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Unreinforced masonry walls are widely used in rural buildings across Iran and are highly
vulnerable to seismic actions due to poor material quality and lack of confinement.
Strengthening these walls using glass-fiber-reinforced polymer (GFRP) has recently gained
attention as a practical and cost-effective retrofit technique. This study investigates the in-
plane seismic behavior of clay brick and concrete block masonry walls, both
unstrengthened and strengthened with GFRP, through nonlinear finite-element modeling in
ABAQUS. Masonry behavior was simulated using the Concrete Damage Plasticity (CDP)
model, and four numerical models were analyzed under nonlinear static and displacement-
controlled cyclic loading. The numerical framework was validated against experimental
results reported by Chen and Liu (2015).

The results indicate that GFRP strengthening primarily enhances lateral load capacity and
energy dissipation, while its influence on the initial stiffness is comparatively limited.
Strengthened walls exhibited delayed diagonal cracking, more stable post-peak response,
and reduced displacement amplitudes in cyclic loading. Although concrete block walls
demonstrated slightly higher stiffness than clay brick walls, the relative efficiency of GFRP
strengthening was similar in both materials. Overall, the findings indicate that GFRP is an
effective and feasible method for enhancing the seismic performance of rural masonry

construction.
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Introduction
Masonry buildings in rural regions of Iran are among the most vulnerable structural systems

due to low-quality materials, insufficient confinement, and the absence of engineered
construction practices. Past earthquakes, including the 2017 Sarpol-e Zahab event, have
demonstrated the extremely brittle behavior of unreinforced masonry walls, which typically
fail through diagonal cracking and sudden loss of lateral resistance. Strengthening these
walls using glass-fiber-reinforced polymer (GFRP) has gained considerable attention as a
lightweight, cost-effective, and easily applicable technique suitable for rural construction.
Despite numerous studies on FRP retrofitting, limited research has compared the seismic
performance of clay brick and concrete block walls—two common rural masonry
materials—within a unified numerical framework. This study addresses this gap through a
comprehensive finite-element evaluation of both masonry types in unstrengthened and
GFRP-strengthened configurations.

Method

A detailed nonlinear finite-element model was developed in ABAQUS to simulate the in-
plane seismic response of masonry walls. The Concrete Damage Plasticity (CDP) model was
employed to capture cracking, crushing, stiffness degradation, and cyclic behavior of
masonry. Four models were constructed: unstrengthened and strengthened versions of clay
brick and concrete block walls. GFRP was modeled as a linear elastic layer fully bonded to
the wall using a surface-based Tie constraint, while frictional contact with penalty
formulation represented the unit—mortar interaction. Both nonlinear static (pushover)
analysis and displacement-controlled cyclic loading using the Explicit dynamic procedure
were conducted. The numerical model was validated against experimental results by Chen
and Liu (2015), confirming its capability to realistically simulate force—displacement
behavior, cracking patterns, and ultimate strength.

Results

The analyses revealed that GFRP strengthening significantly enhances the lateral load
capacity, initial stiffness, and energy dissipation of both masonry types. Strengthened walls
exhibited delayed diagonal cracking, more stable post-peak response, and reduced
displacement amplitudes in cyclic loading. While concrete block walls generally showed
higher stiffness and smaller maximum displacements than clay brick walls, the relative
efficiency of GFRP strengthening was comparable for both materials. Stress contours
confirmed that GFRP distributed tensile stresses more uniformly across the wall surface,
reducing stress concentrations and improving overall seismic stability.

Conclusions

The study demonstrates that GFRP is an effective and practical solution for improving the
seismic performance of rural masonry walls. The finite-element model showed strong
agreement with experimental data, indicating that the adopted modeling strategy is suitable
for predictive assessment of FRP-strengthened masonry. Despite numerical
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simplifications—such as assuming perfect bond and not explicitly modeling adhesive
damage—the findings support the applicability of GFRP as a retrofit technique for
vulnerable rural structures. Future work should incorporate experimental validation, bond—
slip modeling, and full-scale testing to refine design guidelines and enhance the accuracy of
numerical predictions.
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