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ABSTRACT 

This study investigates the use of waste tires, specifically crumb rubber, as a substitute for sand in mortar 

compositions. The performance of its mechanical properties is analyzed by measuring the modulus of 

elasticity of normal mortar specimens and rubber crumb mortar with 10%, 15%, and 20% variations, 

under normal conditions and after heating to 150 °C. The research method uses a 14-sample experimental 

design to test the cylinder compressive strength. Data were analyzed using qualitative descriptive statistics. 

The results indicate that the elastic modulus of crumb rubber mortar specimens with 10%, 15%, and 20% 

content is lower before and after heating to 150°C, exhibiting higher elasticity at 14 days. Conversely, the 

elastic modulus of 10% crumb rubber mortar before heating exhibits superior elasticity, durability, and 

increased deformation compared to normal mortar and other mortar variations after 28 days. These 

findings provide new knowledge about using crumb rubber as a mortar additive in sustainable 

construction and promote the innovative use of recycled materials. 

Keywords-crumb rubber mortar mechanical properties; modulus of elasticity; sustainable material; recycled 

materials 

I. INTRODUCTION  

The elastic modulus is a characteristic of materials, which 
measures their stiffness. Knowing this parameter, engineers 
and designers can determine the behavior of a material under 
heavy loads, especially in aerospace, automotive, and 

construction industries, where they experience different 
pressures. Materials with a higher elastic modulus are 
considered stiffer and more resistant to deformation, whereas 
those with a lower modulus are considered more flexible. For 
instance, when designing bridges, engineers must consider the 
elastic modulus of the materials used to certify their ability to 
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withstand stress and strain from traffic and weather, and thus to 
ensure stability and prevent deformation due to heavy loads [1]. 
The elasticity of a material can be affected by external factors, 
such as temperature and humidity, with the environmental 
conditions causing expansion or contraction [2-4]. 
Manufacturers must consider these factors when designing and 
testing their products to ensure functionality under various 
conditions [5-7]. Temperature plays a significant role in the 
flexibility of a material, along with the composition and 
processing method. The connection between the molecular 
structure and elasticity allows engineers and manufacturers to 
design materials that meet specific needs more effectively. For 
example, the microstructure of steel is analyzed before and 
after heat treatment, and the corrosion rate increases due to the 
hardening effect of the steel. Tempering water-cooled steel at 
450 °C for 1 h substantially improves the corrosion resistance 
of 0.27% carbon steel [8-12]. Industrial sub products, such as 
fly ash and slag, can be added to the mortar in order to improve 
its properties [13-15] while reducing the environmental impact 
by decreasing landfill waste. Furthermore, using recycled 
materials from coal combustion or silicon metal production can 
lower costs, making the construction practices more 
sustainable. Silica fume can improve the mechanical and 
durability properties of concrete [16-18]. Partially replacing 
cement in mortar mixes with fly ash and silica fume can lower 
the greenhouse gas emissions produced during production. 
Additionally, using these materials can increase the mortar's 
strength and durability, resulting in longer-lasting structures 
that require less maintenance over time [19-24]. This research 
aims to evaluate and analyze the comparative effectiveness of 
normal mortar and crumb rubber mortar specimens with 10%, 
15%, and 20% variations under normal conditions and after 
being heated at 150 °C [25, 26]. The primary objective is to 
determine if heating crumb rubber at these percentages 
improves the mortar's elasticity compared to normal crumb 
rubber and heated mortar [27-29]. Through this comparative 
analysis, the research aims to identify changes in the physical 
and mechanical properties of the mortar due to different 
treatments applied to the latter. The research also aims to 
identify changes in the physical properties of the mortar owing 
to different treatments with varying crumb rubber content in 
mortar specimens before and after heating at 150°C. 
Additionally, the present research will generate quantitative 
empirical data that can be used to optimize the use of crumb 
rubber in row house walls in terms of damage damping 
capacity. The findings of this work are expected to contribute 
significantly to the development of more sustainable and 
efficient building materials. While previous research showed 
that crumb rubber improves the flexibility of mortar specimens, 
its elastic properties often pose challenges in achieving 
homogeneous mixing.  Other studies have investigated the 
benefits and challenges of using recycled materials in 
construction, including their impact on modulus of elasticity 
strength before and after heat treatment at 150 °C for an 
extended period. The heating process of crumb rubber mortar 
has become a popular research topic, as it can modify the 
physical properties of crumb rubber, such as surface roughness 
and elasticity. It has been demonstrated that the changes in 
physical properties due to heating can improve the performance 
of composite materials. However, deeper testing applications 

have not been fully covered, such as testing and evaluating the 
differences in the elastic modulus performance of mortar 
specimens with varying amounts of crumb rubber before and 
after heating to 150 °C. More comprehensive and focused 
research is needed to understand how heat treatment influences 
the elastic modulus capacity of crumb rubber mortar according 
to the SNI standards [30, 31]. 

II. MATERIALS AND METHODS 

A. Materials 

In this study, Portland Type I cement (Tonnasa Cement) is 
used, which functions as the primary binder, along with fine 
sand, characterized by a gradation in accordance with the 
ASTM C33 standards. Water is utilized as a mortar control, 
adhering to the SNI guidelines. The T.03-3449-2002 model 
was modified by substituting sand with crumb rubber obtained 
from recycled used tires, which, in its standard condition and 
without additional treatment, was ground and sieved to a size 
ranging from 0.15 mm to 4.75 mm. This process was 
performed with crumb rubber substitution rates of 10%, 15%, 
and 20% by weight of sand. Subsequently, the specimens were 
subjected to a NaOH solution to assess the mechanical 
properties of the mortar mixture, with particular emphasis on 
its elastic modulus. The rubber from the mortared crumb has 
been maintained in a standard condition, requiring no 
additional treatment. Crumb rubber is subjected to a heating 
process at 150 °C for a duration of 1 h, thereby altering its 
physical properties. 

B. Method 

Fourteen 10 cm × 20 cm mortar cylinder samples were used 
to assess the mechanical parameters of the compressive 
strength and modulus of elasticity, being tested at 14 and 28 
days. The control variables consist of two specimens, with 
crumb rubber substitution samples of 10%, 15%, and 20%, 
before and after being heated at 150 °C in an oven. Data 
analysis was conducted by comparing the compressive strength 
and elastic modulus of the mortar specimens based on 
variations in crumb rubber content. The equipment selected for 
this study includes a Universal Testing Machine (UTM) and a 
Linear Variable Displacement Transducer (LVDT) in order to 
measure the displacement and vibrational energy of the 
specimen, with the maximum deformation value recorded [30-
32]. The modulus of elasticity is: 

� =
�

�
     (1) 

where � =
��

��
 is the stretch, 	 =




�
 is the voltage, A=πr2=π 

(0.05)2
≈0.00785 m2 is the cross-sectional area, the cylinder 

diameter is 0.1 m (radius of a cylinder 0.05 m), and the initial 
length (L0) is 0.2 m. 

C. Mortar Material Preparation 

The analysis of mortar aggregates is conducted in 
accordance with the SNI 03-4142-1996 standards, while the 
testing procedures for specific gravity and dry surface 
absorption align with the standards outlined in SNI 03-1970-
1990. The sand used in the construction comes from Gowa 
Regency, South Sulawesi, while the mortar is formed utilizing 



Engineering, Technology & Applied Science Research Vol. 15, No. 6, 2025, 29738-29744 29740  
 

www.etasr.com Maizi et al.: Comparison of the Modulus of Elasticity Values of Mortar Specimens with Crumb Rubber … 

 

Tonnasa cement. The standard mortar mixture was prepared in 
accordance with the SNI T03-3449-2002 guidelines, while the 
sand substitution materials used crumb rubber variations of 
10%, 15%, and 20%, as shown in Table I. 

TABLE I.  MORTAR SPECIMEN MEASUREMENT 

Numbe

r 

Mortar 

specimen 

material 

Normal 

mortar 

specimen 

CR 10% 

mortar 

specimen 

CR 15% 

mortar 

specimen 

CR 20% 

mortar 

specimen 

1 
Tonnasa 

cement 
394 kg 394 kg 394 kg 394 kg 

2 Water 180 kg 180 kg 180 kg 180 kg 

3 
Sand fine 

aggregate 
790 kg 711 kg 671.5 kg 632 kg 

4 
Crumb 

rubber 
 79 kg 118.5 kg 158 kg 

SNI. T03-3449-2002 

 

D. Sample Creation Application 

The calculation of the mixture proportions is adjusted to the 
sample volume dosage, which is 14 mortar specimens. The dry 
ingredients (cement, sand, and crumb rubber) were thoroughly 
amalgamated in a bowl using a mechanical mixer for a period 
of 2 min. Water was added gradually, and the mixture was 
agitated for 3 min until it was homogeneous. The mixture 
should be stirred continuously until the desired consistency is 
sufficiently thick to be placed in the mold, yet not excessively 
dry. Following the amalgamation of cement and sand, the 
addition of crumb rubber occurs, according to the prescribed 
proportion, as displayed in Figure 1. 

E. Pouring Process in Mold 

Before placing the mortar into the cylinder, it is important 
to apply a lubricant to the sample to ensure ease of release 
following the hardening process. Subsequently, the mortar 
mixture is carefully and evenly deposited into the mold. The 
absence of air bubbles is a prerequisite for this process, while 
the leveling process was carried out using a vibrator to ensure 
that the mortar was optimally filled into the mold, thereby 
reducing porosity. 

F. Mortar Specimen Care 

Once the mortar is thoroughly mixed, it is transferred into 
cylindrical molds and allowed to rest for 24 h. For the drying 
process, the samples were covered with plastic to ensure 
adequate adhesion between the mortar aggregate particles, as 
depicted in Figure 2. After a 24-h period, the mortar cylinder 
molds were stored for curing for 14 and 28 days, after which 
the mechanical parameters of the mortar cylinders were 
investigated in order to determine their compressive strength. 

G. Testing Process 

The preparation of the specimens was carried out using the 
compressive strength test method and mortar deformation 
measurement to analyze changes in shape, stress, strain, and the 
elastic modulus of cylindrical mortar. A UTM with a capacity 
of 1000 kN and two LVDT devices were used to measure the 
level of elasticity. The loading was applied until the mortar 
cylinder specimen cracked, and the value (kN) was recorded, in 
order to determine the compressive stress, strain, and elastic 

modulus of the mortar, as shown in Figure 3. A comparative 
analysis was conducted on the mechanical parameter outcomes 
of normal mortar and of mortar containing 10%, 15%, and 20% 
crumb rubber, both before and after heating at 150 °C, in order 
to determine the impact of crumb rubber heating on the elastic 
modulus of the mortar. 

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 1.  (a) Sand aggregate screening process, (b) checking the sand 

aggregate content using a color disc tool, (c) weighing sand aggregate using a 

funnel, (d) weighing crumb rubber aggregate for mortar specimen mix, (e) 

mixing normal mortar and crumb rubber mortar variations, (f) mortar mold 

preparation process on a cylinder. 

III. RESULTS AND DISCUSSION 

A. Comparison of the Compressive Strength of Normal and 

Crumb Rubber Mortar Specimens Before and After 

Ηeating at 150 oC 

The findings of the analysis of the mechanical parameters 
of conventional mortar reveal higher values relative to those 
observed in mortars with crumb rubber as a substitute. This is 
due to the structural characteristics and physical properties of 
the standard mortar, which exhibits increased compactness and 
homogeneity, thereby providing enhanced load-bearing 
capacity against compressive forces. 
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(a) (b) 

Fig. 2.  (a) Mortar specimen treatment with a cylinder using plastic on the 

first day in a water bath, (b) on the second day, the mortar specimens were 

removed from the cylinder for curing in a water soaking bath. 

  
(a) (b) 

  
(c) (d) 

Fig. 3.  (a) The process of heating the cylinder in an oven at a temperature 

of 150 OC, (b) preparation of tool settings and cylinder testing using UTM and 

LVDT tools, (c) the process of weighing cylindrical samples before the testing 

process using a weighing tool, (d) compressive strength testing process using 

UTM and LVDT. 

At concentrations of 10%, 15%, and 20% by weight, a 
decline in compressive strength was observed for mortars with 
crumb rubber. This decline indicates a shift in the aggregate 
composition, leading to a reduction in the mechanical strength 
of the mortar. The compressive strength of crumb rubber 
mortar after heating exhibits distinct characteristics compared 
to the strength prior to heating. The mechanical properties of 
mortar may be influenced by thermal exposure due to the 
occurrence of thermal alterations in the material, particularly in 
crumb rubber, which exhibits thermoplastic characteristics. 

B. Qualitative Result Analysis  

Table II presents a total of 14 mortar cylinder samples that 
were examined to evaluate their mechanical parameters and 
compressive strength after 14 days. The mean values suggest 
that mortar cylinder samples with 10% sand substitution using 
crumb rubber, both before and after heating, exhibit reduced 
compressive strength or stress parameters at 14 days. This 

reduction is evidenced by an average decrease of 55.44% and 
34.12%, respectively, in comparison to the standard mortar 
specimens. In a similar manner, after a 28-day period, the 
mechanical strength parameters of the compressive cylinder 
demonstrated a decline of 45.59% and 49.78%, respectively, 
when heated at 150 °C in comparison to the standard mortar 
samples. 

TABLE II.  COMPRESSIVE STRENGTH PARAMETERS OF 
CYLINDER SAMPLES, WITH 10% CONCENTRATION, 

BEFORE AND AFTER HEATING AT 150 OC, AFTER 14 AND 
28 DAYS 

Variation 

 

Normal 

10% (before 

heating at 150 
oC) 

10% 

(after 

heating 

at 150 
oC) 

Compressive strength value of 

damping power (14 days) (MPa) 

 
13.51 6.02 8.90 

Increase/decrease  
 

- -55.44 % 
-34.12 

% 

Information  - Downs Downs 

Compressive strength value of 

damping power (28 days) (MPa) 

 
20.31 11.05 10.20 

 Increase/decrease  
 

- -45.59 % 
-49.78 

% 

Information  - Downs Downs 

Change in length (ΔL) (14 days) 

(m) 

 
0.00128 0.0031 

0.0014

9 

Change in length (ΔL) (28 days) 

(m) 

 
0.00355 0.00279 

0.0006

2 

 
The research analysis indicates that the addition of crumb 

rubber to the mortar mix influences the durability of the mortar 
specimens. The samples with sand substitution exhibited higher 
levels of damage and lower heat resistance, indicating that the 
use of crumb rubber may not be suitable for applications where 
high temperatures occur. This study examines the impact of 
crumb rubber on the durability of specimens in diverse 
situations to offer critical results for construction professionals 
trying to increase the sustainability and resilience of projects. 
As depicted in Table III, a total of 14 mortar cylinder samples 
were examined to assess their mechanical parameters and 
compressive strength at 14 days. The mean values indicate that 
cylindrical mortar samples with 15% sand substitution using 
crumb rubber, both before and after heating, exhibited reduced 
compressive strength or stress parameters at 14 days, with an 
average decrease of 59.66% and 57.81%, respectively, 
compared to the standard mortar specimens. In a similar 
manner, at the 28-day mark, the mechanical strength 
parameters of the compressive cylinder demonstrated a decline 
of 69.97% and 53.67%, respectively, before and after heating at 
150 °C in comparison to the standard mortar samples. This 
underscores the necessity of comprehensive testing and 
evaluation before the integration of crumb rubber into 
construction projects where thermal resistance is vital.  While 
the usage of rubber crumbs may enhance the resistance and the 
sound absorption, it is important to examine how these 
modifications could impact the overall performance of the 
construction material under different environmental conditions. 

As presented in Table IV, the mean values suggest that 
samples with 20% concentration of crumb rubber, both before 
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and after heating, exhibit reduced compressive strength or 
stress parameters at 14 days. These samples show an average 
decrease of 66.62% and 57.36%, respectively, in comparison to 
standard mortar specimens. In a similar manner, at the 28-day 
mark, the mechanical parameters exhibited a decline of 60.46% 
and 56.33%, respectively, after being subjected to a 
temperature of 150 °C in comparison to the standard mortar 
samples. Mortar samples with 20% crumb rubber, heated at 
150 °C for 14 and 28 days, exhibited an increase of 27.72% 
and 9.47%, respectively, compared to the 20% samples before 
heating. These findings demonstrate that adding 20% crumb 
rubber to the mortar mix enhances its mechanical strength and 
increases its resistance to high temperatures. Furthermore, it is 
important to examine the potential of crumb rubber usage in 
decreasing waste from used tires. 

TABLE III.  COMPRESSIVE STRENGTH PARAMETERS OF 
CYLINDER SAMPLES, WITH 15% CONCENTRATION, 

BEFORE AND AFTER HEATING AT 150 
OC, AFTER 14 AND 

28 DAYS 

Variation Normal 

15% (before 

heating at 150 
oC) 

15% (after 

heating at 150 
oC) 

Compressive strength value of 

damping power (14 days) (MPa) 
13.51 5.45 5.70 

 Increase/decrease - -59.66% -57.81% 

Information - Downs Downs 

Compressive strength value of 

damping power (28 days) (MPa) 
20.31 6.10 9.41 

 Increase/decrease - -69.97 % -53.67 % 

Information - Downs Downs 

Change in length (ΔL) (14 Days) (m) 0.00128 0.00159 0.00152 

Change in length (ΔL) (28 Days) (m) 0.00355 0.0004 0.00076 

TABLE IV.  COMPRESSIVE STRENGTH PARAMETERS OF 
CYLINDER SAMPLES, WITH 20% CONCENTRATION, 

BEFORE AND AFTER HEATING AT 150 
OC, AFTER 14 AND 

28 DAYS 

Variation Normal 

20% (before 

heating at 150 
oC) 

20% (after 

heating at 150 
oC) 

Compressive strength value of 

damping power (14 days) (MPa) 
13.51 4.51 5.76 

Increase/decrease - -66.62 % -57.36 % 

Information - Downs Downs 

Compressive strength value of 

damping power (28 days) (MPa) 
20.31 8.03 8.87 

Increase/decrease  - -60.46 % -56.33 % 

Information - Downs Downs 

Change in length (ΔL) (14 Days) 

(m) 
0.00128 0.00173 0.00133 

Change in length (ΔL) (28 Days) 

(m) 
0.00074 0.00173 0.00133 

 

C. Results of Elastic Modulus Calculation for Normal and 

Crumb Rubber Mortar Before and After Heating at 150°C 

Table V presents the results of the elastic modulus 
calculation, before and after heating at 150 ᵒC. A comparison 
of the elastic modulus calculations for 15% crumb rubber 
mortar before and after heating at 150 °C reveals a reduction of 
67.32% and 64.47%, respectively, in relation to the elastic 
modulus of normal mortar at 14 days. This observation 
signifies that the standard mortar exhibits high rigidity, low 

elasticity, and inadequate energy absorption, resulting in minor 
deformation and an increased susceptibility to fracture. In 
contrast, the 15% crumb rubber mortar demonstrated a low 
elastic modulus, high flexural strength, excellent energy 
absorption capacity, enhanced elasticity, and significant 
deformation before and after heating, indicating an enhanced 
resistance to fracture. A comparison of the elastic modulus 
calculations for 20% crumb rubber mortar before and after 
being heated at 150 °C reveals a decrease of 75.32% and 
68.45%, respectively, in relation to the elastic modulus of 
normal mortar at 14 days. This observation signifies that 
standard mortar demonstrates high rigidity, is inelastic, and 
presents negligible deformation, rendering it susceptible to 
fracture. In contrast, the 20% crumb rubber mortar displays a 
low elastic modulus, high flexural strength, excellent energy 
absorption capacity, enhanced elasticity, and significant 
deformation. 

The experimental findings show that the 20% crumb rubber 
mortar displays higher resistance to higher temperatures 
compared to the conventional mortar. At a temperature of 150 
°C, the 20% crumb rubber mortar exhibits a substantial 
retention of its mechanical properties, while the conventional 
mortar demonstrates a substantial decline. This suggests that 
the addition of crumb rubber to the mortar may enhance its 
resistance to high temperatures, rendering it suitable for 
construction applications that demand extreme heat resilience. 
Furthermore, in concentrations of 10%, 15%, and 20%, crumb 
rubber reduces the environmental impact of the mortar. The 
usage of 20% crumb rubber mortar can serve as an ecological 
and efficient alternative in the construction industry. The 
findings of this study show that the usage of 20% crumb rubber 
mortar exhibits a superior elastic modulus compared to the 
standard mortar after 28 days. The elastic modulus of 10% 
mortar exhibited a 186.74% increase following the application 
of heat in comparison to the elastic modulus of conventional 
mortar. The elastic modulus of mortar with 15% and 20% 
concentration, both before and after heating at 150°C, 
increased by 165.82%, 115.82%, 89.12%, and 16.25%, 
respectively, compared to the elastic modulus of the normal 
mortar. Mortar samples with variations of 15% and 20%, 
before and after heating, after 28 days, exhibited low elasticity, 
high stiffness, and a propensity for cracking. Additionally, 
these samples demonstrated minimal deformation compared to 
the standard mortar, which also exhibited a low elastic modulus 
at 28 days. Overall, mortars comprising 15% and 20% crumb 
rubber exhibit reduced compressive strength in comparison to 
conventional mortars, modifying the material's mechanical 
properties. However, the enhancement in the elastic modulus of 
crumb rubber mortar following heating at 150 °C reveals the 
possibility of enhancing the material's performance in 
construction applications. The elastic modulus of the 10% 
crumb rubber mortar specimen at 28 days exhibited a 30.97% 
decrease compared to the regular mortar before heating. Mortar 
containing 10% crumb rubber exhibits increased elasticity, 
higher energy absorption capacity, and excellent deformation 
resistance compared to the conventional mortar. This 
emphasizes the inherent rigidity of the typical mortar, making it 
susceptible to cracking under excessive loads. However, this 
reduction actually increases ductility and resistance to initial 
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cracking. Conversely, the addition of excess crumb rubber 
reduces the mechanical strength and does not result in a 
substantial enhancement of elasticity. 

The heating process of mortar with crumb rubber results in 
a reduced stiffness compared to the standard mortar. This 
phenomenon is attributed to the elastomeric properties of the 
crumb rubber, which can absorb thermal energy and minimize 
the stress concentration within the mortar matrix. According to 
the findings of previous research, while normal mortar has been 
shown to possess a high modulus value, its performance is 
significantly reduced after heating due to its brittle nature. 
Conversely, crumb rubber-based mortar retains a substantial 

degree of flexibility, exhibits a lower modulus, but 
demonstrates enhanced stability, particularly following the 
initial and secondary heating cycles. The most significant 
distinction is that the 10% crumb rubber mortar displays the 
most balanced combination of elastic modulus, deformation, 
and thermal resistance, whereas the standard mortar 
demonstrates excellence in rigidity but exhibits deficiencies in 
deformation and temperature resistance. This finding indicates 
that the optimal usage of crumb rubber (approximately 10%) 
can serve as a viable strategy to produce mortar that 
demonstrates enhanced durability, flexibility, and adaptability 
to extreme environmental conditions without significantly 
compromising the mechanical performance. 

TABLE V.  MECHANICAL PARAMETERS OF THE MODULUS ELASTICITY OF CYLINDER SAMPLES , WITH 10%, 15% AND 20% 
CONCENTRATION, BEFORE AND AFTER HEATING AT 150 OC, AFTER 14 AND 28 DAYS 

Variation Normal 

10% (before 

heating at 150 
oC) 

10% (after 

heating at 150 
oC) 

15% (before 

heating at 150 
oC) 

15% (after 

heating at 150 
oC) 

20% (before 

heating at 150 
oC) 

20% (after 

heating at 150 
oC) 

Modulus elasticity (14 days) 

(MPa) 

2110.9 

MPa 
381 1194.6 689.8 750 521.3 665.9 

 Increase/decrease  - -81.95 % -43.41 % -67.32 % -64.47 % -75.30 % -68.45 % 

Information - Downs Downs Downs Downs Downs Downs 

Modulus elasticity (28 days) 

(MPa) 
1147.4 792.1 3290 3050 2476.3 2170 1333.8 

 Increase/decrease  - -30.97 % +186.74 % +165.82 % +115.82 % +89.12 % +16.25 % 

Information - Downs Ups Ups Ups Ups Ups 

Stretch (�) (14 days) 0.0064 0.0158 0.007 0.0079 0.0076 0.008 0.0086 

Stretch (�) (28 days) 0.0177 0.0139 0.0031 0.002 0.0038 0.0037 0.0066 

Voltage (σ) (14 days) (MPa) 13.51 6.02 8.90 5.45 5.70 4.50 5.76 

Voltage (σ) (28 days) (MPa) 20.31 11.05 10.2 6.10 9.41 8.90 8.87 

 

IV. CONCLUSIONS 

The present study evaluates and compares the elastic 
modulus of mortar modified with crumb rubber at variations of 
10%, 15%, and 20% under two conditions: normal and heated 
at 150 °C: 

 A comparison of the elastic modulus of normal mortar 
reveals a substantial increase in comparison with mortars 
with 10%, 15%, and 20% crumb rubber concentrations, 
both before and after heating at 14 days. This observation 
suggests that standard mortar contains high levels of 
stiffness and is less prone to fracture. Conversely, mortars 
including crumb rubber show higher elasticity and 
substantial deformation resistance. 

 The incorporation of 10% crumb rubber into the mortar at 
28 days before heating reveals a high degree of elasticity, 
exhibits enhanced deformation resistance, and improved 
flexural properties in comparison to the conventional 
mortar and other crumb rubber concentrations, both before 
and after heating at 150 °C. 

 The elastic modulus of 10% crumb rubber mortar before 
heating exhibited a 30.97% decrease compared to the 
normal mortar. However, it demonstrated increased 
elasticity, higher energy absorption, and excellent 
deformation. 
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