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Abstract:
This research paper focuses on the study of the construction techniques
used in the Fatimid adobe wall of Cairo, discovered at the beginning of the 21
century, close to Burj al-Zafar in Gamaleya district of Cairo. The research also
focuses on studying the mineral composition and properties of the adobe building
materials used in building the wall and identifying the causes and manifestations
of damage to the discovered adobe walls. The study presents a systematic plan
to restore the damage to the Fatimid adobe wall, in addition to presenting a
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proposal to rehabilitate the archaeological site of the adobe wall, to preserve and
develop it sustainably. The study used scientific methods to examine, analyze,
and study building materials. The most important of which are: X-ray diffraction
analysis (XRD) and scanning electron microscopy (SEM-EDX). Some physical
and mechanical properties were measured on archaeological and experimental
adobe samples, such as density, porosity, water absorption, drying shrinkage and
compressive strength. Some of the most important results of the study was that
the Fatimid adobe wall combined the two techniques of building: Tabiyya
(rammed earth) and sun-dried bricks. The mud brick used in building the wall is
characterized by its high silica content, in addition to the presence of feldspar
minerals and some salts of chlorides and sulfates. The buildings of the wall suffer
from weakness and severe damage, and they need urgent intervention with
restoration works. The clay mixture consisting of (desert clay, salt-free sand, a
percentage of white cement, ceramic powder, a percentage of slaked lime, and
chipped straw) in the specified proportions, can be considered suitable for
restoration processes of the wall. 3D Max program was used to visualize the
Fatimid wall site after rehabilitation. The study considers the rehabilitation of
the Fatimid adobe wall site as one of the most important reasons for protecting
it in the future and recommends the necessity to complete the excavation works
of the archaeological site, and to develop it in a sustainable manner.
Keywords: Fatimid Cairo, Adobe wall, Tabiyya, Mud brick, Restoration,
Rehabilitation.
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24- Dethier, J., Mud building architecture in the past, present, and future, p. 52.

25- Pradines, S., Discovery the Fatimid walls, pp. 103 — 115.

23220 02 ua oY) el B30 (& Gl e bl cdaelans] (lani -26
27- Hamdouni, M. A. and Pandolfo, S., Reflecting on materials and structure: Building
cultures and research methodology in the project of a seismic building code for traditional
materials in Morocco, In: Hardy, M., Cancino, C. and Ostergren, G. (eds.), Proceedings of
the Getty Seismic Adobe Project 2006 Colloquium, J. Paul Getty Trust, 2009, pp. 67 — 79.
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34- M. El-Gohary, Investigation on limestone weathering of El-Tuba minaret El
Mehalla, Egypt: a case study, Mediterranean Archaeology and Archaeometry, 10 (1),
2010, pp. 61— 79.

35 - Stuart, B. H., Analytical techniques in materials conservation, John Wiley& Sons
Ltd, England, 2007, p. 43.

1409



2024 b - (g siadl g galealianad — UV 408 Alaa

X-ray diffraction analysis (XRD) 4xisad) 4a&Y) 3 gaay Jalail) 2.3.2

dianall U Sl e (b yeil) sl Jalail) (3 5a an (e did) 3280 3 gay Jlail) ey
ianad) 43V 3 gomy Jilail lem Al all 038 b adiiad 085 (364, mall 2 5y slitall dlall o) gall
Ay dial gall (63
PAN analytical X-Ray Diffraction equipment model X'Pert PRO with
Monochromator, Cu-radiation (A= 1.542A) at 50 K.V., 40 M.A. and scanning
speed 0.02°sec. was used. The reflection peaks between 26 = 2° and 60°,
corresponding spacing (d, A) and relative intensities (1/1°) were obtained. The
diffraction charts and relative intensities are obtained and compared to ICDD
files.
Cum ¢ il guadl Uiy 8 Aaniiusall Ayigdall 4 gall 5 cplll o slall el oS il e i jaill lld
S il 8 DAY sl i) sae 4 yeal ¢ saally 48 jiia (SLal (e Ayiall Ciligall (ge 220 pan
azal)

) dadY) ABU il B g3 29 3l gasleal) (o 9 SN o gSin g sS3ally Jolaill g it} (3.3.2
Scanning electron microscopy (SEM-EDX)

oandl Ayl AesY) Ala il Bas g 35 3al) ealall g SV G sSn g ySaall padiil
Jalas Jaad QS 5 il 52l & gaim g idall ) sl 8 Aaniiiosal) dgidal) 45 gall 5 cll) o shall cilie
SEM quanta FEG 250 FEL, USA, equipped with an energy dispersive X-ray detector.
oal 2 daiiaall Ay paill g 4 ) el cliall A0Sl g 4l 5adl) Gl i) Al 33 4,32
Study of physical and mechanical properties e il g aa i)
3735 5341 calll G shall el Jarcall 4 gladl 5 ccilaall

Ll Al cliall 2l2e) 11.4.3.2
& 4aladiaY caiiaddl G ghall alliad Guuadl @y panll e 54 gaal) GELLY) azy A il
) bl saall (e dangall 5 AN ) a3 e L) Bale ) 5 (JlaSiuY 5 caze Xl 5 caza yill (ial 2

36 - Stuart, B. H., Analytical techniques, pp. 229 — 232.
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40- ElI-Mahallawy, M. S., The composition and ceramic properties of some Egyptian
shale deposits and their possible utilization as building materials, Ph.D., Dept. of
Geology, Faculty of Science, Zagazig Univ., 2004, p. 46.
41- ASTM D 422 — 63, Standard test method for particle- Size analysis of soils, 1991,
pp. 612 — 617.
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42- Serena, L., Field methods for the analysis of mud brick architecture, Journal
of Field Archaeology, 42, 2017, pp. 351 — 363.
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Scanning electron microscopy (SEM-EDX) ;
Glie 5 (@ 10 d88) Gl o shall el ) 5 SV O oS 5 jSaally pandl] eia )
Sl e e A e ndall £ gall 5 cpalll o shall (ga JS 6 gial (2 ¢ 10 JS5) Agal) 4 sl
Al 45 gall 5 o ghall L dpalall cal sl Ll ) diLaYl dgalaald Jdddlaid) je aaall
Pl g 5 ¥ €0t ) Coane ) I 55 (Sans b avie il ga b 3 KU s (g
pxiisall Galll Goshall delia 85 S Jill ek aladiiod g sall (e s $5 568 dhal @l ciliha
3,8 oA dpndall D gall g cplll ashall Ll (a pas Al 4y saill Jady g2 5 Uy suall ol B
ans Glo A Y Akl cil Gun sl Clide caad a8 5 G calasiny)
Dl 135 clgde #OLYI a Jig eled 5aS Gl b g o dal) G gudl el Al sa e a peadl
A3l 35 sall g cll) oghall 8 e )l e dpadl 3 g g o SSEN ¢ oS s Saall (andl) (g

2n s (5 ed 10 JS5) Apidall 45 all 5 Galll o ghall e el (g puaiall Jlaill (g pracall LS
«Ca psrllslls Al assiasl¥ly «C Gy Oz GpansYls Si@sSolaual) A8Y) yualial
sl s (Fe padly «Cu bl s (Mg aspsielall 5 ¢S 581l «Cl slSll g (K sali sl
s s B ool skl (8 ) pualial) aal a1 G SU Jias P sl (T
3 pall el Aliiin iy (5531 peabinll 2 55 Liay ¢ Aoy (0 sSulaul) 5 cdnn s Ay S
oy aally GaSl) 2 LS el Gy peaiad) ¢ sSabiadl 5 GianSY) L Jiagd dyiglal)
i EDX dawsl 53 (5 paiadl Jilaill iliis 55 5 Aliiia Cansiy (5 HAY) pualinl) 2a 5 Ly o sia
el 2 ga s Alall & gall y clll ghall Gl Sa e lay Sum €XRD daul 5 (Fanall Jilail
Al (paleal) e ANl jualial) Caila ) 138 il jalae aalS =3l 3 sa g (e Sl ¢ juall
i gl saiiall 5 Cuil SI Galaa 8 Aliiall

44- El-Gohary M., The Contrivance of new mud brick for restoring and preserving the
Edfa ancient granary-Sohag, Egypt, 1JCS, Vol. 3 (2), 2012, pp. 67 — 78.

1416



asa il Lpaga g - Calll ghall Cpa dadiall (palaldl) 3 aLAN  ga sy ) ga g Bl Apandl Al 4o

kV: 20 Mag: 1000 Takeoff: 35 Live Time(s): 20 Amp Time(ps): 3.84 Resolution:(eV) 128
4.20K] T 1
Si
3.78K Smart Quant Results
3.36K Element Weight %  Atomic % Error %
CK 42.77 55.83 8.16
24K ok 3518 3448 1048
2.52K NaK 073 05 17.9
o MgK 055 035 142
2.10K AK 152 0.88 7.89
SiK 353 197 5.06
1.68K SK 044 0.21 16.36
1.26K CIK 126 0.56 774
KK 0.57 0.23 16.84
0.84K - cak 117 437 254
Fe FeK 158 044 13.25
0.42K] s K T Cuk 07 0.17 302
y p SsCql A I Ga T g ‘ Fe
0.00K Y o -
0.0 26 39 5.2 6.5 78 91 104 117 13.0
0 Cnts 0.000 keV Det: Element-C2B
kV: 20 Mag: 1000 Takeoff: 35 Live Time(s): 20 Amp Time(ps): 3.84 Resolution:(eV) 128
S.0UKT 1
Smart Quant Results
4.50K
Element Weight % Atomic % Error
4.00K] mahmoud a hafz 6-11| 1| Area 2 | Full Area 1 |
sicoill CK 12.07 20.66 12.74
” OK 36.42 46.79 945
: K NaK 0.94 0.84 17.92
3.00 MgK 082 069 1191
AIK 6.13 467 6.09
2.50K i SiK 247 1808 455
b Si b PK 005 003 99.99
200 SK 081 052 1853
CIK 048 028 24.71
1.50K KK 225 118 9.05
Cak 376 1.93 596
00K TiK 125 054 12
FeK 10.33 38 414
0.50K
Fe Fe Cu Cu
0.00K 2R . il
0.0 13 26 39 5.2 6.5 7.8 9.1 104 117 130

0Cnts 0.000 keV Det: Element-C28B
SEM = (i sea (< o) EDX 82350 25 3l geasliall (g 5SIY) o sSg pSaalls Julaill 5 il 2(10) IS
DA s A il JISEL Leal) Jlia e ) 8 3 ga g5 ¢ mndl s Jal) A 3L g uaay Cull) o shall il
il il e ety Aalall 45 gall Ciliuad SEM = ) s (2 ¢z) ¢"as e JS3L ad) JLia” ale

Al 25 ) o Aie] 5 i) T (5) €0l B o el 5 i) ) () el o 505

ol 2Y dalaal) A il s 4y ) bkl ciliall GGl 5 Auily 5l ) i) A 12 4.3

wead o

Study of physical and mechanical properties e il g aa yil)

Ladgall o1 a1 el sale) 5 JaSiu¥l 5 ae il ) )2 Y Cuaa (d Gish delia cuilS W
4 puanll CLLLY) Gy Ledald 5 4y ) paall Andall Hlial o3 288 cCanall g Lt ) Baa ¢ saall (1
Al pailad Ay lnSe JSE 3 Lpas Al clhls dae sy cdypemadl
bl ) sull e i) 5 ane il Jlaef A alasinD Leladl ~) 38Y <ASalSaall
Aaiiaall 5 2 V) Ciliall AlSaal) 5 50 3l il A i) o il 1 a8 JSEN) a g
bl Iadal (e 435Sl 3 a8 ) digal) G dipaal) il (g gt O (Rary asa il ial e Y Lias
) 38 (il (3 saie %15 — Ganl Ciedl %15 — day %55 — Al Ak %45)
ailad (puinily glenll Kl (e A piie Al 3 gl 53 ) ALYl s BiiSin pailiad
%10 55t ¥ clihaall juall (e Ao Ailialy elld g e 28 ) diaad) i oS (s Lot gl (S Al
AR (55 0n 965 55 Y Aty L jiall (il Ailaa) 1365 Adlall Al 8 Ldid )35 e
piadl) sl 53 5a e Baliall eCiliad) aey GILSEY) Qi (3 45, Aiel) Lals L) cilad) A1)

1417



2024 b - (g siadl g galealianad — UV 408 Alaa
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Gl dpanl A3 Y 5 Auag Hll Ghlia) 5 A8 5 a8 gall dalaivsall dpatil) Calaa®y Wias ¢ ) gul) 8 5e
Of Gl V5 5 5aY) ol il 8 4aleS alladl 5 5 alill e langds Al Laliall @l i) Jh b
leie i€l iy (pe Apnldll Al ol puill (o et el gl (g Lie CiSH a3 ) 6] 3aY)
g yha s 4 s ol Cngdi b Al Q) sl () a3 A LEN Ay Flall Al a2l 5 V) s g
O xS ) Ay sk 950 padl il jo— eanll Y QU Qs e — Wl 18 6 guse e 4palia
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N ama s bl yaldl Cila jal Alsasall bl (any 12 8 ) JSEN i gyg — ey 4 sall sl )Y
0aaYl s liaa 5 Lo Y el @l 45 jlia e dpualall ol e 31 JDA 5 el ey eyl J sk
Cina O ) clilaay) i Cua tdaeliall 360 aay J 550 all cilapn i) Y aes
il o Cilas Eua 622017 ale Ak duzalal) dedll o) 5o VL 4 jlaa 3 ) SV 8 22021 ole
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45- El-Gohary M., The Contrivance of new mud brick, pp. 67 — 78.

46- Abdelmegeed, M. M., Modified mud bricks for strengthening historic earthen
structures: Towards sustainable and green restoration, Shedet, No. 7, 2020, pp. 263 —
276.
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Aple ol sof duuady 43 580 52021 ale Chuall Juad (o 55 ¢y ) 4 sall sla S0 ddlall A3l 247
https://www.civilaviation.gov.eq/Companies/Meteorology .2021
48-http://hikersbay.com/climate-conditions/eqypt/cairo/alzrwf-almnakhyh-fy-algahrh.

html?lang=ar (Egypt, 2023)
49- https://www.bbc.com/arabic/science-and-tech-59942147 (Egypt, 2023)
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50- Toracca, G., Porous building materials, ICCROM, second edition, 1982, pp. 100 —

101.

51- Alvarenga, M. A., Adobe: Constructive method and thermic characteristics, In:
Proceeding of 6th international conference on the conservation of Earthen architecture,
Adobe 90 Preprints, Las Cruces, New Mexico, U.S.A., October 14-19, 1990, pp. 357 —

362.
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54- Babor, D. and Plian, D., The preservation of adobe buildings, Bul. Inst. Polit. lasi,
t. LVI (LX), f. 1, 2010, pp. 17 — 25.
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