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ABSTRACT

The use of lightweight aggregates in cement concrete manufacturing solves the issue of
drying shrinkage over the concrete's life span; nevertheless, the use of artificial lightweight
sand may increase this issue in the cement mortar. This research looks at how using lighter
sand affects the non-mechanical qualities of cement mortar, namely the dry shrinkage
property. It was prepared lightweight sand by pulverising pumice stone, screening it
through a 1.18 mm sieve, and combining it with regular natural sand in varied amounts. It
was tested various replacement percentages for lightweight sand by weight, such as 10%,
12%, 14%, 16%, and 18%, while keeping a single control sample without any lightweight
pulverized pumice sand. As the proportion of pulverized pumice lightweight fine aggregate
increases, the dry shrinkage of cement mortars containing pulverised lightweight pumice
fine aggregate enhanced up to 161%, which has a negative impact on the durability of the
cement mortar despite improved compressive and split tensile strengths of cement mortar.
Moreover, the value of the brittleness index of the cement mortar reduced due to
improvement of the split tensile strength. However, the bulk dry density of the cement
mortar reduces up to 13.2%, which supports the reduction of the dead load in the high-rise
buildings.

Keywords: Cement mortar, Drying shrinkage, Pulverized lightweight pumice sand, Pumice
stone.

1. INTRODUCTION

Concrete shrinkage is the decrease in volume caused by the loss of moisture or other
physical and chemical changes that occur during curing and drying. This loss in volume may
cause fissures, compromising the concrete's structural integrity and long-term
sustainability. The shrinking of concrete goes through three separate phases. During the first
few hours following concrete installation, fast evaporation of water from the surface due to
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environmental conditions such as high temperature, low humidity, and wind produces
plastic shrinkage, resulting in surface fractures that typically occur perpendicular to the
wind's direction, as illustrated in Fig. 1 (Sayahi, 2019).

Figure 1. Plastic shrinkage on the concrete surface (Sayahi, 2019).

Another type of drying shrinkage in concrete happens after the material has set and starts
to lose moisture to the environment. It occurs owing to the evaporation of water through the
capillary pores inside the concrete that has been hardened, and this sort of shrinkage may
produce large internal strains, resulting in fractures throughout the concrete mass, as shown
in Fig. 2 (Safiuddin et al., 2018).

Figure 2. Dry shrinkage in the cemented concrete surface (Safiuddin et al., 2018).

Thermal shrinkage is the third form of shrinkage in concrete. It occurs as the temperature
fluctuates throughout the curing process, and is particularly noticeable in the first few days

to weeks. It develops to temperature fluctuations inside the concrete mass, as shown in Fig.
3 (Al-Gburi, 2014).

Figure 3. Thermal shrinkage of reinforced concrete walls (Al-Gburi, 2014).
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The shrinkage in cement mortar refers to the reduction in volume that transpires throughout
the setting and hardening processes, largely owing to water loss. May cause cracking and
have a substantial impact on the mortar's longevity and performance, as shown in Fig. 4
(Patel, 2017).

Shrinkage in cement mortar may have several negative consequences, including structural
and quality issues. Furthermore, drying shrinkage cracks form over time as the mortar loses
moisture and contracts, resulting in deeper and more widespread breaking; hence, both are
classified as surface cracks. During the hydration process, chemical reactions cause
autogenous shrinkage fractures, which lead to interior micro-cracks, particularly in high-
strength mortars with low water-cement ratios.

Figure 4. Shrinkage of cement mortar (Patel, 2017).

Various factors impact cement mortar shrinkage, altering both its amount and pace of
contraction. It's important to understand that raising the aggregate volume of the cement
paste minimizes shrinkage. However, adding additional moisture within the mixture via the
internal curing technique improves the hydration of concrete, such as lightweight aggregates
such as pumice, which is pre-wetted to ensure it contains sufficient water to release during
the curing process, where the low water-cement ratio can lead to incomplete hydration and
shrinkage cracking.

Internal curing with lightweight pumice aggregate involves the following steps: Pre-wetting
the aggregate, mixing, hydration, water release, and ongoing curing, as shown in Fig. 5. The
progressive release of water from the lightweight aggregates helps maintain a greater
internal relative humidity, lessening the effects of self-desiccation and reducing the
possibility of shrinkage cracking (Hamzah et al., 2022).
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Figure 5. Steps for internal curing concrete (Hamzah et al., 2022).
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Construction experts may utilize a pumice stone to manufacture lightweight concrete, which
merely makes the concrete lighter but also improves its insulating characteristics, as
illustrated in Fig. 6.

;'"é‘i 5 «;;:'

Figure 6. Pumice aggregate has been pulverised.
2. THE SIGNIFICANCE OF THE STUDY

The crucial issue in the cement mortar is the drying shrinkage from the difficulty of curing
while used the cement mortar in rendering, under tiles and for repairing purpose. Thus,
internal curing is the proper way to reduce this shrinkage. The most important material for
this purpose is the pumice aggregate which has a good hardness, thus it may improve the
mechanical properties on the cement mortar as result. Thus, it could be a challenge to use it
in the cement mortar.

3. DRYING SHRINKAGE IN CEMENT MORTARS

Drying shrinkage in cement mortar is a crucial phenomenon with a substantial influence on
the performance and durability of cement mortars (Ghanem et al., 2024). Several variables
impact the occurrence, including the size of the pores solution's chemical composition and
the water-to-cement ratio (w/c). As the w/c falls, the ionic concentration rises, which leads
to a reduction in double-layer repulsion and consequent flocculation of tiny particles in the
C-S-H gel, eventually causing macroscopic shrinkage (Nawa, 2018).

Awareness of drying shrinkage requires an understanding of how pre-soaked lightweight
aggregate affects the volume stability of mortar and concrete mixes. The weight of
evaporation water to the initial weight of unhydrated cement in the sample gives insights
into the effect of the water-to-cement ratio on drying shrinkage (Ardeshirilaijimi et al.,
2017). The water-to-binder ratio (w/b) is an important material attribute that affects
autogenous shrinkage (AGS), both of which contribute to drying shrinkage. A low w/b ratio
results in a high AGS, with cement composition and the addition of supplemental
cementitious materials (SCMs) also influencing these characteristics. Notably, the addition
of fly ash (FA) to concrete was shown to minimize AGS (Ghanem et al., 2024). In addition,
the inclusion of the fly ash and ground granulated blast furnace slag have a positive impact
on the drying shrinkage of the cement mortar. Besides, the drying shrinkage decreased
significantly with the increase in the fly ash and ground granulated blast furnace slag content
(Al-sairafi et al., 2018). While the drying shrinkage influences with grain size of sand, and
filler content and it improves due to increasing the size of sand particles (Malathy and
Subramanian, 2007).
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Both humidity and temperature are among the factors that might influence drying
shrinkage. The cause of drying shrinkage in hardened cement paste is attributed to
hydration pressure, as noted by (Ye and Radlinska, 2016).

3.1 Mechanisms of Drying Shrinkage

Drying shrinkage in cement mortar takes place by two primary processes: capillary stress
theory and autogenous shrinkage. The capillary stress concept is linked to the drying
process, in which the evaporation of water from the cement mortar causes capillary tension
inside the material. This stress is caused by the surface tension of water and the porous
nature of the cement mortar. Autogenous shrinkage is connected with the self-desiccation of
the material during the early stages of cement hydration, resulting in internal pore structure
formation and capillary internal strains (Ghanem et al., 2024).

3.1.1 Capillary Stress Theory

The proposed theory emphasizes the relevance of capillary pressure and disjoining pressure
at various levels of saturation, showing the intricate interaction of these forces in shrinkage
issues. According to Nawa (Nawa, 2018), as the cement paste dries, disjoining pressure
removes absorbed water from the pores, and capillary tensions generate a meniscus that
strains the C-S-H skeleton, causing the cemented paste to shrink. Furthermore, the theory
addresses the hysteresis of sorption isotherm associated with absorbate condensation and
evaporation in mesoporous materials like cement paste, supplying insights into the pore size
distribution and pore array structure (Ye and Radlinska, 2016).

3.1.2 Autogenous Shrinkage

Autogenous shrinkage is the phenomena involved in premature micro cracking of the
cement mortar (Bouasker et al., 2018). The factors have an impact on the amount of this
shrinkage are the temperature which reduces the age of cracking when the temperature
increases (Bouasker et al., 2018). In addition, using the internal curing with lightweight
aggregate exhibit the greatest reductions in autogenous shrinkage in repair cement mortar
(Bentz et al,, 2015). However, the autogenous shrinkage might increase due to inclusion of
limestone powder (Itim et al., 2011). Moreover, in the early age, the autogenous shrinkage
of ultra-high-strength mortar can be effectively decreased by including expansive additive,
such as silica-fume pre-mixture cement which obtain a non-shrinking state with adding 7%
of the binding materials in the mixture(Zhang et al., 2018). However, the presence of
pozzolanic materials in the cement mortar might increase the autogenous shrinkage due to
high water absorption of these material in the mixture of the cement mortar (Itim et al.,
2011; Malathy and Subramanian, 2007).

Therefore, the autogenous shrinkage is a crucial part of drying shrinkage in cement
mortar since it contributes significantly to early cracking. It is closely connected to chemical
shrinkage, which is the driving factor behind self-desiccation and drying shrinkage.

The chemical shrinkage is the phenomenon appears while the cement react with water, the
volume of reaction products is similar than the sum of the reactants, which reaches 25% by
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volume of the reacted water. This type of shrinkage is learly related to the degree of
hydration of the cement (Justnes et al., 1999).

The values of chemical and autogenous shrinkages are identical in the early phases of the
hydration process of cement, yet they diverge at the hardened stage(Ghanem et al., 2024).
Besides, the chemical shrinkage is the reason behind early age cracking, which is a common
problem for concrete with low water-to-cement ratio less than 0.35 (Kheir et al., 2021).
Thus, the chemical shrinkage increased with increasing water content because cement
pastes with higher water to cement ratio have higher degree of hydration and more water
exist in the mixture for hydration of the cement grains (Gao et al., 2020). Furthermore, the
type of cement plays a role in controlling the chemical and autogenous shrinkages of
cementitious system (Ghanem et al., 2024), the chemical shrinkage of the cement paste
with Portland cement type III had slightly higher rates than Portland cement type I (Kheir
etal., 2021). Besides, the increase of chemical shrinkage and hydration rate depends on the
cement type. While the presence of limestone filler causes an accelation of the chemical
shrinkage and the hydration process since the early age of the cement mixture (Bouasker
etal,, 2008).

The water-to-binder ratio (w/b) has a substantial impact on CS, with lower amounts
resulting in increased CS and autogenous shrinking. Furthermore, the composition of
cement and the use of supplemental cementitious materials (SCMs) such as fly ash (FA)
affect both shrinkage characteristics. The incorporation of FA decreases CS and autogenous
shrinkage (Ghanem et al., 2024).

Shrinkage diminution admixtures (SRAs), lightweight aggregates (LWAs), and expansive
types of cementare among the strategies used to reduce concrete's susceptibility to
shrinkage cracking. SRAs have been demonstrated to minimize drying shrinkage in concrete
by up to 50%, while LWAs may offer internal curing of concrete, decreasing the effects of
self-desiccation and lowering autogenous shrinkage (Ardeshirilaijimi et al., 2017).

3.2 Mitigation Strategies

Combating the effects of drying shrinkage in cement mortar necessitates the deliberate
application of shrinkage-reducing admixtures (SRAs) along with suitable curing procedures
(Ardeshirilaijimi et al., 2017).

3.2.1 Use of Shrinkage-Reducing Admixtures

Shrinkage-reduction admixtures (SRAs) serve an important function in limiting drying
shrinkage in cement mortar. These admixtures are intended to decrease the surface tension
of water in concrete, resulting in a lesser amount of capillary strains during the drying
process (Ardeshirilaijimi et al., 2017).

3.2.2 Curing Techniques

Curing tactics are critical in reducing drying shrinkage in cement mortars.
Several approaches have been investigated to overcome that issue, such as implementing
lightweight aggregate for internal curing, heat curing, and steam curing. Ascensao et al.

(Ascensao et al., 2019) point out the benefits of heat curing in decreasing shrinkage in
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alkali-activated concretes. The investigation reveals that heat curing, alongside room
temperature pretreatment, could substantially boost volumetric stability in cementitious
materials. Additionally, it shows that curing in a steam-saturated atmosphere has a
substantial effect on the entire drying shrinkage of inorganic polymer mortars.

3.3 Effect of Aggregate on Drying Shrinkage

Different types and quantities of aggregate have significant effects on the drying shrinkage
of cement mortar. With a fixed ratio of water to cement and cement type, the shrinkage of
cement mortar comes in greatly as its fine aggregate content goes up (West et al., 2010).
This is related to the aggregate's contraction resilience; further aggregate content implies
lower cement paste content, which is prone to shrinking. The impact of aggregate size and
volume fraction on shrinkage-induced micro-cracking and permeability of cement mortar
was researched, and they noticed that increasing aggregate diameter while lowering volume
fraction drastically improves permeability (Grassl et al., 2009; Hachim and Fawzi, 2012;
Al-Awadi and Fawzi, 2017; Selman and Abbas, 2022; Jassem and Fawzi, 2024).

3.4 Impact of Temperature and Humidity

The contribution of temperature and humidity on drying shrinkage in cement mortar is a
significant consideration in building applications. Likewise, Ardeshirilajimi emphasizes the
measurement of capillary porosity and non-evaporable water in the cement mortar altered
with pre-soaked lightweight aggregate on volume stability, and then lowering drying
shrinkage as a direct result (Ardeshirilaijimi et al., 2017).

4. EXPERIMENTAL PROGRAM

This study investigates the influence of pulverized lightweight pumice sand on the dry
shrinkage of cement mortars, as well as its effects on compressive and tensile strengths.
Table 1 displays the two stages of this investigation, which take place at 7 and 28 days. All
the mixes in this investigation were prepared using a consistent amount of water, with a
cement-to-sand proportion of 1:2.75 and water-to-cement was 0.88. The combinations A1,
A2, A3, A4, and A5 included varying amounts of pulverized lightweight pumice sand, namely
10%, 12%, 14%, 16%, and 18%, respectively.

4.1 Preparation of the Specimens

The samples of cement mortars were prepared using ordinary Portland cement and
standard sand in a ratio of 1:2.75, which should meet ASTM requirements (ASTM
C150/C150M-22,2022; ASTM C330/C330M-23, 2023), and the ratio of water to cement
was determined using a flow table test, while the consistency of cement mortar should have
been wet, so the required percentage of flow was between 105%-110%, which was
1:0.88.Six cubic molds with side lengths of 50 mm, six steel cylinders with diameters of 50
mm and heights of 100 mm, and three prisms for measuring drying shrinkage in cement
mortar with cross section dimensions of 25 x 25 mm and length of 285 mm (ASTM
C157/C157M-08, 2008; ASTM C496/C496M-11, 2011).
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Table 1. Experimental program for incorporating lightweight sand into the cement mortar.

Lightweight Number of samples
Prism for Cubes for Cylinder for split tensile
Code sand/Total . . .o
sand, % shrinkage, [compressive strength, strength, 50 mm in d}ameter

’ 25x25x285 mm 50x50x50 mm by 100 mm in height

Age, days - 7 and 28 7 28 7 28
A0 0 3 3 3 3 3
Al 10 3 3 3 3 3
A2 12 3 3 3 3 3
A3 14 3 3 3 3 3
A4 16 3 3 3 3 3
A5 18 3 3 3 3 3

The molds were cleaned and lubricated with oil before adding the cement and water to the
stand mechanical mixer in the proportions specified in the design, as illustrated in Fig. 7
(ASTM C305-20, 2020). The aggregate was then added to the mixer and mixed for 5
minutes to produce a consistent consistency. Following the flow table test, the cement
mortar mixture was cast into the conical cone in two layers, with each layer compacted 16
times with the conventional tamper, as illustrated in Fig. 8. Moreover, the cylinder was cast
in two layers and crushed by a vibrating table. The cement mortar cubes were cast in two
layers and crushed for 20 seconds using a vibrating table. After 24 hours, the molds were
removed, and the samples were placed in the drying room, with the exception of the primes
of drying shrinkage, which were soaked in saturated lime water for 24 hours before being
removed and preserved in the drying chamber, as shown in Fig. 9 (Karim, 2022).

4.2 Preparing Pulverized Pumice Sand

Fig. 10 shows the results of crushing the pumice aggregate stone using a grinding mill
equipment. The pulverized pumice fine aggregate must next pass through a sieve with a size
of 1.18 mm (Karim, 2022). Afterwards, the pulverized pumice sand was combined with the
necessary water in a magnetic mixer set to 400 rpm for three minutes. This was done to
achieve a uniform consistency and to avoid any clogging that could occur during the cement
mortar preparation process, as shown in Fig. 11 (ASTM C192/C192M-18, 2018).

Figure 7. Mixing with a Figure 9. Prism samples of cement

stand mixer. cement mortar of control sample. mortar for drying shrinkage testing.

136



F. R. Karim

EE e~ _ :
Figure 10. Grinding equipment Figure 11. Magnetic
used to pulverise pumice aggregate. mixer.

4.3 Tests of the Mechanical and Some of Non-Mechanical Properties of Cement Mortar

4.3.1 Compressive Strength

The compressive strength test is a crucial examination used to ascertain the capacity of
cement mortar to endure axial compression forces. This test is essential for evaluating the
caliber and efficiency of cement mortar used in building. As per ASTM C109/C109M, a total
of 6 samples were collected to enhance dependability (ASTM C109/C109M-20b, 2020).
Out of these, three samples were evaluated at 7 days and the other samples were tested after

Figure 12. Cement mortar cubes Figure 13. Cement mortar cube
before compression testing. after compression testing.

4.3.2 Split Tensile Test

Split tensile strength is a metric used to quantify the tensile strength of cement mortar. The
test is frequently carried out using cylindrical specimens and serves as an indirect means of
determining the tensile strength. The split tensile strength is crucial in evaluating the
material's ability to withstand cracking and failure when subjected to tensile stresses. Six
samples were used to enhance dependability. Three of these samples were assessed at 7
days, while the others were examined at 28 days. These testing details may be seen in Figs.
14 and 15 (ASTM C496/C496M-11, 2011).
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4.3.3 Density of Cement Mortar

An object's relative heaviness with respect to its volume is qualitatively characterized as its
density. The impact of pulverized pumice aggregate on the density of cement mortar may be
better understood by comparing various mortar mixtures using density (BS EN 12390-7,
2019).
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Figure 14. Cement mortar prior to split Figure 15. Cement mortar cylinder
tensile testing. following the split tensile test.

4.3.4 Brittleness Index

Brittleness is the characteristic of a substance that breaks when subjected to stress, but may
exhibit a little amount of deformation before fracturing. Brittle materials exhibit properties
such as limited flexibility, poor impact resistance, susceptibility to load vibrations, high
compressive strength, and low tensile strength. In addition to determining the ratio between
compressive strength and split tensile strength, a larger ratio indicates a greater degree of
brittleness (Karim et al., 2019).

4.3.5 Drying Shrinkage of Cement Mortar

The gradual loss of water content causes materials, especially cement mortar, to undergo
drying shrinkage, which is characterized by a decrease in volume. We made samples for the
drying shrinkage and measured each one after 7th and 28th day of their hardening using a
special instrument, as shown in Figs. 16 to 18. This phenomenon happens when the water
used in the mix or present in the material evaporates, causing the material to contract. It is
crucial to know that our fundamental aim is to investigate this part in our practical work
(ASTM C157/C157M-08, 2008; ASTM C596-23, 2023).

5. RESULTS AND DISCUSSION
5.1 Influence of Lightweight Sand on the Properties of the Cement Mortar

Partial substitution of sand with pumice sand can impact the compressive strength, drying
shrinkage, tensile strength, density, and brittleness index of the cement mortar. Choosing
the best result doesn't rely on just one of these properties; it has to improve the targeted
property without worsening other ones.
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Figure 16.Storage  Figure 17.The samples of cement  Figure 18. Assessment
of specimens for mortar were exposed to drying of drying shrinkage in
drying shrinkage. shrinkage. cement mortar.

Pumice fine aggregate is softer and less dense than natural sand, and its porous structure
allows it to retain water inside mortar for 28 days (Mehta and Monteiro, 2006,
Mohammed and Hamad, 2014; Higazey et al., 2020; Kadkhodaei et al., 2022; Daneti et
al,, 2024).

5.1 Drying Shrinkage of Cement Mortar

Fig. 19 illustrates the impact of partially replacing sand with pulverized lightweight pumice
sand on the drying shrinkage of the cement mortar. The figure illustrates that the addition
of pulverized lightweight pumice sand enhances the drying shrinkage, as it increases its
ability to absorb water. However, the inclusion of pulverized lightweight sand in the cement
mortar results in a self-curing method, which causes the drying shrinkage to increase
beyond the baseline value. Also, the drying shrinkage of cement mortar with 16%
lightweight pulverized pumice aggregate gets up to 161% better when this pulverized
pumice sand is used as a self-curing agent in the cement mortar. Additionally, the cement
mortar may undergo a reduction after 7 days.

In fact that the effect of the fine aggregate size on the drying shrinkage is inversely related.
The value of drying shrinkage was reduced up to 50% due to adding lightweight pumice
aggregate with a size range of 1.18 to 2.38 mm (Lura et al., 2004). While the size of
lightweight pumice aggregate decreases to lower than 1.18 mm, the drying shrinkage
increases due to adding more water for internal curing, and producing more hydration,
which increases the drying shrinkage as a result.

1400
m 7 days ® 28 days
£ 1200 - Y Y 139
5 1035 973
= 1000 -
£ 834
¢ 800 -
3 594
£ 600 -
= 444
w 400 |
£
> i
5 200
0 |
0 0.1 0.12 0.14 0.16 0.18

LWS/ Total sand
Figure 19. Effect of pulverized pumice sand on the drying shrinkage of cement mortar.
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5.2 Compressive Strength of the Cement Mortar

Fig. 20 illustrates the impact of partially replacing natural sand with lightweight sand on the
compressive strength of the cement mortar. The figure shows that adding pulverized
lightweight pumice fine aggregate to the total amount of sand, approximately 16%, improves
the compressive strength of internally cured cement mortar by up to 21.18% at 28 days. On
the other hand, the partial substitution of natural sand with pulverized lightweight pumice
sand at 7 days only slightly impacted the compressive strength of the cement mortar

(Karim, 2019).
25
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=
(93]

=
o
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Cube compressive strength,
(9]
1

H 7 days m28days 2134 =
195 " 19.91 205
16. 17
15. 15, 15.
0 .
0 0.1 0.12 0.14 0.16 0.18
LWS/Total sand
Figure 20. Effect of the partial replacement of sand with lightweight pumice aggregate
on the compressive strength of cement mortar.

5.3 Split Tensile Strength of the Cement Mortar
Fig. 21 illustrates how partial replacement of natural sand with lightweight sand impacts
the indirect tensile strength of the cement mortar. The figure demonstrates that the addition
of pulverized lightweight pumice fine aggregate to the total amount of sand, approximately
14%, enhanced the split tensile strength of the internally cured cement mortar at 28 days by
up to 18.46%. On the other hand, a partial substitution of natural sand with pulverized
lightweight pumice sand at 7 days only slightly impacted the compressive strength of the

cement mortar, and the addition of lightweight sand up to 16% resulted in an increase of
19.7% (Ali and Karim, 2020).
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Figure 21. Split tensile strength versus the partial replacement of sand with pumice sand.
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5.4 Bulk Dry Density of Cement Mortar

The partial replacement of natural sand with lightweight pumice aggregate results in
improved compressive strength, split tensile strength, and drying shrinkage. However,
because pumice aggregate is a lightweight material, adding it to the cement mortar may
reduce its density. Fig. 22 illustrates the impact of lightweight pumice sand on the density
of cement mortar. The bulk dry density of the cement mortar decreased by 12.86% after 28
days of adding lightweight pumice fine aggregate. While this reduction in the density of the
cement mortar might reduce to 13.20% due to holding water by lightweight pumice sand,
which is used later for internal curing.

2200
209 m 7 days ® 28 days

ME 2100 - S2b84
~
Y
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€ 1900 - 18809 18714 52.8 470 18186
o° 12.4 23.8 1816
>
5 1800 1
=
2 1700 -

1600 -

0 0.1 0.12 0.14 0.16 0.18

LWS/Total sand

Figure 22. Density of cement mortar versus the partial replacement of sand with pumice
sand.

5.5 Compressive Strength to Bulk Dry Density Ratio of Cement Mortar

[t is crucial to produce new cement mortar that is both lightweight and strong, whether it is
compressive or split tensile. The addition of lightweight pumice fine aggregate,
approximately 16% of the total sand in the cement mortar, enhances the compressive
strength to bulk density ratio by up to 36.65% at 28 days of age, thereby increasing the
compressive strength and decreasing the bulk density of the cement mortar, as illustrated in
Fig. 23. At 7 days, there was a slight change in the compressive strength to bulk density ratio.

1.400 575
2 1.200 - " 7days | 28days 1,092 1152 1.129
ﬁ 1.026
% o 1.000 - 0.936
[~
£ £ 0.800
g 2
a g 0.600 -
(]
5 © 0.400
g
S  0.200 -

0.000 -

0 0.1 0.12 0.14 0.16 0.18

LWS/Total sand

Figure 23. Effect of the partial replacement of sand with pumice sand on the compressive

strength to density ratio of the cement mortar.
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5.6 Split Tensile Strength to Bulk Dry Density Ratio of the Cement Mortar

Fig. 24 illustrates the impact of adding lightweight pumice fine aggregate on the split tensile
strength and bulk dry density of the cement mortar. The figure shows that adding 14% of
lightweight pumice fine aggregate to the total weight of sand in the cement mortar improves
the split tensile strength to bulk density of the cement by up to 33% at 28 days of age.
Furthermore, it's possible that the same level of improvement will occur when the cement
mortar ages by 7 days.

0.200 0181

m 7 days m 28 days

0.155
0.150 | o013 0142 o144
0.11
0100 { °” o0 009
0.050 -
0.000 -
0 0.1 0.12 0.14

0' 019131
0.16 0.18
LWS/ Total sand

Figure 24. Effect of the partial replacement of sand with pumice sand on the split tensile
strength to density of the cement mortar.

ratio

Split tensile strength to density

5.7 Brittleness Index of the Cement Mortar

The general brittleness index of concrete is the ratio of compressive strength to tensile
strength (Karim et al., 2019). Fig. 25 illustrates the influence of lightweight pumice sand
on the brittleness index of the cement mortar. The inclusion of lightweight pumice sand in
the cement mortar, which contributes up to 16% of the total weight of the natural sand,
increases the brittleness index by up to 29% at 28 days of age. The addition of lightweight
sand to the cement mortar, up to 16%, reduces the brittleness index by up to 21% after 7
days, enhancing the tensile strength and marginally increasing the compressive strength, as
illustrated in Fig. 25. This helps the mortar to resist movement, such as during the

earthquake.
m7days m28days
10.0
8.4 8.7 8.9 8.6
7.7 75
3 80 7.2 7.2 :
§ 6.9 7.1 64 6.6
4 6.0
Q
=
1]
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Figure 25. Brittleness index of cement mortar versus the partial replacement of sand with
pumice fine sand.
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6. CONCLUSIONS

A study was done to assess the influence of pulverised lightweight pumice stones on the
mechanical and non-mechanical properties of cement mortar. The subsequent conclusions may be
inferred. Adding pulverized lightweight pumice stone to cement mortar, up to a
concentration of 16%, improves the compressive strength by 21.18% and the split tensile
strength by 18.5%. The density of the cement mortar decreases by roughly 9.7%.
Nevertheless, the brittleness index of this cement mortar drops by 22%, showing a
substantial increase in ductility. The substitution of lightweight pumice stone somewhat
enhances the drying shrinkage of cement mortar by a maximum of 161%. In addition,
using lightweight sand can absorb water more effectively than natural sand, which
mightresult in an escalation of shrinkage. This emphasizes a significant challenge in
maintaining the mortar's dimensional stability.

Acknowledgements

The author would like to thank the Civil Engineering Department, College of Engineering, University
of Sulaimani, for providing the facilities for this investigation.

Declaration of Competing Interest

The author declares that he has no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

REFRENCES

Al-Awadi, AY., and Fawzi, N.M., 2017. Enhancing performance of self-compacting concrete with
internal curing using thermostone chips. Journal of Engineering, 23, pp .1-13.

Al-Gburi, M., 2014. Resistant in structures with young concrete-tools and estimations for practical use.
Ph.D thesis, Lulea University of Technology.

Al-sairafi, F.A.A., Chen, J., Wei, M,, Wang, Y., and Li, P., 2018. Drying shrinkage characteristics of
mortar incorporating different mineral admixture. The Znd International Conference on Intelligent
Manufacturing and Materials (ICIMM2018)

Ali, A.S., and Karim, F.R., 2020. Influence of internal curing on the properties of non-fibrous high
strength concrete-A critical review. Journal of cement based comnposites, 3, pp. 1-6
http://doi.org/10.30937 /cebacom.2020.003.001.

Ardeshirilaijimi, A.,, Wu, D., Chaunsali, P., and Mondal, P., 2017. Effects of presoaked lightweight
aggregate on deformation properties of ordinary portland cement-calccium sulfoaluminate cement
blends. ACI Materials Journal, 114, pp. 643-652 http://doi.org/10.14359/51689896.

Ascensao, G., Beersaerts, G., Marchi, M., Segata, M., Faleschini, F., and Pontikes, Y., 2019. Shrinkage
and mitigation strategies to improve the dimensional stability of Ca0-FeOx-Al203-Si0O; inorganic
polymers. MDPI, materials, 12 http://d0i.10.3390/ma12223679.

ASTM C109/C109M-20b, 2020. Standard test method for compressive strength of hydralic cement
mortars (using 2-in or [50mm] cube specimens, http://doi.org/10.1520/C0109_C0109M-20B.

143


http://doi.org/10.30937/cebacom.2020.003.001
http://doi.org/10.14359/51689896
http://doi.10.3390/ma12223679
http://doi.org/10.1520/C0109_C0109M-20B

F. R. Karim Journal of Engineering, 2025, 31(5)

ASTM C150/C150M-22, 2022. Standard test method for length change of hardened hydraulic -cement
mortar and concrete, ASTM C157/C157M-08, 2008 http://doi.org/10.1520/C0157_C0157M-08.

ASTM C192/C192M-18, 2018. Standard practice for making and curing concrete test specimens in the
laboratory, http://doi.org/10.1520/C0192_C0192-18.

ASTM C305-20, 2020. Standard practice for mechanical mixing of hydraulic cement pastes and
mortars of plastic consistency, 2020 http://doi.org/10.1520/C0305-20.

ASTM (C330/C330M-23, 2023. Standard specification for lightweight aggregates for structural
concrete, http://doi.org/10.1520/C0330_C0330-23.

ASTM C496/C496M-11, 2011. Standard test method of splitting tensile strength of cylinderical
concrete specimens, http://doi.org/10.1520/C0496_C0496M-11.

ASTM C596-23, 2023. Standard test method for drying shrinkage of mortar containing hydraulic
cement, http://doi.org/10.1520/C0596-23.

Bentz, D.P,, Jones, S.Z., Peltz, M.A., and Stutzman, P.E., 2015. Mitigation of autogenous shrinkage in
repair mortars via internal curing. Concrete in Australia .

Bouasker, M., Grondin, F., Mounanga, P., Pertue, A., and Khelidj, A., 2018. Improved measurement
methods for autogenous shrinkage of cement mortars at very early age. International conference
Advances in Concrete through Science and Engineering. HAL.

Bouasker, M., Mounanga, P., Turcry, P., Loukilj, A., and Khelidj, A., 2008. Chemical shrinkage of cement
pastes and mortars at very early age: effect of limestone filler and granular inclusions. Cement and
Concrete Composites, 30, pp. 13-22.

Daneti, S.B., Tam, C.T., Tamilselvan, T., Kannan, V., Kong, K.H., and Islam, M.R., 2024. Shrinkage
cracking potential of lightweight aggregate concrete. International Conference on Materials
Innovation and Sustainable Infrastructure-Journal of Physics. IOP Publishing.

Gao, P, Ye, G., Wei, ].X,, and Yu, Q.J., 2020. Prediction of the chemical shrinkage of portland cement.
4th International Rilem Conference on Microstructure related durability of cementitious composites.
Delft University of Technology.

Ghanem, H., Ramadan, R, Khatib, J., and Elkordi, A., 2024. A review on chemical and autogenous
shrinkage of cementitious systems. Materials, 17, pp. 23 http://doi.org/10.3390/ma17020283.

Grassl, P., Wong, H.S. and Buenfeld, N.R., 2009. Influence of aggregate size and fraction on shrinkage
induced micro-cracking of mortar and concrete. arXiv preprint arXiv:0905.4599.

Hachim, Q.J., and Fawzi, N.M., 2012. The effect of different types of aggregate and additives on the
properties of self-compacting lightweight concrete. Journal of Engineering, 18, pp. 875-888.
https://doi.org/10.31026/j.eng.2012.08.02

Hamzah, N., Saman, H.M., Baghban, M.H., Sam, A.R.M,, Faridmehr, L., Sidek, M.N.M., Benjeddou, O., and
Huseien, G.F., 2022. Areview on the use of self-curing agents and its mechanism in high-performance
cementitious materials. MDPI, Buildings, 12, P. 26 http://doi.org/10.3390/buildings12020152.

Higazey, M., Shannag, M.]. and Alaskar, A., 2020. Effect of Lightweight aggregates on early-age
behavior of High Performance Concrete. InIOP Conference Series: Materials Science and
Engineering (Vol. 713, No. 1, p. 012005). IOP Publishing. http://d0i.10.1088/1757-
899X/713/1/012005.

144


http://doi.org/10.1520/C0157_C0157M-08
http://doi.org/10.1520/C0192_C0192-18
http://doi.org/10.1520/C0305-20
http://doi.org/10.1520/C0330_C0330-23
http://doi.org/10.1520/C0496_C0496M-11
http://doi.org/10.1520/C0596-23
http://doi.org/10.3390/ma17020283
https://doi.org/10.31026/j.eng.2012.08.02
http://doi.org/10.3390/buildings12020152
http://doi.10.1088/1757-899X/713/1/012005
http://doi.10.1088/1757-899X/713/1/012005

F. R. Karim Journal of Engineering, 2025, 31(5)

[tim, A., Ezziane, K., and Kadri, E.H., 2011. Compressive strength and shrinkage of mortar containing
various amount of mineral additions. Construction and Building Materials, 25, pp. 3603-3609
http://10.1016/j.conbuildmat.2011.03.055.

Jassem, M., and Fawzi, N.M., 2024. Effect of expanded perlite aggregate and silica fume on some
properties of lightweight concrete. Journal of Engineering, 30, pp. 172-185
http://doi.org/10.31026/j.eng.2024.05.11.

Justnes, H.,, Hammer, T., Ardoullie, B., Hendrix, E., Gemert, D.V., Overmeer, K., and Sellevold, E.]., 1999.
Chemical shrinkage of cement paste, mortar and concrete. Autogenous shrinkage of concrete. London:
E and FN Spon.

Kadkhodaei, R. Behfamia, K., and Shahidi, M., 2022. The effect of lightweight aggregate on drying
shrinkage and properties of one-part alkali acrtivated slag concrete. Research Square, pp. 1-23
http://doi.org/10.21203/rs.3.rs-1611047 /v1.

Karim, F.R, 2019. Effect of thin cementitious crust on the mechanical properties of lightweight
pumice aggregate concrete. Saudi Journal of Civil Engineering, 3, pp. 99-104
http://doi.org/10.21276/sjce.2019.3.5.2.

Karim, F.R,, 2022. Influence of internal curing with lightweight pumice fine aggregate on the
mechanical  properties of cement  mortars. Construction, 2,  pp- 104-113
http://doi.org/10.15282/construction/v2i2.8744.

Karim, F.R., Abu Bakar, B.H., Choong, K.K,, and Aziz, 0.Q., 2019. The influence of the brittleness index
on fibrous normal strength concrete beams under pure torsion. American Journal of Engineering
Research (AJER), 8, pp. 112-1109.

Kheir, J., Hilloulin, B., Loukili, A., and Belie, N., 2021. Chemical shrinkage of low water to cement (w/c)
ratio CEM I and CEM III cement paste incorporating silica fume and filler. HAL, 14, P. 1164
http://hal.science/hal-03537670v1.

Lura, P, Bentz, D.P.,, Lange, D.A., Kovler, K. and Bentur, A., 2004, March. Pumice aggregates for internal
water curing. In Proceedings of International RILEM Symposium on Concrete Science and Engineering:
A Tribute to Arnon Bentur (pp. 22-24). RILEM Publications SARL Evanston.

Malathy, R., and Subramanian, K., 2007. Drying shrinkage of cementitious composites with mineral
admixtures. Indian Journal of Engineering and Materials Sciences, 14, pp. 146-150.

Mehta, P.K,, and Monteiro, P.].M., 2006. Concrete microstructure, properties, and materials, McGraw-
Hill.

Mohammed, J.H. and Hamad, A.J., 2014. Materials, properties and application review of lightweight
concrete. Rev. Tec. Ing. Zulia, 37, pp. 10-15.

Nawa, T., 2018. Mesoscopic model of drying shrinkage and its application into control of shrinkage
cracking. Sixth International Conference on Durability of Concrete Structures. University of Leeds,
Leeds, West Yorkshire, LS2 9]T.

Patel, R., 2017. 8 factors affecting initial shrinkage in concrete and mortar.

Safiuddin, M.D., Amrul, A.B.M., Woon, C.0., Raman, and S.N. 2018. Early-age cracking in concrete:
causes, consequences, remedial measure, and recommendations. MDPI applied sciences, 8, P. 25
http://doi.org/10.3390/app8101730.

145


http://10.0.3.248/j.conbuildmat.2011.03.055
http://doi.org/10.31026/j.eng.2024.05.11
http://doi.org/10.21203/rs.3.rs-1611047/v1
http://doi.org/10.21276/sjce.2019.3.5.2
http://doi.org/10.15282/construction/v2i2.8744
http://hal.science/hal-03537670v1
http://doi.org/10.3390/app8101730

F. R. Karim Journal of Engineering, 2025, 31(5)

Sayahi, F., 2019. Plastic shrinkage cracking in concrete: mitigation and modelling. Ph.D thesis, Lulea
University of Technology.

Selman, S.M,, and Abbas, Z.K.,, 2022. The use of lightweight aggregate in concrete: A review. Journal
of Engineering, 28, pp. 1-13.

West, M., Darwin, D., and Browning, J., 2010. Effect of materials and curing period on shrinkage of
concrete. The University of Kansas Center for Research, INC.

Ye, H., and Radlinska, A., 2016. A review and comparative study of existing shrinkage prediction
models for portland and non-portland cementitious materials. Advances in Materials Sciences and
Engineering, 2016, P. 13 http://dx.doi.org/10.1155/2016/2418219.

Zhang, Y., Teramoto, A.,, and Ohkubo, T., 2018. Effect of addition rate of expansive additive on
autogenous shrinkage and delayed expansion of ultra-high strength mortar. Journal of Advanced
Concrete Technology, 16, pp. 250-261 http://doi.org/10.3151/jact.16.250.

146


http://dx.doi.org/10.1155/2016/2418219
http://doi.org/10.3151/jact.16.250

F. R. Karim Journal of Engineering, 2025, 31(5)

Cuiand) Il Gilad) (ELaSiY) Ao (8 gannal) Ciaddl) aslil) uand) il

aS aany ala
Ghal) (S ll) dslodal) cdslodal) daals duxighl IS
Ll
AWlu Al jee a0 o Caliall GELS) A Jag Anian) Blall st 8 Oysl) ddid slad) dsall aladi) @)
S b ) 13 Gy L crien) WD 8 AEA 038 e 23 3 (sl Cid eliall ol pladiad ol Glld ey
Jayll ant i calad) GELSY) duald g cciian) IO RS e clacall e cadll Jal plasial il
Gl (galall candall Joll pe daedg cae 1,18 Jaie PlA (e ailipe g « Bl jan G Guh 0o Ol cais
= 18 5 /16 J14 J12 /10 Jie cOisl con el i Jopll dabide Jladia) s jlod) 2 L4l
Galaall (sl Aaid Al Slgall ducs Bal) ma L)) oS Bsmase alin oy gl (9 Banly aSan Ay LlaY)
e Aty 233 A ganeall Calaall Gl Aishs LA Sge o ssing (63 Ciand) IO Gilall GELSY) (ld ¢ sanndl)
c e B Aadaliat) 5 bV adl) (658 Cpuent (e aiyll e crian) I Ailie e Gla fi5 e /161 )
A8 cumdds) (D pag A8 gadiall AN B el Caen i) Ile Aala jdge ded cuadis) (el e 5l
ARl Sl b cud) deall Qi ae sy Lee //13.2 ) e dty s JaDal 201 i)

(Gl e cBenneal Canal) Galaall oy cciniatll (B cciiend) Il tdaalidal) culalgl)

147



