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ABSTRACT  
Authors: 

Fatima Alsaleh1  

Feras Al adday2  
Abed Alhakeem Banood3 Recently, many enterprising attempts have been made to create more 

sustainable cement mortar mixes using modern technologies. 

Modified mixtures are a promising part of green infrastructure, which 

contributes to reducing environmental impact and cost. Determining 

the properties of modified cement mortar using Al Juss binder (JB) is 

the focus of this study. JB is a locally made binder from heated white 

stone (gypsum stone) near the Deir Ezzor region, Syria. The cement, 

which is the main element in the cement mortar, is replaced with 

different JB ratios of 0%, 10%, 25%, 50 and 75% of total cement 

weight. The results revealed that the compressive strength at 28 days 

of age of 10% JB-mortar was 26.5 MPa, matches type M-mortar (20 

MPa), and 25% JB can be used in type S-mortar. As a result, it has been 

confirmed that cement-JB mixture mortars containing 10% or 25% of 

JB do not meet the properties achieved by control cement mortars. 

However, they possess acceptable properties such as compressive 

and flexural strength, initial and final setting time, and expansion 

value of the cement. 

Keywords: Al Juss Binder, Portland Cement, Juss-Cement Mortar, 
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INTRODUCTION 
Substitutes to cement are a sustainable way to 
decrease the overuse of cementitious 
materials, and it is gradually becoming 
important to include them in the building 
sector [1]. Energy consumption is the major 
environmental concern associated with cement 
manufacture, including the direct use of fuel to 
extract and transport the raw materials as well 
as the high energy required for calcination, 
which is provided by burning of coal, coke, 
natural gas, diesel and fuel. Cement 

manufacture consumes about 1758 kWh per 
ton of cement. Mortar is one of the decorative 
building elements in addition to its role as a 
binder for the block and is widely used in the 
construction field. The mortar mixture consists 
of Portland cement, fine aggregate, and water. 
Many adjustments have been made to the 
mortar concerning its components [2]. The 
various construction processes are one of the 
main sources of high carbon emissions, as the 
cement industry is a significant component in 
increasing carbon emissions. Using other 
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cementitious materials to produce cement-
based materials is an important technique to 
decrease carbon emissions, where the cement 
industry generates nearly 8% of global CO2 

[1]. 
Fly ash and Silica fume (pozzolanic materials) 
are widely used as cement alternatives to 
produce cement-based materials [1]. The 
consumption of local raw resources is one of 
the obstacles to cement manufacture [3] [4]. In 
addition, issues related to climate change have 
attracted significant attention. However, more 
recently, issues related to local health aspects 
have been mentioned. Therefore, designers of 
building material mixtures seek to introduce 
sustainable technologies to reduce 
environmental impact [5] [6]. Current 
technological advances aim to improve the 
construction process in terms of speed, 
performance and financial productivity. The 
use of gypsum mixes that do not require high 
levels of heat during the production process is 
common [7]. Gypsum is a construction material 
known for its good performance against 
variations in humidity and its rapid ability to 
change shape and harden. However, gypsum 
materials have some disadvantages for use in 
construction, such as: not being hard or brittle, 
poor waterproofing and decomposing quickly. 
For this reason, many researchers have 
conducted numerous tests to determine and 
improve the performance of these materials. 
Archaeologists dated the earliest uses of 
gypsum about 7000 BC [8]. Many researchers 
aimed to replace raw building materials with 
wastes and biomass (low energy consumption 
binders) to increase the environmental 
efficiency of construction. Gypsum is 
considered one of these low-cost materials, 
that seems to be a suitable option for new 
constructions, in addition to being widely used 
in many restoration and rehabilitation 
operations for old buildings. The advantage in 
which gypsum is distinguished from cement 
and lime is its production at about 120-180 °C, 
with a much lower burning temperature and 
energy, while cement needs about 1500°C and 

lime needs about 900°C. Thus, the associated 
low energy makes gypsum a sustainable 
solution [9]. Concerning energy saving in 
buildings in European countries, around 75% of 
buildings need incomplete or complete repair 
because they are not energy efficient. 
Enhancing the performance of wall cladding 
(interior and exterior) is an important energy-
saving technology as part of the rehabilitation 
and maintenance of damaged and older 
buildings [10]. As for Syria, this percentage 
increases very significantly as a result of the 
war that the country was exposed to, according 
to the observations of the authors themselves, 
to more than 90%. By the way, statistical 
reports issued by the International Energy 
Agency indicate that worldwide energy 
depletion in the building sector will reach 30% 
in 2060 if the existing ratio of increasing growth 
remains as it is now [11]. Accomplishing high 
energy efficiency in structures is the most 
demanding concern of governments 
internationally, which would cause a decrease 
in energy depletion and environmental 
problems related to CO2 emissions [11]. Various 
research projects and investigations began 
years ago to find suitable alternatives to reduce 
the concentration of carbon dioxide in the 
atmosphere, in addition to reducing the cost of 
building materials [12][13][14]. Unpredicted 
environmental hazards of carbon emissions 
resulting from cement manufacturing required  
for all structures in addition to depletion of raw 
resources are the most persistent tasks of 
future engineering. However, achieving 
sustainability by introducing natural materials 
that are affordable for various construction 
process is one of the preferable solutions. Due 
to the lack of searches done on JB, and its wide 
spread in the Deir ezzor region, it was 
necessary to draw attention to that product 
and define its specification. The key objective 
of this investigation is to determine the 
engineering properties of JB-based mortar. JB is 
used as a partial replacement of cement with 
varying ratios of 0%, 10%, 25%, 50% and 75% of 
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the total cement weight. Then, comparative 
results between the cement mortars and JB-
based mortar will be presented. 
 
MATERIALS AND METHODS  
JB: The southern region of Deir ezzor is 
generally famous as the extraction deposits of 
the raw material for the production of JB.  A 
large number of limestone mountains, the 
most important of which are the southern 
mountains near the Qabr al-Wali area, the 
Hawooz area, the Tharda Mountains, and the 
ancient al-Jura area . A single limestone 
mountain mass is called a Maqtaa, it is a huge 
rocky mass that has a vertical cliff surface called 
a Gall. The chemical composition of JB was 
measured to determine its components (CaO, 
SO3, and H2O). Table 1 represents these 
compositions. The different compositions of 
compounds are due to the heating process, 
which leads to the release of water and thus 
the restructuring of other molecules. After the 
trailer carries the load of stones to Namura, 

which is the main factory of the white JB, the 
workers collect the stones brought from the 
nearby mountain. Then the second phase 
begins when the workers, who are spaced 
about 2 meters apart, break these stones into 
sizes smaller than egg size, and then carry them 
manually to the dome of Al-Namoura, where 
they are distributed over its surface after being 
sieved so that the stones smaller than 2 cm in 
diameter are eliminated.  
After paving the dome with small stones, the 
third phase begins including the burning 
process, which lasts for two days. The purpose 
of the burning process is to separate the desert 
dust and impurities from the stones in addition 
to modifying the structure of the stones so that 
they become fragile and completely free of 
moisture. After one cooling day, the burned 
stones are taken to a stone grinder to be 
smashed into powder. 

 

Table 1: A chemical composition of Al Juss 

Heat Treatment Type 
Chemical 

Name 
Formula Components Difference 

Powder sample 

without heat 

treatment (gypsum) 

Calcium sulfate 

dehydrate 
O2.2H4CaSO 

CaO, 33% 

,47.5%3SO 

O, 19%2H 

Calcium sulphate dihydrate 

crystals are formed by 

hydration of calcium sulphate 

hemihydrate [15]. 

O→CaS2O+3/2H20.5H⋅4(CaSO

)O22H⋅4O 

 

Powder sample with 

heat treatment (Juss) 

Calcium sulfate 

hemihydrate 

2.0.5H4CaSO

O 

CaO, 36.4% 

,52.5%3SO 

O, 3.8%2H 

The JB is manufactured from CaSO4⋅2H2O 
(gypsum), which is obtained from the mineral 
rock. Upon heating at a temperature of around 
160°C, the gypsum converts to CaSO4.0.5H2O 
(JB) [16]. 
Experimental program 
This section compares the performance of the 
cement mortar (0% of JB) with the cement-JB 
mixture mortar with different ratios of JB. 

Different specimens of mortar were prepared 
using the materials indicated in Table 2. The 
weight, volume and bulk density of cement, 
sand and JB are determined. 
The proportions of the mortar components 
were as follows: 

• The ratio of C/S (cement/sand) was 1:3, ISO 
679: 2009 recommendation. These values 
must be expressed in terms of weight. 
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• A designed ratio of W/C (water/cement) 
was 0.5, Recommended according to 
ISO679:2009. 

• The number of cubic specimens, 45, was 
used to measure the compressive strength 
of the specimens with dimensions of 5 x 5 
x 5 cm, according to ASTM C109/C109M-
20.   

• And forty-five prismatic specimens were 

used to measure flexural strength. The 
specimens had dimensions of 4 x 4 x 16 cm, 
according to ASTM C109.   

• Bulk density was determined using fifteen 
cubic samples, each measuring 5 x 5 x 5 cm. 

• A total of 15 cubic samples with dimensions 
of 5 x 5 x 5 cm were used to measure the 
rate of water absorption. 

 

Table 2: The weight, volume and bulk density of cement, sand and JB 

aterials Weight, KN Volume, m3 Bulk density, KN/m3 

Cement 

12.66 1 12.66 

12.25 1 12.25 

12.21 1 12.21 

Sand 

15.20 1 15.2 

15.20 1 15.2 

15.15 1 15.15 

JB 

9.30 1 9.3 

9.31 1 9.31 

9.38 1 9.38 

Cement, water and JB were mixed in a mixer for 
one minute before sand was added.  
The total mixing time is about 3 minutes to get 
good adhesion between the cement, Al Juss, 
sand and water. The cement used is local 
ordinary Portland cement (grade: 32.5, specific 

gravity: 3.15, finesse: 3360 cm2/gr, chemical 
composition: shown in Table 3), and the water 
used is safe to drink. As for sand the table, 4 
represents some specifications of the crushed 
limestone sand used.  

 

 

 

 
Table 4: Crushed sand specifications 

Aggregate  materials Bulk density, KN/m3 Specific gravity) Absorption  rate (%) 

Sand 15.20 2,68 1,9 % 

To accomplish the comparison, five mortar 
mixtures were prepared that differ from each 
other in the percentage of cement and Al Juss, 
while the control sample was produced using 
pure cement as a binder and four samples that 
include JB with different proportions 10%, 25%, 
50%, and 75% of total cement weight. 

RESULTS  

The properties of the modified cement mortar 

were evaluated using JB binder. The 

compressive and other properties revealed 

lower values compared to the cement mortar. 

The following is a presentation of the results 

conducted during the study. 

Table 3: chemical composition of the used cement 

Cl IR SO3 Fe2O3 Al2O3 MgO CaO SiO2 

0.09% 1.10% 2.10% 4.33% 6.71% 2.25% 60.87% 20.02% 
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The finesse of Cement (Blaine value) vs. JB 

replacement 

The relationship between the fineness of cement 

and the JB mixture with the used JB 

replacement ratios is shown in Figure 1

Fig. 1. Finesse of specific surface (Blaine Value) versus JB replacement

The fineness of the mixture decreases as the JB 
replacement ratios increase as shown in (Figure 
1). The mixture's fineness affects the 
workability, durability, strength, and hydration 
rate. This decrease is due to the increase in JB  
related to cement because it is finer than JB 
which was produced manually. 
properties of fresh paste and mortar:  

Study of Initial and Final Setting Times of 
Cement-JB vs. JB Replacement:  
Figure 2 illustrates the relationship between  
the initial setting time and final setting time 
(measured according to ASTM C-191) of the 
mixture of cement-JB pastes with the JB 
replacement ratios. 

 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Initial and Final Setting Times of mixture pastes versus JB replacement 

 

In the analysis of Figure 2, it can be noted how 
the initial and final setting times of the cement-
JB mixture pastes decreased by increasing JB 
replacement ratios. At the 50% and 75% JB of 
the mixture, the initial and final setting times 
are close to each other. The decrease in both 
initial and final setting times of mixtures is due 

to the increase in JB, which causes them to lose 
their elasticity and become sufficiently rigid. 
Study of Expansion of Cement-JB vs. JB 
Replacement according to Le Chatelier:  
The expansion value of the cement and JB 
pastes versus JB replacement according to Le 
Chatelier is shown in Figure 3. 
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Fig. 3. Expansion of Cement Vs. JB replacement 

  
The expansion value of the cement-JB mixture 

mortars increased by the increasing of JB ratios 

as shown in Figure 3. All of JB ratios do not 

show any significant expansion values. This 

increase is due to the fact that JB has a larger 

percentage of pore voids and is less 

homogeneous than cement, which was 

produced manually, and therefore has greater 

expansion values. 

Study of Water Absorption value:  
Figure 4 characterizes the water absorption 
value of cement-JB mixture mortars versus JB 
replacement, as the increase in the percentage 
of JB increases the water absorption value.  

 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Water retention value of Cement mortar versus JB replacement 

 
JB is hydrophobic, as the increase in the 
percentage of JB increases water absorption 
value (In this case, I think that JB should be 
hydrophilic rather than hydrophobic). It can be 
clearly distinguished that all these values are 
less than 70%. Water absorption is the 
movement of liquid within unsaturated JB-
cement samples' pores under no external 
stress. JB, which possesses higher porosity, is 
known to have a more water absorption 

capacity, causing an increase in the absorption 
rate as JB content increases. 
Properties of hardened mortar: 
Compressive and Flexural Cement-JB Mortar 
Strength:  Compressive and Flexural strength of 
the cement-JB mortar mixtures were 
determined at 2, 7, and 28 days of standard 
curing conditions (20 ± 2°C, and relative 
humidity >95 or immersed in water) as it is 
shown in Figures 5, and 6. 
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           Fig. 5. Compressive strength of cement-JB mortar versus time 

The values of compressive strength cement-JB 

mixture mortars are shown in Figure 5. The 

highest compressive strength can be clearly 

observed in the control samples (38 MPa), 

followed directly by mixtures containing 10% 

of JB (26.5 MPa), and then by 25% of JB (10.5 

MPa). On the other hand, the lowest 

compressive strength of cement-JB mixture 

mortars was obtained at 75% of JB, reaching 1.9 

MPa. Adding JB to cement causes an increase in 

the volume of the mortar, which leads to 

cracking of the bonds that connect the 

aggregates, thus reducing the compressive 

strength. 

 

 

Fig.6. Flexural strength of cement-JB mixture mortars versus time 

The outcomes derived from the flexural strength 

tests are shown in Figure 6. This figure displays 

how the cement mixtures containing 10% of JB 

have higher flexural strength values than the 

other three JB ratios investigated (0.86 MPa). 

When JBs are added to cement, mortar volume 

expands, breaking bonds and reducing flexural 

strength. 

Study the change of dry density according to 

the JB replacement ratios: The dry density of 
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the cement-JB mixture mortars with the JB 

replacement ratios at 28 of curing days are 

shown in Figure 7.

 

Fig. 7. The dry density value of cement-JB mixture mortars versus JB replacement 

 

It can be simply detected that increasing the JB 

ratio decreases the dry density. Reducing 

density is attributed to certain physical 

properties, specifically the difference in specific 

gravity between JB and cement. Additionally, 

JB exhibits a higher porosity compared to 

cement, leading to increased volume and 

reduced overall density. 

Investigation of the thermal conductivity (K-

value) of the replacement of JB:To illustrate 

the relationship between thethermal 

conductivity of cement-JB mixture mortars 

versus JB replacement ratios, the K-value were 

determined. 

 

 

 

 

 

 

 

 

 

Fig. 8.  Thermal conductivity of cement-JB mixture mortars versus JB replacement

JB is categorized by low thermal conductivity 

against the cement mortar as shown in Figure 8, 

where the thermal conductivity decreases as the 

JB ratio increases. In general, as the JB content 

increased, the k-value decreased, because of its 

heat-insulating properties, as explained 

previously. The low K-value indicates that JB 

can be used as a suitable mortar for high-

temperature applications.  

 

DISCUSSION 

Compared with the ASTM C1329 specification, 
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the mortar cement-JB of 10% of JB can be used 

instead of type M mortar cement (20 MPa) [17]. 

While the mortar cement-JB of 25% of JB can 

be used instead of type S mortar (14.5 MPa), 

which is used in building parts for exterior, at or 

below grade, and that of 50% of JB may be used 

instead of type N mortar (6.2 MPa), which is 

used in building parts for interior non-load-

bearing[17]. According to the ASTM 

specification, the cement-JB mortar of 10% of 

JB can only be used as type M mortar (0.8 MPa) 
[17]. While cement-JB mortars with other ratios 

of JB cannot be used. The initial setting time at 

10% of JB is 90 min, which is in accordance 

with types S and M (not less than 90 min) 

According to the ASTM C403 specification. As 

for the final setting time, not more than 1440 

min, all of the final setting times are smaller 

than this value. These setting times are 

important factors that affect the strength, 

durability, and workability of cement. For this 

reason, 10% of JB can be considered a suitable 

additive for cement within the standard limit to 

accomplish the best outcomes in building 

projects. The maximum expansion ratio at 75% 

reached 24 mm compared to 0% of JB, which 

was 16 mm. As for mortar with 10% of JB was 

18 mm (only 2 mm increasing related to 0%). 

Thisconfirms that the JB does not display any 

considerable consequent expansion. If the 

expansion value is more than 10 mm, the JB-

cement mortar is unreliable as described in 

ASTM specifications [17]. Consequently, the 

addition of JB had a positive outcome in the 

avoidance of the shrinkage property of cement 

that may lead to the formation of plaster cracks 

or deficiencies. A higher cement fineness 

provides very good quality, where smaller 

particles react faster than bigger particles. A 

cement particle that has a size of 10µm needs 

around 30 days to achieve the entire reaction, 

whereas a particle with a size of 1µm does not 

need more than 24 hours to achieve the entire 

reaction [18]. All of the water absorption ratios 

are less than 70%, which satisfies the conditions 

of ASTM specifications [17]. Cement mortar 

needs more amount of water (before and after 

applying, which causes the site to get very dirty) 

than the JB containing mortars, which means 

more time during the curing period in contrast 

with JB mortars that dry quickly and do not 

require any more treatment water. Mixing JB 

with cement at different proportions  of 10%, 

25%, 50%, and 75% of the cement weight does 

not considerably modify the dry density of the 

control cement mortar, which was about 18.9 

KN/m3 and for the cement-JB mortar of 10%, 

25% of JB was 16.5 and 15.1 KN/m3 

respectively, and the reduction ratio relative to 

the control cement mortar was 14.5 %, 20% 

respectively. The two preceding types of 

cement-JB mortars are considered to be heavy-

weight (greater than 15 KN/m3) [19]. 

Consequently, the addition of JB had a positive 

outcome in the avoidance of substantial volume 

changes, which lead to cracks in the plaster, or 

adherence deficiency to the wall support. The 

quantity of energy needed to cool and heat a 

building is reliant on the k-value [20]. The 

materials with a lower value of thermal 

conductivity have greater capability to restrain 

heat transmission. There are many factors 

affecting k-value such as mixture kind, 

percentage of fine aggregate, total volume of 

aggregate percentage, ratio of (W/C), humidity 

and temperature conditions, and additive types 

(fly ash silica fume, blast furnace slag) [20]. The 

results show that the thermal conductivity of 

cement-JB mortars increases as the ratio of JB 

of it gets larger. Thus such mortars are suitable 

for high-temperature applications and that is 

why the ancient residents of  Deir EZZOR, 

whose weather is considered to be very hot, 

have been using the mortar of pure JB to cover 

their homes.  

CONCLUSIONS 
This paper presents the potential of combining 
JB and cement in the process of production of 
cement-JB mortars that may be used in the 
construction sector. Although the obtained 
compressive and flexural strength values were 
lower than those of control cement mortar, there 
is an encouraging outcome of the usage of JB in 
cement-JB mixture mortars, as the compressive 
strength at 10% of JB, meets the standard 
specification for type M cement mortar. 
Whereas the cement-JB mortar at 25% of JB 
may be used instead of type S mortar. The 
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addition of JB to the cement mortars decreases 
the thermal conductivity, which gives good 
thermal properties and ensures energy saving. 
Cement mortar is prone to cracking, most cracks 
are caused by shrinkage, which is very common, 
while JB-added mortar has high elasticity and is 
less prone to cracking, All of the JB ratios do 
not show any significant expansion values, 
where the maximum ratio of 8 mm compared to 
0% of JB.  In addition, the JB is hydrophobic 
which results in the moisture not remaining on 
the interior walls for a long time which will 
cause no formation of mould and mildew on 
these walls and prevent them of being slippery.  
JB-cement mortar dries quickly, which has a 90 
min initial setting time at 10% of JB, so it does 
not require any additional treatment water as the 
cement mortar which needs a great amount of it 
(before and after applying). The study also 
stated that increasing the JB ratio decreases the 
dry density; the reduction ratio was 14.5 %, 20% 
at 10%, 25% of JB, respectively. More 
particularly, it has been probable to confirm that 
the cement-JB mixture mortars with 10% or 
25% of JB accomplish worthy properties, 
although these mortars do not meet the 
standards achieved by control cement mortars. 
On the other hand, the cement-JB mixture 
mortars may be used in rehabilitation works and 
rural buildings as a sustainable solution. Also, 
they can be used, as they were locally used, as 
interior coverage of walls and roofs in high-
temperature cities like Deir EZZOR to reduce 
their thermal conductivity and make houses 
more thermally comfortable. 
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