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Abstract

A significant portion of Iran's architectural heritage, spanning from pre-Islamic times to the
contemporary period, includes ancient sites, historical urban and rural textures, and valuable
individual buildings made of brick and mud. Due to the vulnerable nature of these materials,
there is an increasing need for protection, restoration, maintenance, and reinforcement against
damaging factors as time progresses and technology advances. On the other hand, the historical
Morchekhort Castle, one of the most significant adobe structures in Isfahan, is currently aban-
doned and uninhabited due to uncertainties regarding its habitation and preservation. Therefore,
this research aims to enhance the functional capabilities of materials by making the clay structure
of Morchekhort Castle resistant to moisture using modern techniques. It seeks to answer the
question: What new techniques are most effective in improving the functional capabilities of
materials for reinforcing clay structures against moisture? This research is applied in terms of
its purpose, focusing on evaluating new techniques for strengthening clay structures against
humidity. The method of collecting information involves fieldwork, library research, and labor-
atory data analysis. As a result of this research, both modern and traditional techniques have
been evaluated to improve the quality of materials. Among the samples produced using modern
techniques, code D, which consists of a combination of soil, straw (base adobe), and a synthetic
emulsion solution, demonstrated the highest percentage of resistance in the compressive
strength test and the lowest percentage of moisture absorption compared to the original adobe.
Given its low weight of approximately 0.818 kilograms with dimensions of 10 x 10 x 5 cm, this
produced sample can also be more resistant to earthquakes and structural vibrations than the

original brick of the same dimensions, which weighs approximately 1,500 kilograms.

Keywords: New techniques, Retrofitting plan, Clay structures, Dealing with humidity, Morchekhort Castle,
Isfahan.
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A large part of Iran's architectural heritage from prehistory
to the present, whether on a single building scale or in historical
sites, consists of clay structures, and according to statistics, more
than 17% of the wortld's population uses buildings made of clay
materials (Correia, 2015). The long history of brick architecture in
Iran can also increase the potential and quantity of related re-
search, but despite this, it has always faced a shortage or absence

of useful and usable resources for the protection, repair, and

strengthening of adobe buildings (Rahimnia et al., 2013: 20). In
today's changing world, with increasing intetest in preserving the
architectural heritage of the earth, the need for this vulnerable at-
chitecture to be protected and strengthened through intelligent re-
sponses to threats from environmental factors has become obvi-
ous (Gandia, 2019: 140). This research focuses on moisture dam-
age affecting the erosion of adobe materials and introduces a so-
lution for strengthening the materials with new methods in terms

of mechanics and physics. By conducting laboratory studies, it
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seeks to introduce alternative brick materials in the restoration of
the historical Morchekhort castle to achieve the desired protection
to strengthen the clay structure of this ancient site against mois-
ture. It intends to preserve the originality of the original brick in
the first step and then propose an optimal brick against moisture
and seeks to answer this question: What new techniques can be
used to improve the functional capability of materials for the de-
sign of resisting clay structures against humidity? This research
presents a new mixture for producing brick and compares it with

the original brick in terms of compressive and moisture resistance.

Materials and Methods

This research is quantitative and qualitative. The method of
collecting information is field-based to investigate the major dam-
ages to the structure of the Glin Qaleh, followed by studies of the
structural properties of the brick using an experimental method

based on laboratory data. The experiments are introduced below.

Results

The physical and mechanical properties of the produced
bricks and the comparison of laboratory results were carried out
in one of the largest clay structures in the Morchekhort fortress,
this was done by adding natural organic materials and synthetic
organic materials to the initial clay compositions. In the first step,
the produced bricks were subjected to immersion and artificial
rain tests to measure the resistance to moisture. Code H with the
compositions of soil + straw (base brick) + synthetic fibers (pol-
ypropylene) + synthetic emulsion solution and code D with the
compositions of soil + straw (base brick) + synthetic emulsion
solution had the highest rate of maintaining the appearance and
percentage of compaction of the constituent components. Fol-
lowing that, in the selected samples subjected to the compressive
strength and permeability percentage test, the highest compressive
strength and the highest percentage of moisture resistance ate re-
lated to code D compared to the original brick, and considering
the low weight of this produced sample, it has a resistance of ap-
proximately 0.818 kilograms in dimensions of 10¥10*5 compared
to the original brick of these dimensions with a weight of approx-

imately 1500 kilograms.

Discussion

In this research, first, by measuring and studying the soil of
the historical Morchekhort castle, the main and secondary phases
of the castle's soil and clay were determined using XRD testing,
followed by a soil and clod (clay) grading test to determine the
percentage of silt and clay, the percentage of sand, the percentage
of sand, and the absence of rubble. By examining the Atterberg
limit of the soil and by examining the flow index of the flow limit
in the lump and soil, the percentage of additives for the prepara-
tion of clay showed that it had no effect on the water absorption
and the paste state of the clay and maintained its clay properties.

By examining the paste limit of the strength, the percentage of clay

components for the soil and the production of low-strength clay
was identified. Then, considering the instructions for previously
produced brick and the additives introduced in this study, new

brick was produced.

Conclusion

In this research, after identifying the components of the soil
and the original clay, a new clay was produced by presenting the
instructions for previously produced clay and the introduced ad-
ditives, Immersion and water washing tests were conducted to
measure the shape resistance of the produced bricks. In the water
washing test, which was measured and evaluated for 5, 10, 20, and
40 minutes, and the immersion test, which was measured and eval-
uated for 4, 8, 16, and 24 hours in four stages, code H and code
D had the highest rate of maintaining the appearance and percent-
age of compaction of the constituent components, and their du-
rability and disintegration rate were also recorded during the hours
before and after Following that, the selected samples were sub-
jected to compressive strength and permeability percentage tests
in equipped laboratories in Isfahan. The highest compressive
strength was for sample D with the highest applied load at the
moment of failure of 1352 (Kgf) and a compressive strength of 43
MPa.And measuring the moisture resistance of these two selected
samples compared to the initial sample, which quickly disinte-
grated. Considering the research emphasis on preserving the pri-
mary compositions of Code D brick with the highest level of re-
sistance, including the compositions of soil + straw (base brick) +
synthetic emulsion solution, it can be introduced as a proposed
moisture-resistant brick. Accordingly, with minimal physical inter-
vention in the produced bricks, a step is taken to increase the com-
pressive strength,The seismic resistance was increased by a high
percentage of lightness compared to the original brick and in-

creased resistance to penetrating moisture.
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Type of Additive
Plant
Natural Origin
Organic
Materi-
als
Animal
Origin

Natural Mineral
Materials

Synthetic Organic
Materials

Synthetic Mineral
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Table 1. Introduction to additives that can be used for clay

Primary Materials Used

Wheat, batley, and rice straw, alfalfa, reeds, chopped
bamboo, coconut fibers, pine needles (Warren, 2008:
102; Minke, 2009: 64). Corn stalks, corn cobs, cotton
stalks, rice husks, banana stems, palm fibers, coconut
leaves, and wood chips (Pinto et al, 2012). Alfalfa, sisal,
elephant grass (Bahobail, 2012: 27).

Animal dung, cow manure, feces of horses and donkeys,
amino acid proteins (blood, animal glues such as
size/hide glue, gelatin, and casein), mammalian hides,
bones, and tendons, collagen, gelatin, casein, termite sa-
liva, termite saliva and feces (Pereira et al, 2008: 248).

Sand, wind-blown sand (dune sand), silica, clay, natural
pozzolans, powdered coral shell.

Liquid and semi-liquid synthetic organic materials such

as various synthetic resins, paraffins, waxes, and latexes.
Polymers, emulsions, synthetic vegetable fibers including
polypropylene fibers. Cellulose, amino, and acrylic resins.

Gypsum, ash, Portland cement, lime, powdered brick

Properties /Functions

Binding soil particles, increasing tensile strength, leveling soil
and earthen materials, optimizing soil moisture regulation,
'leaning’ (making less plastic) clay soils and reducing shrinkage,
lightening the soil, acting as a thermal insulator (Ebrahimi,
2019: 295; Esmaeili & Qaleh Novi, 2012: 55), reducing crack-
ing, providing moisture resistance.

Increasing soil hardness and strength, soil modification, com-

pacting soil particles, increasing soil cation exchange capacity

(CECQ), increasing the amount of organic matter and nutrients
in the soil.

Stabilizing clay soil, achieving uniform gradation, appropriate
distribution, creating better cohesion between particles, balanc-
ing soil shrinkage to prevent cracking (Bahobail, 2012: 24).

For soil stabilization, UV resistance, creating adhesion/binding

properties, solvent resistance, for strengthening and moisture-

proofing, transparency, and damp-proofing walls and historic
structures (Bahadori, 2007: 160).

Improving physical and mechanical properties of building ma-

Materials (brick dust).
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Figure 1. Aerial view of the historical Morchekhort Castle in Isfahan
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Figure 2. General plan of the complex and introduction of existing uses

terials, improving and increasing compressive strength.
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Figure 3. Estimated abundance of brick in the historical castle of Mor-
chekhort
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Figure 4. Creation of wear grooves in the body and groove location due
to changes in the performance of the gutters.
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Table 2. Study of materials in the buildings of the historical castle of

Historical Mosque of Morchekhort

Wainscoting of the southwestern and
northeastern prayer halls, flooring of the
northeastern prayer hall
Lime-grout (Shafleh Ahak), clay, straw-
clay (Kahgel), sime-clay (Sizgol), gypsum,
gypsum and clay (binder for adobes,
interior/exterior finishes, roof covering)

Motchekhort
Historical Structure s}t;izf:‘zzl
Main structure and roof, intetior and .
exterior walls, &olombo vaults, arches Ad&k}je;;)mk
2 (tnizeb arches) ¢
§ Building foundations, wells, borders Ston.
O around gardens/courtyards one
S Doorts and windows of historical
g buildings, ceiling, landings, and Wood
)
5 thresholds
S Staircases Bakec_i Brick
z (Ajor)
8 Interior coatings/plaster Gypsum (Gach)
w
2 Clay and
E Interior coatings/plaster Gypsum (Gach-
8 0-Khak)
E . . . Straw-Clay
k5 Interior and exterior coatings/plaster Render (Kahge)
= Clay mortar (for laying bricks in
interior/extetior walls and flat/curved Morttar (Melat)
roofs)
Preparation of lime-clay mortar and Clay (Khak-e-
k) o straw-clay render Ras)
0.8 :
§ L% All piets (jerz-ha), arches (fuizeh arches) Bak(f%i)nck
<
< g Exterior walls, paving/flooting, basin
& 2 (hog), vestibule (kafshkan), changing room Stone
TS é (sarbineh), columns, stairs, foundation
E g Entrance door, vestibule (kafshkan) Wood
2 S Lime-clay, sarsj (hydraulic lime mortar), .
T sand-lime, pib-dro (traditional fatty Morta;s (Melat
mortar) 9)
Probable foundation of the structure (15;2;}7(;-2;;)
Probable foundation of the structure,
columns of the northern prayer hall Stone
(Shabestan)
Flooring, walls, courtyard facade, vaulting Baked Brick
o of the winter prayer hall (Ajor)
- . . Adobe Brick
ég All piers (jerz-ha) (Kheshi)

Tile (Kashi)

Mortars (Melat-
ha)
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Table 3. Specifications of the experiments conducted in this study

Type of Test Standard Objective Evaluation Method/Principle
Coarse Gravel (Coars-
Particle size d > 4.75 mm
Soil Particle Size ASTM D 422- Grained est)
Distribution (Based | 87, AASHTO Sand (Finer) Particle size 0.075 < d < 4.75 mm
Fine
on Size) 88-8 Silt (Larger) Particle size 0.002 < d < 0.075 mm
To identify granular materials Grained
Clay (Smallest) Particle size d < 0.002 mm (2 microns)
and determine the volume ra-
Granular Gravel These particles lack significant cohesion
tio of sand to total soil vol-
(Non-Co- Sand under moisture. Silt particles are fine but
AASHTO T87- ume, establishing the distribu-
Hydrometer Test hesive) Silt do not exhibit cohesive behavior.
86, T88-90 - tion of particle sizes.
(Based on Mois- Not every particle of clay size is cohesive;
ASTM D421-58,
tute/Behavior) cohesion in clay is due to the presence of
D 422-63 Cobhesive Clay
clay minerals with high water absorption
capacity.
To identify the compounds XRD analysis involves bombarding the material with short-wavelength X-
X-Ray Diffraction
BS EN 13925 and phases present in the ma- rays (in the range of atomic spacing). The resulting diffraction patterns are
(XRD) Analysis
terials. used to study the material's atomic structure and crystalline phases.
AASHTO 84,90-
Liquid The moisture content at which the soil-water mixture transi-
81-ASTMD
Limit tions into a liquid state and begins to flow with a slight in-
4318-87
(LL) crease in water.
To determine specific mois-
Atterberg Limits AASHTO
ture content thresholds for Plastic
Test T89,90-81 - The minimum moisture content at which the soil exhibits
clay soils. Limit
ASTM D 89,90- plasticity and moldable behavior.
(PL)
Liquidity The moisture content at which the soil's shear strength is suf-
ASTM D4318
Index (LI) ficiently reduced for it to enter a flow state.
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Type of Test Standard Objective Evaluation Method/Principle
To evaluate the durability of Utilizes a non-pressurized rain simulator to generate droplets, followed by
Artificial Rain Test ASTM D7101 the manufactured adobes drying, weighing, and measuring the degree of erosion and weight loss of
against rainfall. the sample.

To determine the resistance to
Compressive ASTM C109 Involves mounting the sample between the machine's platens and measut-
compressive force after a
Strength Test ing the maximum force the sample can withstand before failure.
specified curing period.

To evaluate the durability of
Samples are submerged in water for varying time intervals to assess the rate
Immersion Test ASTM C67 the adobe against environmen-
of water absorption and the effect of water on the adobe's durability.
tal factors (water saturation).

To measure the depth of wa-

Water Permeability Water penetration depth is determined using a colored solution. The depth
DIN1048, EN- | ter penetration into the mate-
Test (Depth of reached by the dye in the material is made visible after the sample is split us-
123901/8 rial based on time and pres-
Penetration) ing a Brazilian test method (indirect tensile test).
sure.

Sttt g gol (18 Slaseio 1€ Joda

wﬁgﬁ Ui‘ »® 5wl D490 ‘_g‘.ib ‘:0.59)3, J-o

Table 4. Technical specifications of synthetic emulsion

Appearance Color pH Temperature for  Shelf Life J RS EREP TR Ub?bu - R O
Use e poio b b S5 4 Glole (sl ) Yw OlS 5 ol el gl
yea
Liquid White 5 Above 5°C protected from Sl By g o Moi 35 b Aile (olapuwilSe 1 ealar wl b LB,
freezing)

B pan 3)90 gxlydy a5 canl opl (FJgd>) Setw (ygumdgal sl 5o
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Table 5. Specifications of synthetic fibers used (polypropylene)

Chemical Fiber Color Cross-Sec- Leneth Specific Standard Dosace Storage

Structure Type tional Shape g Gravity Compliance g Conditions
0, - B H

100% Poly-— Monofil-yy i Circular 12mm 091 g/em® ASTM-Cl11e 0008t 3 kgpercubic meter 5 b g

propylene ament (depending on application)
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Sample: Major Phase(s) Major Phase(s) Minor Phase(s)
A1 Calcite (05-0586) Chiorite  (29-0701) Hematite (33-0664)
Las: cacos (Mg Fe)6(SLAO10(OH)8. Fe
Date Quartz (33-1161) Potassium Feldspar Dolomite ~ (36-0426)
01.00.2024 sio2 KAISI308 CaMg(CO3;
kv =40 Albite (09-0466)
mA =30 NaAISi308
Ka.=cCu Muscovite - ilite  (26-0911)
Fil_= Ni H)2
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Figure 5. Results of XRD test on soil from the castle Morchekhort
(Technology City Laboratory, Isfahan University of Technology, 2024)
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Table 6. Technical specifications of water-based transparent acrylic
emulsion resin

Value Value (From
Parameter (Translated English

from Persian) Specification List)

o Milky White

Appearance Liquid emulsion
Color White —
pH — 6-7
Ambient Temperature Above 5°C .
for Use

2 years (if
Shelf Life protected from —

freezing)
Solid Content — 50 £1%
Viscosity @ 25°C _ ‘?]grg%?( égl,g)oo cP
Minimum Film-
Forming Temperature  — 15°C
(MFFT)
Density @ 23°C — 1.04 g/cm3
Calculated Glass
Transition — 25°C
Temperature (Tg)
Average Particle Size — 0.1 um
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Figure 8. Bricks according to the prepared codes

Figure 9. Coding of clay according to additives
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Figure 6. Determination of the flow limit of samples (Soil and Mechan-
ics Laboratory of Isfahan Province, 2024)
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Figure 7. Determination of the paste limit of samples (Soil and Mechan-
ics Laboratory of Isfahan Province, 2024)
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Table 7. Description of the Atterberg limits of soil and clay of Morche-
khort castle (Soil and Mechanics Test of Isfahan Province)

Laboratory Borehole/Sample LL PL PI
Sample No. Description (%) (%) (%)
207701 Bagged Soil 23 15 8
207707 Clod Sample 23 15 7
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Table 8: Introduction of production samples for brick using modern techniques

Code Name A B C

D

Soil + Straw (Base

Soil + Synthetic Fiber Adobe) + Synthetic  Soil + Acrylic Emulsion

Constituent Materials
Resin Solution

(Polypropylene) Fiber (Polypropyl-

ene)

Soil + Straw (Base
Adobe) + Synthetic

Emulsion Solution

Image of Prepared Brick
Y2 Soil + V> Straw + Y2 Soil + V2 Straw + 20
Quantity Used Y2 Soil + 50 g Fiber Y2 Soil + 20 g Solution
50 g Fiber g Solution
Code Name E F I H

Soil + Straw (Base

Soil + Straw (Base

Soil + Straw (Base

Adobe) + Synthetic Fi-
Adobe) + Acrylic

Adobe) + Synthetic Fi-
Soil + Synthetic Emul-
Constituent Materials

ber (Polypropylene) + ber (Polypropylene) +

sion Solution Emulsion Resin So-
Acrylic Emulsion Resin Synthetic Emulsion
lution

Solution Solution

Image of Prepared Brick

Y2 Soil + 2 Straw + 20
2 Soil + %2 Straw + Y2 Soil + V2 Straw + 20 g

Quantity Used Y2 Soil + 20 g Solution g Fiber + 50 g Solu-

20 g Solution Fiber + 50 g Solution

tion

Note on Quantity Used: The quantities listed above were used to produce three bricks with dimensions of 10 X 10 X 5 cm for this research.
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Figure 10. Samples after the water washing test
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Table 9. Results of artificial rain on primary and production bricks

Final Mass Final Mass Final Mass .. .
Initial Weight
1 0 1 0 H 0
Additive Material and Quantity Weight (kg) Loss (%) Weight (kg) Loss (%) Weight (kg) Loss (%) Before Test
k.
After 10 min Rain Test After 20 min Rain Test After 40 min Rain Test (kg)
Code A: %2 Soil + 50 g Fiber 1.005 -6.16 0.851 -20.54 0.721 -32.67 1.071
Code B: Y2 Soil + ¥ Straw + 50 g
0.791 -13.64 0.625 -31.76 0.527 4312 0916
Fiber
Code C: 2 Soil + 20 g Solution 1.11 -17.28 0.885 -34.05 0.711 47.01 134
Code D: V2 Soil + V2 Straw + 20 g
0.908 -1.08 0.896 -2.39 0.887 -3.37 0918
Solution
Code E: "2 Soil + 20 g Solution 1.079 -2.79 0.945 -14.86 0.765 -31.08 1.11
Code F: Y2 Soil + 2 Straw + 20 g
0.801 -18.76 0.752 2373 0.601 -39.04 0.986
Solution
Code I: %2 Soil + %2 Straw + 20 g
0.750 -8.08 0.621 -23.89 0.521 -36.15 0.816
Fiber + 50 g Solution
Code H: %2 Soil + %2 Straw + 20 g
0931 -1.37 -9.19 2,64 0.908 -3.81 0.944
Fiber + 50 g Solution
Code O: Soil + Straw 125 -17.92 0.936 -38.54 0.712 -53.25 1.523

Note: All weights are presented in kg. The data represents the average findings from the production of three adobe bricks (10X10X5 cm) for each

code.
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Table 10. Status of samples after specified hours

Code Code D Code C

Code B

Image of Brick
Disintegration After approximately 8 After approximately — After approximately 8 After approximately ~ Disintegrated after 2
Time (hours) hours 8 hours hours 4 hours hours
Code Code H Code I Code F Code E

Image of Brick

Disintegration
Time (hours)

After approximately
24 hours

After approximately

After approximately
12 hours

After approximately

12 hours 24 hours
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Table 11. Results of immersion test of produced and primary bricks

Initial
Final Mass Final Mass Final Mass Final Mass
Weight Be-
Additive Material and Quan- Weight Loss Weight Loss Weight Loss Weight Loss
fore Test
tity (kg) (%) (kg) (%) (kg) (%) (kg) (%)
(kg)
After 4h After 8h After 12h After 24h
Code A: %2 Soil + 50 g Fiber 0.823 -23.1 Disintegrating 1.071
Code B: /2 Soil + 2 Straw + 50  0.723 -11.3 Disintegrating 0.816
g Fiber
Code C: ¥ Soil + 20 g Solution 105 805 Disintegrating 1.142
Code D: V4 Soil + ¥4 Straw +20 800 -1.46 0.79 29 0.78 4.5 0.77 5.0 0.818
g Solution
Code E: ¥; Soil + 20 g Solution > T2 098 12 Disintegrating 1110
Code F: ¥ Soil + V5 Straw +20 0301 -1.83 0.76 -6.25 Disintegrating 0.816
g Solution
Code I: ¥; Soil + ¥ Straw + 20 07 27 068 -108 Disintegrating 0771
g Fiber + 50 g Solution
Code H: %2 Soil + 2 Straw +20 092 -1.9 091 -2.86 0912 -33 0.895 5.2 0.944
g Fiber + 50 g Solution
Code O: Soil + Straw Disintegrating 1.523

Note: All weights are presented in kg. The data represents the average findings from the production of three adobe bricks (10X10X5 c¢m) for each

code.
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Figure 11. Comparison of codes in artificial rain experiment
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Figure 15. Sample of polished bricks from code H, D, O
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Figure 12. Weighting ranking in artificial rain experiment
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Figure 13. Comparison of codes in immersion testing
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Figure 14. Ranking of codes in the immersion test
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Figure 16. Mortar breaker jack to check the compressive strength of
samples
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Table 12. Results of compressive strength tests on produced bricks

Sample Code Load at Compressive Moisture
P Failure (kgf)  Strength (MPa) Condition

Sample H 1325 5.2 Dry

Sample D 1352 53 Dry

Original

Adobe 53 0.2 Dry

——
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Figure 17. Permeability test of sample D
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Figure 18. Permeability test of sample H

Figure 19. Primary brick permeability test
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Figure 20. Colored liquid on samples
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Figure 21. Code D measurement rate
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Figure 22. H-code measurement rate
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Table 13. Penetration depth test

. . Water

Sample Dimensions .
Code Test Date (cm) Penetration

Depth (mm)
Sample D July 9, 2025 10x10x5 18
Sample H  July 9, 2025 10x10x5 22
Original o .
Adobe July 9, 2025 10x10%5 Disintegrated
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