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Abstract:

Introduction: Environmental problems are becoming increasingly prevalent in the construction industry, mainly due
to the significant carbon emissions associated with Ordinary Portland Cement (OPC) production and the growing
accumulation of non-biodegradable plastic waste. In this context, the present study focuses on the use of discarded
Low-Density Polyethylene (LDPE) as a partial replacement for fine aggregate in geopolymer mortars.

Methods: Three distinct binder systems were considered: fly ash-based Geopolymer Mortar (GPM), blended Fly
ash-GGBS Geopolymer Mortar (FG), and traditional OPC mortar, with LDPE replacement levels ranging from 0% to
50%. The experimental investigation was carried out to evaluate compressive strength, thermal properties including
thermal conductivity and specific heat capacity, and dynamic thermal parameters such as time lag (¢) and decrement
factor (f).

Results: The results showed that as the LDPE content increased, the thermal performance of all mixtures
consistently improved, while the compressive strength gradually decreased. The fly ash-GGBS blended geopolymer
mortar with 50% LDPE showed better thermal performance among all the mixtures, with a low thermal conductivity
of 0.29 W/m'K, a decrement factor of 0.029, and a time lag of approximately 4.10 hours.

Discussion: The inclusion of LDPE improved internal porosity, which reduced thermal conductivity and enhanced
dynamic thermal performance. This demonstrates the ability of fly ash-GGBS geopolymer mortar to maintain a
balance between mechanical strength and thermal insulation.

Conclusion: These findings suggest that LDPE-incorporated geopolymer mortars, especially fly ash-GGBS-based
systems, can serve as energy-efficient and sustainable alternatives for non-structural building envelope applications.

Keywords: Geopolymer mortar, LDPE waste plastic, Fly ash-GGBS, Thermal conductivity, Specific heat capacity,
Decrement factor, Time lag, Sustainable construction.
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1. INTRODUCTION environmental degradation [1-4]. In addition, the
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of industrial by-products such as Fly Ash (FA) from
thermal power plants and Ground Granulated Blast-
furnace Slag (GGBS) from steel production [6, 7]. The
construction industry must adopt sustainable binders and
promote waste valorization strategies in response to rising
carbon emissions from cement production, plastic waste
accumulation, and inefficient utilization of industrial waste
[8]. Geopolymer technology is a low-carbon alternative to
OPC that wuses aluminosilicate-rich industrial waste
activated with alkaline solutions to generate durable,
cement-free matrices [9-11]. According to life-cycle
estimates, geopolymer concretes can reduce CO,
emissions by up to 80% compared to OPC systems [12,
13]. When calcium-rich GGBS is added to FA-based
systems, hybrid gel formation involving sodium
aluminosilicate  hydrate (N-A-S-H) and calcium
aluminosilicate hydrate (C-A-S-H) is promoted [14-16].
These gels improve mechanical resistance and thermal
stability by refining pore structures, enabling ambient
curing, and increasing early-age strength [17-19]. Due to
their chemical durability and thermal performance, these
FA-GGBS binders have shown strong potential for low-
energy construction in tropical regions [20]. Similarly,
waste plastics can be used as partial replacements for fine
aggregates to produce lightweight and thermally efficient
composites [21-23]. Due to its low density and thermal
conductivity, LDPE reduces solid-phase heat transfer and
improves insulation [24, 25]. However, its weak interfacial
bonding and hydrophobic surface reduce compressive
strength, creating a trade-off between mechanical
integrity and thermal insulation. Recent studies on
recycled plastics, including PVC, PET, and LDPE, in
geopolymer matrices have reported strength losses and
reductions in thermal conductivity of up to 40% [26, 27].
However, most studies focus mainly on static properties
and give limited attention to dynamic thermal behavior
[28, 29]. Dynamic thermal characteristics, namely
decrement factor (f) and time lag (¢), govern the damping
and delay of temperature variations across building
envelopes, directly influencing indoor comfort and energy
efficiency. However, limited studies have evaluated these
parameters for different LDPE replacement levels in
FA-GGBS geopolymers. Hybrid binder systems can
potentially offset strength reductions caused by polymer
inclusion through microstructural densification, but their
behavior under real climatic cycles remains underexplored
[15, 30]. This study examines the mechanical and thermal
behavior of three mortar systems—fly ash-based
Geopolymer Mortar (GPM), Fly ash-GGBS-blended
Geopolymer Mortar (FG; 65% FA + 35% GGBS), and OPC
reference mortar—with LDPE waste partially substituting
manufactured sand at 0-50% by weight. By combining
static (compressive strength, thermal conductivity, and
specific heat capacity) and dynamic (decrement factor and
time lag) evaluations, this work establishes LDPE-modified
FA-GGBS geopolymers as low-carbon and thermally
efficient materials for non-structural building-envelope
applications.
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2. MATERIALS AND METHODS

2.1. Materials

The materials used in the present study were from
local and industrial sources, and both chemical and
physical properties were evaluated in accordance with
applicable Indian Standards. The mortar composites were
made with Aluminosilicate binders, fine aggregates, waste
plastic, and alkaline activators.

2.1.1. Fly Ash

The Raichur Thermal Power Station in Karnataka was
the source of Class F fly ash shown in Fig. (1). Most fly ash
particles were spherical and had an average size of less
than 45 pm. A specific gravity of 2.01 was obtained using
the density bottle method. Table 1 shows the chemical
composition of fly ash, which indicates that it is suitable
for geopolymerization because it is low in calcium oxide
and high in silica and alumina [30].

Fig. (1). Fly ash used in the present study.

Table 1. Class F fly ash chemical composition.

Chemical Composition Fly Ash, (Class F) Wt %
Silica (Si02) 62
Alumina (A1203) 20
Ferric Oxide (Fe203) 2.3
Calcium Oxide (CaO) 2
Magnesium Oxide(MgO) 0.9
Sulfate Oxide (SO3) 0.75
Loss of ignition 1.8

2.1.2. Granulated Blast Furnace Slag (GGBS)

GGBS meets the IS 12089 criteria and was obtained
from JSW Steel in Toranagallu, Karnataka, as shown in
Fig. (2). The slag exhibited good reactivity, with a specific
gravity of 2.85 and a high glass content of nearly 92%.
Table 2 provides a full summary of GGBS's oxide
composition. When combined with fly ash, the
comparatively high CaO level of GGBS improved early-age
strength and allowed ambient curing [31].
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Fig. (2). GGBS used in the present study.

Table 2. Chemical composition of GGBS.

Parameters Results in %
CaO 37.34
Al,O, 14.42
Fe,0, 1.11
Sio, 37.73
MgO 8.71
MnO 0.002
Sulphide sulphur 0.39
Loss of ignition 1.41
Insoluble Residue 1.59
Glass content 92

2.1.3. Fine Aggregates

Manufactured sand (M-sand) was used as the fine
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aggregate and conforms to IS 383. The specific gravity of
2.52, a fineness modulus of 2.6, and a water absorption of
7.1% confirm its suitability for mortar [32, 33].
Comparison of particle size distribution of M-sand and
LDPE waste plastic is shown in Fig. (3). The LDPE waste
plastic used in this study was collected from a local plastic
recycling unit. Crushed and powdered LDPE from a plastic
recycling unit in Peenya, Bengaluru, was used as waste
plastic in this investigation. In comparison to M-sand, the
LDPE, which was made from used bottles, caps, and
containers, had a lower specific gravity (0.94) and fineness
modulus (1.94). Due to surface roughness and entrapped
air in the particles, which were taken into consideration
during mix proportioning, the LDPE had a water
absorption of roughly 15%. It is anticipated that the
reduced density and finer grading of LDPE may increase
internal porosity in the mortar matrix, thereby affecting
both mechanical strength and thermal performance.

2.1.4. Alkaline Activators

Solutions of sodium hydroxide (NaOH) and sodium
silicate (Na,SiO,) were used as alkaline activators in this
study. Analytical-grade NaOH pellets were dissolved in
potable water to prepare a 14 M NaOH solution, which
was allowed to stabilize for 24 hours before use to ensure
complete dissolution and thermal equilibrium. The silicate
source used was a commercial sodium silicate solution
with a silica modulus (SiO,/Na,0) of 2.74. Before casting,
the NaOH and Na,SiO, solutions were mixed in
predetermined proportions and allowed to cool to room
temperature. The blended activator was used for effective
activation of fly ash and GGBS, and its composition was
kept constant for all geopolymer mixes to maintain
consistency and reproducibility.

-0~ M-sand it ]
-}~ LDPE waste plastic
e il | L Bt H L
0.1 1 10

Sieve size (mm)

Fig. (3). Comparison of particle size distribution of M-sand and LDPE waste plastic.



4 The Open Civil Engineering Journal, 2026, Vol. 20

2.2. Mix Design and Sample Preparation

Three types of mortar mixes were created: (i) GPM, (ii)
FG, which contained 65% fly ash and 35% GGBS, and (iii)
OPC mortar as the reference system. The fine aggregate in
all mixes was M-sand in accordance with IS 383:2016,
which was partially replaced with LDPE waste plastic at
weight replacement levels of 0%, 10%, 20%, 30%, 40%,
and 50%. The final optimum alkaline liquid-to-binder ratio
of 0.72 was selected based on workability tests conducted
using the flow table method as per IS 5512:1983. Several
trial mixes with alkaline liquid-to-binder ratios of 0.45,
0.50, 0.60, 0.70, and 0.72 were carried out. Among these,
the ratios of 0.70 and 0.72 showed better workability.
However, a ratio of 0.72 was selected as optimal because
it provided sufficient workability without requiring
excessive amounts of superplasticizer.
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After finalizing the optimum alkaline liquid-to-binder
ratio, the binder-aggregate proportions for OPC mortar
were adopted in accordance with IS 2250:1981 to ensure
comparative evaluation. In compliance with IS 4031 (Parts
6 and 7), mortar specimens were cast in cube moulds of
size 70.6 x 70.6 x 70.6 mm. The final mix proportions for
all mortar variations, including binder composition, water
content, activator dosage, LDPE replacement level, and
curing regime, are presented in Tables 3 and 4.

To assess the effect of calcium-rich slag on ambient
geo-polymerization, GPM specimens were heat-cured at
75°C for 24 hours, while FG specimens were cured under
ambient laboratory conditions. In accordance with IS
516:2018, OPC specimens were water-cured. After 28 days
of curing, each specimen was examined [34-36].

Table 3. Mix proportions of Geopolymer Mortar (GPM) incorporating LDPE waste plastic.

Binder system Mix M-sand (g) LDPE plastic (g) Fly ash (g) GGBS (9) Cement (g)
Geopolymer mortar (GPM) GPM-0 600 0 116.27 - -
GPM-10 540 22.38 116.27 - -
GPM-20 480 44.76 116.27 - -
GPM-30 420 67.14 116.27 - -
GPM-40 360 89.52 116.27 - -
GPM-50 300 111.9 116.27 - -
Blended ge"(%‘g;’mer mortar FG-0 600 0 75.57 40.69 -
FG-10 540 22.38 75.57 40.69 -
FG-20 480 44.76 75.57 40.69 -
FG-30 420 67.14 75.57 40.69 -
FG-40 360 89.52 75.57 40.69 -
FG-50 300 111.9 75.57 40.69 -
OPC mortar OPC-0 600 0 - - 116.27
OPC-10 540 22.38 - - 116.27
OPC-20 480 44.76 - - 116.27
OPC-30 420 67.14 - - 116.27
OPC-40 360 89.52 - - 116.27
OPC-50 300 111.9 - - 116.27
Table 4. Mix calculations of Geopolymer Mortar (GPM) with Curing regimes.
Binder System Mix Na,SiO; (g) NaOH (g) Extra Water (g) . Al‘kaligle Curing Regime
Liquid/Binder
GPM-0 59.81 23.92 42 0.72 Heat (75 °C, 24 h)
GPM-10 59.81 23.92 37.8 0.72 Heat
GPM-20 59.81 23.92 33.6 0.72 Heat
Geopolymer mortar (GPM)
GPM-30 59.81 23.92 29.4 0.72 Heat
GPM-40 59.81 23.92 25.2 0.72 Heat
GPM-50 59.81 23.92 21 0.72 Heat
FG-0 59.81 23.92 42 0.72 Ambient
FG-10 59.81 23.92 37.8 0.72 Ambient
Blended geopolymer mortar FG-20 59.81 23.92 33.6 0.72 Ambient
(FG) FG-30 59.81 23.92 29.4 0.72 Ambient
FG-40 59.81 23.92 25.2 0.72 Ambient
FG-50 59.81 23.92 21 0.72 Ambient
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Binder System Mix Na,Si0, (g) NaOH (g) Extra Water (g) Liq/-l\lli];?]l;?:der Curing Regime
OPC-0 - - 125.73 - Water
OPC-10 - - 121.53 - Water
OPC-20 - - 117.33 - Water
OPC mortar
OPC-30 - - 113.13 - Water
OPC-40 - - 108.93 - Water
OPC-50 - - 104.73 - Water

2.3. Experimental Program

2.3.1. Compressive Strength

In compliance with IS 516:2018, the compressive
strength of mortar specimens was measured after 28 days
using a calibrated compression testing machine. Cubical
specimens measuring 70.6 x 70.6 x 70.6 mm were
subjected to monotonic compressive loading until failure.
To ensure accuracy and reduce experimental variability,
three specimens were tested for each mix, and the
average compressive strength was reported. This testing
method has been widely used and validated in prior
research, demonstrating consistent, reproducible results
for geopolymer systems under ambient curing conditions
[37, 38].

2.3.2. Thermal Conductivity

Thermal conductivity was tested using a transient hot-
wire method suitable for low-conductivity cementitious
and geopolymer materials. A 20-gauge nichrome wire,
which served as a linear heat source, was positioned 2 mm
away from a K-type thermocouple. The wire-thermocouple
system was placed between two identical mortar
specimens while a constant direct current was supplied.
The temperature rise was monitored at intervals from 5
seconds to 150 seconds, and the thermal conductivity (A)
was computed using the transient heat conduction model.

The transient hot-wire method has gained popularity in
polymer-modified and geopolymer composites due to its
accuracy and reliability in assessing low-conductivity
materials. This method ensures accurate real-time heat-
response measurements and has been effectively used and
experimentally validated for thermal conductivity
assessment in heterogeneous systems, especially waste-
polymer-modified geopolymer mortars [38].

2.3.3. Specific Heat Capacity

A modified half-open dynamic calorimetric method was
used to determine the specific heat capacity (Cp) of the
mortar based on energy balance principles. The custom
testing setup, shown in Fig. (4), consisted of a 5-liter
container. Thick exterior insulation was wrapped around
the container to prevent heat loss. A K-type thermocouple
was passed through the lid and connected to a digital
multimeter (+£0.1°C resolution) to monitor the internal
water temperature.

To start the procedure, 3 liters of room-temperature
water were poured into the insulated container, and the
initial temperature (T,) was recorded. The dry Mortar
block (Mb) was weighed separately and placed inside a

heating furnace. An infrared thermal laser gun was used
to check when the block reached a uniform temperature of
65°C. Once heated, the block was quickly submerged into
the water bath. As the hot specimen released its stored
heat, the water temperature was recorded manually at 5-
minute intervals. These readings continued until the water
reached its maximum temperature (T,) and started to cool,
indicating thermal equilibrium.

The mortar’s specific heat (Cps) was calculated using
the standard thermal energy balance equation based on
the principle of conservation of energy.

Mb x Cps x ATh = Mw x Cp* x ATw

Here, Mw represents the water mass, and Cp" is the
specific heat of water. ATb represents the temperature
drop of the specimen (Tinitial - T,), and ATw represents
the temperature rise of water (T, - T;). The thermal mass
of the container was considered negligible due to the
exterior insulation and the large volume of water used. To
ensure accuracy, the test was repeated on three
specimens for each mix design.

Fig. (4). Experimental arrangements for determination of specific
heat capacity.
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2.3.4. Dynamic Thermal Characteristics

A one-dimensional transient heat conduction model
based on the heat diffusion equation was developed and
implemented in Scilab to study the dynamic thermal
response of the mortar specimens. Density, thermal
conductivity, and specific heat capacity—properties
determined through experimentation—were used as input
parameters in the model, and diurnal conditions were
simulated by applying periodic temperature fluctuations.

With this framework, the model was used to predict
important dynamic thermal characteristics such as time
lag (9) and decrement  factor (). A
resistance-capacitance-resistance (R-C-R) network was
used to simulate heat transfer across the mortar section,
thereby enabling measurement of heat-flow attenuation
and delay. The R-C-R circuit model used for evaluating
the decrement factor and time lag is shown in Fig. (5).

The model accurately predicts the thermal behavior of
the prepared mortars under cyclic conditions, as
evidenced by the good agreement between the predicted
results and experimental trends [39].

3. RESULTS

3.1. Compressive Strength

Fig. 6 shows the variation in compressive strength of
GPM, FG, and OPC mortars with increasing LDPE
replacement. Across all binder systems, compressive
strength decreased as LDPE content increased. For OPC
mortar, the strength decreased from 18.92 MPa in the
control mix to 12.00 MPa at 10% LDPE replacement and
further decreased to 5.53 MPa at 50% replacement. A
similar trend was observed in GPM, with strength
decreasing from 12.09 MPa to 7.93 MPa at 50%
replacement. Among all the mixes, the FG system showed
better strength retention. Even though the strength
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decreased from 31.16 MPa in the control mix, the FG-50
mix still maintained 11.31 MPa at the highest LDPE
replacement level. The error bars shown in Fig. (6)
represent the standard deviation obtained from three
replicate specimens, indicating the variation in the
measured compressive strength values. The reduction in
compressive strength may be mainly due to the weak
bonding between LDPE particles and the surrounding
mortar matrix. Since LDPE is hydrophobic in nature, it
does not bond properly with the geopolymer gel or cement
hydration products. In addition, the smooth surface of
LDPE particles reduces mechanical interlocking and leads
to the formation of voids inside the matrix. Under loading,
these voids act as weak zones and initiate cracks at an
earlier stage, which finally reduces the strength. Similar
reductions in strength with plastic aggregate replacement
have been reported in earlier studies [40]. In the present
study, the fly ash-GGBS blended geopolymer mixes
showed better performance than the OPC and fly ash-only
mixes. This may be due to the combined formation of
C-A-S-H and N-A-S-H gel phases, which made the matrix
denser and improved load transfer even at higher LDPE
content.

3.2. Thermal Conductivity

Fig. 7 shows the variation in thermal conductivity of
GPM, FG, and OPC mortars with different LDPE
replacement levels. It can be observed that the thermal
conductivity decreased with increasing LDPE content for
all the binder systems. In OPC mortar, the thermal
conductivity decreased from 0.6422 W/m-K for the control
mix to 0.3680 W/m-K with a 50% LDPE replacement [40].
A similar trend was observed in the geopolymer mixes. For
GPM, the value decreased from 0.5898 W/m-K to 0.3279
W/m-K at 50% replacement. The FG mixes showed lower
thermal conductivity than the GPM and OPC mixes at all
replacement levels, with the value decreasing from 0.5215
W/m-K to 0.2885 W/m-K.

-
—

"
o

Fig. (5). R-C-R circuit model used for evaluating decrement factor and time lag.
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Fig. (6). Effect of LDPE waste plastic replacement on 28-day compressive strength of mortar mixes. The x-axis represents the LDPE waste
replacement percentage (0% to 50%), and the y-axis represents the compressive strength measured in Megapascals (MPa). Error bars
represent the standard deviation.

i 1
=0~ GPM mortar

.-5_2 0.65F == FG mortar (Fly ash + GGBS) !‘
0.60k = OPC mortar L

ty (W/m

ivi

<

L

wn
T

Thermal conduct

. 1
0 10 20 30 40 50

0.25—] ! ; s

LDPE waste plastic replacement (%)

Fig. (7). Variation of thermal conductivity with LDPE waste plastic replacement for geopolymer and OPC mortar systems. The x-axis
denotes the percentage of LDPE waste replacement, and the y-axis indicates the thermal conductivity in W/m-K.
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The reduction in thermal conductivity can be
attributed mainly to two factors [40]. First, LDPE has a
lower thermal conductivity compared to natural fine
aggregate. When it replaces sand, it reduces the overall
heat transfer through the mortar. Second, the hydrophobic
nature of LDPE leads to poor bonding with the
surrounding matrix and increases the formation of voids.
These voids are generally filled with air, which has very
low thermal conductivity, thereby reducing heat transfer
further. Similar observations have been reported in earlier
studies [41]. In the present study, the fly ash-GGBS
blended geopolymer mixes showed better thermal
insulation compared to OPC and fly ash-only mixes. This
may be due to denser matrix formation by the combined
C-A-S-H and N-A-S-H gel phases, which helped maintain
structural stability and improve thermal resistance.

3.3. Specific Heat Capacity

The specific heat capacity of GPM, FG, and OPC
mortars varied with increasing LDPE waste plastic
content, as shown in Fig. (8). The specific heat capacity of
GPM increased by almost 20%, from 1750 J/kg-K in the
control mix to around 2100 J/kg-K at 50% LDPE
replacement. This increase was attributed to the relatively
higher heat capacity of LDPE, as well as the presence of
small internal voids that delayed heat transfer and
provided temporary energy storage [42, 43]. The FG mixes
showed a similar trend, with a 25% increase in specific
heat capacity from 1650 J/kg-K to 2200 J/kg-K. The
enhanced performance was attributed to the hybrid gel
structure (C-A-S-H and N-A-S-H), which improved matrix
homogeneity and optimized the pore structure, thereby
facilitating higher heat absorption [15, 43].

OPC mortar demonstrated the largest overall increase,
with specific heat capacity increasing by almost 45%, from
1600 J/kg-K in the control mix to 2350 J/kg-K at 50% LDPE
replacement. This behavior was attributed to the
combined effects of LDPE particles and trapped air voids,
which contributed to localized heat storage within the
matrix. Nevertheless, geopolymer systems showed
advantages in terms of long-term durability and reduced
embodied carbon, even with higher specific heat values
[44].

3.4. Dynamic Thermal Behavior

The dynamic thermal behavior of the mortar
composites was assessed using decrement factor (f) and
time lag (@), which show how much the temperature wave
is reduced and delayed as it passes through the material
under cyclic thermal conditions [44]. Fig. 9 shows the
variation of decrement factor (f) and time lag (¢) with
LDPE content for the different binder systems. The
dynamic thermal response was evaluated using a one-
dimensional transient heat transfer model developed in
SciLab based on a resistance-capacitance-resistance
(R-C-R) network for a 200 mm thick wall section.
Experimentally measured properties, including density,
thermal conductivity (A), and specific heat capacity (cp),
were used as input parameters. The model considered an
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internal convective resistance of 0.13 m’K/W and a
sinusoidal external temperature variation of 10°C over a
24-hour cycle [45, 46]. For all mixes, the decrement factor
decreased as LDPE content increased, indicating improved
attenuation of heat flow [47]. The FG mixes showed the
lowest values among all mixes. The decrement factor
reduced from 0.165 for the control mix (FG-0) to 0.029 at
50% LDPE replacement (FG-50). In comparison, the values
for OPC-50 and GPM-50 were approximately 0.050 and
0.046, respectively. At the same time, the time lag
increased with increasing LDPE content. For the FG
mixes, the time lag increased from 0.435 hours for the
control mix (FG-0) to 4.097 hours at 50% LDPE
replacement (FG-50). The corresponding time-lag values
for GPM-50 and OPC-50 were 2.874 hours and 2.102
hours, respectively, which were lower than those for the
FG-50 mixes [47]. Overall, the FG mixes exhibited lower
decrement factors and higher time-lag values than the
other binder systems, indicating improved dynamic
thermal performance under cyclic conditions.

A consolidated summary of the key mechanical and
thermal properties of all mortar systems across different
LDPE replacement levels is presented in Table 5 for ease
of comparison.

4. DISCUSSION

The observed reduction in compressive strength across
all binder systems is primarily attributed to weak
interfacial bonding between LDPE particles and the
surrounding matrix. The hydrophobic nature and low
stiffness of LDPE reduce the efficiency of stress transfer
and promote the formation of microcracks under loading
conditions [21, 26]. Despite this, geopolymer
systems—particularly the fly ash-GGBS blend—exhibited
relatively Dbetter strength retention. This improved
strength retention likely stems from the C-A-S-H and
N-A-S-H gels, as they help densify the matrix and form
stronger internal bonds [14, 15, 18, 37]. Lower thermal
conductivity at higher LDPE dosages happens for two
main reasons: the plastic itself transfers very little heat,
and mixing it in traps small air voids. Because these
trapped voids disrupt the solid network required for heat
to flow, they essentially act as roadblocks that enhance the
material's overall insulating power [31, 48]. The increase
in specific heat capacity can be attributed to the higher
heat storage capacity of LDPE and the presence of
internal porosity, which contributes to delayed heat
transfer and enhanced thermal inertia [42, 43]. The
dynamic thermal behavior further supports these findings.
The decrease in decrement factor and increase in time lag
with higher LDPE content indicate improved thermal
damping and delayed heat transmission. The FG mixes, in
particular, demonstrated superior performance due to
their optimized pore structure and balanced thermal
properties [47]. Overall, the combined reduction in heat
transfer and enhancement in heat storage demonstrate
the potential of LDPE-modified fly ash-GGBS mortars for
thermally efficient and sustainable building applications
[49].
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Fig. (8). Variation of specific heat capacity with LDPE waste plastic replacement for geopolymer and OPC mortar systems. The x-axis
shows the LDPE replacement percentage, while the y-axis represents the specific heat capacity measured in J/kg-K.
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Fig. (9). Combined variation of decrement factor and time lag with LDPE waste plastic replacement for all evaluated binder systems (FG,
OPC, and GPM). The x-axis represents the LDPE replacement percentage. The primary y-axis (left) shows the dimensionless decrement
factor (f), and the secondary y-axis (right) displays the time lag in hours.
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Table 5. Consolidated comparison of compressive strength, thermal conductivity, specific heat capacity,
decrement factor, and time lag of GPM, FG, and OPC mortars with varying LDPE replacement levels.

. Thermal .
ey [ | Smmesie | conductiity | qpecfifion | Decroment Facor | g g g
(W/m-K)
GPM 12.09 0.5898 1611.48 0.106 0.783
0 FG 31.16 0.5215 1687.10 0.165 0.435
OPC 18.92 0.6422 1528.60 0.120 1.252
GPM 11.00 0.5102 1742.05 0.077 0.415
10 FG 26.00 0.4813 1631.11 0.081 0.230
OPC 12.00 0.5754 1682.33 0.101 0.589
GPM 10.50 0.5087 1884.49 0.063 1.222
20 FG 19.50 0.4237 1800.26 0.080 0.269
OPC 11.00 0.4943 1772.24 0.086 0.020
GPM 9.50 0.4870 1978.45 0.057 1.548
30 FG 15.50 0.4039 1941.34 0.075 0.542
OPC 9.00 0.4863 1948.51 0.081 0.259
GPM 8.50 0.4311 2051.93 0.045 2.460
10 FG 13.00 0.3462 2068.44 0.061 1.334
OPC 6.50 0.3867 2172.37 0.055 1.730
GPM 7.93 0.3279 2118.84 0.041 2.874
50 FG 11.31 0.2885 2161.86 0.029 4.097
OPC 5.53 0.3680 2304.68 0.050 2.102
5. STUDY LIMITATIONS CONCLUSION

The present study demonstrates the potential of LDPE-
modified geopolymer mortars for sustainable and
thermally efficient construction applications. However, the
following limitations should be noted:

e The study mainly focused on compressive strength and
thermal performance. Other mechanical properties such

This study evaluated the viability of substituting fine
aggregates with LDPE waste across fly ash, GGBS, and
OPC mortar systems. The experimental data and dynamic

thermal
findings:

simulations yielded the following primary

e Substituting fine aggregate with LDPE waste uniformly

e Multi-dimensional

as flexural strength, tensile strength, and modulus of
elasticity were not investigated.

The thermal analysis was based on a one-dimensional
numerical model under idealized cyclic conditions. Actual
field conditions may involve more complex heat transfer
mechanisms.

Only one type of processed LDPE waste and a single
particle gradation were considered. Different plastic
types, sizes, and shapes may influence mortar behavior in
different ways.

Microstructural characterization using SEM, XRD, and
FTIR was not performed, which could have provided a
better understanding of geopolymer gel formation and
interfacial bonding.

Future studies may focus on:

e Long-term durability properties such as sorptivity, acid

resistance, resistance, and freeze-thaw

behavior.

sulphate

e Large-scale wall testing under actual environmental

exposure.
thermal analysis for a Dbetter
understanding of real-time heat transfer behavior.

decreased compressive strength across all tested mortar
systems. This reduction stems directly from the
hydrophobic nature of the plastic, which restricts
interfacial bonding and generates internal voids within
the surrounding cementitious matrix.

e The Fly ash-GGBS-blended Geopolymer (FG) matrix
demonstrated the highest resilience to this strength drop.
Even at a 50% LDPE replacement threshold, the FG-50
mix retained a compressive strength of 11.31 MPa,
significantly outperforming both the standard OPC and fly
ash-based equivalents.

e Thermal insulation improved proportionally with plastic
content. The FG-50 formulation achieved the lowest
recorded thermal conductivity at 0.29 W/m-K.

e Higher LDPE volumes positively increased the specific
heat capacity, fundamentally enhancing the thermal
inertia of the composites. Dynamic thermal modeling
confirmed this advantage, as the FG-50 mix delivered
optimal thermal damping, recording a decrement factor
of 0.029 and extending the time lag to approximately 4.10
hours.

Ultimately, synthesizing fly ash, GGBS, and waste
LDPE produces a highly sustainable and thermally
efficient composite suited for non-structural building
envelopes. While these baseline metrics are promising,
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transitioning this material into commercial applications
relies on comprehensive durability profiling and large-
scale field validation outlined in the subsequent section.

AUTHORS’ CONTRIBUTIONS

The authors confirm their contribution to the paper as
follows: D.L, S.D.: Study conception and design; H.M.L.:
Data collection; D.L, M.K.C.L.: Analysis and interpretation
of results; D.L, HM.L.: Draft manuscript. All authors
reviewed the results and approved the final version of the
manuscript.

LIST OF ABBREVIATIONS

GPM = Geopolymer Mortar
FG = Fly Ash-GGBS Geopolymer Mortar
OPC = Ordinary Portland Cement
LDPE = Low-Density Polyethylene
GGBS = Ground Granulated Blast Furnace Slag
FA = Fly Ash
ITZ = Interfacial Transition Zone
R-C-R = Resistance-Capacitance-Resistance
Cp = Specific Heat Capacity
A = Thermal Conductivity
0 = Time Lag
f = Decrement Factor
NaOH = Sodium Hydroxide
Na,SiO, = Sodium Silicate
CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS

The data generated or analyzed during this study are
not publicly available due to research constraints but are
available from the corresponding author on reasonable
request.

FUNDING
None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGMENTS
Declared none.

REFERENCES

[1] B. Massoumi Nejad, S. Enferadi, and R. Andrew, "A
comprehensive analysis of process-related CO2 emissions from
Iran’s cement industry", Clean. Environ. Syst., vol. 16, p. 100251,
2025.

[http://dx.doi.org/10.1016/j.cesys.2024.100251]

[2] K.L. Scrivener, V.M. John, E.M. Gartner, and E.M. Gartner, "Eco-

efficient cements: Potential economically viable solutions for a

[12]

11

low-CO2 cement-based materials industry", Cement Concr. Res.,
vol. 114, pp. 2-26, 2018.
[http://dx.doi.org/10.1016/j.cemconres.2018.03.015]

G. Habert, S.A. Miller, V.M. John, J.L. Provis, A. Favier, A.
Horvath, and K.L. Scrivener, "Environmental impacts and
decarbonization strategies in the cement and concrete
industries", Nat. Rev. Earth Environ., vol. 1, no. 11, pp. 559-573,
2020.

[http://dx.doi.org/10.1038/s43017-020-0093-3]

B.H. Ngayakamo, and B.D. Ikotun, "Geopolymer concrete for
sustainable construction exploring materials properties
challenges and future prospects", Discover Concrete and Cement,
vol. 2, no. 1, p. 46, 2026.
[http://dx.doi.org/10.1007/s44416-026-00089-x]

R. Geyer, J.R. Jambeck, and K.L. Law, "Production, use, and fate
of all plastics ever made", Sci. Adv., vol. 3, no. 7, p. €1700782,
2017.

[http://dx.doi.org/10.1126/sciadv.1700782] [PMID: 28776036]

R. Sharma, and P.P. Bansal, "Use of different forms of waste
plastic in concrete - A review", J. Clean. Prod., vol. 112, pp.
473-482, 2016.

[http://dx.doi.org/10.1016/j.jclepro.2015.08.042]

D. Hidalgo, and F. Verdugo, "Harnessing secondary resources for
sustainable and circular practices in the construction sector: A
scoping review", Appl. Sci., vol. 15, no. 10, p. 5410, 2025.
[http://dx.doi.org/10.3390/app15105410]

AE. Diaz, H. Al-Hakemi, N. Di Lalla, and A.L. Hernéndez,
"Valorization of EPS and LDPE plastic waste in concrete tiles:
Mechanical properties, thermal insulation, and building energy
simulation of a social housing case study", Front. Built Environ.,
vol. 12, p. 1847807, 2026.
[http://dx.doi.org/10.3389/fbuil.2026.1847807]

M. Amran, S. Debbarma, and T. Ozbakkaloglu, "Fly ash-based eco-
friendly geopolymer concrete: A critical review of the long-term
durability properties", Constr. Build. Mater., vol. 270, p. 121857,
2021.

[http://dx.doi.org/10.1016/j.conbuildmat.2020.121857]

P. Duxson, J.L. Provis, G.C. Lukey, and J.S.J. van Deventer, "The
role of inorganic polymer technology in the development of ‘green
concrete’", Cement Concr. Res., vol. 37, no. 12, pp. 1590-1597,
2007.

[http://dx.doi.org/10.1016/j.cemconres.2007.08.018]

M. Saeli, D.M. Tobaldi, M.P. Seabra, and J.A. Labrincha, "Mix
design and mechanical performance of geopolymeric binders and
mortars using biomass fly ash and alkaline effluent from paper-
pulp industry", J. Clean. Prod., vol. 208, pp. 1188-1197, 2019.
[http://dx.doi.org/10.1016/j.jclepro.2018.10.213]

L.K. Turner, and F.G. Collins, "Carbon dioxide equivalent (CO2-e)
emissions: A comparison between geopolymer and OPC cement
concrete", Constr. Build. Mater., vol. 43, pp. 125-130, 2013.
[http://dx.doi.org/10.1016/j.conbuildmat.2013.01.023]

M. Zia ul hag, H. Sood, R. Kumar, P. Chandra Jena, and S. Kumar
Joshi, "Eco-friendly approach to construction: Incorporating waste
plastic in geopolymer concrete", Mater. Today Proc., 2023.
[http://dx.doi.org/10.1016/j.matpr.2023.09.037]

C.K. Yip, G.C. Lukey, and J.S.J. van Deventer, "The coexistence of
geopolymeric gel and calcium silicate hydrate at the early stage of
alkaline activation", Cement Concr. Res., vol. 35, no. 9, pp.
1688-1697, 2005.
[http://dx.doi.org/10.1016/j.cemconres.2004.10.042]

N. Rathinavel, A. Aleem, and M. Ismail, "Energy-Efficient
geopolymer wall panels: Optimizing mechanical, thermal, and
acoustic properties for sustainable construction", Sci. Rep., vol.
15, no. 1, p. 25851, 2025.
[http://dx.doi.org/10.1038/s41598-025-11783-4] [PMID:
40670600]

F. Colangelo, G. Roviello, L. Ricciotti, V. Ferrdndiz-Mas, F.
Messina, C. Ferone, O. Tarallo, R. Cioffi, and C.R. Cheeseman,
"Mechanical and thermal properties of lightweight geopolymer
composites", Cement Concr. Compos., vol. 86, pp. 266-272, 2018.


http://dx.doi.org/10.1016/j.cesys.2024.100251
http://dx.doi.org/10.1016/j.cemconres.2018.03.015
http://dx.doi.org/10.1038/s43017-020-0093-3
http://dx.doi.org/10.1007/s44416-026-00089-x
http://dx.doi.org/10.1126/sciadv.1700782
http://www.ncbi.nlm.nih.gov/pubmed/28776036
http://dx.doi.org/10.1016/j.jclepro.2015.08.042
http://dx.doi.org/10.3390/app15105410
http://dx.doi.org/10.3389/fbuil.2026.1847807
http://dx.doi.org/10.1016/j.conbuildmat.2020.121857
http://dx.doi.org/10.1016/j.cemconres.2007.08.018
http://dx.doi.org/10.1016/j.jclepro.2018.10.213
http://dx.doi.org/10.1016/j.conbuildmat.2013.01.023
http://dx.doi.org/10.1016/j.matpr.2023.09.037
http://dx.doi.org/10.1016/j.cemconres.2004.10.042
http://dx.doi.org/10.1038/s41598-025-11783-4
http://www.ncbi.nlm.nih.gov/pubmed/40670600

12 The Open Civil Engineering Journal, 2026, Vol. 20

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[http://dx.doi.org/10.1016/j.cemconcomp.2017.11.016]

M. Char, and A. Tilioua, "Toward high-performance green
building: Influence of geopolymer and straw fiber on mechanical
and thermal performance", Cleaner Waste Systems, vol. 12, p.
100327, 2025.

[http://dx.doi.org/10.1016/j.clwas.2025.100327]

S. Kogyigit, K. Yilmaz, and O. Can, "Performance evaluation of
geopolymer mortars containing waste ferrochrome slag and fly
ash for sustainable green building", Sci. Rep., vol. 14, no. 1, p.
14606, 2024.
[http://dx.doi.org/10.1038/s41598-024-65552-w]
38918546]

N. Ranjbar, M. Mehrali, A. Behnia, U.J. Alengaram, M.Z. Jumaat,
U.J. Alengaram, and M.Z. Jumaat, "Compressive strength and
microstructural analysis of fly ash/palm oil fuel ash based
geopolymer mortar", Mater. Des., vol. 59, pp. 532-539, 2014.
[http://dx.doi.org/10.1016/j.matdes.2014.03.037]

M. Lach, K. Ptawecka, A. Bak, K. Lichocka, K. Korniejenko, A.
Cheng, and W.T. Lin, "Determination of the influence of hydraulic
additives on the foaming process and stability of the produced
geopolymer foams", Materials, vol. 14, no. 17, p. 5090, 2021.
[http://dx.doi.org/10.3390/mal14175090] [PMID: 34501184]

L. Gu, and T. Ozbakkaloglu, "Use of recycled plastics in concrete:
A critical review", Waste Manag., vol. 51, pp. 19-42, 2016.
[http://dx.doi.org/10.1016/j.wasman.2016.03.005]
26970843]

R. Siddique, J. Khatib, and I. Kaur, "Use of recycled plastic in
concrete: A review", Waste Manag., vol. 28, no. 10, pp.
1835-1852, 2008.
[http://dx.doi.org/10.1016/j.wasman.2007.09.011]
17981022]

M. Frigione, "Recycling of PET bottles as fine aggregate in
concrete", Waste Manag., vol. 30, no. 6, pp. 1101-1106, 2010.
[http://dx.doi.org/10.1016/j.wasman.2010.01.030] [PMID:
201764661

A.J. Babafemi, B. Savija, S.C. Paul, and V. Anggraini, "Engineering
properties of concrete with waste recycled plastic: A review",
Sustainability, vol. 10, no. 11, p. 3875, 2018.
[http://dx.doi.org/10.3390/sul0113875]

M. Batayneh, I. Marie, and I. Asi, "Use of selected waste materials
in concrete mixes", Waste Manag., vol. 27, no. 12, pp. 1870-1876,
2007.
[http://dx.doi.org/10.1016/j.wasman.2006.07.026]
170840701

M. Nuruzzaman, A.S. Shathi, A. Yousuf, M.]. Islam, M.S. Rana,
M.S. Alam, P.K. Biswas, M.A. Rahman, and M.I.LH. Mondal,
"Composite materials from waste plastics: A sustainable approach
for waste management and resource utilization", Polym. Polymer
Compos., vol. 33, p. 09673911251318542, 2025.
[http://dx.doi.org/10.1177/09673911251318542]

S.C. Kou, G. Lee, C.S. Poon, and W.L. Lai, "Properties of
lightweight aggregate concrete prepared with PVC granules
derived from scraped PVC pipes", Waste Manag., vol. 29, no. 2,
pp. 621-628, 2009.
[http://dx.doi.org/10.1016/j.wasman.2008.06.014]
18691863]

H. Asan, "Numerical computation of time lags and decrement
factors for different building materials", Build. Environ., vol. 41,
no. 5, pp. 615-620, 2006.
[http://dx.doi.org/10.1016/j.buildenv.2005.02.020]

M. Ozel, "Thermal performance and optimum insulation thickness
of building walls with different structure materials", Appl. Therm.
Eng., vol. 31, no. 17-18, pp. 3854-3863, 2011.
[http://dx.doi.org/10.1016/j.applthermaleng.2011.07.033]

S.F. Azzahran Abdullah, L. Yun-Ming, M.M. Al Bakri, H. Cheng-
Yong, K. Zulkifly, and K. Hussin, "Effect of alkali concentration on
fly ash geopolymers", IOP Conf. Series Mater. Sci. Eng., vol. 343,
no. 1, p. 012013, 2018.
[http://dx.doi.org/10.1088/1757-899X/343/1/012013]

A. Poonyakan, M. Rachakornkij, M. Wecharatana, and W.

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:

[37]

[39]

[43

Divakar et al.

Smittakorn, "Potential use of plastic wastes for low thermal
conductivity concrete", Materials, vol. 11, no. 10, p. 1938, 2018.
[http://dx.doi.org/10.3390/mal11101938] [PMID: 30314319]

D. Peng, Y. Wang, X. Liu, B. Tang, and N. Zhang, "Preparation,
characterization, and application of an eco-friendly sand-fixing
material largely utilizing coal-based solid waste", J. Hazard.
Mater., vol. 373, pp. 294-302, 2019.
[http://dx.doi.org/10.1016/j.jhazmat.2019.03.092]
30925389]

D. Hardjito, C.C. Cheak, and C.H. Lee Ing, "Strength and setting
times of low calcium fly ash-based geopolymer mortar", Mod.
Appl. Sci., vol. 2, no. 4, pp. 3-11, 2008.
[http://dx.doi.org/10.5539/mas.v2n4p3]

S. Akgadzoglu, C.D. Atis, and K. Ak¢adzoglu, "An investigation on
the use of shredded waste PET bottles as aggregate in lightweight
concrete", Waste Manag., vol. 30, no. 2, pp. 285-290, 2010.
[http://dx.doi.org/10.1016/j.wasman.2009.09.033]
19853433]

G. Kiirklii, "The effect of high temperature on the design of blast
furnace slag and coarse fly ash-based geopolymer mortar",
Compos., Part B Eng., vol. 92, pp. 9-18, 2016.
[http://dx.doi.org/10.1016/j.compositesb.2016.02.043]

L. Coppola, T. Bellezze, A. Belli, M.C. Bignozzi, F. Bolzoni, A.
Brenna, M. Cabrini, S. Candamano, M. Cappai, D. Caputo, M.
Carsana, L. Casnedi, R. Cioffi, O. Cocco, D. Coffetti, F. Colangelo,
B. Coppola, V. Corinaldesi, F. Crea, E. Crotti, V. Daniele, S. De
Gisi, F. Delogu, M.V. Diamanti, L. Di Maio, R. Di Mundo, L. Di
Palma, J. Donnini, I. Farina, C. Ferone, P. Frontera, M. Gastaldi,
C. Giosue, L. Incarnato, B. Liguori, F. Lollini, S. Lorenzi, S. Manzi,
0. Marino, M. Marroccoli, M.C. Mascolo, L. Mavilia, A. Mazzoli, F.
Medici, P. Meloni, G. Merlonetti, A. Mobili, M. Notarnicola, M.
Ormellese, T. Pastore, M.P. Pedeferri, A. Petrella, G. Pia, E.
Redaelli, G. Roviello, P. Scarfato, G. Scoccia, G. Taglieri, A.
Telesca, F. Tittarelli, F. Todaro, G. Vilardi, and F. Yang, "Binders
alternative to Portland cement and waste management for
sustainable construction — Part 1", J. Appl. Biomater. Funct.
Mater., vol. 16, no. 3, pp. 186-202, 2018.
[http://dx.doi.org/10.1177/2280800018782845] [PMID: 29996741]
J. Shang, J.G. Dai, T.J. Zhao, S.Y. Guo, P. Zhang, and B. Mu,
"Alternation of traditional cement mortars using fly ash-based
geopolymer mortars modified by slag", J. Clean. Prod., vol. 203,
pp. 746-756, 2018.
[http://dx.doi.org/10.1016/j.jclepro.2018.08.255]

A.A. Adam, and X.X.X. Horianto, "The effect of temperature and
duration of curing on the strength of fly ash based geopolymer
mortar", Procedia Eng., vol. 95, pp. 410-414, 2014.
[http://dx.doi.org/10.1016/j.proeng.2014.12.199]

R.V. Silva, ]J. de Brito, and N. Saikia, "Influence of curing
conditions on the durability-related performance of concrete made
with selected plastic waste aggregates", Cement Concr. Compos.,
vol. 35, no. 1, pp. 23-31, 2013.
[http://dx.doi.org/10.1016/j.cemconcomp.2012.08.017]

Y.S. El-Metwally, K.M. Dewidar, M.R. Ismail, and I.S. El-
Mabhallawi, "A review on sustainable disposal of plastic waste by
integration in construction materials", Civ. Eng. Archit., vol. 11,
no. 2, pp. 714-725, 2023.
[http://dx.doi.org/10.13189/cea.2023.110213]

A. Przybek, P. Romanska, K. Korniejenko, K. Krajniak, M.
Hebdowska-Krupa, and M. Each, "Thermal properties of
geopolymer concretes with lightweight aggregates", Materials,
vol. 18, no. 13, p. 3150, 2025.
[http://dx.doi.org/10.3390/ma18133150] [PMID: 40649638]

S. Gelikten, 1.1. Atabey, Z.A. Ozcan, U. Durak, S. ilkentapar, O.
Karahan, and C.D. Atis, "Recycling waste expanded polystyrene as
aggregate in produc-tion of lightweight screed mortar", Rev.
Constr., vol. 22, no. 3, pp. 581-596, 2023.
[http://dx.doi.org/10.7764/RDLC.22.3.581]

N. Pourdolat, P. Raizada, and R. Gupta, "Mechanical and
microstructural performance of fly ash-based geopolymer mortar
activated by silica fume-derived sodium silicate", J. Compos. Sci.,

[PMID:

[PMID:


http://dx.doi.org/10.1016/j.cemconcomp.2017.11.016
http://dx.doi.org/10.1016/j.clwas.2025.100327
http://dx.doi.org/10.1038/s41598-024-65552-w
http://www.ncbi.nlm.nih.gov/pubmed/38918546
http://dx.doi.org/10.1016/j.matdes.2014.03.037
http://dx.doi.org/10.3390/ma14175090
http://www.ncbi.nlm.nih.gov/pubmed/34501184
http://dx.doi.org/10.1016/j.wasman.2016.03.005
http://www.ncbi.nlm.nih.gov/pubmed/26970843
http://dx.doi.org/10.1016/j.wasman.2007.09.011
http://www.ncbi.nlm.nih.gov/pubmed/17981022
http://dx.doi.org/10.1016/j.wasman.2010.01.030
http://www.ncbi.nlm.nih.gov/pubmed/20176466
http://dx.doi.org/10.3390/su10113875
http://dx.doi.org/10.1016/j.wasman.2006.07.026
http://www.ncbi.nlm.nih.gov/pubmed/17084070
http://dx.doi.org/10.1177/09673911251318542
http://dx.doi.org/10.1016/j.wasman.2008.06.014
http://www.ncbi.nlm.nih.gov/pubmed/18691863
http://dx.doi.org/10.1016/j.buildenv.2005.02.020
http://dx.doi.org/10.1016/j.applthermaleng.2011.07.033
http://dx.doi.org/10.1088/1757-899X/343/1/012013
http://dx.doi.org/10.3390/ma11101938
http://www.ncbi.nlm.nih.gov/pubmed/30314319
http://dx.doi.org/10.1016/j.jhazmat.2019.03.092
http://www.ncbi.nlm.nih.gov/pubmed/30925389
http://dx.doi.org/10.5539/mas.v2n4p3
http://dx.doi.org/10.1016/j.wasman.2009.09.033
http://www.ncbi.nlm.nih.gov/pubmed/19853433
http://dx.doi.org/10.1016/j.compositesb.2016.02.043
http://dx.doi.org/10.1177/2280800018782845
http://www.ncbi.nlm.nih.gov/pubmed/29996741
http://dx.doi.org/10.1016/j.jclepro.2018.08.255
http://dx.doi.org/10.1016/j.proeng.2014.12.199
http://dx.doi.org/10.1016/j.cemconcomp.2012.08.017
http://dx.doi.org/10.13189/cea.2023.110213
http://dx.doi.org/10.3390/ma18133150
http://www.ncbi.nlm.nih.gov/pubmed/40649638
http://dx.doi.org/10.7764/RDLC.22.3.581

Performance of LDPE-modified Fly Ash-GGBS Geopolymer Mortars

[44]

[45]

[46]

vol. 10, no. 1, p. 22, 2026.

[http://dx.doi.org/10.3390/jcs10010022]

Y.H. Lee, M. Amran, Y.Y. Lee, A.B.H. Kueh, S.F. Kiew, R. Fediuk,
N. Vatin, and Y. Vasilev, "Thermal behavior and energy efficiency
of modified concretes in the tropical climate: A systemic review",
Sustainability, vol. 13, no. 21, p. 11957, 2021.
[http://dx.doi.org/10.3390/su132111957]

M. Mahdad, A. Hammas, and S. Abboudi, "Analytical modeling of
the dynamic thermal behavior of stabilized compacted earth
blocks walls for bioclimatic constructions", Budownictwo i
Architektura, vol. 24, no. 3, pp. 145-170, 2025.
[http://dx.doi.org/10.35784/bud-arch.7900]

G. El Hajoui, I. Manssouri, T. Manssouri, H. Sahbi, and H. Limami,
"Thermal inertia performance via TRNSYS software of recycled
wastewater treatment plant sludge as a construction material
additive to ecological lightweight earth bricks", Int. J. Eng. Res.

(48]

[49]

13

Afr.,vol. 71, pp. 17-29, 2024.

[http://dx.doi.org/10.4028/p-5slqfi]

Y.H. Lee, N. Chua, M. Amran, Y. Yong Lee, A.B. Hong Kueh, R.
Fediuk, N. Vatin, and Y. Vasilev, "Thermal performance of
structural lightweight concrete composites for potential energy
saving", Crystals, vol. 11, no. 5, p. 461, 2021.
[http://dx.doi.org/10.3390/cryst11050461]

R. Kunthawatwong, A. Wongsa, J. Ekprasert, P. Sukontasukkul, V.
Sata, and P. Chindaprasirt, "Performance of geopolymer mortar
containing PVC plastic waste from bottle labels at normal and
elevated temperatures", Buildings, vol. 13, no. 4, p. 1031, 2023.
[http://dx.doi.org/10.3390/buildings13041031]

P.O. Awoyera, and A. Adesina, "Plastic wastes to construction
products: Status, limitations and future perspective", Case Stud.
Constr. Mater., vol. 12, p. e00330, 2020.
[http://dx.doi.org/10.1016/j.cscm.2020.e00330]

DISCLAIMER: Please note that this article is currently in the 'Early view' stage and is not the final 'Version of Record'. While it has
been accepted, copy-edited, and formatted, however, it is still undergoing proofreading and corrections by the authors. Therefore,
the text may still change before the final publication. Although 'Early view' may not have all bibliographic details available, the DOI
and the year of online publication can still be used to cite them. The article title, DOI, publication year, and author(s) should all be
included in the citation format. Once the 'Final Version of Record' becomes available the 'Early view' will be replaced by that.



http://dx.doi.org/10.3390/jcs10010022
http://dx.doi.org/10.3390/su132111957
http://dx.doi.org/10.35784/bud-arch.7900
http://dx.doi.org/10.4028/p-5slqfi
http://dx.doi.org/10.3390/cryst11050461
http://dx.doi.org/10.3390/buildings13041031
http://dx.doi.org/10.1016/j.cscm.2020.e00330

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Materials
	2.1.1. Fly Ash
	2.1.2. Granulated Blast Furnace Slag (GGBS) 
	2.1.3. Fine Aggregates
	2.1.4. Alkaline Activators

	2.2. Mix Design and Sample Preparation
	2.3. Experimental Program
	2.3.1. Compressive Strength
	2.3.2. Thermal Conductivity
	2.3.3. Specific Heat Capacity
	2.3.4. Dynamic Thermal Characteristics


	3. RESULTS
	3.1. Compressive Strength
	3.2. Thermal Conductivity
	3.3. Specific Heat Capacity
	3.4. Dynamic Thermal Behavior

	4. DISCUSSION
	5. STUDY LIMITATIONS
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	REFERENCES


