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Abstract:

The integration of modern engineered materials into the conservation of Iran’s earthquake-prone and culturally rich historic structures has accelerated over the
past decade. This article systematically reviews global and Iranian case studies to evaluate the compatibility, durability, and authenticity of advanced
composites (e.g., carbon and glass Fiber-Reinforced Polymers [FRP]), Textile Reinforced Mortars (TRM), geopolymer adhesives, and nano-reinforcing
materials. Using a PRISMA-inspired methodology, over 80 peer-reviewed sources were examined, of which 51 key studies were analyzed in-depth.
Quantitative synthesis indicates that FRP wrapping can increase the in-plane shear strength of unreinforced masonry walls by up to 88% and ductility by 38%,
whereas lime mortars reinforced with basalt fibers retain 95-98% of the masonry’s original breathability. Geopolymer grouts formulated with locally sourced
volcanic pumice achieve compressive strengths of 12 to 15 MPa and water absorption rates below 20%, demonstrating excellent compatibility with historic
stone substrates. However, the improper use of cementitious or impermeable coatings has resulted in irreversible moisture entrapment and fagade damage at
several Iranian heritage sites. We conclude that a balanced mechanical approach—prioritizing chemical and hygrothermal compatibility—enables effective
deployment of modern materials while preserving authenticity. Practical guidelines and educational strategies are proposed for Iranian heritage professionals

to ensure sustainable and minimally invasive interventions.
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Extended Abstract

Introduction

Iran’s built heritage spans over five millennia and comprises a diverse array of historic structures—from adobe cities such
as Bam and Yazd, to Qajar palaces and 20th-century monuments like the Azadi Tower. Traditionally, these structures were
constructed using local materials such as mudbrick, stone, timber, and lime mortars, all aligned with regional seismic and
climatic demands. However, accelerated urbanization, mass tourism, and seismic activity along the Alpine-Himalayan belt
have increased the vulnerability of these fragile monuments. Earthquakes like the catastrophic Tabas event (September 16,
1978; Mw 7.4) and the Bam earthquake (December 26, 2003; Mw 6.6) underscore the urgent need for reinforcement
technologies, as they destroyed significant heritage sites and claimed thousands of lives. Concurrently, environmental stresses
such as salt crystallization, moisture ingress, and freeze—thaw cycles have accelerated the deterioration of these structures.

In response, modern engineered materials—such as Fiber-Reinforced Polymers (FRP), Textile-Reinforced Mortars (TRM),
and alkali-activated geopolymers—are increasingly being considered as viable tools in seismic retrofitting and conservation.
These materials promise enhanced mechanical performance and longevity, with FRPs improving tensile and shear capacity of
masonry systems by up to twofold. Geopolymers formulated from volcanic pumice or metakaolin offer low-carbon, high-
durability alternatives to traditional Portland cement, closely matching the porosity and color of heritage stones. Likewise,
nano-limes and lipid-based coatings improve cohesion and moisture resistance while retaining vapor permeability.

Despite this promise, inappropriate applications—such as replacing lime mortars with Portland cement or using high-
modulus FRPs—have led to irreversible damage including salt-induced spalling and moisture entrapment. As emphasized by
international charters and recent research (1, 2), conservation efforts must prioritize mechanical, chemical, and hygrothermal
compatibility with minimal visual disruption. This article uses a PRISMA-modeled systematic literature review to evaluate the
use of modern materials in global and Iranian heritage preservation, supported by two emblematic Iranian case studies: the

seismic retrofitting of the University of Tehran Museum and the structural reinforcement of adobe arches in Yazd. Synthesizing
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quantitative data and qualitative criteria, the article seeks to present a balanced, evidence-based guide for the sensitive and
sustainable integration of advanced materials into Iran’s heritage conservation protocols.

Methods and Materials

This study adopted a systematic literature review framework inspired by the PRISMA model to assess the compatibility and
performance of modern engineered materials in the restoration of Iranian heritage structures. The research design incorporated
both qualitative and quantitative dimensions. Over 80 peer-reviewed studies were initially retrieved from databases, of which
51 met strict inclusion criteria and were subjected to in-depth analysis.

Experimental data on the mechanical behavior of FRP and TRM systems were derived from lab-based shear and flexural
tests on unreinforced masonry prism specimens. Variants included carbon-FRP, glass-FRP, basalt-TRM, and hemp-TRM.
Performance metrics such as shear strength gain, ductility increase, and post-peak capacity retention were recorded.

Separately, geopolymer mortars—formulated using local volcanic pumice and metakaolin—were tested in standard 28-day
compression, water absorption, and density evaluations. Case studies included field monitoring and dynamic testing of
interventions at the University of Tehran Museum and adobe domes in Yazd. Environmental and economic trade-offs were
assessed using Life Cycle Analysis (LCA) comparing lime, Portland cement, and geopolymer binders in terms of Global
Warming Potential (GWP), water use, and cost per cubic meter.

Findings

Laboratory testing revealed that carbon-FRP yielded the highest shear strength improvement (88%) and ductility increase
(38%), followed by glass-FRP (75% strength gain), basalt-TRM (60%), and hemp-TRM (45%). Post-peak load retention ranged
from 70% to 85%, suggesting that FRP systems offered better energy dissipation under cyclic seismic loads, whereas TRMs—
though more compatible—sacrificed some strength.

Geopolymer mortars achieved compressive strengths of 12 MPa—six times higher than traditional lime—while maintaining
an 18% porosity and moderate water absorption (~20%). Portland cement showed higher strength (15 MPa) but problematic
low absorption (~5%), indicating poor moisture exchange with porous masonry.

In Tehran, seismic retrofitting using carbon-FRP and steel jackets doubled the lateral load capacity (from 120 to 240 kN/m)
and reduced out-of-plane wall displacement by 47%. In Yazd, basalt-TRM integration improved arch capacity from 40 to 80
kN/m and reduced crack width by 40%.

Environmental analysis showed that while Portland cement had the highest GWP (800 kg CO2/m?), geopolymer binders
reduced this impact by 75%—albeit with higher water demand and cost. Lime mortars remained the most eco-friendly, but
lacked seismic-grade strength.

Discussion and Conclusion

The research indicates that no single material serves as a universally optimal solution for the preservation of Iran’s historic
structures. High-modulus FRP systems offer substantial and immediate structural benefits, particularly in seismic zones.
However, their long-term compatibility is challenged by issues such as moisture entrapment, ultraviolet degradation, and
interfacial bond fatigue under cyclic thermal and mechanical loads. On the other hand, basalt-fiber TRMs strike a balance
between moderate reinforcement and high compatibility with traditional masonry, making them suitable for minimally invasive
interventions in adobe-rich regions such as Yazd.

Geopolymers present an environmentally sustainable and mechanically robust alternative to cement-based grouts. Their

tunability in porosity and color allows close matching with historic substrates, though their efficacy is contingent upon the
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availability of alkali activators and rigorous curing controls. Importantly, they show promise in resisting moisture cycling and
maintaining structural breathability—critical for long-term durability.

Nevertheless, the misuse of modern materials can exacerbate deterioration rather than mitigate it. Impermeable resins and
cement-based coatings have frequently led to trapped moisture, salt efflorescence, and visual dissonance. Risk mitigation
strategies must therefore include reversibility, visual integration, and moisture management. These may involve narrow FRP
strips, concealed TRM layers, tailored geopolymer formulations, and wireless sensor deployment for ongoing structural health
monitoring.

Overall, when selected and applied judiciously, modern materials can significantly enhance the seismic resilience, structural
longevity, and environmental sustainability of Iran’s heritage architecture. The successful integration of FRP and TRM in
structural reinforcement, the potential of geopolymer adhesives for substrate compatibility, and the emerging role of
nanomaterials collectively underscore the transformative potential of science-led conservation. Best practices should include
detailed material profiling, preference for breathable and reversible systems, pilot-scale testing, and educational programs for
heritage artisans. Long-term monitoring using smart sensors will be essential to evaluate intervention performance and ensure

that the authenticity and legacy of Iran’s architectural heritage are preserved for future generations.
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