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* Hubert Guillaud & Hugo Houben : Earth Construction, A comprehensive guide ITP 1994.
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These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive

Soil structure 4uall 4

USDA Soil Classification

clay loam
(3

loam

Percent Sand
SOIL DATA
s Sample Depth Percentages From Material Passing a #10 Sieve Classificati
ource No. Sand Silt Clay assification
. B-13 S1b 0 26 35 39 Clay loam
L] B-13 S52a 5 39 7 4 Sand
A B-13 a3 10 64 19 17 Sandy loam
* B-13 54 23 9 7 85 Clay
v B-13 85 30 14 45 41 Silty clay
i B23 51 0 5 87 B Silt
al |2 B23 52 25 & 35 57 Clay
o]
E‘ B23 53 5 40 3 52 Clay
& [« B23 54 75 37 32 31 Clay loam
™
2l |= B23 35 23 13 11 Tl Clay
)
h={
5 Client: Berthoud County
5 Project: Berthoud County Landfill Expansion
o
4 ALV ENGINEERS
5 Project No.: P2319824.4 Figure A4

Soil Grain size distribution depicted on a
triangular grid ( Minke.G, 2000)
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.(Particle size analysis & grain size distribution ) <t sSall caud 5 Cluall ana aaas ]
A alll g A sl aaasl ( Atterberg limits tests ) @ il asas &l il

ATTERBERG LIMITS
(PLASTICITY CHART)
Our Reference : /vy Date 1310 oy
Project : Lo Y sigx 8y Client ! } 5
- & Clay Silt Sand
Test No.
Boring No.
Sample No. ) )
Fine Coarse Fine [ Small Med. | Larg¢g
Depth (m)
Natural Water Content (%) ! ‘ Clayey : X Grained Grair Graih
Liquid Limit (%) 30.2 S_llt Sie . g Sand Sand | Sand |
Plastic Limit (%) . 100 ]
Plasticity Index 13.0
Consistency Index 90
Flow Index
Toughness Index
- — 80 111
Shrinkage Limit
uscs %
80 70
70 /
60
o ||| S pdn
< cH i 1 fn 1 N [ g
L T g -g 50 W
1 v n
2 40 o7 0 P
I 1T — 8 a0 Lot
2 CL
3 30 S Aarvah] I P — g G/e’C
. N / MHojr OH E 30
7 o L
p
10 S SR Il N B S bopeea
ﬁ/ 20 = i — aEE
0 CL-{ML | ~"|'MLoyOL
0 10 20 30 4 0 6 70 80 %0 100 110 120
_ 10 ¥ "“‘ R | )
Liquid Limit %
Lab. Engineer . /A .. Lab. Director : 1
/"“/— / W \‘i\ Ve /\

Atterberg limits tests Grain size distribution
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A guiaal) ) gall el g KU (pH valug) s s oued) oY) Aa o (Al CLY\ t\}ﬁ} GlaaS paail ShasS) Blasll -3
(x-ray diffraction) il 4539 3 saa Jlexinds g g dianall <l Sl 2 aai 4
(SEM) (55 530y cakadall o S 5 pSaall Jlaatinls Glaall g abisall a3 5 63 g ana g JSE 00a5 5

il i g Sig
i | S g T ST bl b S.No. TESTS RESULTS
il e ! ! 1. |Loss of Ignition 18.70 %
i H 2. |Cao (Lime) 20.16 %
il ! 3. [SO4 (Sulfate) 0.16 %
ofl L i | 4. | ct (Chloride) 0.08 %
3 E’ | fod ‘ 5. |Mgo (Magnesiz) 3.08 %
Sk By 6. | Fe,0;5 (Ferric Oxide) 512 %
1 7. | A6,05 (Aluminium Oxide) 8.02 %
i i S 8. |SiO, (Silica) 42.03 %
! 9. |N2y0 (Sodium Oxide) 0.19 %
‘ 10. [K,O (Potassium Oxide) 098 %
il o 11. | Undetermined 1.48 %
| x-ray diffraction L L 10000 % |
2 | | |
v |
: o , S.Na. TESTS RESULTS
(s PRI Al gall g Jull Juzadl _\.;u;zefgéjh A
2| o geill idall 8 Balaadl ¢ 4 eaill ddac ’
« 33 Gk' ; T I }d 7 1. |pH (1:1 Extract) 8.52 %
) o bl Leaglie saay LAY 2l sal el 2. |SO, (Sulfate) 0.16 %
A sall Blal) § Jlaaina¥) sl 3. |TSS (Total Soluble Salts) 0.41 %
4. |Cf (Chloride) | 0.08 %
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TERCENT PASSING BY WEIGHT

by Nl A 205l ) 2yl a5 e LASL el pm i (pimacd B 5044 ) JLERD o )
il il b destid il e el e Al Fad sa s Al L) cilisal i) Jdasll el jlas) o ek

il

U.S. STANDARD SIEVE SIZE PAMETERS (%)
S W LA SR RV K PP V7 TR Y 14 00 40 60 100 200
160 1 1 T T ST Sodium Oxide (Na,0) = 0.84
90*-- - I i I )
. AN | = I Ly Potassium Oxide (K,0) = 1.20
17 | H - T 1 . . .

i _‘[ - t T Magnesium Oxide (MgO) = 2.0

! iy il
€ } i AT ! Calcium Oxide (CaQ) = 21.0
0 3 ;‘f ; f —] f = |7 : 7 Ferric Oxide (Fe,05) = 3.93
40 epeirimid [ dmn 1 . .. .
4 (ian 4 R i T Aluminium Oxide (ALO,) = 27.82
30 L]
I e e — !M i . ! ‘ Sulphates (SO,) - = 0.12
ey T T o . ‘_5 [
" IL-[*—F*—-—#—.[—-—“ | - g“ L Chlorides (Cl) = 0.023
o 1000 s NG N\

i
1000 100 10
GRAIN SIZE [N MILLIMETERS
LAB INCH pl‘l (1'1 Extract) = 8.14

TESTED BY: Hafesz/Yasin

i) ol (e Al 1aal) Julatl

Pl=LL-PL

Plasticity Index = Liquid Limit — Plastic Limit

PI=24-17=17

** Pl definition (less than 12 is low)

okl (e Glie ENE Je hacall Gilalea) <l jlaal & elaf LS

at 25°C
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Py B MOLECULES
,/’ ,l. ,:'. I '
)
\\\ N, k \
D B I / Layer of
A ’ . I’
KN Y % e L——— octahedral
= 8.5 .7 R
N _:3_:;(,_._;,1 it molecules
@\ N\ PR @ Layer of
=X O\ [=== tetrahedral
= == molecules

TETRAHEDRON OF SILICA OCTAHEDRON OF ALUMINA

.A,
® sSit**t Silicon e AI"* Aluminium
O O Oxygen 0 OH™ Hydroxide

Negative charges I LAYERS

Very negative charges

Hubert Guillaud & Hugo Houben

rdgiaal) Al il <

(clay minerals) ¢ehll & dulul) Lpedl @l s<dl
LA

Kaolinite, Montmorillonite, Illite,

Attapulgite, Sepiolite, Calcite & Chlorite.
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Kaolinites- illites- montmorillonites : 4w ;I A5 & Y

Adsorbent outer surface KAOLINITE KaOI | n iteA|28|205(O H)4
= Type 1-1 structure - il 1 i
W “Y:’(::.’:n:“z; It is a layered silicate mineral, with one tetrahedral sheet

linked through oxygen atoms to one octahedral sheet of
alumina octahedra

7 |A Little o¥ no intralamellar
y adsorption

Strong intralamellary bond — fixed distance

Adsorbent outer surface ILLITE

lite: (K,H;0)(Al,Mg,Fe),(Si,Al),0;,[(OH),,(H,0)]

,,,,,,,,,,,,,,,,,,,w s Hydrous potassium silicate ( Hydrous micas)
i Sl e IS @ non-expanding, clay-sized, micaceous mineral.

Little or nointralamellar
adsorption

/ Type 2—1 structure

Illite is a phyllosilicate or layered alumino-silicate. Its

Moderately strong intralamellar bond  Fixed distance

structure is constituted by the repetition of Tetrahedron —

Outer adeorbent layes SR e Octahedron — Tetrahedron (TOT) layer.
W Type 2-1 structure
, Adsorbent intra;zr:f:::lz ;
;i; AW Montmorillonites: (Smectite): (Al,0;°4Si0,*xH,0)
Weak intralamellar bond - variable distance The structure of this group is comparable to that of Illites

but substitution takes place in the Octahedral alumina
layer. It is not stable when in contact with water and
suffers severely from swell.

Hubert Guillaud & Hugo Houben
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SAMPLE 1

C

- easy o break down
and disaggregate

slightly uneven mix
(orange patches -
clay )

breaks gown easily
in water

. feels silty and
sandy

sefties out Quickly

\\\\\n\k\\

yd \\ HCI test-positive

I\ J| - well graded
relatively coarse

- vegetation
(12 mm long )

. — clay
| silt
30-35%
fine sand

coarse sand and
— aggregate (chalk
and flint pieces)

sedimentation of sample in water

little vegetation

4
Rl
- > 1 clay
5-10% /
e L
| = st
30-35% |
A
i
| - fine sand

A

coarse sand and
aggregate (chalk
and flint, 2-5 mm
gravel )

r—

SAMPLE 2
easy 10 break by hand

setties out Quickly ( 2 hours )

Well graded, relatively coarse

T vegetation sparse
; -
\/ clay
10%
~—

- silt

fine sand

coarse sand and
aggregate

SAMPLE 4

based on dark soil ( white chalk
aggregate v. visidle

v hard when dry Quite hard o break
by hand

very well graded

COMPARISON OF
CLAY LUMP SAMPLES

Ontal) cliad e ) Julas
John & Nicola Ashurst

- much vegetation

~ clay

- silt

fine sand

coarse sand and
aggregate (mainly
chalk 2-3mm;
some pieces 10mm)

SAMPLE 3

easy to break by hand
settles out slowly (overnight )

Not well graded [ « silt,-fine sand )
<~ 2=~ _— v.tine veg. and

bubbles
— clay and lme

— silt ( ? lime )

fine sand

coarse sand and

— aggregate (incl
tlints 20mm )

SAMPLE 5
relatively hard to break by hand

breaks down easily in water

well graded
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Hubert Guillaud & Hugo Houben.
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LUSTRE TEST

ADHESION TEST

SEDIMENTATION TEST

ORGANIC
MATERIAL

CLAY
SILT
SAND
GRAVEL
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LINEAR SHRINKAGE TEST ¥ 3 o %
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DRY STRENGTH TEST
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WATER RETENTION TEST
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Site Inspection and Environmental Study for the mud buildings

Dampness Measurement:
DAMPNESS KIT

Protimeter Mini 111




Height | Depthin Location Atturaif Naser Sa‘d
Above | wallscm *Hamman | palace | *Palace
level *
0,25 m 5 South wall 13
courtyard
0,35m 5 South wall 16
courtyard
0,90 m 10 South wall 13
courtyard
1,50 m 25 North 23
facade
1,50 m /i North wall 11
courtyard
0,55m Surface North 23
measurem facade
ent
1,50 m 4 North 16
facade
4 Roof screed 23
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Atturaif Bath

N. wall ( outside)

N. wall ( inside)
E. wall ( Riwaq on courtyard)

Naser palace
N.E. wall

N.E. wall

Sa‘d Palace

S.E. wall (outside) Exposed to sun

S.E.Inside Building

Riwag wall

°C
22.6

2175
22.6
°C

2911
24.0

°C
30.4

24.4
21.5

Location

Inside room, to the right of
the entrance

Outside the building
Courtyard

Location

Room on the courtyard
Outside the building
Courtyard

Location

Room on the courtyard

Outside the building
Courtyard

S.Riwaq

RH%
23¢7

23.3
23.6
RH%
22.4
22.2
21.2

RH%
2135

24e9
22.0

232

°C
21.9

23.8
21.7
°C
293
24.0
23e1]

°C
23:0

25.4
2240

245
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Value Palace Mosque | Palace Bath Palace | Mosque | Mosque | Sebala
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Salts Content :

Measurement of salt presence of
electrically conductive salts and site
chemical analysis of salts deposited on
walls using Electronic Salt Detector

Hygroscopic salts:

Salts having a tendency to absorb
moisture vapor from the air. Many salts
are hygroscopic.

ol 5 5ok - g
- ok il iyt
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Efflorescence:

The property of some crystalline salts

to lose some of their water of
crystallization and become powdery on
the surface.
A white crystalline deposit on stone and
plaster caused by salts in solution rising
to the surface and crystallizing as the
water is lost by evaporation into the air.




Protimeter Salts Detector:

Used to determine the presence of
electrically conductive salt contamination
on the surface of a damp wall. The
package consists of an instrument, a
carrier for absorbent paper, and a supply
of absorbent paper.

Reading less than 5 units, no significant
quantity of salts is present.

Reading in excess of 15 units a substantial
deposit of soluble salts is present.




Salt % Sa‘d Sa‘d Naser Atturraif | Omar Buraika | Moudhi | Moudhi
Palace Mosque | Palace Bath Palace Mosque | Mosque | Subala
80 35% 35 85 25 40 50 50

Salt Sa‘d Sa‘d Naser Atturraif | Omar Buraika | Moudhi | Moudhi

presence | Palace Mosque | Palace Bath Palace Mosque | Mosque | Subala

Sodium | Dark Light Light Dark Light Light Middle Middle

chloride | yellow yellow yellow yellow yellow yellow yellow yellow

Salt is measured at 0.70 cm above ground level.




Moisture Content in timber roof construction:

Protimeter Hammer Electrode

As the electrodes have insulated
shanks, this accessory, which works with
moisture meter, is designed to obtain
moisture readings in wood up 37 mm below
the surface, irrespective of surface moisture.
It is considered to be more meaningful and
less destructive than an oven-drying test,
which can give average moisture content. In
surveying Naser Palace, it has been used for
moisture measurements in roof joists.




Moisture content in timber roof construction:

Naser Palace Moisture Content %
West Riwaq (courtyard) Less than 6

eFungi can be noticed in some joists.
elnsect holes in joists, beams and lintels.

| ' Protimeter
4 hammerelectrode

—



Endoscopic Tests
Magnifying Borescope

For inspection of hairline cracks,
determination of depths, assessment of crack-
flanks condition, determination of crack
depths up to 250 mm from crack width 0.2
mm.

The following set of photographs with
technical description covers most of the wood
deterioration cases at different locations of
the mosque. Using Dermaphot lens, with
20X magnification for the screed and plaster
surface these photos were achieved.

Through these tests it was possible to
investigate the depth of cracks, wooden
joists typology and condition, existence of
termites, which is necessary for safety of
ceilings and realizing.




Investigation technigue:

The rigid borescope is, an optical
system for the image transmission,
relative optic fibers lighting system

The rigid borescope . The Xenon
lamp, with low voltage and higher power
(9 v /150w ), used as lighting source,
develops a strong intensity of light
focalized, always keeping a high
chromatic output.

Naser Palace Cracks width Cracks depth
West Riwaq In some cases exist wide cracks  In some cases very deep cracks exist;
( courtyard) In relation to the used timber 7-9cm

section; 2-3 cm



DERMAPHOT LENS: A

For inspection of surface features,
corrosion, cracks, decay and infestation, a
compact camera for documentation of hairline
cracks and precise macro-photography of all
kinds of material surfaces was used.

The Protection of stone objects primarily
requires prevention against penetration and
condensation of moisture which is harmful in
itself and which also acts as a carrier and
trigger of aggressive pollutants.

A set of photographs with technical
description cover the plastered and stone
deterioration cases at different locations; using
Dermaphot lens, with 22X magnification for
the stone and plaster surface.

Magnified photographing of plaster using Dermaphot lens



Photo 1:

Represents a plaster layer from Sa‘d Palace
at north-east facade, left to the entrance. Clay is
used as a binding material (shown in light brown
color between dark grey grains of gravel); grains
of coarse basalt gravels are used as a filling
material (= ® up to 0.4 mm).




Sa‘d Palace, Photo # 4

Represents a plaster layer
from Sa‘d Palace at courtyard
from north wall. Clay is used as
a general binding material
(shown in light brown color
between colorful grains of sand);
very grains of fine sand are in
turn used as a filling material
(=) @ 0.015 mm). Major micro-
cracks of thickness 0.1 mm is
crossing image diagonal. Salt
efflorescence is spreading over
most image space.




Sa‘d Mosque Photo # 8

Represents a plaster layer
from Sa‘d Mosque at west wall
of courtyard. Clay is used as a
general binding material (shown
in photo in light brown color
between colorful grains of sand),
grains of fine sand are in turn
used as a filling material.
Irregular shapes of plaster
swelling should be noticed over
many location of image




Naser Palace, Photo # 12

Represents a plaster layer from Naser
Palace at room to the left of the entrance.
Clay is also used as a binding material
(shown in light brown color between
colorful grains of sand); grains of fine to
coarse sands are in turn used as a filling
material (=) ® 0.1 to 0.2 mm). Clayey
surface has been washed out; rough grains
are shown stuffed in vertical bands,
mostly, due to water stream. Other batches
show fine concentrations of salt crystals.
Some micro-cracks has appeared due to
surface swelling of plaster, in turn
underneath cavities may be expected and
noticed on image photo.




Atturaif Bath, Photo #14

Represents a plaster layer from
Atturaif Bath located at north Fagade right
to the main entrance. Clay is used as a
general binding material (shown in light
brown color between colorful grains of
sand), grains of fine sand are in turn used
as a filling material (=00 ® 0.1 mm). Three
different micro-cracks are crossing the
image and connected at center node;
average crack thickness may reach 0.04
mm, average angle of rotation is separating
cracks than each other are 120° These
cracks are reflecting the typical behavior of
thermal contraction in clayey materials.




Omar Palace, Photo #18

Represents a plaster layer
from Omar Palace at east wall of
courtyard. Clay is used as a
general binding material (shown
in photo in light brown color
between colorful grains of sand),
grains of fine sand are in turn
used as a filling material. Some
large grain of salt accumulation is
rested at plaster cavity. 0.1 mm
thickness crack is crossing image
corner.
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adobe wall

inside outside

50cm
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(oY) Cusveil pus  CaSO, 12 H,0+ 2H,0 _ _inKlin  CaS0, 2 H,0 -u-all
170- 160 °C

sieve ret. %
1.2 mm. 0.00
0.2 mm. (not more than) 12
0.09 mm. (not more than) 35

Tension stresses due to Bending 4’, 30 kg./em2

compression stress << 70 kg./cm2

Initial setting 8-25min.

Final setting 20-50min.
The GYPSUM should be mixed within 10-20 min. , a 100 gm. of
water mixed with 120-150 gm. of Gypsum .Water temperature should not

.
be more than 20 C .

GYPSUM used for plastering :
sieve ret. %
1.2 mm. ( not more than ) 4
0.2 mm. ( not more than ) 35
0.09 mm.( not more than ) 50
Tension stress due to bending ( not less than ) 25 kg./cm2
Compression stress ( not less than ) 60 kg./cm2

Water temperature ( not more than ) 20 C’
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Per cent weight of material

Constituent
as received '

. —— — — —— ——— —

Calcium carbonate (CaCO3) .
Magnesium carbonate (MgCO3; ; , 2.5 0.44

Sodium Chloride (NaCl) 2 , 0.008

|
l
I
i |
o Dubai Iran
: Slllca.(SlQZ) + Acild 1nsolurle matter 219 0.54 ‘
| Aluminium oxide (A1263} 0.28 0.11 |
i Iron oxide (Fe2C23) 0.23 |
f Calcium oxide (Cao 3640 39.0 |
‘ Magnesium oxide (Mgo; 20 0.21 )
| Sulphuric anhydride (SO3° 19.94 522 ‘
‘ Combined water (H20" : 5 57 58 f
{ Free water (H20° . 0.70 0 \
| Carbon dioxide (CO2 . 225 2.0 |
l Chloride (Cl) ; 0025 0.005 }
} CALCULATED COMPOUND } }
} Calcium suiphate hemihydrat= | 90.5 94.6 |
| (as CaS04 1/2H20) i |
| 1 =5 43 ‘
!
1 (
I |
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sleall dljlad) 2lgal) Water repellant materials

SILRES® BS 290 Silane — Siloxanes
SILRES® BS 290 is a solvent less silicone concentrate - Blaall A Jlad) ) gall

that is based on a mixture of silane and siloxane.
dda 33l g Sl g Wacker 290 salall claaial)

SILRES® BS 290 is dilutable with organic solvents. p 15 Sy dualdy (4 e )
Dilute solutions of SILRES® BS 290 in organic solvents WET IN WET & 30 2 e i)l
serve as high-quality general-purpose water repellents il 8 mand) Calats o
for impregnating and priming mineral and highly 20 oo J8 B An o (& 3
alkaline substrates. %10 413Y) A

2@ / )ﬂ 2 Jaza ufuj‘

Typical general characteristics

Density at 25 °C DIN 517571.05 g/cm?

Flash point 1ISO 367942 °C

Viscosity, dynamic DIN 5156215 - 19 m Pa.s
Silane / siloxane content approx. 100 %
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adobe wall

: treated timber ties
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-THE REHABILITATION WORKS OF THE FARM AREA INCLUDED:
Farm house, Mosque, water well, water pool area, and the Garden.

Geotechnical studies:

According to the open pits investigations and the particle size analysis, the soil can be classified
as sandy clayey strata followed by clay sandy strata, the natural moisture varies between 0.5-
21.2%, the highest dry density is 1.87-2.03 gm/cm? with water content of 0.9%-11.8%.

The soil chemical analysis shows the following data:
Chlorides (280-2170)ppm

Sulphates (700-4800)ppm

pH 7.12-7.34

stone
consolidation

130cm

heking foundation

Foundation after consolidation



Chemical and X-ray analysis for clay samples:

US STANDARD SIEVE SIZE
§ 43 1 I 3F 4 810162 040 0 10 L0
T1 t R — T

The particle size distribution of clay as well as the Atterberg ww‘”“.y AT 8 11
limits test had showed no uniformity in texture. P s i it
The X-ray analysis has been carried out on the fraction passed : o S
through 20 pm sieve and had shown that the dominant mineral is =« «———— = ER i —
calcite CaCO,, clay in the form of illite in a moderate quantity with = .— e
traces of Montmorillonite. T HERE=
The photos taken by scanning electronic microscope confirm the o oRANSZE NMLLMETERS |24
high porosity, non-homogenous of texture as well as the huge Grain size analysis
amount of Calcite, which must not exceed 20 %.
Four sample of lean clay were sent to the laboratory , the sieving analysis
shows that :
Particle size is usually given in terms of
Samplel Sample2 Sample3 Sample4 7 e o S
% % % % Tt equivalent particle diameter.
Al-‘Uzaybat House Center Sample Definitions vary according to the standard consulted.
oy . 1 ) 3 The British Standard employs the following definitions:
. - Gravel: particles from 2 mm to 60 mm.
Sand 60 36 56 49 - Sand: particles from 60 pmto 2 mm.
- Silt: particles from 2 pm to 60 pm.
St 315 58.5 - Clay: particles smaller than 2 pm.
288 49 56 _ T,
The American standard (ASTM) is slightly different.
Clay 75 8 92

The most favorable earth mix is one in which the relations are in the region of 25-30 % clay and silt, to 70-75 %
sand. The mix should never contain more than 40 % of clay and colloids
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* Attapulgite : Fibreous clay mineral, hydrous magnesium and aluminum silicate; in desert soil
and in calcarcous materials.

* Semectite : Takes water between their layers causing swelling (montmorillonite) [Nan (Al,Mg),
Sig O10 (OH), .nH,O]

*Semectites occurs as weathering products. They are common in clay, shale’s soils. Semectites
usually occurs in area of poor drainage where the magnesium has not been leached away leaving

Kaolinite



CONCLUSION:

The sample No.1 is the best for the mud bricks. This results was consulted by Prof.Giacomo
CHIARI in Italy who confirmed that our choice for sample No.1 is the best , in his fax dated 22
Feb.1995 .As for plastering sample No.3 is the best.

Chemical Analysis:

Chemical analysis is very essential to determine the presence of soluble salts and the pH factor ;
Content of sodium (Na) which was 0.062% (the double of the max allowable -better less than
0.02%) ;also the water soluble contents of Na,SO, , K,SO, was 0.122% which is higher than
0.08% the maximum allowed by DIN No-105.

The soil must be prepared with great care in order to ensure a high standard of Adobe.
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Kitchen Juss painted n

GYPSUM FOR PLASTERING & MOULDINGS:

Gypsum is used as plastering material in all rooms as well
as in kitchen and bathes. It is better to get the Gypsum
which comply with BS 1191: Part 1 :1973 (Gypsum
building plasters class A plaster of Paris).

The results of the chemical analysis of Gypsum indicate
that gypsum from Gabal Ali (Dubai) is better than that Carv_ingapat_ |
presented from Saudi Arabia companies; the Iranian gﬁstl?r::tobnef)”';
gypsum sample is an excellent quality with very low | R
percentage of combined water ,as well as low Sodium
Chloride content which is very suitable for hot arid zones :
as well as in wet area.

Combined Sodium

Ali Gabal Calcium Sulfate water Chloride
(Dubai) (CasSO,,1/2 H,0) 5.37% 0.025
90.5%

. ] Combined Sodium
Iranian Calcium Sulfate water Chloride
gypsum (CaSO,,1/2 H,0) 5.8 % 0.005

94.6%

The Farm house has been embellished with elaborate
traditional geometric patterns in white gypsum plaster.
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Conclusion:

The rehabilitation works accommodate the Farm house to today’s
residential needs. Rehabilitation is the act of returning the building to
a state of utility through repair or alteration which makes possible an
efficient contemporary use while preserving these elements or
features which are significant to its historical, architectural & cultural
values.

View across the courtyard towards
the southern riwag. It acts a sink
for the cold night air

The mastabah on the southern
side of the courtyard

' The Farmhouse“‘ 4

ater rehabiliton 4
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North West Facade

Open pits- North West Elevation
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Deterioration in wooden roof-
insects nest




South East tower
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21753
SIEVE ANALYSIS
CLIENT : SAUDIOGER LTD. LAB REF: P/2107/02
PROJECT : KING ABDUL AZIZ HISTORICAL CENTER DATE : 09. 9. 2002
SOIL DESCRIPTION: Brown Sandy Lean CLAY. BH. No. : DEPTH:
SAMPLE No: 2. (PLASTERING) -
= Bled T,
SIEVE No. Project WEIGHT % RETAINED | % PASSING
Specification| RETAINED WATER CONTENT:
CAN No. 3 RL-9
WT.(SOIL+CAN) wur; 2721 gms.
% WT,(SOIL+CAN) DRY: 270.7 gms
1'%," WT.OF WATER - 14 gms.
3/4" WT. OF CAN : 26.9 gms.
3/8" 0.0 00 100 WT.OF DRY SOIL : 2438  gms.
#4 44 1.8 98 WATER CONTENT: 0.57 %
#10 9.1 3.7 96
#20 14.0 87 94 REMARKS: LL =25, PL =16, PI=9.
#40 205 8.4 92 Passing % Spects.
# 60 341 14.0 86 SAND : 43
# 100 53.7 22.0 78 SILT : 40 <=
#200 105.8 434 57 T e
TOTALSOIL WT.__ 2438 TAREWL: =%~ el 0 Organic Material: 6.20%
U.S. STANDARD SIEVE SIZE UNIFIED SOIL CLASSIFICATION SYSTEM

6" 4" 3" 112" 34" 38 4 10 20 40 60 100 200

PERCENT PASSING BY WEIGHT

1000 100 10 1 0.1
GRAIN SIZE IN MILLIMETERS

TESTED BY: Hafeez/Yasin LAB INCHA§

ve-dna/ Anawmy

21748
SIEVE ANALYSIS
CLIENT : SAUDIOGER LTD LABREF: P/2074/02
PROJECT : KING ABDUL AZIZ HISTORICAL CENTER DATE : 05 9. 2002
SOIL DESCRIPTION: Brown Lean CLAY with Sand. BH. No. DEPTH:
SAMPLENO: 1. p/eny [yt
SIEVE No. | Project | WEIGHT | % RETAINED | % PASSING
Specification| RETAINED WATER CONTENT:
CAN No. . RL-40
WT (SOIL+CAN) WET: ams
3 WT.(SOIL+CAN) DRY: 390.6 gms.
T WT. OF WATER :— gms.
3/4" > WT. OF CAN : 27.0 gms.
3/8" 00 0.0 100 WI.OFDRY SOIL : 3636  gms.
#4 06 02 100 WATER CONTENT: %
#10 29 08 99
#20 - 4.9 1.3 99 REMARKS: LL =33, PL=25, PJ= 2.
#40 8.4 23 98 Passing % Spects.
#60 14.1 39 % SAND : 14 L
#100 25.9 71 93 SILT : 59
#200 527 14.5 86 CLAY: 21
TOTALSOIL WT. 3636 TAREWT. || CLASSIFICATION: CL___
ASTM D-3282:
U.S. STANDARD SIEVE SIZE UNIFIED SOIL CLASSIFICATION SYSTEM

g4 10 20 40 60 100 200

64

112" 3
(L

PERCENT PASSING BY WE

TESTED BY: Parvez/ Hafeez

~AnalAnany
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CHEMICAL ANALYSIS REPORT

Lab. Ref.

CH2002/40;

Date

09.09.2007

CLIENT SAUDI OGER LTD.
MATERIAL : MUD SAMPLE
DESCRIPTION:

The required results of the chemical analysis of the above sample are as below. All thc:
results are based on the sample dried at 10.5°C.

allowable
PAMETERS (%) (%)
Sodium Oxide (Na,O) = 0.84 0.03
Potassium Oxide (K,0) = 1.20 0.03
Magnesium Oxide (MgO) = 2.0 0.30
Calcium Oxide (CaO) = 21.0
Ferric Oxide (Fe,0;) = 3.93
Aluminium Oxide (AL,05) = 27.82
Sulphates (SO,) = 0.12 0.50
Chlorides (CI) = 0.023 0.01
pH (1:1 Extract) = 8.14
at 25°C
> i
Signed : }4 '4:,(&& £

Che

mist Incharge
Wl i

[@me

sz e Sae) . Bk

RASHID GEOTECHNICAL & MATERIALS ENGINEERS

MUD BLOCK TEST RESULTS

ASTM C-140

CLIENT : SAUDI OGER LTD. Ref.No.: P/2074/02
PROJECT : KING ABDUL AZIZ HISTORICAL CENTER Date: 05. 9. 2002
DESCRIPTION : Mud Block Source:
REFERENCE No. 1 - 2 3
DATE OF CASTING =
DATE OF TESTING 03.9.2002 | 03.9.2002 ] 03. 9. 2002
LENGTH (L) 110 110 100
DIMENSIONS WIDTH (W) 110 105 105
(mm) HEIGHT (H) 100 105 100
VOLUME (m®) | OROSS
| NET
DRY ®)
WEIGHT (gms) Rel ®
IN WATER ©)
DENSITY (Kg/m®) | OROSS
NET. [B/A-C] X 1000
WATER [(A-B)/(A-C)]x1000(Kg/m")
ABSORPTION [AB)/BIX100 (%)
LOAD (kN) 370 355 310
GROSS CRUSHING STRENGTH (N/mm’/kefem’) 30.6 30.7 29.5
NET CRUSHING STRENGTH ~ (N/mm/kg/em’)
AVERAGE STRENGTH (GROSS) 303 N/mm?/kefem®
AVERAGE STRENGTH (NET) = Nimm’ / kgfem®

REMARKS :

TESTED BY : Parvez

CALCULATE BY: Anawwv

Conc-Blockl Anaen

(% LAB INCHARGE: _@(Q‘@é

I\




Sieve Analysis showed high clay
percentage, low plasticity

KING ABDUL AZIZ HISTORICAL CENTER
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RASHID GEOTECHNICAL & MATERIALS ENGINEERS

SIEVE ANALYSIS

CLIENT : SAUDI OGER LTD LAB REF: P/2107/02 y
PROJECT : KING ABDUL AZIZ HISTORICAL CENTER DATE  : 09. 9. 2002
SOIL DESCRIPTION: Brown Sandy SILTY CLAY BH. No. : DEPTH:
SAMPLE No: 1. (ROOF SLAB)

SAMPLE
1
(new soil)

SAMPLE 2 | SAMPLE 3
(plaster) (screed)

SAND 14 43 44

SILT 59 40 43

CLAY 27 17 13

LL 33 25 24

PL 25 16 17

Pl 12 < 7

SIEVE No. | Project WEIGHT % RETAINED | % PASSING

Specification| RETAINED WATER CONTENT:

CAN No. RL - 25
WT.(SOIL+CAN) WET: 260.9 gms

52 WT.(SOIL+CAN) DRY: 258.8 gms
1'%, WT.OF WATER  : 2.1 gms.
3/4" 0.0 0.0 100 WT. OF CAN 28.0 ams.
3/8" 11.6 5.0 95 WT. OF DRY SOIL : 230.8 gms
#4 13.6 5.9 94 WATER CONTENT: 0.91 %
#10 17.8 7.7 92

#20 21.0 9.1 91 REMARKS: LL =24, PL=17, PI=7.
#40 26.8- 11.6 88 Passing % Spects.
#60 37.3 16.2 84 SAND : 44
#100 54.1 23.4 77 SILT : 43
#200 102.5 44.4 56 CLAY : 13

TOTAL SOIL WT. 230.8 TARE WT. Organic Material: 5.60%

U.S. STANDARD SIEVE SIZE UNIFIED SOIL CLASSIFICATION SYSTEM
6" 4" 3 112" 34t 38t 4 10 20 40 60 100 200

100
pi et

90 HH 1L

1000 100
GRAIN SIZE IN MILLIMETERS

TESTED BY: Hafeez/Yasin LAB INCHAR

Sieve-Anal Anau
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Rehabilitation Project of Murabba‘ Palace, Riyadh, Saudi Arabia
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Diagnosis of cracks p: ) R
Cracks by Dermaphot — magnified 1/20



Laboratory Tests:

LS. STANDARD SIEVE SIZE

1o R SO G VR R V- L Y 1 0 40 60 100 200
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TESTED BY: Hafesz/Yasin LAB INCH

Grain size test
Roof screed

P SR E
Plasticity Index = Liquid Limit — Plastic Limit
Pl=24-17=7

** Pl definition (less than 12 is low)

at 25°C

Mud sample test

PAMETERS (%)

- Sodium Oxide (Na,0) = 0.84
Potéssium Oxide (K,0) = 1.20
Magnesium Oxide (MgO) = 2.0
Calcium Oxide (CaO) = 21.0
Ferric Oxide (Fe,0,) = 3.93
Aluminium Oxide (Al,0,) = 27.82
Sulphates (SO,) - = 0.12
Chlorides (Cl) = 0.023

pH (1:1 Extract) - =

8.14



King Abdel-Aziz Palace after Rehabilitation
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On the request of the High Commission
for Riyadh development, Atturaif district in
Old Dir‘iyya was visited to do a preliminary
diagnostic study using some technical
equipment as well as a visual structural
assessment documented by photographs.

AD-Dir‘iyya , is a green oasis in the heart
of the desert dotted with farms, orchards and
palm trees, laying on the banks of Wadi
Hanifa, 15 Km northwest of the city of
Riyadh. The history of ad- Dir’iyya begins in
mid ninth century A.H. & precisely in 850
A.H. (1446 A.D.).

The deserted city of Dir’iyya, impressive
today even in its ruins
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Traditional Najdi residential Architecture:

Najdi - architecture may best be
termed as “traditional” or “vernacular” in
that it has been generated by a regional
response to climate as well as social and
political considerations

The climate heavily influenced the main
architectural forms and choice of materials;
culture directed the overall planning,
detailing, and decoration. Regional houses
are generally two stories high, generally
square in ground plan, mud house form are
generally irregular and the streets are
labyrinths.




Classification of the Atturaif Buildings:

Category 1:

Ruins, with architectural features to be
consolidated and used as site landmark or site
back ground to boost the glory of the past.

Category 2:

Ruins with simple architectural features;
“All reconstruction work should however be
ruled out “a priori”. Only anastylosis , that is
to say, the reassembling of existing but
dismembered parts can be permitted. The
material used for integration should always
be recognizable and its use should be the
least that will ensure the conservation of a
monument and the reinstatement of its
form”. (case: Sa«d Mosque; can be covered
by a tent structure).




Category 3:

Buildings with architectural features; to be
restored and rehabilitated for adaptable reuse

(Case: Sa«d Palace, Nassir Palace, Omar £y @
Palace, Hammam with Guest House, Subala =%
Moudhi). S TN B
Category 4: | 1 e

Mosque Buraika and Mosque
Moudhi have to be restored,
reconstructed and conserved and reused
as mosques for the visitors.

Category 5:

Open spaces outside buildings have to
be reused for cultural activities.




Rehabilitation Strategy:

The objectives of the project should be
defined to identify the wvalues (emotional,
cultural and use value) in the cultural property
and place these value in order of priority. In this
way the essential message of the historic site
will be respected and preserved.

The Operational Guidelines for the
Implementation of the World Heritage
Conservation (UNESCO 1972) refer to four
issues of authenticity that should be respected,
namely authenticity in design, authenticity in the
material, authenticity in workmanship and
authenticity in setting.
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The conservation and reuse of this area will
retain the local community in Dar¢<iyya and
encourages touristic investment while
keeping area’s main buildings and character.

The conservation and preservation of
cultural Heritage should be worked out in
relation to the Venice Charter 1964 Acrticle 4-
8 and Article 9-13 and the International Nara
Documentation on Authenticity 1994,




However restoration has been given a specific
definition as expressed in Venice Charter. The aim
of modern restoration is to reveal the original state
within the limit of its existing material, thus
differs from the past aim of bringing a lost form.
Restoration of the monuments should be worked
out in the context of an urban rehabilitation project
for the surrounding area.

Integrated study on Dar¢iyya and its relations with
neighboring regions is also required in order to
identify the cultural activities and crafts and
tourist different kinds available around the site and
the broader environment in order to develop the
adaptation of historic buildings for appropriate
new use, which could include:

Youth gatherings.

Historical museum.

Museum of environmental traditional Saudi life.
Artisanal (handicraft) center.

Cultural Center.

Ganadriyya festival all the year.




*The rate and symptoms of such processes are
influenced by different factors, partly depending
upon the properties of the materials and lack of
maintenance.

«Climatic, botanical, biological causes of decay
are also fundamental sources causing failure of the
building materials, which in turn affects the
structure.

*The internal environment of the historic building
also should be controlled: ventilation, lighting and
dampness as well as to study the defects arising by
them.

* A maintenance policy is very essential to
preserve the cultural properties so as to secure its
uninterrupted use at the owner desired level of
activity
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Salt % Sa‘d Sa‘d Naser Atturraif Omar Buraika | Moudhi | Moudhi
Palace | Mosque | Palace | Bath Palace Mosque | Mosque | Subala
80 35% 35 85 25 40 50 50
Salt Sa‘d Sa‘d Naser Atturraif | Omar Buraika Moudhi Moudhi
presence | Palace Mosque | Palace Bath Palace Mosque Mosque Subala
Sodium Dark Light Light Dark Light Light Middle Middle
chloride yellow | yellow yellow yellow yellow yellow yellow yellow

Salt is measured at 0.70 cm above ground level.
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Figure 7.11  Excess molsture in a2 wall

fa) Differerice betweer sommer arid Winier oapovation o
Decay diue to crystallization within the sierface & orivsoal

(B} Stovse or brick are accepred as dry if thetr motstuare content i<
3% of the volume or 5% of the weilghy. For i, 3% by volume
aricd 5% by weipiy s considered dry

fc) Covestarit evaporation from the surface only

(d) Moisture &s ssgplied from the water table or excessioely mos
sonls

Feilden , B.: Conservation of Historic Building ( U.K.1982).
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Figure 5.9

(c) (c)

(d)

(e)

Decay of a typical unprotected mud brick wall

The factors cansing decay are

(a)
(h)
fc)
(cd)
(el
o

Meximuem level of rain water, mud dissolves

Zore of evaporation about 300 mm (12 in)

Rain erosion aggravated by cracks and furrow's

Rar erosion of surfuace plaster

Condensation at dawn softens surface

Erosion by ground-water evaporation and formation of salt

onsteils
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Figure 5.10  Repair of a mud brick wall

fet)
h
fc)

fd)

Grovid §s dopsed to drain cevan from bease

Erasion repaired with niad bvicls

The well &s capyned with meo courses of improved mud bricks
tncorporating some lime

The wwall i given a weahercocit of mud plaster reinforced with
Sibres and conkaining sonw linme
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General view, Fahd palace and
horse museum
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