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Abstract: The integration of End—of—Life Tires (ELT) into cementitious composites represents a dual—purpose strategy for the construction industry: it 
addresses a critical global waste management crisis while introducing specialized mechanical properties to building materials. This report explores the 
transformation of tires from complex, multi—material waste—consisting of vulcanized rubber, high—tensile steel, and synthetic textiles—into functional 
construction aggregates. While the implementation of rubberized concrete offers significant benefits—including enhanced energy dissipation, vibration 
damping, and improved freeze—thaw durability—its widespread adoption is hindered by several fundamental challenges, described and discussed here. 
Ultimately, the successful implementation of tire components in cementitious composites depends on balancing these mechanical trade—offs. By focusing 
on non—structural or seismic—resistant applications where ductility and impact resistance are prioritized over pure load—bearing capacity, the 
construction sector can effectively sequester millions of tires annually, turning a persistent pollutant into a high—performance engineering asset. 
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1. INTRODUCTION 
In technical and regulatory terms, End—of—Life Tires (ELT) are tires that can no longer be used 
for their original intended purpose on vehicles. A tire becomes an ELT when it can no longer be 
legally or safely re—grooved or re—treaded.[1-9] From a construction standpoint, an ELT is defined 
as a complex composite material consisting of: 
 complex rubber (approx.60—80% of the weight): a blend of natural and synthetic complex 

polymers, reinforced with carbon black; 
 steel reinforcements (approx.15—25% of the weight): premium—grade high—tensile steel wire;  
 reinforcing textiles (approx. 5—10% of the weight): specialized nylon or polyester fibers; 
 chemical additives: carbon black, zinc oxide, and sulphur. 
The fundamental reason for the different material compositions in passenger car tires versus truck 
and bus tires comes down to operating stress and heat management. While a car tire is designed 
for comfort and grip, a truck tire is a heavy—duty industrial tool designed for extreme loads and 
long–term durability. While sustainable fillers are increasing in both, the core chemical ratios 
remain distinct to meet specific mechanical demands. The “skeleton” of the tire reflects the 
weight it must support. [1-9] Passenger tires use a mix of steel belts and textile plies (nylon or 
polyester) that makes the tire lighter 
and more flexible, providing a 
“cushioned” ride for passengers while 
truck tires often feature all—steel 
construction, the carcass (the body of 
the tire) being made of steel cords 
instead of fabric to prevent the tire 
from “stretching” or exploding. [1-9] 
This difference in composition is 
critical for anyone implementing these 
tires into construction materials: 
 truck tires are prized for rubberized 

concrete because their high natural rubber content provides better elasticity and their steel is 
higher quality for recycled fiber reinforcement. 

 passenger tires are often easier to grind into the fine crumb rubber used in asphalt, but their 
higher textile content creates more “fluff” waste that must be managed during processing. 

 
Figure 1. Difference in composition 
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In fact, an ELT is essentially a pre—packaged composite of high—grade engineering materials. In 
modern waste management, the goal is to keep the tire’s components as high up the “value 
ladder” as possible. [1-9] In this sense, grinding the tire into tire—derived aggregate, granules, or 
crumb to be used in construction and manufacturing can be a material recovery issue. Unlike 
organic waste or simple plastics, ELTs are highly durable and non—biodegradable. A tire left in a 
field today will likely still be there in the next hundred years, what makes them a problem in 
nature, but a perfect, long—lasting aggregate for construction materials. By defining tires as a 
resource rather than refuse, the construction industry is able to justify the complex processing 
required to implement them into new materials. 
To understand why tires are so difficult to process, one must view them not as “rubber circles”, 
but as highly engineered, multi—layered composite structures. [1-9] Tires are designed to be 
indestructible under extreme heat, pressure, and friction, which is exactly what makes their “de—
construction” for recycling so challenging. [10-12] The structure of a typical End—of—Life Tire (ELT) 
consists of four primary reinforcement and matrix systems: 

 THE RUBBER MATRIX (the “chemical” structure), the “black” part of the tire being a 
complex polymer blend. It isn’t just one type of rubber, different parts of the tire using 
different recipes. 

≡ natural rubber: Provides high tear resistance and reduces heat build—up. Found in higher 
concentrations in heavy—duty truck tires. 

≡ synthetic rubber: Provides wear resistance and grip. 
≡ carbon black: Acts as a reinforcing filler. Without it, the rubber would have no tensile 

strength and would degrade instantly under UV light. 
≡ vulcanization agents: Sulphur and zinc oxide create “cross—links” between polymer chains, 

turning the rubber from a plastic “dough” into an elastic solid that cannot be melted back 
down (thermoset). 

 THE SKELETON — STEEL CORD REINFORCEMENT —, the structural integrity of a tire coming 
from its “bones”—high—tensile steel wires. 

≡ bead wire (heavy steel wire): A thick bundle of high—strength steel wires coated in rubber. 
It acts as the “anchor” that holds the tire onto the rim. In recycling, this is the most 
difficult part to shred and is usually removed first. 

≡ steel belts (steel wire & rubber coating): Located directly under the tread. These layers of 
steel mesh provide puncture resistance and ensure the tire stays flat against the road 
during high—speed turns. 

 THE FABRIC — TEXTILE PLIES —, underneath the steel belts being a carcass made of textile 
fibers, usually Nylon, Polyester, or Rayon, these fibers providing the “shape” of the tire 
and handle the internal air pressure. 

Why this “complexity” matters 
for construction? Because tires 
are made of layers, the 
shredded pieces are 
“anisotropic”—they have 
different strengths in different 
directions. Also, from point of 
view of the “separation” cost, to 
get clean rubber for high—
performance concrete, you must 
use magnets to pull out the steel 
cord and “air knives” to suck out 

the textile plies. Any leftover steel or fiber is considered a contaminant that can cause rusting or 
structural gaps in the finished building material. [1-9] Understanding this complexity is why ambient 
shredding (tearing the layers apart) and cryogenic grinding (freezing and shattering the layers) 
yield such different results in construction performance. 
2. REPURPOSING END—OF—LIFE TIRES 
In the context of the circular economy, End—of—Life Tires (ELT) are defined as tires that have 
reached the point where they can no longer be used for their original purpose on a vehicle and 
cannot be restored through re—grooving or re—treading. Rather than being viewed as “trash”, 

 
Figure 2. The structure of a typical End—of—Life Tire 
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ELTs are now classified as a secondary raw material—a dense, high—energy resource that can be 
harvested for its constituent parts. [1-9] 
The importance of repurposing End—of—Life Tires (ELTs) has shifted from being a purely 
environmental “clean—up” effort to a vital economic and engineering strategy. Tires are no longer 
viewed merely as waste but as “urban mines” of high—performance polymers and steel. [13-19]  The 
importance of this transition can be broken down into three critical pillars:  

 ENVIRONMENTAL PRESERVATION, tires being designed to be virtually indestructible, which 
makes them an environmental nightmare when left in landfills or illegal stockpiles 

 ECONOMIC SUSTAINABILITY, especially in the construction sector, were we don’t just 
repurpose tires to be “green”—we do it because rubberized materials often outperform 
traditional ones in specific scenarios, and  

 ENGINEERING PERFORMANCE, repurposing creating a closed—loop system that generates 
value from what was previously a disposal fees. 

REPURPOSING END—OF—LIFE TIRES (ELT) into construction materials is a cornerstone of the 
circular economy. By transforming waste into resources like Ground Rubber (GR) or Tire—Derived 
Aggregate (TDA), the industry can reduce its carbon footprint and enhance certain material 
properties. However, integrating these components introduces significant engineering and 
logistical hurdles. [1-9] The repurposing of tires is guided by three core principles of the Circular 
Economy: 
 RESOURCE RECOVERY: Treating tires as a “secondary raw material” rather than a disposable 

burden. The goal is to extract the maximum utility from the rubber and steel before any energy 
recovery (incineration) is considered. 

 FUNCTIONAL SUBSTITUTION: The principle of replacing non—renewable virgin aggregates (sand, 
gravel, crushed rock) with tire—derived alternatives. This preserves natural quarries and 
reduces the carbon footprint of the building material. 

 VALUE—ADDED PERFORMANCE: Repurposing is not just about “hiding” waste in concrete; it is 
based on the principle of engineered improvement. We use rubber specifically for its unique 
damping, thermal, and elastic properties that stone cannot provide. 

Tire repurposing in construction sector is the systematic conversion of end—of—life tires into 
certified aggregates or modifiers to create infrastructure that is more resilient, quieter, and 
ecologically sustainable than traditional alternatives. [1-9] 
In the construction industry, the “identity” of a tire—derived material is determined by the degree 
of processing it undergoes. As the tire is broken down into smaller pieces, its surface area 
increases, its behavior changes from a bulk solid to a chemical modifier, and its economic value 
typically rises. [13-19] Tire—derived materials are products manufactured from recycled scrap tires, 
including shredded rubber, crumb rubber, and recovered steel and textiles. [13-19] 
The three primary types of materials derived from End—of—Life Tires (ELT) are categorized by 
their particle size and processing intensity. 
 TIRE—DERIVED AGGREGATE (TDA) is the coarsest form of recycled tire material. It is produced 

by a large—scale mechanical shear that cuts the tire into rough, jagged chunks. At this stage, 
the steel wire and textile fibers are still largely embedded within the rubber. It is roughly 60% 
lighter than traditional gravel and provides excellent thermal insulation and vibration damping. 
It is used primarily in civil engineering as a lightweight “bulk” fill, but common applications 
include retaining wall backfill, highway embankment cores, and drainage layers in landfills 

 RUBBER GRANULES (or CHIPS) are produced by passing TDA through a secondary granulator. At 
this stage, the material is small enough that the steel wire “liberates” from the rubber, allowing 
it to be removed with high—powered magnets. Most of the textile fiber is also removed via 
vacuum systems. It is used as a mineral aggregate replacement in concrete and specialized 
pavements, but common applications include playground surfaces, rubberized concrete pavers, 
crash barriers, and athletic tracks. 

 CRUMB RUBBER (GROUND RUBBER) is the most highly processed tier. It is a clean, fiber—free, 
and steel—free powder. Because of its massive surface area relative to its volume, it can 
interact chemically with other binders like bitumen or cement. It is used as a chemical/matrix 
modifier, but common applications include the rubberized asphalt (modified bitumen). 

While not a “tire” material in the sense of rubber, the Recycled Steel Fiber extracted during the 
production of Granules and Crumb is increasingly being used as a fourth material type. When 
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cleaned, these high—tensile micro—wires are added to concrete to provide “tensile 
reinforcement,” preventing the concrete from cracking under heavy loads. 

Strictly speaking, textile fiber is also a 
Tire—Derived Material because it is a 
direct by—product of the tire recycling 
process. When tires are shredded, the 
textile plies are torn into a low—density, 
high—volume material known as “tire 
fluff”. [13-19] However, in the construction 
industry, it is often treated as a 
“problematic by—product” rather than a 
“primary resource” like rubber or steel. 
While rubber and steel have clear, 
standardized pathways for reuse, the 
textile component (Nylon and Polyester) 
represents one of the most significant 
challenges in the circular economy of tires. 
Unlike rubber crumb or steel, the 
implementation of tire textiles in 
construction is much more limited due to 

several technical hurdles. In fact, for most tire recyclers, the textile is considered a “waste 
stream” that is often sent for energy recovery (incineration in cement kilns) because the cost of 
cleaning it for use as a construction aggregate is higher than the value it adds to the mix. [20-22] 
The importance of tire–derived materials in the construction sector has evolved from a simple 
waste–disposal solution into a sophisticated engineering strategy. [13-19] Today, the construction 
industry is the largest “sink” for end–of–life tires, primarily because these materials offer physical 
properties that traditional stone, soil, and sand simply cannot match. 
3. TIRE REPURPOSING IN CEMENTITIOUS COMPOSITES 
In the modern construction landscape, the implementation of end—of—life tires (ELT) is 
categorized by the physical size of the processed rubber. [13-22] Each category serves a specific 
engineering purpose, moving from bulk structural fill to microscopic chemical modification. The 
scope of tire implementation in construction is divided into three main material categories based 
on particle size: 
 geotechnical applications (Tire—Derived Aggregate — TDA), as large shreds or chips (50 mm to 

300 mm), used in lightweight backfill for retaining walls, embankment cores, landslide 
stabilization, and vibration damping layers under railway tracks. TDA is the primary “bulk” 
category where tires are mechanically sliced into large chunks with minimal processing. It is 
used as a lightweight alternative to traditional soil or stone. 

 asphalt engineering (rubberized bitumen), as crumb rubber (0.1 mm to 2 mm), used in modified 
binders for highway “wear layers” to reduce traffic noise, increase skid resistance, and prevent 
thermal cracking. This category involves the “wet process” or “dry process” where crumb 
rubber is integrated into asphalt binders. It creates a polymer—modified bitumen that is more 
resilient than standard road oil. Rubberized asphalt can reduce road noise by up to 3–5 decibels, 
acting as a continuous sound—absorbing mat and the elasticity of the rubber allows the road to 
“flex” under heavy truck loads without cracking. 

 cementitious composites (rubberized concrete), as crumb rubber or rubber granules (2mm to 
10mm), used in non—structural architectural panels, sound barriers, sidewalk pavers, and 
seismic—resistant foundation layers. This category focuses on replacing a percentage of mineral 
aggregates (sand or gravel) in concrete mixes. It transitions concrete from a brittle material to 
a ductile one. Primarily used for sidewalk pavers, jersey barriers, and architectural cladding 
where high compressive strength isn’t the priority, but is applied also in railway sleepers or 
machinery foundations to dampen vibrations that would otherwise crack standard concrete or 
in earthquake—prone areas, absorbing a portion of the shockwaves. 

Implementation in cementitious composites (primarily concrete) is perhaps the most technically 
sensitive application for tire components. Because concrete is naturally brittle and “stone—like”, 
introducing soft, elastic rubber creates a unique hybrid material often referred to as “rubberized 
concrete” or “rubcrete”. 

 
Figure 3Tires—Tire shreds—Rubber chips—Rubber granules 

 
Figure 4. Tire—Derived Materials 
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In cementitious composites, rubber is not just an “add—on”, being a volumetric replacement. 
Engineers typically replace a percentage of the natural mineral aggregate (sand or stone) with 
rubber. 
 fine aggregate replacement: Replacing sand with fine rubber crumb (0.1—2mm). This generally 

results in a better finish and more uniform properties. 
 coarse aggregate replacement: Replacing gravel with rubber chips (5—20mm). This leads to a 

more significant drop in strength but a massive increase in impact resistance. 
 replacement limit: For structural applications, replacement is usually capped at 10—15%. 

Beyond 20%, the compressive strength typically drops by more than 50%, making it unsuitable 
for load—bearing roles. 

The performance of the composite depends on how well the cement “glue” sticks to the rubber. 
The main problem consist in the nature of rubber is hydrophobic and doesn’t chemically react 
with cement. This creates a weak Interfacial Transition Zone (ITZ)—a microscopic gap around the 
rubber particle, in concrete. As a result, under load, the rubber particle can pull away from the 
cement, leading to early failure. The solution is the surface treatments (NaOH wash or cement—
slurry pre—coating), using to “roughen” the rubber at a molecular level to improve this bond. 
4. CHALLENGES IN IMPLEMENTING TIRE COMPONENTS IN CONSTRUCTION MATERIALS 
Implementing tire components in construction materials presents several potential challenges that 
can affect their acceptance and performance. [13-22] Here are some of the key challenges: 
▓ MATERIAL PROCESSING AND QUALITY CONTROL 

The transition from a “waste product” to a “construction—grade raw material” is complex. Tires 
are composite structures containing natural and synthetic rubber, carbon black, steel wire, and 
textile fibers. 
 CONTAMINATION RISKS: In the context of using recycled tires for construction, contamination 

is a two—way street: it refers both to foreign materials inside the tire waste that weaken the 
construction matrix, and the chemical substances that might leak out of the rubber into the 
environment.  

≡ Residual steel or fiber can lead to “pop—outs” in finished concrete or corrosion issues. Even 
“steel—free” crumb rubber often contains 0.1% to 0.5% wire fragments. In concrete, steel wires 
can rust. Because rust expands, it creates internal pressure that leads to spalling (the surface 
of the concrete breaking off) and unsightly orange staining. Ensuring 99% purity requires 
expensive multi—stage magnetic separation and vacuum systems. Also, the textile/fiber fluff 
(nylon and polyester fibers) used in tire carcasses are extremely difficult to remove completely. 
These fibers are highly absorbent and have a high surface area and they “suck up” the water 
intended for cement hydration, creating “clumps” in the mix that lead to large internal air 
voids and structural weak points. 

≡ When tire components are buried (as in road embankments) or exposed to rain (as in asphalt), 
there is a risk of chemicals migrating into the surrounding soil or groundwater. Under acidic 
conditions (like acid rain), zinc can leach out. While not typically toxic to humans in small 
doses, it is highly toxic to aquatic life and can inhibit the growth of surrounding vegetation. 
Also, tires contain Polycyclic Aromatic Hydrocarbons and various oils. Over time, mechanical 
wear and UV exposure can release these compounds. If used in “green” infrastructure (like 
permeable pavements), these contaminants could theoretically bypass filtration layers and 
enter the water table. 

≡ Because tires are often stored outdoors in massive stockpiles before processing, they are prone 
to “living” contaminants. Organic matter — soil, leaves, and stagnant water trapped in tire 
piles — can introduce organic acids and bacteria into the recycling stream which interferes with 
the chemical “curing” of concrete and asphalt. It can prevent the material from hardening 
properly or create “soft spots” that rot away over time, leaving behind holes. 

≡ In a construction setting, “contamination” can also mean the accidental introduction of rubber 
into areas where it doesn’t belong. Since rubber drastically reduces compressive strength, even 
a small amount of “accidental” rubber can cause a structural element to fail its safety 
inspection. 

 SIZE GRADATION: In the world of civil engineering, this aspect refers to the distribution of 
different particle sizes within a mix. When you replace traditional stone (aggregate) with tire 
components, the gradation acts as the “skeleton” of the material. If the skeleton is poorly 
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proportioned, the entire structure loses its integrity. The performance of rubberized asphalt or 
concrete is highly sensitive to particle size. Consistency is difficult to maintain because 
different tire types (passenger car vs. OTR mining tires) produce different shred characteristics. 
Large stones create big gaps, which are filled by smaller stones, which are then filled by sand, 
and finally bound by cement or bitumen. Large “interstitial voids” (air pockets) leads to a 
massive drop in compressive strength and increases the permeability of the material, allowing 
water to seep in and freeze, which cracks the structure. In contrary, if the gradation is too 
fine, the rubber creates an enormous surface area. This “soaks up” the binder, leaving the rest 
of the mix “dry” and brittle. Also, because rubber is much lighter than stone, gradation plays 
an important role. If the gradation isn’t carefully engineered, the larger rubber particles will 
float to the top during vibration, while the heavy stone sinks. This creates a non—uniform 
structure that is soft on top and brittle on the bottom. 

 SURFACE TREATMENT: Rubber is naturally hydrophobic. In the world of construction materials, 
the bond between the “filler” (rubber) and the “glue” (cement) is the single most important 
factor for structural integrity. Without surface treatment, rubber and cement are essentially 
like oil and water—they don’t want to stick together. The role of surface treatment is to 
overcome two fundamental hurdles: Hydrophobicity (water—repellency) and Smoothness. Since 
cement needs water to hydrate and grow crystals, a “dry zone” forms around the rubber, which 
creates a weak Interfacial Transition Zone (ITZ) that is full of air instead of solid bond. The 
surface treatment — chemical treatments (like Sodium Hydroxide / NaOH or H2O2) — makes 
the surface hydrophilic (water—attracting), allowing the cement paste to physically touch the 
rubber particle. With proper surface treatment, we are adding “flexible reinforcements”. 

Therefore, the material processing and quality control related factors can be synthetized as 
follow: [13-22] 
 INCONSISTENCY IN MATERIAL PROPERTIES: The transition from a tire to a construction material 

is not a simple “plug—and—play” process. Because tires are highly engineered, multi—material 
products, turning them into a consistent aggregate creates a “homogeneity headache” for 
engineers. Waste tires can vary significantly in composition, size, and quality, leading to 
inconsistencies in the performance of concrete mixes. Unlike natural gravel or sand, which have 
predictable mineral compositions based on the quarry, tires vary wildly depending on their 
original purpose. 

≡ chemical variability: Passenger tires have higher synthetic rubber content, while truck and Off—
The—Road (OTR) tires contain more natural rubber for heat resistance. This affects the glass 
transition temperature and how the material reacts to extreme weather. 

≡ component ratios: The ratio of steel wire, textile fibers (nylon/polyester), and rubber varies. 
If the processing plant doesn’t perfectly separate these, one batch of concrete might be 
reinforced with “accidental” steel fibers, while the next contains “void—creating” textile fluff. 

≡ aging and degradation: Tires that have sat in a sun—bleached landfill for years undergo photo—
oxidation, making the rubber more brittle and less “grippy” than freshly shredded tires. 

 PROCESSING TECHNIQUES: The methods used to shred or granulate tires must be properly 
optimized to ensure uniform particle sizes and to remove contaminants, such as metal wires, 
which can affect the concrete’s structural integrity. The method used to break down the tire 
dictates the physical performance of the construction material. There are three primary 
methods, each with pros and cons: 

≡ Ambient grinding (mechanical shredding) is the most common method, where tires are shredded 
at room temperature and creates particles with irregular, jagged shapes and a high surface 
area. While the jagged shape helps “interlock” with cement, it drastically reduces workability 
(flow) of wet concrete, leading to honeycombing (internal gaps) if not vibrate properly. 

≡ In cryogenic grinding, tires are frozen with liquid nitrogen and then shattered, which produces 
very smooth, glass—like surfaces. While the particles are highly uniform in size, their smooth 
surface offers almost no “mechanical hook” for the cement paste to grab onto. This often leads 
to a clean “pull—out” failure under load, where the rubber simply slides out of the concrete 
matrix. 

≡ In pyrolysis (chemical processing), tires are heated in an oxygen—free environment to produce 
“Recovered Carbon Black”, which quality is highly sensitive to temperature fluctuations during 
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the burn. If the temperature isn’t perfectly controlled, the resulting material can contain heavy 
metals or unburnt oils that interfere with the chemical hydration of concrete. 

The most significant inconsistency lies at the Interfacial Transition Zone (ITZ)—the microscopic 
area where the rubber meets the cement. Rubber naturally repels water, therefore Hydrophobicity 
is important. Since concrete is a water—based mix, the rubber often pushes the liquid away, 
creating a thin film of air or “bleeding” water around each particle. Also, it is important the zinc 
leaching, the tires containing zinc oxide as a vulcanizing agent. In the highly alkaline environment 
of wet cement, this zinc can leach out and retard the setting time. One batch of rubberized 
concrete might harden in 6 hours, while another (with higher zinc content) might stay soft for 24 
hours. Because of these inconsistencies, engineers often have to over—design the structures (using 
more cement or thicker beams) just to account for the “uncertainty factor” of the recycled 
rubber. 
▓ MECHANICAL PERFORMANCE, DURABILITY AND LONG—TERM CONCERNS 

Concrete is famous for being strong in compression but weak in tension. While rubber adds 
flexibility, it generally compromises the structural “stiffness” and strength of traditional 
materials. [13-22] The acceptance of tire—derived materials by civil engineers often hinges on how 
these materials behave over 20 to 50 years. 
 significant reduction in compressive strength: While some studies show that incorporating tire 

components can enhance certain properties of concrete, it may also lead to a reduction in 
compressive strength and overall load—bearing capacity. Rubber is much softer than stone 
aggregate; adding more than 10—15% can lead to structural failure in load—bearing elements. 
Compressive strength decreases as rubber content increases, the rubber acting like “internal 
voids” that squash under pressure. 

 slight improvement of tensile strength: The “bridging” effect of rubber particles can help arrest 
micro—cracks before they expand. 

 reduction of workability: Rubber particles increase the internal friction of wet concrete, making 
it harder to pour and finish without extra chemical additives.  Rubberized concrete is “stiff” 
and “harsh”. It doesn’t flow easily into molds, requiring higher doses of superplasticizers. 

 decrease of elastic modulus: Materials become more flexible, which is great for earthquake 
zones but poor for high—rise foundations. 

 impact on long—term durability: The long—term durability, including performance under load, 
resistance to wear, and reaction to environmental conditions (like freeze—thaw cycles), needs 
thorough investigation. 

 thermal expansion: Rubber has a different coefficient of thermal expansion than cement or 
bitumen. Frequent freeze—thaw cycles can cause the rubber to expand and contract at 
different rates than the surrounding matrix, potentially leading to debonding. 

 fire resistance: In tunnel applications or buildings, the inclusion of rubber increases the fuel 
load. While treated rubber can be fire—retardant, untreated crumbs may emit toxic smoke if 
ignited. 

 water absorption and permeability: Tire components can affect the water absorption properties 
of concrete, potentially leading to increased permeability and susceptibility to deterioration. 

 chemical leaching and environmental safety: Concerns exist regarding the leaching of chemicals 
from tire materials, which could impact the surrounding environment and the quality of the 
concrete. There are persistent concerns regarding the leaching of heavy metals (zinc) or 
polycyclic aromatic hydrocarbons (PAHs) into groundwater, especially when used in road sub—
bases or embankments. 
▓ MECHANICAL PROPERTIES AND STRUCTURAL INTEGRITY 

When we shift the focus to dynamic load performance and fatigue behavior, the narrative around 
tire components changes significantly. While rubberized materials often fail “static” strength tests 
(like crushing a cylinder), they frequently outperform traditional materials in environments 
characterized by vibration, impact, and repetitive cycling. [13-22] 
 DYNAMIC LOAD PERFORMANCE & DAMPING: In physics, “damping” refers to the ability of a 

material to dissipate mechanical energy. Because rubber is viscoelastic, it acts as a microscopic 
shock absorber within the rigid mineral matrix. The performance of tire—enhanced concrete 
under dynamic loads (such as those from vehicles or machinery) may vary, raising concerns 
about its overall reliability. 
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≡ energy dissipation: Rubberized concrete and asphalt have a significantly higher damping ratio 
than conventional mixes. This makes them ideal for railway sleepers, machinery foundations, 
and earthquake—resistant structures. 

≡ impact resistance: Under high—strain rates (like a vehicle collision or a falling object), tire—
derived components prevent the “shattering” effect. Instead of a brittle failure, the rubber 
allows the material to undergo larger deformations while maintaining its overall shape. 

≡ vibration attenuation: In urban environments, using tire—derived aggregate (TDA) under light 
rail tracks can reduce ground—borne vibrations by up to 50%, protecting the structural integrity 
of nearby historic buildings. 

 FATIGUE BEHAVIOR: The fatigue performance of concrete incorporating tire materials needs to 
be tested to ensure it can withstand repetitive loading over time. Fatigue failure occurs when 
a material is subjected to repeat loading and unloading (like a bridge deck under traffic). This 
is where the inclusion of tire components provides a “self—healing” or “arresting” mechanism. 

≡ crack arresting: In traditional concrete, once a micro—crack starts, it travels through the brittle 
matrix quickly. When a crack hits a rubber particle, the energy is blunted. The rubber stretches 
rather than snaps, forcing the crack to either stop or find a much more difficult path around 
the particle. 

≡ flexural fatigue life: In asphalt pavements, “crumb rubber modifier” (CRM) allows the binder 
to remain flexible at lower temperatures and more stable at high temperatures. This resilience 
prevents reflective cracking, extending the life of the road surface by several years compared 
to standard bitumen. 

≡ endurance limit: Studies show that while rubberized concrete may have a lower initial strength, 
its fatigue life—the number of cycles it can withstand at a specific stress level—is often superior 
to traditional concrete of the same class. 

Despite these benefits, there are critical risks that engineers must mitigate to ensure the integrity 
of the structure: [13-22] 
 the “air void” problem: Rubber particles often trap air on their surface during mixing, which 

increases the “air content” of the concrete, which further lowers strength if not controlled 
with anti—foaming agents. These microscopic air pockets act as “stress concentrators”. Under 
dynamic loads, these voids can become the starting point for internal delamination if the 
rubber—to—cement bond isn’t perfect.  

 hysteresis heating: Under extremely high—frequency dynamic loading, the energy dissipated by 
the rubber can turn into heat. If the heat cannot escape, it can soften the surrounding polymer 
or bitumen, leading to localized “rutting” or structural softening. 

 strain compatibility: Because rubber is so much more compliant (stretchy) than steel rebar or 
stone, it can create internal “strain mismatch”. If the rubber deforms too much, it may cause 
the surrounding cement paste to peel away, leading to a loss of composite action. 
▓ PERFORMANCE UNDER EXTREME CONDITIONS 

Today, engineering research has clarified that tire—derived components act as “durability 
modifiers”. [13-22] While they may lower initial strength, they often act as a defensive shield when 
the environment becomes hostile. 
 BEHAVIOR IN EXTREME WEATHER: The performance of tire—modified concrete in extreme 

conditions (high heat, cold, humidity) needs to be thoroughly tested to ensure its reliability 
and structural integrity. The primary advantage of rubber is its ability to absorb the “stress” of 
temperature swings that would normally shatter brittle stone and cement. 

≡ Arctic conditions (freeze—thaw resistance), in cold climates, water enters the microscopic 
pores of concrete, freezes, and expands, causing “internal bursting”. Rubber particles act as 
internal, flexible expansion chambers. When ice expands by 9% in the pores, the rubber 
compresses to take up the pressure. Studies show that concrete with 5–15% crumb rubber can 
withstand up to 300–800 freeze—thaw cycles with significantly less surface scaling and mass 
loss compared to traditional concrete. If rubber content exceeds 30%, the material becomes 
too porous, allowing too much water in, which eventually overwhelms the rubber’s ability to 
protect the matrix. Freeze–thaw cycles can cause internal cracking due to water expansion in 
pores upon freezing, especially in regions with frequent temperature fluctuations around 0°C. 

≡ Extreme heat and UV exposure, in desert climates, traditional asphalt becomes soft (“rutting”), 
and concrete becomes prone to thermal cracking. Also, it stays cooler internally than 
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traditional concrete, reducing the “thermal gradient” (the temperature difference between 
the hot surface and the cool interior) that causes structural cracking. In desert regions or during 
fire exposure, concrete is subjected to elevated temperatures (>250°C), which can degrade its 
microstructure. 

 RESPONSE TO CHEMICAL EXPOSURE: Experiments must evaluate how well tire components resist 
exposure to harsh chemicals or environmental agents that may be present at construction sites. 
Sulphates from soil and chlorides from sea salts penetrate concrete and rust the steel 
reinforcement. By arresting micro—cracks, rubberized concrete prevents rust the rebar. Also, 
rubber is naturally more resistant to acids than the calcium—based paste in cement. 

≡ in marine environments: Rubberized concrete, which incorporates crumb rubber (typically from 
recycled tires) as a partial replacement for fine aggregates like sand, shows promising 
performance in marine environments due to its enhanced durability against chloride 
penetration, corrosion, and dynamic loading. Studies simulating tidal zones with 5% NaCl 
solution under dry—wet cycles demonstrate that rubber concrete have better performance 
compared to ordinary concrete. Low water absorption further protects against sulphate attack 
and reinforcement corrosion in aggressive coastal areas. 

≡ chemically aggressive environments: Aggressive environments such as industrial zones, sewage 
plants, or regions with acidic soils subject concrete to chemical attack, including sulphate 
attack or acidic exposure.  

Concrete is the most widely used construction material in the world, but when exposed to extreme 
environmental conditions — marine environments, high—temperature and UV exposure in desert 
climates, freeze–thaw in arctic conditions, and chemically aggressive environments —, its 
longevity and performance can be severely compromised. To reach maximum durability, new 
standards recommend use of sulphate—resistant cement and applying protective coatings (like 
epoxies) to create a physical barrier against chemical attacks, or use the hybrid mixes: 
≡ rubber & silica fume: the silica fume densifies the “glue,” while the rubber provides the “flex”. 

Silica fume, fly ash, and Ground Granulated Blast Furnace Slag (GGBFS) reduce permeability 
and refine pore structure. 

≡ rubber & steel fiber: the fibers provide the load—bearing strength, while the rubber handles 
the environmental expansion/contraction, improving crack control. 

Concrete durability in extreme environments is no longer just a materials science challenge—it's a 
multidisciplinary pursuit combining chemistry, mineralogy, thermal physics, and field engineering. 
Leveraging advanced materials, innovative admixtures, and targeted design strategies, we can 
now extend the service life of structures in some of the planet’s most punishing conditions. [13-22] 
▓ ECONOMIC VIABILITY 

Today, the economic viability of implementing tire components in construction has shifted from a 
“niche recycling experiment” to a strategic “circular economy” investment. [13-22] While the 
upfront costs can be higher than traditional materials — 10% to 15% more per ton than conventional 
mixes —, the long—term lifecycle savings and new regulatory incentives are making the business 
case much stronger. 
 COST OF PROCESSING AND IMPLEMENTATION: The economic feasibility of using tire components 

may be affected by the costs associated with processing tires, transportation, and potential 
need for new materials or equipment. This is due to the extra processing (shredding, cleaning, 
and surface treatment) and the specialized mixing equipment required. From a pure 
procurement standpoint, rubberized materials often look more expensive on day one, but they 
provide a “break—even” advantage over time. The true economic value lies in extended service 
life.  

 MARKET ACCEPTANCE & BARRIERS: There may be hesitancy in the construction industry to adopt 
new materials due to perceived risks, leading to potential resistance from contractors and 
builders. Because “rubbercrete” is still not fully standardized for high—load structural use (as 
discussed in the Regulatory section), professional liability insurance for engineers can be 
higher, adding a “hidden” cost. 

Despite the technical viability, several “soft” factors inhibit widespread adoption: [13-22] 
≡ standardization gap: Most building codes do not yet have comprehensive “recipe books” for 

rubberized structural concrete. 
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≡ perception of inferiority: Using “trash” in high—budget infrastructure projects often meets 
resistance from stakeholders who equate recycled content with lower quality. 

≡ cost paradox: While the raw material (waste) is cheap, the processing, cleaning, and specialized 
transport often make tire—derived aggregates more expensive than virgin gravel in certain 
regions. 

Tire components are best suited for non—structural or semi—structural applications—such as noise 
barriers, sidewalk pavers, playground surfaces, and asphalt overlays—where their energy—
absorption and damping properties provide a distinct advantage over traditional stone. [13-22] 
▓ REGULATORY AND STANDARDIZATION ISSUES 

The regulatory landscape for tire components in construction is currently undergoing a massive 
shift. The industry is moving away from treating processed tires as “waste” and toward classifying 
them as “secondary raw materials”. [13-22] However, this transition is fraught with standardization 
gaps that create significant risk for engineers and contractors. The biggest regulatory hurdle has 
historically been the “End—of—Waste” criteria. In many jurisdictions, even after a tire is shredded, 
cleaned, and sieved, it is legally classified as “waste”. This means contractors must hold expensive 
waste—handling permits just to have the material on a construction site. New regulations (such as 
the EU Circular Economy Act of 2026) are finally establishing harmonized EoW criteria. This allows 
tire—derived aggregate (TDA) to be traded as a standard product, but until these are fully adopted 
globally, cross—border transport and large—scale use remain legally complex. [20-22] Shortly, the 
current regulatory and standardization issues affecting acceptance and performance are: 
 lack of standards: There may be insufficient regulatory frameworks or industry standards 

governing the use of recycled tire materials in construction, leading to uncertainty in guidelines 
and practices. 

 Building Code acceptance: Some building codes may not recognize or accept concrete mixes 
with recycled tire components, limiting their use in structural applications. 
▓ ENVIRONMENTAL CONCERNS 

While the use of tire components is championed as a “green” solution, it introduces specific 
environmental trade—offs. The primary concern is that by solving a solid waste problem, we might 
inadvertently create a water or air quality problem. The most significant risk is the migration of 
chemicals from the rubber into the soil and groundwater over time (as discussed in the Quality 
Control section). Also, even when embedded in a construction matrix, rubber is subject to physical 
degradation, these “micro—rubbers” being a significant source of global micro—plastic pollution. 
In addition, over decades, the internal bond between the rubber and the cement/bitumen may 
fail (as discussed in the Durability section). If the material crumbles, it releases non—
biodegradable particles into the local ecosystem that are nearly impossible to clean up. Therefore, 
the environmental concerns are related to: 
 Life Cycle Assessment (LCA): Conducting a comprehensive LCA is crucial to fully understand the 

environmental impacts of using tire materials, including any possible negative effects. 
 public perception: The perception of using recycled materials, including tires, in construction 

can influence acceptance among stakeholders, including homeowners, builders, and regulatory 
agencies. 

The consensus is that the environmental benefit of keeping tires out of landfills (where they breed 
mosquitoes and cause massive, toxic fires) outweighs the leaching risks, provided that the 
engineering is done correctly and not used in ecologically sensitive “red zones”. 
5. CONCLUSIONS 
Addressing these challenges requires comprehensive research, engineering innovation, and 
collaboration between academia, industry, and regulatory bodies. By carefully considering these 
factors and conducting detailed studies, the construction industry can better assess the viability 
of incorporating tire components into building materials while minimizing potential risks and 
maximizing benefits. 
 The implementation of tire–derived materials has reached a critical maturity point today. After 

decades of being viewed as an experimental “green” additive, the main conclusions from 
current engineering practice and research highlight a shift toward specialized high–performance 
applications rather than general–purpose replacement. The construction sector is no longer just 
“disposing” of tires, it is harvesting them. 
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 The most significant conclusion is that rubber should be used as a performance enhancer, not 
just a filler. For structural cementitious composites, a replacement rate of 10—15% of natural 
aggregate is the optimal balance. 

 In civil engineering, the “lightweight” property of Tire—Derived Aggregate is its most valuable 
economic asset and has been proven as the definitive solution for building road embankments 
over soft, compressible soils where traditional stone would cause excessive sinking. 

 Raw rubber and cement are fundamentally incompatible due to the hydrophobic nature of 
rubber. Therefore, without chemical or physical surface treatment (such as NaOH etching or 
silane coupling), the Interfacial Transition Zone (ITZ) becomes a structural liability. Surface 
treatment transforms the rubber particle from an “internal void” into a “flexible bridge” within 
the cement matrix. 

 The main challenges can be categorized into Technical, Economic, and Regulatory/Perceptual 
barriers. As technical aspect, the most persistent challenge is the inherent physical 
incompatibility between rubber and cement. If a project requires high load–bearing capacity 
(like a skyscraper column), rubber is currently excluded. 

 To make rubber “construction—ready,” it must be shredded, granulated, de–steeled, and de–
fibered. Each step requires heavy machinery and massive amounts of electricity. This often 
makes crumb rubber more expensive than the natural sand it is intended to replace. Also, to 
be viable, a recycling plant must be very close to the construction site. 

 Under Regulatory/Perceptual aspect, in many regions, tires are legally classified as “waste”. 
Using “waste” in a building can lower the property value or make it impossible to get insurance, 
as it isn't seen as a “prime” material. The future of tire derived materials depends on Hybrid 
Solutions. We are seeing a move toward using rubber in “non–critical” parts of a building (floors, 
sound barriers, partitions) while keeping traditional concrete for the “skeleton”. 

Repurposing ELTs is the bridge between Waste Management and Advanced Materials Science. It 
solves a 20th—century pollution problem with a 21st—century engineering solution. Without tire–
derived materials, modern construction would be heavier, louder, and more brittle. The 
importance of tire–derived materials lies in their ability to turn a “waste headache” into a 
“performance solution”—allowing for thinner walls, quieter cities, and infrastructure that can 
“bend but not break” under the stresses of climate change and urban growth. 
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