstract: The material parameters of glass fiber reinforced plastic (GFRP) bolt were defined by writ-
ing VUMAT subroutine. Orthotropic anisotropic modeling was carried out considering the non-uniformity
and damage characteristics of the interface between GFRP bolt and mortar. The bond slip characteristics
of the interface between GFRP bolt and mortar were simulated sectionally by ABAQUS. The distribution
of axial force and interfacial shear stress of GFRP bolt were explored, and the interface mechanical
properties of GFRP bolt-mortar with different diameters were analyzed. The results show that the piece-
wise finite element model can better reflect the bonding characteristics of GFRP bolt-mortar. With the
increase of the applied load, the axial force of the GFRP bolt gradually increases, the load transfer
depth gradually deepens. The anchoring effect gradually plays from top to bottom. The maximum pull
force and interfacial failure displacement of GFRP bolt increase with the decrease of diameter. The criti-
cal diameter of slip failure and strength failure is 28 mm. The slip failure occurs when the diameter is
larger than 28 mm and the strength failure occurs when the diameter is less than 28 mm. The anchorage
coefficient K, of 28 mm diameter GFRP bolt is determined to be 0. 155.
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Fig. 1 Pull test of GFRP anchor
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Tab.1 Test parameters of GFRP anchor pull-out test
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Fig. 2 Results of pull test
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Tab. 2 Material parameters of GFRP anchor pull-out numerical model
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Fig. 4 Cohesive element constitutive model
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Fig. 5 Interfacial bonding diagram
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Tab. 3 Material parameters of Cohesive element
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Tab. 4 Physical and mechanical parameters of mortar
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Tab. 5 Physical and mechanical parameters

of slightly weathered granite
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Fig. 6 Comparison of simulation results with test results
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Fig. 10 Axial stress distribution curves of GFRP anchors with different diameters
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