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Climate changes and their impact on the mud brick
buildings at the Arab El-Hisn excavation site

Abstract:

Introducing the Arab Al-Hisn excavations, a historical
introduction to the site, the antiquities discovered from the Arab
Al-Hisn excavation site, the current site of the Arab Al-Hisn
excavations, the mud-brick buildings found in the Arab Al-Hisn
excavations, the old implementation techniques for building these
buildings, building materials, mud-brick components, and the
mortars for connecting the blocks, techniques of building walls
from mud bricks ,and monitoring internal and external damage
factors affecting mud brick buildings, photographic, architectural,
and photogrammetric documentation of the mudbrick buildings
on the site, documenting the damage manifestations of buildings
and mortars, and conducting the necessary tests and analyzes to
know the components of the mudbrick and the bonding blocks
between the blocks ,in which various microscopes are used from
digital and stereoscopic microscopy, scanning electron
microscopy, Raman, and analysis using X-ray diffraction, The
sample of adobe bricks is a homogeneous clay with fine grains, in
which there are fine interstitial spaces ,and sometimes gaps and
cracks as a result of water loss and weathering factors, The clay is
mixed with sand and animal dung in small proportions as a
binding material ,And the study of climate changes and their
impact on the mud bricks and the bonding mortars between the
blocks of the mudbrick buildings at the Arab Al-Hisn excavation
site and making a plan for the treatment and restoration of the
buildings and the connecting mortars from the same raw materials
used in the past and with the same techniques of the old industries
used at the time of building those buildings with the addition of
some improvements to resist internal and external damage factors
and resist Current and future climate changes.

Keywords: Excavations, Arab El-Hisn, mud bricks,
climatic changes, restoration.
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Ayman Wahby and Penelope Wilson, The Delta Survey Workshop: Proceedings from

Conferences held in Alexandria (2017) and Mansoura (2019), in Archaeopress
Egyptology 41, 2022, pp. 99-114.
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The Scanning Electron Microscope for samples, Using SEM Model
Quanta 250 FEG (Field Emission Gun) attached with EDX Unit
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company, Netherlands)
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Image Name: Base (1)
Image Resolution: 512 by 442
Image Pixel Size:  1.38 um
Acc. Voltage: 20.0 kV
Magnification: 499

Full scale counts: 3821 Base(1)_pt1 Cursor: 10.240 keV

Integral Counts: 104713 8 Counts
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Image Resolution: 512 by 442
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Jiases 4338l Jalaally dnnal) 5 all dalall 4 pemall Al Jallasill o
1 U Sleal) lialsa
X'Pert PRO
PANanalytical X-Ray Diffraction equipment model X'Pert

PRO with Secondary Monochromator, Cu-radiation
(001.542A) at 45 K.V. 35 M.A. and scanning speed
0.020/sec. were used. The diffraction peaks between 200 =20
and 600, corresponding spacing (d, A), and relative
intensities (I/lo) were obtained. The diffraction charts and
relative intensities are obtained and compared with ICDD
files

ol Gl e Jidad 8 aadiall XRD Al 4a8Y) 2 gin Sl a3 ¥ b5 s

(B £3al) (pY-YY s cpaldl ddadf) L W Ao Alama —— (ed o (ol 3 ¢ el (el Shass 2

-¢0 -



il i g (A gl e (i Lo iy o i)

Date: 1210/2019 File: 46-1 Time: 1215:54

Courts

46-1

400

otz Abity

3004

2
200 | 2 § I
A : §
100 - % E iggg é gg g -ﬁ g
}w’ § EWMJ%M § 5 g 5 5
5 W‘M : WMM’ wryﬁ »Mmmu

N
&

T
30
Position [*2Theta] (Copper (Cu))

o
N}
=1

50

Peak Number Pos. [°2Th.] d-spacing [?] Height [cps] Rel. Int. [%]

1 7.0414 12.54380 8.44 1.40
2 10.5170 8.41180 29.08 4.81
3 19.9246 4.45627 25.67 4.25
4 20.8917 4.25212 101.92 16.86
5 22.0119 4.03820 37.07 6.13
6 26.6615 3.34358 604.56 100.00
7 27.9350 3.19398 61.81 10.22
8 30.4065 2.93978 25.46 421
9 36.5764 2.45680 35.06 5.80
10 39.5101 2.28088 63.42 10.49
11 42.4704 2.12850 22.45 3.71
12 45.8102 1.98079 17.18 2.84
13 50.2011 1.81736 132.95 21.99
14 54.8893 1.67271 18.00 2.98

Pattern List: (Bookmark 4)

Ref. Code Mineral Name Chemical Formula Semi
Quant
[%]
01-070-3755 Quartz Si02 82
01-070-3752 Albite (Na0.98 Ca0.02) (Al1.02 Si2.98 08) 8
00-058-2010 Montmorillonite  Na0.3 (Al, Mg )2 Si4 010 (OH )2 -xH2 O 5
00-003-0030 Actinolite Ca (Mg, Fe +2) Si2 06 -2 (Mg, Fe) Si O3 5
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Device name: - Raman spectroscopy - BRUKER (SENTERRA Il)
Sample Measurement data
KAOLIN Laser type: 785 nm
Laser Power: 25%
Integration time: 1500 ms

Conditions: 1
Resolution: 4cm™
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e | Compound Name KAOLIN
Molecular Formuls AIZSZ0S(0H) x 2H20.
) Molecular Weight 29419
<+ | ’ CAS Registry Number 1332:58-7
S Sample Preparation Raman
| Reference. KUU179/ NDRSB72
Copyright (€ 2017 Nicodom
g T T T T T Entry No. 671
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KBr technique was used for sample preparation.
Spectrum was measured at a resolution of 4 Cm-1 and 20
scans were recorded per sample. IRPrestige-21 FTIR
Spectrometer and the IRsolution software were used.

Spectrum in the range 4000-400 Cm-1 was baseline
corrected and atmospheric compensation was done.
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Absorbance:
Abs E Z
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