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ABSTRACT 

Currently, materials used in construction have been continuously developed in terms of quality and efficiency, 
especially fiber reinforcement in mortar, a form of development used in construction. The development aims to 
enhance concrete's tensile properties and performance for higher flexibility. Most plaster walls are ordinary 
mortar and have low elasticity, which is a weak point. Therefore, attempts are being made to improve their 
properties by using a rigid material as a concrete mixture, namely high-density polyethylene plastic, to increase 
its ability to bear tensile force. This study examines the tensile strength and flammability tests of walls plastered 
with mortar, with which high-density polyethylene plastic waste is mixed. The tensile strength of mortar plaster 
walls mixed with high-density polyethylene plastic is tested by replacing at 2.5%, 5%, and 10% proportions and 
cured at 7, 14, and 28 days. By comparing general mortar and high-density polyethylene plastic mortar, it is found 
that the general mortar had the highest tensile strength at 28 days of curing. The obtained value is 45 ksc, and 
the mortar mixed with polyethylene plastic in the amount of 2.5% at 28 days of curing can withstand the strength 
of 45 ksc. In addition, the general mortar can produce the same tensile strength as mortar mixed with high-density 
polyethylene plastic. The flammability test shows that general mortar develops red marks after being burned 
with fire, while the mortar combined with high-density polyethylene plastic develops black marks. However, 
neither type of wall is in flames nor spread. 
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INTRODUCTION 

Mortar is made from a cement mixture with fine 
sand and water as a binder. It is trendy for constructing 
all types of buildings and valuable for plastering the 
surface of building walls and covering the surface of 
building structures such as beams and columns to 
create a neat surface before painting or decorating the 
surface with other materials. In addition to the benefits 
of covering walls and structures, mortar can be used 
for different construction purposes, such as laying bricks 
or block walls, and as an adhesive for bonding ceramic 
tiles. Mortar has the highest amount of sand as an 
ingredient, causing the demand for sand to increase 
along with the popularity of mortar used in construction 
[1]. 

Today's society is interested in environmental 
conservation. Waste in one industry is used to benefit 
another sector. The idea for this research is to use waste 

from the recycled plastic production process in the 
construction industry. Because plastic is a material 
that plays a massive role in our daily lives, the trend 
of its use is increasing to replace the use of natural 
resources [2]. Reusing plastic waste by forming it 
into new products is a prevalent method. The plastic 
recycling process begins with separating different 
types of plastic from each other because different 
types have various properties, such as melting points, 
density, hardness, softness, and clarity. When each 
type of plastic is separated, it will be squeezed, flattened, 
and then bundled into bales to be sent to a plastic 
recycling factory. Each type of plastic is crushed into 
small pieces and washed in a large pond during this 
step. Dust and dirt are removed, and the plastic pieces 
are dried in the sun or hot air. The paper or film tag 
attached to the plastic piece will be blown apart and 
enter the process of melting plastic pieces through an 
extruder into strips before cutting them into small 
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pellets and packing them into boxes to go to a plastic 
molding factory to make new products. When all 
recycled plastic pellets are used and molded into new 
products, the new plastic products will have reduced 
physical properties. Sometimes, factories mix new 
plastic pellets to give the product better properties. This 
recycled plastic production process creates waste, 
including a large amount of solid waste. In 2017, the 
amount of solid waste throughout the country was 
27.40 million tons, an increase from 2016, which had 
27.06 million tons, accounting for 1.26 percent or 
120,000 tons, while the rate of solid waste generation 
per person decreased from 1.14 kilograms/person/day 
in 2016, to 1.13 kilograms/person/day in 2017. The 
correct waste disposal increased from 9.57 million tons 
in 2016 to 11.70 million tons in 2017 and increased for 
use from 5.80 million tons to 8.52 million tons. 
 Due to the problems mentioned above, the 
researchers, therefore, had an idea to study the behavior 
of the tensile strength and flammability of mortar walls 
mixed with high-density polyethylene plastic waste 
[3]. The purposes are to examine the possibility of using 
plastic scraps instead of sand in producing plaster walls 
and to form a guideline for managing plastic waste for 
engineering benefits. The reason for choosing plastic 
waste is to put unused materials to good use and to 
manage pollution and the environment, reducing the 
amount of plastic waste that is often difficult to 
decompose [4]. 

MATERIALS AND METHODS 

Materials used for testing 

1. Portland cement type 1 
2. Clean water 

3. Plastic waste: high-density polyethylene 
(HDPE) plastic, as shown in Figure 1. 

High-density polyethylene (HDPE) has a linear 
molecular structure. It is cheap, relatively hard but 
stretchable, and easy to mold. Commonly used to make 
packaging for cleaning liquids, shampoo, baby powder, 
and bags with handles, HDPE does not break easily and 
is resistant to chemicals. In addition, containers made 
from HDPE also have good properties for preventing 
moisture transmission [5, 6]. Therefore, this research 
chose to mix HDPE with mortar to reduce water 
absorption, increase mortar strength, and help with 
sound absorption. 

4. fine river sand 
5. Brick block size 0.07 x 0.19 x 0.39 m 
6. Ready-made cement 

 
Figure 1 High-density polyethylene plastic waste. 

Test procedure 

1. Testing the specific gravity of Type 1 Portland 
cement according to ASTM C188 [7]. 

2. The proportion of mortar, cement, sand, and 
water equals 1: 2.75: 0.485. Then, the high-density 
polyethylene (HDPE) plastic is mixed in the ratio of 
2.5%, 5%, and 10% by weight to replace some amount 
of sand, as shown in Table 1.

Table 1 The ratio of mixing mortar and plaster. 

Sample Cement (g) Sand (g) HDPE waste (g) Water (g) 

Mortar Sand 100% 125 344 0 88 
Mortar HDPE 2.5% 125 335 9 88 
Mortar HDPE 5% 125 327 17 88 
Mortar HDPE 10% 125 310 34 88 

3. Analyzing the mix size and fineness modulus 
of fine aggregate according to ASTM C136 standard [8]. 

4. Testing the specific gravity value and 
absorption of fine aggregate according to ASTM C642 
standards [9]. 

5. Test the flow of mortar (Flow Table) to find 
the flow rate of cement mortar and cement paste using 
a flow test table with accessories according to ASTM 
C230 standards [10]. 

6. A sample block of mortar was cast to test 
its tensile strength using a briquette mold measuring 
7.5 cm x 2.5 cm x 4.5 cm and 2.5 cm thick according 
to the ASTM C190 standard [11], as shown in Figure 2.  

Figure 2 Briquette mold. 
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7. Density test of mortar mixed with plastic waste 
according to the standard test method of ASTM C642. 

8. Curing 6 mortar blocks of every ratio of each 
type at the test ages of 7 days, 14 days, and 28 days. 

9.  Comparing the results of the study of 
mechanical properties with a tensile tester of concrete 
test samples at various mixed ratios to find the best 
and most appropriate properties.  

10. Fire test according to the ASTM E119 standard 
for plaster mortar walls mixed with High-Density 
Polyethylene (HDPE) plastic [12]. 

Test method 

1. Testing the physical properties of cement, 
fine sand, and HDPE plastic waste. 

1.1 Testing the specific gravity of cement 
The specific gravity of cement is the ratio of 

the weight of cement to the weight of water with an 
equal volume of cement. The specific gravity of Portland 
cement has a value of approximately 3.00 to 3.20, 
depending on the composition and fineness of the 
cement. In general, Portland cement type 1 has a value 
of approximately 3.15. The specific gravity of the cement 
indicates its composition and fineness [13]. 

1.2 Analyzing mix size and the fineness 
modulus of fine aggregate according to the ASTM C136, 
as shown in Figure 3 [14].  

 
Figure 3 Mix size and fineness modulus of fine 

aggregate. 

1.3 Testing the specific gravity and absorption 
of fine aggregate (Specific Gravity and Absorption of 
Aggregate) according to the ASTM C642 [15]. 

1.4 Testing the flow of mortar (Table 2) to find 
the flow rate of cement mortar and cement paste using 
a flow test table with accessories according to ASTM 
C230 standards. 

1.5 Density test for mortar mixed with plastic 
waste (Table 2) according to the ASTM C642 standard 
[16].

Table 2 Density, water absorption, and fluidity values of mortar. 

Sample Plastic percentage (%) Density value (g/cm3) water absorption (%) Mortar flow (mm) 

Reference 0.00 2.04 + 0.09 1.98 101.18 + 0.59 
HDPEM2.5 2.50 1.10 + 0.05 6.83 104.23 + 2.68 
HDPEM5 5.00 1.69 + 0.03 7.42 102.16 + 0.57 
HDPEM10 10.00 1.65 + 0.02 7.91 106.26 + 1.93 

2. Testing for tensile strength 
The American standard test for tensile strength 

is the briquette of mortar, which consists of 1 part of 
cement and 3 parts of standard sand by weight. The 
sample briquette block used for this test is large at 
both ends and has a middle cross-section of 1 square 
inch. The amount of water used in the mix is calculated 
from the normal consistency of that type of cement. 

 
Figure 4 Mortar tensile strength test. 

After casting the mold and curing according 
to specified standards, testing was done to determine 
the tensile strength when the test blocks were of 

different ages, namely 7, 14, and 28 days. The tensile 
force used in the test must be applied uniformly at a 
rate of approximately 265 -285 kg/min. The average 
value of the tensile strength obtained must not be less 
than the values specified in the standard (which are 10, 
20, and 25 kilograms per square centimeter) when 
the test bars are 7, 14, and 28 days old, respectively, 
as shown in Figure 4 [17]. 
where 

 Fc = P
A

  (1) 

Fc = ultimate tensile strength; the unit is kc. 
P = tensile force, the units are kg. 
A = Cross-sectional area of the sample bar, the unit 

is cm2. 
3. Plastered Wall Flammability Test 
Combustion is a chemical reaction in which 

combustible material oxidizes with oxygen, releasing 
heat and converting it to oxide compounds or by-
products. The complete combustion of fuel includes 
carbon dioxide and water. Incomplete combustion 
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causes wasted fuel and air pollution. Therefore, knowing 
the principles of the combustion process and how to 
control complete combustion is very important for 
energy conservation and environmental protection. 
In addition, understanding the causes of heat loss in 
various forms of heat systems and equipment, along 
with prevention guidelines, will help improve the 
system's overall thermal energy efficiency to a higher 
level as well. 

 
Figure 5 Components of fire testing of plaster walls. 

Table 3 Procedures for fire testing of plaster walls. 

No. Model 
Working 

characteristics 

1 

  
Concrete block brick 
design 

Laying concrete blocks 
size 1 x 1 meter. 

2 

  
Front-back concrete 
block plastering 
pattern 

They are plastering the 
front and back concrete 
block walls. 

3 

  
Finding the intersection 
point to find the center 
of the circle. 

Drawing the center 
of a circle of radius 
30 cm. 

4 

  
Designing to burn 
with a gas torch. 

Burning the walls with 
a gas torch. 

4. Procedure for testing the flammability of 
plaster walls 

4.1 Building a 1 meter x 1 meter concrete block 
wall [18]. 

4.2 Plastering the walls with plaster mortar 
mixed with plastic waste in ratios of 0%, 2.5%, 5%, and 
10% by weight instead of some sand. 

4.3 Measuring in a circle with a diameter of 
30 centimeters, as shown in Figure 5. 

4.4 Installing gas torch burning equipment 
by measuring the plaster mortar wall to a distance of 
5 centimeters. 

4.5 Burning standard plaster mortar walls and 
mortar mixed with 2.5, 5, and 10 percent HDPE plastic 
waste by burning and analyzing the flammability of 
plaster walls at 30, 60, 90, and 120 seconds. 

4.6 Comparing the fire characteristics of a 
standard mortar plaster wall with a plaster wall mixed 
with HDPE plastic waste. Details are as shown in 
Table 3 [19]. 

RESULTS AND DISCUSSION 

Test results and discussion  

This experimental study investigates investigate 
the possibility of using plastic waste, including high-
density polyethylene (HDPE), for engineering purposes. 
The research results were obtained by collecting 
relevant information and conducting experiments in 
a laboratory. 

Test results 

1. Tensile strength test results 
The tensile strength properties of mortar mixed 

with HDPE plastic waste decreased proportionately 
with increased plastic waste. This is because HDPE 
plastic particles are of various sizes and shapes, 
primarily small and delicate. The tensile strength of 
HDPEM2.5, HDPEM5, and HDPEM10 are equal to 45 ksc, 
42 ksc, and 28 ksc, respectively, by the calculation 
formula (1).  However, after 28 days, the tensile strength 
of HDPEM2.5 containing the lowest HDPE amount 
is equivalent to that of standard mortar, as shown in 
Table 4 and Figure 6. 

From the test results of the tensile strength 
of mortar mixed with high-density polyethylene 
plastic in various amounts, it was shown that when 
comparing the general mortar with the mortar mixed 
with polyethylene plastic, the sample of 2.5% plastic 
mixed at the age of 28 days, was able to bear a tensile 
strength of 45 ksc, which has the same tensile test 
value as that of most common mortars. The high-
density polyethylene plastic waste in the amount of 
2.5% mixed in place of sand does not reduce its strength 
and helps to reduce the amount of sand used. 
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Table 4 Examples of tensile strength test averages. 

Sample 
Tensile strength (ksc) 

7 Day 14 Day 28 Day 

Mortar Sand 100% 40 42 45 
Mortar HDPE 2.5% 33 37 45 
Mortar HDPE 5% 35 35 42 
Mortar HDPE 10% 21 26 28 

 
Figure 6 Tensile strength of plaster mortar mixed with 

HDPE plastic waste. 

2. Results of the fire test of mortar walls 
The flammability test of mortar walls mixed 

with high-density polyethylene plastic waste was 
performed with a gas torch by burning for 30, 60, and 
120 seconds. The flammability characteristics of standard 
plastered mortar walls with mortar mixed with high-
density polyethylene plastic waste are compared, as 
shown in Table 5 [20]. 

Table 5 Mortar wall flammability test. 

Sample 
Time 

30 
seconds 

60 
seconds 

120 
seconds 

Mortar Sand 
100% 

   
Mortar 

HDPE 2.5% 

   
Mortar 

HDPE 5% 

   
Mortar 

HDPE 10% 

   

The flammability test of the wall of mortar mixed 
with high-density polyethylene plastic in quantities 
of 2.5%, 5%, and 10%, was done with a burning period 

of 30 seconds, 60 seconds, and 120 seconds and with 
a 5 cm distance from the fire head to the wall. Images 
were taken, indicating that red stains began to appear 
during the first 30 seconds of burning. The red stains 
would expand only slightly until dark stains appeared. 
The higher the ratio of plastic used in place of sand 
and the longer the burning time, the more black marks 
appeared on the wall. However, there was no evidence 
of ignition or flames in the mortar plaster wall mixed 
with polyethylene plastic waste in all the ratios. 

Discussion 

The number of fine particles passing through 
sieves 50 and 100 affects fresh concrete's pourability, 
make-up, and greasiness (Bleeding), where the small 
particles allow the mortar to mix well. Therefore, the 
appropriate amount of fine particles is at least 15 
percent passing through a No. 50 sieve and at least 5 
percent through a No. 100 sieve. An amount greater 
than 5 percent of the particles to pass through a No. 
200 sieve is not recommended because more water 
is used for mixing, and there is a high rate of change 
and contraction. The fineness of the aggregate can be 
seen from the fineness modulus (Fineness Modulus, 
F.M.) value. The fine aggregate suitable for the concrete 
mixture is between 2.30 - 3.20, with a lower value 
indicating more excellent fineness. According to the 
tests and analyses of the mixed sizes of two types of 
aggregate, namely sand and HDPE plastic, it is found 
that the F.M. values of sand and HDPE plastic are equal 
to 2.75 and 2.39, respectively, which are values within 
the excellent range [21]. 

The water absorption value affects the pourability 
of the mortar, as the dry aggregate absorbs water from 
the mortar mix, causing the mortar to lose some water 
and the pouring ability to be lower than designed. On 
the other hand, if the moisture content of the aggregate 
exceeds the saturation level, the dry surface will 
dehydrate the mortar mixture, causing the mortar to 
become too watery and making the water-to-cement 
ratio (w/c ratio) higher than designed, resulting in a 
low strength of the mortar. The experiment suggests 
that the water absorption value of the mortar mixed 
with HDPE plastic waste is higher than the standard. 
The water absorption values of HDPEM2.5, HDPEM5, 
and HDPEM10 are equal to 6.83%, 7.42%, and 7.91%, 
respectively, which is higher than standard mortar, 
which is equal to 1.98%. It can be seen that there is 
higher water absorption when the amount of HDPE 
plastic in the mortar increases; this is because the 
crushed HDPE plastic particles are small and spherical, 
causing the structure of the mortar to be porous despite 
the HDPE plastic properties, which have a low water 
absorption value. As a result of particle characteristics 
and the ability to absorb water, which is a unique 
property of each type of plastic, mortar mixed with 
HDPE plastic has higher water absorption than standard 
mortar [22]. 
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The density of the material affects the strength 
and performance of mortar mixed with plastic waste. 
This is because the density value decreases in proportion 
to the percentage of plastic replacing sand, which in 
turn varies with the amount of HDPE plastic waste. 
The density value of mortar mixed with HDPE plastic 
waste increases proportionally due to the mixed size 
of the aggregate, as the aggregate has excellent and 
weighty particles. The densities of HDPEM2.5, HDPEM5, 
and HDPEM10 are equal to 1.10 g/cm3, 1.69 g/cm3, and 
1.65 g/cm3, respectively, and affect the mortar's strength 
properties. The density of mortar mixed with HDPE 
plastic waste is noted to be lower than that of standard 
mortar [23]. 

The mortar flow test is the first step in designing 
the mix for casting the mortar sample. This gives an 
idea of the liquidity of the mixture ratio for use. The 
flow rate value in the test aligned with the standard. 
It was found that the value went between 100 - 115 
percent of the water used, indicating the appropriate 
amount of water used in casting the mortar samples. 
The appropriate spread rate of the mortar mixed with 
HDPE plastic waste was within the specified standards. 
The flow spread values of HDPEM2.5, HDPEM5, and 
HDPEM10 mortars equal 104.23 percent, 102.16 percent, 
and 106.29 percent, respectively.  

Briquette mold mortar samples mixed with 
HDPE plastic waste of size 7.5 cm x 2.5 cm x 4.5 cm, 
thickness 2.5 cm, were tested for tensile strength. 
Six samples of each type of mixture, at 7, 14, and 28 
days of curing, were sampled and tested for the tensile 
strength exerted on the cross-sectional area of the mortar 
sample. The results suggest that the mortar mixed 
with HDPE plastic waste decreases tensile strength 
properties because HDPE plastic particles are of mixed 
sizes have small particles and acceptable density. From 
the tensile strength test at 28 days, the tensile strengths 
of HDPEM2.5, HDPEM5, and HDPEM10 were 45 ksc, 42 
ksc, and 28 ksc, respectively. It should be noted that the 
HDPEM 2.5 mortar at 28 days (45 ksc) has the same 
value as standard mortar, showing the efficiency in 
supporting lateral loads and the cracking behavior of 
the mortar that will be used in construction. Another 
facet of the experiment showed that replacing sand 
with high-density polyethylene plastic waste could 
increase the tensile strength, as shown in Table 4. Still, 
it is recommended that the amount not exceed 10% to 
comply with the mortar tensile strength standards. 
(Cement mortar samples aged 28 days must not be 
less than 25 kg/cm2 (ksc). The trend indicates that 
replacing high-density polyethylene plastic waste 
decreases the tensile strength [24]. 

Comparing the fire characteristics of standard 
mortar plaster walls with mortar mixed with HDPE 
plastic waste, it was found that the flames on the 
standard mortar plaster walls did not change their 
original color from the gas torch, but the flame 
characteristics of the mortar wall mixed with HDPE 

plastic waste had a spreading characteristic. The color 
of the flame turned orange. This is because the mixture 
is explosive and easily creates heat around the walls, 
resulting in the color change. As the proportion of 
plastic waste increased, the walls got more serious 
burns and were left with more black stains on the 
surface. Various proportions of sand replacement and 
the duration of the fire test at the same distance did 
not affect the flammability time or the damage from 
burning on the cement surface [25]. 

CONCLUSIONS 

The study's findings indicate that the inclusion 
of HDPE plastic waste has an impact on both the 
tensile strength and flammability of mortar walls. The 
selection of HDPE plastic was based on its high density, 
chemical resistance, and heat resistance, which make 
it well-suited for the intended uses. The research 
suggests the potential for using different types of 
plastic waste to further investigate their effects on the 
tensile strength and flammability of plastered mortar 
walls. This approach aligns with efforts to enhance the 
physical and mechanical properties of cement while 
promoting environmentally friendly construction 
materials by reducing natural sand usage and plastic 
waste in the environment. 

ACKNOWLEDGEMENT 

This dissertation was accomplished with the 
help and advice of Asst. Prof. Dr. Maneerat Khemkhao, 
Asst. Prof. Dr. Teerin Kongpun and Asst. Prof. Dr. Apised 
Suwansaard, who kindly provided advice in conducting 
research and testing tools to study the behavior of tensile 
strength and flammability of plaster mortar walls 
mixed with high-density polyethylene plastic waste. 
The appreciation also goes to the civil engineering 
department of the faculty of engineering, Rajamangala 
University of Technology Rattanakosin, for its facility 
to use tools and equipment in this experiment. I would 
like to thank civil engineering students who helped 
with the testing until the research was completed 
successfully. 

REFERENCES 

1.  Bhogayata A, Arora N. Feasibility study on using 
metalized plastic waste in concrete. In: Proceedings 
of Conference on International Congress and 
Exhibition. 2018 Jul 1; Springer; 2017. p. 328-37. 

2.  Batayneh M, Marie l, Asi l. Use of selected waste 
materials in concrete mixes. Waste Manage. 2007; 
27(12):1870-6. 

3. Badache A, Benosman A, Senhadji Y, Mouli M. 
Thermo-physical and mechanical characteristics 
of sand-based lightweight composite mortars 

https://ird.rmutt.ac.th/
https://doi.org/10.60101/jarst.2024.257122


7 

 
©2024 Institute of Research and Development, RMUTT, Thailand 

J Appl Res Sci Tech 2024;23(3):257122 

DOI: 10.60101/jarst.2024.257122 

 

with recycled high-density polyethylene (HDPE). 
Constr Build Mater. 2018;163:40-52. 

4.  Apised S, Teerin k, Maneerat k. Properties of 
Mortar Composites from Plastic Waste. Journal 
of Applied Science and Engineering. 2021;25(1): 
59-70.  

5.  Mentes D, Nagy G, Szab T, Hornyk E, Fiser B, 
Viskolcz B, et al. Combustion behavior of plastic 
waste - A case study of P.P., HDPE, PET, and mixed 
PES-EL. J Clean Prod. 2023;402:136850. 

6.  Chen Y, Awasthi A, Wei F, Tan Q, Li J. Single-use 
plastics: production, usage, disposal, and adverse 
impacts. Sci Total Environ. 2021;752:141772. 

7.  Pichetsilpa K. A Guideline for Building Wall System 
to Improve Thermal Performance [dissertation]. 
Bangkok: Chulalongkorn University; 2002. 

8.  ASTM C136-06, Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates. West 
Conshohocken, PA: ASTM International; 2006. 

9.  ASTM C642-13, Standard Test Method for Density, 
Absorption, and Voids in Hardened Concrete. West 
Conshohocken, PA: ASTM International; 2013. 

10.  ASTM C230/C230 M-14, Standard specification 
for flow table for use in tests of hydraulic cement. 
West Conshohocken, PA: ASTM International; 
2014. 

11.  ASTM C190, Standard test method for Tensile 
Strength of hydraulic cement mortars. West 
Conshohocken, PA: ASTM International; 1985. 

12.  Rongviriyapanich O. Chemical physical and 
mechanical properties of oven-dried mortar after 
fire exposure [dissertation]. Bangkok: Chulalongkorn 
University; 2012. 

13.  Nibudey N, Nagarnaik B, Parbat K, Pande M. A 
model for compressive strength of PET fiber 
reinforced concrete. American Journal of Engineering 
Research (AJER). 2013;2(12):367-72. 

14.  Posee V, Suhaya H, Abedeen D. Heat transfer of 
non-load-bearing interlocking block with mixture 
of Para Rubber wood fly ash. J Res Unit Sci Technol 
Environ. 2013;4(1):1-6. 

15.  Panthapulakkal S, Sain M. Injection-molded short 
hemp fiber/glass fiber-reinforced polypropylene 
hybrid composites - Mechanical, water absorption 

and thermal properties. J Appl Polym Sci. 2007; 
103:2432-41. 

16.  Chen C, Yang Y, Zhou Y, Xue C, Chen X, Wu H, et al. 
Comparative analysis of natural fiber reinforced 
polymer and carbon fiber reinforced polymer in 
strengthening of reinforced concrete beams. J 
Clean Prod. 2020;263(2):121572. 

17.  Hung CC, Chang JN, Wang HY, Wen FL. Effect of 
adding waste polyethylene and GGBFS on the 
engineering properties of cement mortar. Appl 
Sci. 2022;12:12665. 

18.  Chumnandee K. A comparison of insulation 
installation on the inside and outside of walls for 
cooling energy efficiency [dissertation]. Bangkok: 
Chulalongkorn University; 2011. 

19.  Qamar F, Thomas T, Ali M. Improvement in lateral 
resistance of mortar-free interlocking wall with 
plaster having natural fibres. Constr Build Mater. 
2020;234:117387. 

20.  Garas G, Allam M, Mamdouh K. Straw bale fire 
test on cement plaster mixes. WIT Trans Built 
Env. 2009;108:51-9. 

21.  Suwan T, Wattanachai P. Properties and internal 
curing of concrete containing recycled autoclaved 
aerated lightweight concrete as aggregate. Adv 
Mater Sci Eng. 2017;8:1-11. 

22.  Rupasinghe N, Sathiparan N. Mechanical behavior 
of masonry strengthened with coir fiber reinforced 
hydraulic cement mortar as surface plaster. Journal 
of Structural Engineering & Applied Mechanics. 
2019;2(1):12-24. 

23.  Yatim M, Mohammadhossein H. Evaluation of 
the effective mechanical properties of concrete 
composites using industrial waste carpet fiber. 
Springer Link INAE Lett. 2017;2:1-12. 

24.  Meng B, Xu J, Lou C, Gu C, Peng G. Effect of water 
content on tensile properties of cement mortar. 
In: 2018 International Conference on Civil and 
Hydraulic Engineering; 2018 Nov 23-25; p. 189-
98. 

25.  Triantafillou T, Karlos K, Kefalou K, Argyropoulou 
E. An innovative structural and energy retrofitting 
system for URM walls using textile reinforced 
mortars combined with thermal insulation. 
Mechanical and fire behavior, Constr Build Mater. 
2017;133:1-13. 

 

https://ird.rmutt.ac.th/
https://doi.org/10.60101/jarst.2024.257122

