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Abstract : Earthquakes remain a leading cause of catastrophic damage to the built environment. In addition to improved design
and detailing, advances in materials science are providing new pathways to increase structural resilience: materials that store and
dissipate seismic energy, control cracking, self-center after deformation, or autonomously heal damage. This paper reviews major
classes of innovative materials and systems that show promise for earthquake-resistant buildings: engineered cementitious
composites (ECC), ultra-high-performance concrete (UHPC), fiber-reinforced polymers (FRP), shape-memory alloys (SMA),
viscoelastic and other energy-dissipating materials, and self-healing concretes (including bio-based approaches). For each
material we summarize mechanical/behavioral advantages, challenges (cost, scalability, design codes), retrofit vs. new-
construction roles, key experimental and field findings, and directions for future research and implementation. The review
highlights that combined strategies — e.g., UHPC/ECC in critical zones plus SMA or FRP for retrofit, and supplementary
dampers — yield the best balance of strength, ductility, and reparability for seismic resilience.

IndexTerms - Earthquake-resistant design, engineered cementitious composites, shape-memory alloys, fiber-reinforced
polymer, ultra-high-performance concrete, self-healing concrete, base isolation, energy dissipation.

1. Introduction:

Seismic events impose complex demands on structures: they require adequate strength, ductility to dissipate energy, and the
ability to avoid catastrophic (brittle) failures while allowing repairable damage. Traditional steel-reinforced concrete and
structural steel remain fundamental, but limitations (brittle cracking, corrosion, insufficient displacement capacity in older stock)
motivate material innovations that improve one or more seismic performance attributes — energy dissipation, self-centering, post-
earthquake reparability, and long-term durability. This paper synthesizes the recent literature on materials that materially change
seismic performance, summarizing evidence for their effectiveness and practical barriers to adoption.

2. Scope and Methodology:

This is a critical literature review. Sources include peer-reviewed journals, conference proceedings, and authoritative reviews.
Emphasis is placed on (a) experimental and full-scale tests demonstrating improved seismic performance; (b) retrofit applications
and case studies; and (c) assessments of durability, constructability, and cost-effectiveness. The review focused on major material
families: ECC, UHPC, FRP, SMA, damper materials (viscoelastic, metallic yielding dampers), and self-healing concretes.
Representative, high-impact studies and recent reviews were selected to support key claims.

3. Innovative Material Families:
3.1 Engineered Cementitious Composites (ECC):

ECC (often called “bendable concrete”) is a fiber-reinforced cementitious composite designed for tight crack width control and
strain hardening in tension. ECC exhibits multiple microcracking with controlled crack widths (typically <100 pm), enabling
significant deformation capacity and improved durability compared to ordinary concretes. Studies demonstrate ECC’s enhanced
seismic performance in structural members (e.g., columns, joint interfaces), and its potential use as a repair/retrofit overlay or as
an isolation/buffer layer to improve energy dissipation and reduce brittle failure. ECC also reduces maintenance needs due to
superior crack control and durability. Cost reduction and widespread designer familiarity remain challenges for broad adoption.

3.2 Ultra-High-Performance Concrete (UHPC):

UHPC is an advanced cementitious material combining very low porosity, high compressive strength (often >150 MPa), and
improved toughness via steel or synthetic fibers. UHPC members and connections (e.g., coupling beams, joints, thin shear walls)
show superior energy dissipation and enhanced confinement effects that delay strength degradation. Research indicates UHPC
shear walls and connections can achieve high ductility and energy dissipation, making UHPC suitable for critical seismic regions
or for retrofitting localized weak zones. Considerations include higher material cost, specialized mixing/curing, and demands for
stringent quality control.

3.3 Fiber-Reinforced Polymers (FRP):
FRP composites (carbon, glass, aramid fibers in polymer matrices) are widely used for seismic retrofit — wrapping columns,

strengthening beams and joints, and restoring confinement and shear capacity. FRP retrofits can significantly increase shear and
displacement capacity while adding minimal weight; many retrofit projects worldwide validate their effectiveness when applied

JETIR1801379 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 435


http://www.jetir.org/

© 2018 JETIR January 2018, Volume 5, Issue 1 www.jetir.org (ISSN-2349-5162)

with proper surface preparation and anchorage. FRPs excel in upgrading existing deficient structures where increasing cross-
section or replacing members is impractical. Long-term durability (UV, moisture, bond degradation) and fire resistance must be
addressed in design.

3.4 Shape-Memory Alloys (SMA):

SMAs (notably NiTi and some Cu-based alloys) exhibit superelasticity and shape recovery under cyclic loading. In seismic
applications SMAs have been proposed for re-centering devices, tendon replacements, and dissipative components that recover
shape after large deformations, thereby reducing residual drifts and post-earthquake repair needs. Laboratory and analytical
studies show promising behavior (reduced residual displacement, good hysteretic energy capacity), but challenges include high
material cost, connection detailing, and scaling to large structural members. Recent reviews point to increasing adoption in
bridges and selected building applications, particularly for dampers and self-centering systems.

3.5 Energy-Dissipating Materials and Devices:

Materials and devices used for viscous or frictional energy dissipation significantly reduce seismic demand on the primary
structure. Viscoelastic dampers (rubber-based polymers), metallic yielding dampers, friction dampers, and tuned mass or liquid
dampers are among the options. Studies of viscoelastic damper retrofit strategies show noticeable reductions in peak
displacements and interstory drifts, particularly when combined with base isolation or supplemental damping systems. Material
innovation — for instance, rubber formulations with better temperature stability and hybrid damper systems — continues to
improve performance envelopes.

3.6 Self-Healing Concrete (including bio-based):

Self-healing concrete (SHC) uses embedded capsules, polymer additives, or bacterial approaches to autonomously seal cracks and
restore transport properties. For seismic resilience, SHC can reduce crack propagation and long-term deterioration after seismic
microcracking, lowering maintenance and improving service life. Biological carriers (spore-forming bacteria that precipitate
calcium carbonate) and encapsulated healing agents have shown success in laboratory studies and some field trials. However,
quantifying SHC effectiveness under severe cyclic loading and ensuring survivability of healing agents during mixing and curing
are active research topics.

4, Combined & System-Level Approaches:

Materials rarely operate in isolation. Best outcomes typically couple material innovation with system design: e.g., ECC or UHPC
in beam-column joints and plastic hinge zones, FRP wraps for confinement, SMA re-centring links or ties, and supplemental
viscous dampers or base isolation to limit story forces. Case studies and optimization studies indicate multi-material solutions
outperform single-material retrofits in balancing strength, ductility, and reparability while often reducing lifecycle cost despite
higher initial investment.

5. Practical Considerations and Challenges:

e Cost and Scale: Advanced materials (SMAs, UHPC, some FRPs) come at higher material and processing cost. Life-
cycle cost analyses that include reduced repair and downtime often justify the investment in critical infrastructure, but
budget constraints limit adoption in ordinary housing.

e Constructability & Workforce Training: UHPC and ECC demand strict mixing and placement controls; FRP
application requires skilled surface preparation and adhesive application. Industry training and quality control protocols
are essential.

e Codes & Standardization: Design codes are evolving; many jurisdictions lack detailed guidelines for SMAs, SHC, or
novel UHPC applications in seismic design. Wider code acceptance requires standardized test methods and long-term
performance data.

e Durability & Environmental Factors: Long-term behavior (UV, moisture, freeze-thaw, corrosion resistance of hybrid
materials) and sustainability (embodied carbon of high-performance mixes) must be considered; research on low-carbon
UHPC and bio-based healing agents is ongoing.

6. Representative Findings from Recent Studies (Selected):

e ECC overlays and bendable elements can dramatically reduce crack widths and improve post-earthquake serviceability
of RC connections.

e UHPC shear walls and coupling beams show high energy dissipation and favorable ductility in laboratory tests,
suggesting potential for thinner, lighter seismic resisting elements.

e FRP retrofits have demonstrated 20-25% or greater improvements in shear capacity and enhanced displace ment capacity
in many retrofit studies.

e SMAs used in re-centring devices significantly reduce residual drifts in experimental frames, improving post-earthquake
reparability.

e Viscoelastic dampers, when properly designed and installed, reduce peak story displacements and improve energy
dissipation in retrofits of soft-story buildings.
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7. Recomme ndations for Practice and Research:

1. Hybrid Design Philosophy: Adopt multi-material design in critical regions: ECC/UHPC for plastic hinge zones, FRP
for confinement/retrofit, SMA for self-centering links, and dampers for supplemental energy dissipation.

2. Performance-Based Assessment: Use performance-based seismic design and nonlinear dynamic analysis to quantify
benefits of innovative materials versus conventional alternatives.

3. Field Demonstrations & Long-Term Monitoring: Implement pilot projects and instrumented structures to collect
long-term seismic and environmental performance data; these data will underpin code acceptance.

4. Economics & Carbon Accounting: Conduct life-cycle cost and carbon footprint analyses to inform material selection,
exploring low-carbon UHPC mixes and bio-based healing agents.

5. Code Development & Guidelines: Encourage collaboration between researchers and standards bodies to produce
design guidance (testing protocols, partial safety factors, detailing rules) for SMAs, ECC, UHPC, FRP, and SHC.

6. Education and Training: Deploy training programs for contractors and engineers on material handling, quality control,
and detailing for these advanced materials.

8. Conclusion:

Innovative materials—ECC, UHPC, FRP, SMA, advanced dampers, and self-healing concretes—offer powerful tools to improve
seismic resilience: they increase ductility, reduce residual deformations, extend service life, and lower lifecycle repair needs.
While technical feasibility has been demonstrated in many experiments and selective field projects, wider adoption depends on
cost reductions, standardized design procedures, workforce training, and long-term field evidence. A system-level approach that
strategically places these materials where they provide the greatest seismic benefit is currently the most practical path toward
more earthquake-resistant buildings.
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