Becmuux BI'TY um. B.I'. [llyxosa 2026, Nel

DOI: 10.34031/2071-7318-2025-11-1-37-46
*Nasratullah N.A.G., Abu Mahadi M.I., Obeid Mahmoud A.A.
Peoples Friendship University of Russia (RUDN)

*E-mail: nasratullahnasrat609@yahoo.com

CEMENT RATIOS’ EFFECT ON MECHANICAL AND WATER ABSORPTION
PROPERTIES IN COMPRESSED STABILIZED EARTH BRICKS

Abstract. Compressed Stabilized Earth Bricks (CSEBs) are produced from a mixture of soil, sand, water,
and a stabilizer typically ordinary Portland cement, lime, fly ash, bitumen, or a combination of these materials
and then compacting the mixture in a mold. This research article investigates the effects of varying cement
stabilizer ratios (5 %, 7 %, and 10 %) on the mechanical properties and water absorption characteristics of
compressed stabilized earth bricks. The experimental program included evaluations of dry and wet state com-
pressive strength, flexural tensile strength, total water absorption, and capillary water absorption. The results
indicate that increasing the cement content significantly improves the mechanical properties of compressed
stabilized earth bricks while reducing their water absorption capacity. When compared with those of tested
fired clay bricks and certain international standards for compressed stabilized earth bricks, demonstrated
higher performance in these metrics. The findings of this study underscore the potential of compressed stabi-
lized earth bricks as a feasible and advantageous building material for construction in Afghanistan, where
leveraging locally available sourced materials can significantly reduce construction costs and minimize envi-
ronmental impact, supporting the development of affordable and eco-friendly housing solutions.

Keywords: CSEBs, Stabilizer ratios effect, Mechanical properties, Water absorption, Soil composition,

Soil as a construction material in Afghanistan.

Introduction. In recent years, the growing de-
mand for sustainable building materials that alleviate
housing shortages and lessen environmental degra-
dation has caused a paradigm change in the world-
wide construction sector. Compressed Stabilized
Earth Bricks (CSEBs) are a novel way to address
these issues. In contrast to conventional sun-dried
mud bricks, these bricks are produced using locally
obtained dirt, stabilized with cement, lime, or other
binders, and compacted under high pressure to attain
improved mechanical qualities. However, the type
and amount of stabilizers used have a significant im-
pact on their performance, directly affecting their
longevity, mechanical strength, and water absorption
resistance.

Earth-based building materials, in comparison
to fired clay bricks and concrete, offer several ad-
vantages, including thermal comfort, low embodied
energy, environmental friendliness, affordability,
and local availability [1, 2, 3]. In terms of energy use
and associated carbon emissions, there is a signifi-
cant difference between compressed stabilized earth
bricks (CSEBs) and traditional fired clay bricks.
CSEBs produced on-site with 5% cement generate
approximately 49.37 kg COm® and consume
548.32 MJ/m* of energy, whereas country-fired
bricks emit as much as 642.87 kg CO2/m* and con-
sume 6,122.54 MJ/m® of energy [4]. Cement-stabi-
lized earth bricks typically require less than 10% of
the energy inputs needed to produce comparable
fired clay and concrete masonry units [5].

Stabilized earth bricks are frequently recycla-
ble or reusable. This makes them especially appro-
priate for community-driven projects and affordable
housing developments [6, 7].

For the good quality of earth bricks production,
it is crucial to carefully select the appropriate soil,
sand, stabilizing materials, and water. Additionally,
ensuring proper compaction in the mold and ade-
quate curing is essential, as these factors signifi-
cantly influence the quality and durability of the
bricks.

The soil used for the produce of compressed sta-
bilized earth bricks shall be of a suitable quality, free
of deleterious and organic materials graded in ac-
cordance with ISO 14688-1 [8]. It is advised to uti-
lize coarse sand for the production since the blocks
will be stronger and have a higher density [9], which
affects the strength, shrinkage, and weathering re-
sistance of bricks [10]. Clay particles provide cohe-
sion and bending properties, silt enhances plasticity
and workability, and sand particles reduce shrinkage
while providing stability to the mixture [11].

Naturally soil have high water absorption, low
tensile strength and low resistance against erosion,
abrasion [12], by adding proper stabilizers good
compression in molding and curing, can enhance soil
strength, stability, permeability and durability [13,
14]. To identified soil suitability, some necessary
tests (smell test, soil composition, consistency, etc.)
are shall be performed [15]. A soil with 15% or less
plasticity index, cement is used as a stabilizer agent
and for soil with greater than 15% plasticity index, it
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is recommended to add lime with cement as a stabi-
lizer material [16, 17]. CSEBs produced from differ-
ent local soils will exert different mechanical prop-
erties [18, 19].

Soil is the primary construction material in Af-
ghanistan, where 95 % of buildings are constructed
using soil. The main types of soil-based house con-
struction include sun-dried bricks (adobe walls) and
cob walls. The soil in most regions of Afghanistan
has a clayey nature, and the easy availability of sand
makes it suitable for producing stabilized com-
pressed earth bricks. While stabilized compressed
earth bricks may be somewhat more expensive due
to the composition of the soil and the cost of cement,
they are still more cost-effective than fired bricks or
cement concrete blocks which are used predomi-
nantly in urban areas. Additionally, they are environ-
mentally sustainable and human-friendly, making
them a worthwhile option to consider [20].

This research investigates the mechanical prop-
erties (compressive strength, flexural strength) and
water absorption rate of CSEBs in relation to varying
cement stabilizer ratios. It also includes a compari-
son with fired clay bricks, which are already widely
used as a construction material in the region. Since
there has been no prior research investigating the me-
chanical and water absorption properties of CSEBs
as a building material in Afghanistan, this study aims
to fill this critical knowledge gap and contribute to
the development of building construction material in
the country.

Material and Methods.

Soil- for this study the used soil was sourced
from the Deh-Sabz district of Kabul province, Af-
ghanistan. It is widely utilized in its natural form for
the production of sun-dried bricks, fired bricks, and
other construction activities within Kabul province.
Before using this soil, the clay soil properties (plastic
limit, liquid limit, plasticity index, composition, and
pH) were determined (Table 1). Additionally, the
soil for brick mixture was sieved through a 3.3 mm
mesh to eliminate any nodules or impurities. Consid-
ering [21], the mix composition for this study con-
sisted of 28 % clay and silt and 72 % sand. These
proportions were determined based on the observed

shrinkage cracks and composition of the clay and
sand used in this study (Table 1, Fig.2).

Table 1
Clay soil properties.

Properties Values
Natural moisture 7.5%
Specific gravity 333

pH 9.5
Composition
Clay and silt 90 %
Sand 10 %
Atterberg limits
Plastic limit (PL) 19 %
Liquid limit (LL) 27.45%
Plasticity Index (PI) 8.45 %

Rolandas et al. [22] analyzed the chemical ox-
ide composition of three types of clay soils (S1, S2,
and S3). They found that the SiO. content was
70.05%, 62.20%, and 48.15%, respectively, while
the Al2Os content was 19.52%, 19.35%, and 12.21%,
respectively. Their experimental results showed that
the performance of S1 clay was higher than that of
S2 and S3, and the performance of S2 was higher
than that of S3. The authors suggested that soils with
higher concentrations of aluminum oxides (Al.Os)
and silica (Si02) tend to exhibit higher mechanical
and physical properties.

According to the studies by researchers [22, 23,
24], the chemical oxide composition of soil signifi-
cantly influences the performance of Compressed
Stabilized Earth Bricks (CSEBs). A thorough under-
standing of the soil's chemical composition is there-
fore helpful for achieving consistent and reliable re-
sults. In this study, the chemical oxide content of the
clay and sand was analyzed using X-ray spectros-
copy, and the findings are summarized in (Table 2).

Table 2

Clay soil and sand chemical composition

Raw material Chemical oxides, %
SiO; | ALO; | KO | CaO | Fe:O3 | MgO | Na;O | P,Os | TiO, | ZnO SOs3
Clay 39.99 | 9.801 | 2.089 | 13.26 | 5.014 | 2.771 | 0.452 | 0.147 | 0.678 | 0.018 | 0.235
Sand 57.62 | 12.96 | 2.763 | 2.061 | 4.890 | 1.759 | 0.959 | 0.157 | 0.725 | 0.101 | 0.031

Sand- In this study used machine-crushed sand
sourced from crushed plant, that was sieved through
a 4.75 mm sieve. The sand’s properties (AASHTO

T-84 / ASTM C-128), included a specific gravity of
2.9, bulk specific gravity (SSD) of 2.69, and 0.6%
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water absorption, indicating low porosity and suita-
bility for construction applications. It was free of or-
ganic matter and impurities and exhibited a suitable
grain composition, as shown in (Figure 1). It is worth
noting that natural river sand is also available in Ka-
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bul province and is commonly used in certain con-
struction activities, such as plastering and mortar
preparation. However, its grain size is generally very
fine, and it often contains a significant amount of or-
ganic matter in its composition. Therefore, for of this
study, opted machine-crushed sand.

Sand grains composation, %
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Fig. 1. Show sand grain size composition in %.

Cement — As a stabilizer agent, used ordinary
Portland cement (Grade 53) in amounts of 5 %, 7 %,
and 10 %, relative to the dry soil weight which is
available in Afghanistan. However, [5] propose that
bricks with less than 5 % cement are often too friable
to handle, while [25] suggested, that cement content
more than 10 %, becomes uneconomical for CSEB
production. Moreover [15] recommended 5 % up to
maximum 10 % cement as a stabilizer agent.

Water — For the preparation of the brick mix-
ture, groundwater sourced from Kabul Polytechnic
University was used, as it is commonly utilized for
all construction activities in the area. The dry ingre-
dients were first mixed by hand, after which water
was gradually added until the optimum moisture
content was reached. The resulting mixture was then
molded and compacted using a CINVA-Ram ma-
chine which is a manually operated for brick making
(Fig.2). The size of the produced bricks was (302 x
152 x 102) mm. The bricks were cured for 7 days at
about 23-30 °C in laboratory room. According to
[26], the optimum moisture content (OMC) of mix,
considered the drop test method and all tests were
conducted after 28 days.

Fig. 2. CSEBs raw materials and molding machine for CSEBs
production.

Compressive strength. In this study, the com-
pressive strength test was conducted on non-stabi-
lized compressed earth bricks (CEBs), clay fired
bricks and compressed stabilized earth bricks
(CSEBs), in dry condition to be compared stabilizer
effect and also CSEBs were tested in wet condition
to be compared their strength with dry state (Fig. 3).
For determining the compressive strength values, we
randomly selected 3 to 5 bricks from each brick cat-
egory, tested them, and calculated the average value
for each type. The compressive strength of the bricks
was calculated by using "Equation (1)."

Pd=£,PW=£=N/mmz (1)
A A
where P, — Dry compressive strength (N/mm?);
P,,— Wet compressive strength (N/mm?); F — Total
applied load (N); 4 — Bed area of the brick (mm?).

Fig. 3. Illustrates the, a) dfy state and b) wet-state compression
tests on CSEBs

Flexural tensile strength (Modulus of rup-
ture). The flexural tensile strength of the bricks was
carried out by the three-point bending method as
stated by ASTM - C67/C67M-19 and [26, 8], used
hand operating hydraulic machine (Fig. 5a). The ex-
ternal load was gradually applied on the midpoint of
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the specimens until fracture occurred. The bricks
were positioned within the testing apparatus in a
manner similar to that used in a wall (Fig. 5).

The flexural tensile strength (f;) of the bricks is
calculated using Equation (2) and their results also
shown in (Fig. 7).

= " = N/mm? )
X

tal applied load (N); L — Effective span of the brick
(mm); b — Width of the brick (mm); d — Thickness o
f the brick (mm).

Water absorption. The absorption of water in
earthen bricks is a result of clay and cement content,
which is frequently associated with the strength and
durability of earthen bricks.

In this study, two types of water absorption tests
are conducted: one for capillary absorption and the
other for total water absorption (Fig. 5a, b). The
tested bricks were dried in an oven at 105°C for 24
hours. According to [26], for the capillary action
test, the bricks were immersed to a depth of approx-
imately 1 cm for 24 hours. For total water absorption,
the bricks were fully immersed in water for 24 hours.

The capillary action and total water absorption
values, expressed as percentages, were calculated us-
ing Equation (3), and the results are presented in

(Figure 8).

W:wxloo 3)

1z

where W- Absorbed water (%); Wy- Dry weight of
the brick (Kg); W,~ Wet weight of the brick (Kg).

i

Fig. 5. Shows: a) CSEBs for capillary water absorption, b) CSEBs full immersed in water for total water absorption.

Result and Discussion

Compressive strength. Compressive strength
is the most widely recognized metric for assessing
brick quality. However, the soil types, stabilizer
types and content, and applied compression in the
mold had a significant impact.

These results are presented in (Table 3, Figure
6). Moreover, CSEBs were tested for wet compres-
sive strength (Fig.3b), to identify the reduction in
strength of bricks under wet conditions, which oc-
curs due to pore water pressure and the liquefaction
of unstabilized clay minerals within the brick matrix.
To assess their minimum performance capabilities
under the worst conditions, it is beneficial to test
them in a moist state. The obtained data (Table 3),
shows that the bricks have reduced their compressive
strength by approximately 28-31% in the wet state,
respectively. This reduction indicates that moisture

has an effect on the structural integrity of the bricks.
According to [8], the specimens were fully immersed
in water for 24 hours before testing.

The obtained results from this study compare
with those reported in (Table 4), indicating that the
type of soil and the material composition used in the
production of CSEBs are appropriate and well-opti-
mized.

The obtained results (Table 3), in comparison with
those presented in (Table 4), demonstrate that the
type, quality and quantity of materials used in the
study were appropriate and well optimized. The
bricks were also tested for compressive strength at
56 days, revealing a 30-33% increase in strength.
This suggests that the compressive strength of
CSEBs increases over time under favorable condi-
tions.
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Table 3
Mechanical properties and water absorption values considering cement stabilizer ratios of CSEBs
and fired clay brick.
Tests for the properties CSEBs cement contents, % Fired clay
0% 5% 7% 10% brick

Dry state compressive strength (MPa) 5.2 7.6 11.6 14.5 13.7
Wet state compressive strength (MPa) - 5.4 8.01 10.38 -
Flexural tensile strength (MPa) 0.45 1.13 1.46 2.14 2.13
Capillary water absorption (%) - 9.85 8.76 8.94 22.07
Total water absorption (%) - 10.36 10.31 9.67 22.72

- Dry compressive strength oo Wet compressive strength

- il

= 20 12 10.38

=N = 10

E 15 . %n g

E 5 £ 4

Z 0 . I = 2

g 0% 5% 7% 10% Fired g 0 )

6 brick FS Yo 10%

CSEBs cement, % CSEBs cement, Yo
Fig. 6. Indicates dry compression strength and wet compression strength, MPa.
Table 4

Show the minimum dry and wet stats compressive strength of same countries standards for CSEBs.

Country standard

Minimum dray compressive strength

Minimum wet compressive strength

class (30), 2.94

(MPa) (MPa)
Nepal [15] class (A), 5-7 class (A), 2-3
class (B), 2-5 class (B), 1-2

India [27] class (20), 1.96 -

Sri Lanka [28] 2.8

1.2

Kenya [8] class (A), 5-12
class (B), 4-5

class (C), 3-4

class (A), 3-4
class (B), 2-3
class (C), 1.5-2

New Zealand [26] 3.6

Flexural tensile strength (Modulus of rup-
ture). From the result (Fig.7), it is well-established
that the flexural strength of bricks develops with in-
creasing cement content. However, the observed
strength of 0.5 MPa for CEBs (0% cement) suggests
that some flexural strength is still present. This can
be attributed to the adhesion of clay particles, friction

between sand grains in the consequence of effective
compaction pressure applied in the mold.

The minimum flexural strength requirements
are: for Class A, grater then 2 MPa; for Class B, from
1-2 MPa; and for Class C, 0.5—1 MPa [8]. In contrast,
according to [15], the flexural strength for Class A is
1-2 MPa, while for Class B, 0.5-1 MPa.

Flexural tensile sirength

93

E A,

=

B 1.5

5

2 1 s
S 05

50 .
E 0%

213

Fired
brick

CSEBs cement, %

Fig. 7. Shows the flexural tensile strength of bricks, MPa
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Water absorption. Earth bricks must be strong
and waterproof to avoid adverse environmental ef-
fects such as rain, winds, dampness, and other ex-
treme weather conditions. When materials are sub-
jected to varying climate conditions and continuous
saturation, problems may arise.

Capillary water absorption

[
Lh
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[t
o
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= 20
215
£ 9.85
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£
. 5
S 0
5% 7% 10%  Firedbrick

CSEBs cement content, %

The result of the water absorption (Fig. 8),
demonstrate that the absorption rates of CSEBs, are
lower than the maximum average total water absorp-
tion as stated by [15], 20 %, and [8, 27, 28] men-
tioned 15 %, also from the conventional fired clay
bricks.

Total water absorption

L ]
Ln
[
[
)
[

—_
n O

1036 1031 961

Water absarption, %
—
[

5% 7% 10%  Fired brick

CSEBs cement content, %o

Fig. 8. Shows total and capillary water absorption in CSEBs and clay fired bricks in %

During the capillary test, the moisture rising
speed in the 5 % cement content bricks was higher
than in those with 7 % and 10 % cement content
bricks; however, in 24 hours, the brick was fully wet-
ted, while the bricks with 10 % and 7 % cement were
seen as only half-moistened and slightly more than
half-moistened, respectively. This difference can be
attributed to the amount of cement content.

In the presence of water, cement reacts with
clay minerals, forming bonds that help bind the par-
ticles together. Clay particles, which carry a negative
charge, possess inherent water-absorbing and water-
retaining properties. In the low cement content cases,
the proportion of clay particles whose chemical
properties remain largely unaffected by the cement
is higher. Consequently, this leads to increased water
absorption due to the dominance of clay's hygro-
scopic behavior.

In the total water absorption test, the dry density
of bricks containing 10 % cement was lower than
that of bricks with 5 % and 7 % cement. However,
their total water absorption was lower than both.
Brick content 10 % cement capillary rate is slightly
higher than 7 % cement content, this can be at-
tributed to the lower dry bulk density likely caused
by the presence of voids within brick.

Conclusion. Compressed stabilized earth bricks
(CSEBs) containing 10 % cement exhibit higher
compressive and flexural strength and lower water
absorption compared to the 5 % and 7 % cement con-
tent CSEBs and clay fired bricks. However, using
more than 10% cement in CSEBs is uneconomical.
Therefore, the optimal cement content for CSEBs
should be determined based on environmental con-
ditions and the structural loads expected in buildings.
To further enhance their performance and sustaina-
bility, it is recommended to optimize the cement con-
tent and refine production techniques. In structures
where CSEBs are exposed to the risk of water ab-

sorption, it is advisable to consider the wet compres-
sive strength of the bricks during the design phase or
implement measures to mitigate water absorption.

These findings indicate that the materials and
their proportions used in this study are suitable, and
the bricks were effectively compacted.

The results indicate that the mechanical proper-
ties, and water absorption of CSEBs are influenced
by:

* Soil types and their properties, mixture pro-
portion and mixing;

* Amount of clay soil, significantly impact the
mechanical properties, and water absorption of the
bricks;

* Amount of stabilizer ratios, applied pressure
in the mold and proper curing condition;

* The size, angularity and good proportion of
sand particles in mixture;

* The compressive strength of CSEBs increases
over the time in favorable condition.

The research findings demonstrate that CSEBs
can have significant potential as a sustainable, bene-
ficial, and applicable building material in Afghani-
stan, where the use of locally sourced materials can
consequentially reduce construction costs and mini-
mize environmental impact compared to conven-
tional fired clay bricks.
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BJIMSTHUE COAEP)KAHUSI HEMEHTA HA TPOYHOCTD U BOAOIIOIIOIEHUE
ITPECCOBAHHbBIX CTABUWIN3NPOBAHHbBIX 3EMJISIHBIX KUPIIMYEHN

Annomauus. Ilpeccosannvie cmabunuzuposanmsie zemaanvie kupnuuu (CSEB) useomasnusaiomes u3z
cMecU nousbl, necka, 600bl U CIMAOUIUZAMOPA — KAK NPABUIL0, 00bIYHO20 NOPMIAAHOYEMEHMA, U36ECMU, Jie-
myueti 307bl, OUMYMa UL UX KOMOUHAYUU, C ROCAEOVIOWUM NPECCos8anuem cmecu 6 popmax. B dannoii uccue-
006amenbCKol pabome uU3yyaemcs GIUSHUE PA3IUYHBIX COOEPACAHUL YeMmenmHo2o cmabuiuzamopa (5 %, 7
% u 10 %) Ha mexanuueckue ceovicmea u xapaxmepucmuku godonoenoujenus CSEB. Dxcnepumenmanvras
NPOSPAMMA BKIHOUANLA ONPedeieHUe NPOYHOCTIU HA CHCAMUE 8 CYXOM U GIANCHOM COCMOAHUU, NPOYHOCMU HA
uzeub, oowe2o 6000N02NOWEHUS U KANULIAPHOZO 8000N02TI0UJCHUSL.

Pesynvmamul noxazanu, umo ygenuuenue 001U YyeMeHma 3HAUUmMenIbHO VIyuuaen Mexanuieckue Xxapax-
MEPUCTNUKU KUPNUYell U CHUNCAEN UX CNOCOOHOCIb K no2noujenuio 600bl. Ilpu cpagnenuu ¢ 00021 CeHHbIMU
SHIUHSAHBIMU KUPNULAMU U YCIMAHOBLEHHIMU MENCOYHAPOOHBIMU CIMAHOAPMAMU OJI5L CHCAMBIX CIMAOUTUZUPO-
BAHHBIX 3eMISIHBIX KUPRUYEl UCIbIMAHHble 00pasybl NOKA3au 60aee GblCOKYI0 IPOEKMUGHOCHb NO IMUM
napamempam.

Jlannoe ucciedosanue nooueprusaem nOMeHYUal UCHONb30GAHUS CHCAMBIX CIAOUTUZUPOBAHHBIX 3EMIS-
HbIX KUpRUYell KaK 3KOHOMUYECKU YelecO0OPA3H020 U IKON0SUHECKU YCIMOUYUBO20 CIMPOUMENbHO20 MAmepU-
ana 8 Agheanucmane. Vcnonvzoganue mMecmubix HpUPOOHBIX PeCypPCO8 MOAICEm CYUWECMEEHHO CHUSUMb 3d-
Mpamovl HA CMPOUMENLCMBO U MUHUMUSUPOBAMNb He2AMUBHOE 8030CUCIEUE HA OKPYICAIOWYIO Cpedy, CHOCOD-
CMBYs pazsumuio OOCHYRHO20 U YCMOUYUBO20 HCUTUUHO20 CIPOUMENbCMEA.

Knrouesvie cnosa: CSEB, koappuyuenmovr cmabunuzamopa, mexanuieckue c8oucmed, 86000n0210ue-
HUe, COCMAs NOUBbl, NOYBA KAK CMPOUMelbHblil Mamepual 8 Ageanucmarne.

BUBJINOTPA®UYECKHNIN CITMCOK and Cultural Organization. 7 place de Fontenoy,
1. AdamE.A., Agib A. R. A. Compressed Sta- 75352 Paris 07 SP. France Paris UNESCO. 2001. 5-

. . 9 p. URL:
bilised Earth Block Manufacture in Sudan // Grapho- ) )
print for the United Nations Educational Scientific https://unesdoc.unesco.org/ark:/48223/pf000012823

6 (date of treatment: 04.03.2025)

44



Becmnuux BI'TY um. B.I'. lllyxosa

2026, Nel

2. Walker P.J. Strength and erosion character-
istics of earth blocks and earth block masonry // Jour-
nal of Materials in Civil Engineering. 2004. Vol.
16(5). Pp. 497-506.

3. Tripura D.D., Singh K.D. Characteristic
properties of cement-stabilized rammed earth blocks
// Journal of Materials in Civil Engineering. 2014.
Vol. 27 (7) Pp. 1-8. DOIL:10.1061/(ASCE)MT.1943-
5533.0001170

4. Kamal M. A. Analyzing the Potential of
Compressed earth blocks as a feasible and sustaina-
ble building material / Architecture Engineering and
Science. 2023. Vol. 4 (2). Pp. 62-71.
DOI: 10.32629/aes.v4i2.1183.

5. Walker P.J. Strength, durability and shrink-
age characteristics of cement stabilised soil blocks //
Cement and concrete composites. 1995. Vol. 17(4).
Pp. 301-310. DOI: 10.1016/0958-9465(95)00019-9

6. Kibria M. A., Sarker S. Sustainable com-
pressed earth blocks: A low carbon alternative build-
ing material for affordable housing in Bangladesh //
International journal of sustainable built environ-
ment. 2020. No. 9. Pp.1460-1470.

7. Deboucha S., Hashim R. Effects of OPC and
PFA cement on stabilised peat bricks // International
journal of the physical sciences. 2010. Vol. 5 (11).
Pp. 1671-1677.

8. African standard. WD-ARS 1333. Com-
pressed stabilized earth blocks- requirements, pro-
duction and construction, African organization for
standardization. ARS 1333:2018(E) ICS 91.100.15.
2.61 p.

9. Niazi Z., Khanna P., Gupta S., Sirohi R. Sta-
bilized compressed earth block (SCEB) - production
and construction guide. New Delhi 110016, India:
Development Alternatives, 2020: 978-81-87395-78-
2(3).27 p.

10. Khatib J.M., Ellis E.A. The influence of soil
properties on compressive strength of stabilized
earth blocks // International journal of sustainable
built environment. 2018. Vol. 7(1). Pp. 140-151.

11. Acosta L.A., Coté P. Effect of soil compo-
sition on the mechanical properties of compressed
earth blocks // Construction and building materials.
2016. Vol.113. Pp. 246-253.
DOI: 10.1016/j.conbuildmat.2015.03.039

12. Kerali A.G. Durability of compressed and
cement-stabilized building blocks. (Thesis for PhD,
University of Warwick) 2001.
URL:https://wrap.warwick.ac.uk/71203/ (date of
treatment: 04.03.2025)

13. Estabragh A.R., Bordbar A.T., Javadi A.A.
A study on the mechanical behavior of a fiber-clay
composite with natural fiber // Geotech Geol Eng.
2013. No. 31. Pp. 501-510. DOI:10.1007/s10706-
012-9602-6.

14. Anggraini V., Huat B. B., Asadi A., Naha-
zanan H. Effect of coir fibre and lime on geotech-
nical properties of marine clay soil // 7th Int Congr
Environ Geotech Iceg 2014. 2020 Aug 22; Pp.1430—
1437.

15. Hari D. S. Standard norms and specification
for CSEB block, CSEB Green Buildings in Nepal,
Government of Nepal ministry of education depart-
ment of education. 2012. 7-10 p.

16. Guettala A., Houari H., Mezghiche B.,
Chebili R. Durability of lime stabilized earth blocks
/I Courrier du Savoir. 2002. No.02. Pp. 61-66.
DOI: 10.1680/scc.31777.0064

17. Osula D.O.A. A comparative evaluation of
cement and lime modification of laterit // Engineer-
ing Geology. 1996. Vol42(1). Pp. 71-8l.
DOI: 10.1016/0013-7952(95)00067-4.

18. Bakar S.K.A., Abdullah A.H. Simulation of
thermal performance in an office / Business Engi-
neering & Industrial Applications
Colloquium. IEEE. 2012. Pp. 318-323.
DOI: 10.1109/BEIAC.2012.6226074

19. Abdullah A .H., Bakar S.K.A., Rahman [.A.
Indoor thermal performance of an office building us-
ing conventional brick versus interlocking com-
pressed earth brick (ICEB) wall // International Jour-
nal of Construction Technology and Management.
2013. Vol.1(1). Pp. 22-27.

20. Ministry of Urban Development and Hous-
ing (MUDH), government of Afghanistan and
United Nations Centre for regional development
(UNCRD) disaster management planning Hyogo of-
fice. Guidelines for earthquake resistant design, con-
struction, and retrofitting of buildings in Afghani-
stan, 2003. 9—13p.

21. United Nations. Soil-Cement: Its use in the
building. United Nations Publications. New York,
USA. 1964. No. 64. IV. 6. 20-22p.

22. Rolandas A., Saulius B., Valentinas N.,
Laszlo T. Effect of chemical composition of clay on
physical mechanical properties of clay paving blocks
/! Buildings. 2022. No. 12. Article 943. DOI:
10.3390/buildings12070943.

23. Minke G. Building with Earth: Design and
technology of a sustainable Architecture. Birkhdu-
ser—Publishers for Architecture: Basel. Berlin. Bos-
ton. Germany. 2006. 20 p.

24. Piotr N., Piotr W., Jakub K I., Ireneusz G.,
Emilia W. The effect of soil mineral composition on
the compressive strength of cement stabilized
rammed earth // Materials. 2020. Vol.13(2). Article
324. DOI: 10.3390/ma13020324.

25. Riza F.V., Rahman I.A., Zaidi A.M.A. Pre-
liminary study of compressed stabilized earth brick
(CSEB) // Australian Journal of Basic and Applied
Sciences. 2011. Vol. 5(9). Pp. 6-12.

45



Becmnuux BI'TY um. B.I'. Illlyxoea

2026, Nel

26. NZS 4298 (1998): Materials and workman-
ship for earth buildings [Building Code Compliance
Document E2 (AS2)]. Published by Standards New
Zealand. Standards Council, Private Bag 2439, Wel-
lington. 6020. Pp. 43-65.

27.1S: 1725-1982. Indian standard specifica-
tion for soil based blocks used in general building

construction, Bureau of Indian Standards, first revi-
sion. (Reaffirmed 2002). 5p.

28. SLS 1382 Part 1. Specification for com-
pressed stabilized earth blocks, Part 1: Require-
ments, Sri Lanka Standards Institution. Issue 16.
June 2024. URL:https://iesl.Ik/SLEN/61/Com-
pressed_Stabilized Earth Blocks.php (date of treat-

ment: 04.03.2025)

Hngopmayus 06 asmopax

Hacparymuna Hacpar A6aya I'adyp, acimpant. E-mail: nasratullahnasrat609@yahoo.com. xadenpa Texnonorus ctpo-
UTEJbCTBA U KOHCTPYKIMOHHBIX MaTepuasoB, MmxeHepHas akanemus. Poccuiickuii yHHBepcUTET Npy>KObI HapoaoB
(PYIH), Mockga, Poccus, 117198. yn. Mukmyxo-Maknasi, 11.6.

A0y Maxagn Moxammen MoOparum, kaHIUIaT TEXHUYECKUX HAyK, HoIeHT, E-mail: abu-makhadi-mi@rudn.ru,"ka-
(denpa TEXHONOTUS CTPOUTENBCTBA U KOHCTPYKIHMOHHBIX MaTepHaioB. POCCHUCKUI YHUBEPCUTET IOPYKOBI HAPOJIOB
(PYJIH), Mocksa, Poccus, 117198, yin. Muknyxo-Makmas, 11.6.

O6eiin Maxmya Adaenancanam Aped, acnupant. E-mail: Mahmoud.obeid@yandix.com. kadeapa TEXHOIOTHS CTPOH-
TEIhCTBA W KOHCTPYKIIMOHHBIX MaTepuajoB, MmkeHepHas akajeMus. POCCHICKHMIA yHHBEPCHUTET IpYKOBI HapOIOB
(PYJIH), Mocksa, Poccus, 117198, yin. Muknyxo-Makmas, 11.6.

Received 20.06.2025

J1st nMTHpOBAHMS:

Hacparymna H.A.I'., A0y Maxanu M.U., O6etin Maxmya A.A. BiusiHue conepaHus IEMEHTa Ha IPOYHOCTh
M BOJOIOTJIOIICHNE IPECCOBAHHBIX CTAOMIN3UPOBAHHBIX 3eMIISIHBIX kKuprnuuei // Becthuk BI'TY um. B.I.
lyxoBa. 2026. Ne 1. C. 37-46. DOI: 10.34031/2071-7318-2025-11-1-37-46

For citation:

Nasratullah N.A.G., Abu Mahadi M.1., Obeid Mahmoud A.A. Cement ratios’ effect on mechanical and water
absorption properties in compressed stabilized earth bricks. Bulletin of BSTU named after V.G. Shukhov.
2026. No. 1. Pp. 37-46. DOI: 10.34031/2071-7318-2025-11-1-37-46

46



