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Abstract

The largest known architectural work of Ilam civilization is the temple of Choghazanbil from
Medieval period, in Southwestern Iran (Khuzestan Province), dated to the 13t century BC. The
temple has been made by terrestrial soil that has been taken, along riverbanks whose water content
is unlimited, indicating wood for directional burning various uses, especially brick firing (and
suitable soil for the production of bricks and mortar). That was done however more or less the same
as today. The largest volume consumption of materials in Choghazanbil was based on clay that is a
major element in the construction of architectural structures. The major architectural elements of
historic site of Choghazenbil were bricks and adobe that have been covered in past marbles, but
have become dull as time goes by. This research undertake for identifying appropriate clay reserves
for optimal restoration purposes of the monuments. The material has been studied quantitatively
and qualitatively by physical and chemical methods, in order to clarify what are the affecting factors
for selection the best clay based soil for optimal restoration. In this regard, geological formation
around Chogazanbil have been studies based on the previous research and in the highlighted locals
as A, B, C, D, E, G. Investigations on alluvial deposits of R1, R2 carried out by XRD, XRF,
grading, hydrometric and Aterberg boundary. Based on the obtained diagrams, the non-sandy soils
contain most of the silty fine grains. This will assume the highest paste index or PI corresponds to
sample C and the lowest PI to sample R1. Inflation potential was also found in pastures B, D, E,
R1, R2 based on paste index. However, the swelling potential of C and G3 mines was moderate.
The results of mineralogical experiments showed that calcite and quartz are the most minerals in
the studied soils samples. Calcite in the soil, besides being a deterrent to inflation and divergence
due to the presence of clay minerals, can also increase the strength of clay materials. The soils were
poor quality in terms of high quality clay minerals such as kaolinite and montmorillonite. XRD
analyses show that the amount of silica, in sample E is optimal for clay preparation. This effect
makes the clay with high adhesion and strength coefficient produced by calcite. The amount of
chlorine and sulfate ions in the soils of B, C, D, E, and G3 areas were also higher than the
permitted amount. Sodium and potassium chloride have an important role in swelling and
divergence of clay because of monovalent ions in their crystal chemistry. Indeed the soils were
divergent soils, due to their salt content and therefor, show little resistance to humidity and water.
Discriminating of that, excessive calcite in the samples can be considered as a deterrent agent for
rapid inflation. Sulfate can also cause adhesion in the vicinity of moisture and by the latent
phenomenon of fracture. The coherence factor of clay structures can effects of this phenomenon
and probably most damages on the clay based structure of the Choghaznabil area are the result of
this point. Based on the results obtained, the soils reservoirs around Choghaznabil are far from
common daily standards for norm brick making, but after refining and valuable preparation,
followed by processing, molding and drying can optimally have better mechanical behavior and
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might be reused for construction. Moreover, the soils samples from R2 and G3 have appropriate
grain size than other soils around the area. In this case of study, the best recipes can be achieved by
mixing this kind of soil with sand and straw for avoiding the cracks, which had considerable
deterioration factor in the vicinity of the humidity and moisture. Optimum handling and processing
of the clays from R2 and G3 areas are capable to improve the mechanical behavior of the repaired
clay for reusing in the restoration of Choghazanbil.
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Table 1: Mines location and Samples code
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Sample Mine
code Mines location code
A Cunl 0ily aidlate (pl slojgaloas g9y 3 e Jeijliz (S sla (b adgS ) A
It is located on the eastern side of the outside border of Chaghazabil, on the hieghts of this area
B 3 L5 151V km g 5 (Jasilin (Su,b dbgome b Cgin o §sd Ceomid B
It is located on the eastern side-the south east of the historical Chaghazanbil area,about 1 km from it
3,15 515 sa9le 45 s )3 Tasome g gy e s Jlads - Jlad 53 gly ol 03l
C It is located on the Sepah road in the north-North west of the outside boundry and is also located on the C
hieghts.
D 31 418 Saym slax IV km dgas 13 g (Su )l dbgowe o) Cgin - g Cuand D D
It is located on the south- south east of historical area and about 1 km from the outside boundry.
Sl VID ki gu> 55 10 gy sl b ol dbold o)l 8 Jujlia (Sl dbgoms g - (B0 sz )
E It is located on the south east- the southern part of the historical Chaghazanbil area. Its distance from E
the outside boundty of the city is about 2/5 km
G3 Cuwl 0 @8lg poms jla> Cudy 50 5 OlyeS; (b g Y km 25> 43 G3
It is located about 1km from the south east of Zigorat, behind the third boundry
R1 Ol 1,8 (Sl dbgoe 1Y km dgds )3 g il (B Jloud ) R
It is located on the north eastern part of Chaghazanbil and about 1 km from the historical area
RO Oyl I8 (S b dbgoe 1Y km dgds )3 g il (B Jloud ) R2
It is located on the north eastern part of Chaghazanbil and about 1 km from the historical area
[6—9]@,«9.70 2 ol d)90 (-SLQO"B) R J?b
Table 2: Test methods used in the research
Sample preparation
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g Ve dde & S b x99
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i EIYES
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Sieves of 30, sand parts related standards grading by wet
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Ui Sl
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Test sets Standard Aim method Test title
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Table 3: Grading distribution by wet method
Lgos S o 9 oy oy Percentage of sand awle 1o S ae>
Sample | percentage OF (Petrcentage of remained on the sieve): (Sl g, sile Jo ) Total
code Clay and silt R . R
Yo e B+ e Voo o Yoo he
Mesh 30 Mesh 50 Mesh 100 Mesh 200

B 71.02 4.39 3.58 8.30 11.69 98.98

C 83.2 1.37 0.98 5.42 10.61 101.94

D 86.52 0.90 0.48 3.33 9.24 100.47

E 97.15 0.61 091 0.20 2.47 101.34

G3 97.59 0.70 1.15 0.38 1.71 101.53
R1 84.79 0.54 0.54 2.99 11.14 100
R2 90.37 0.29 0.63 2.24 6.47 100
S yegyiet [ SN hoy 4y ganails i F Jguo
Table 4: Grading distribution by sieve/hydrometric method
Lgai IS o[+Yomm | YL @lyd ss ofoymm YL old sy | s/erommjl gYL Sl sy | /-y mml 5YL sy
Sample Perecentage of the particles Perecentage of the Perecentage of the Perecentage of the
code larger then 0.075 mm particles larger then particles larger then particles larger then
0.03 mm 0.005 mm 0.001
B 11.7 73 88 89/5
C 10.6 35 61 75.8
D 9.2 59 75 83
E 2.5 42 62 70.7
G3 1.7 38 62 73.7
R1 111 31 74 82.4
R2 6.5 19 64 77.6

Table 5: physical character of the suitable soil for adobe production on the standard of Iran
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ol g9 gllao s il i)
Test type Desired amount Examination standard
Yot e Vo o) SeySwe VFA Ul (g4, onle Max 7.5 el VWEY oyl 5liliul
Remained on the 149 micron sieve Standard number 1162 Iran
TSy el s - Sl WEY 5t
Liquid limit Standard number 1162 Iran
T et Sl 1 17-30 ol WY oyles 3 skl
Plastic limit Standard number 1162 Iran
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(Ve A A Jgha) b (Caighygetige 9 Catd$lS) cunlio g 098 g0 (o) sla S

S)J)Ji dgd> d)..fb)l.b‘ 5 J9J>
Table 6: Measurent of the Atterberg limits

Hges IS Sy & Syued > Syt Sl
Sample code Liquid limit Plastic limit Plastic index
B 25.22 20.58 4.64
C 40.12 21.33 18.79
D 36.4 27.63 8.77
E 32 24.85 7.15
G3 41.57 28.84 12.73
R1 27.29 22.79 4.5
R2 31.92 25.39 6.53

[10] (oo i b )95 Jouiliy (gaddlo IV Jgior
Table 7: Classification of the inflation potential by the plastic index

plastic index (¢ pod 2 ld inflation potential p g5 Jamiliy
0-15 Low &yl
10-35 Medium lawgio
20- 55 High sL;

More then 35 ¥ 3l iw Very high sb; L&
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(1] aallas 5,90 (sladiged sl (s y09)0m 9 ST (g) 4 snnals ¥ S
Fig, 10: Grading by sieve and hydrometric method for the studied samples

XRD b9y 4 (lowd a5 i A Jodo
Table 8: Adjustment of the chemical components by XRD method

dges &S

Sample code

chemical components

B Gypsum (Ca S O4 2 H2 O), Calcite (Ca C O3), Quartz(Si O2), Dolomite(C2 Cal Mgl O6)
C Gypsum (Ca S O4 2 H2 O), Calcite (Ca C O3), Quartz(Si O2), Dolomite(C2 Cal Mgl O0),
Feldespar(Na.Ca)

D Calcite (Ca C O3), Quartz(Si O2), Dolomite(C2 Cal Mgl O6), Feldespar(Na.Ca)

E Calcite (Ca C O3), Quartz(Si O2), Dolomite(C2 Cal Mgl OG6), Feldespar(Na.Ca)

G3 Calcite (Ca C O3), Quartz(Si O2), Dolomite(C2 Cal Mgl OG6), Feldespar(Na.Ca)

R1 Gypsum (Ca S O4 2 H2 O), Calcite (Ca C O3), Quartz(Si O2), Clinochlore (( Mg, Fe )6 (Si, Al )4
O10 (O H)§)

R2 Gypsum (Ca S O4 2 H2 O), Calcite (Ca C O3), Quartz(Si O2), Clinochlore (Mg, Fe )6 (Si, Al )4
010 (O H)8)

1A Qi g july o9 6 lash iy Jw |

Ep


http://jra-tabriziau.ir/article-1-182-fa.html
http://dx.doi.org/10.29252/jra.5.2.35

[ DOI: 10.29252/jra.5.2.35 ]

Downloaded from jra-tabriziau.ir at 7:11 +0430 on Tuesday July 14th 2020

i ] :
wuwb R lwl 6 g ju solilad g3

[12] s paie ) 4 elord oS5 omed A o
Table 9: Adjustment of the chemical components by element method

oSy |Bidige IS Sjg Mo yd|Coidiged IS Sig Mo pd|  idiged IS i duopd | iiged &S g deo)d | idiged IS g duod
st beowss Weight percentageof Weight Weight D Weight E Weight G3
hemical the Sample code: B | percentageof the percentageof the percentageof the percentageof the
chemica Sample code: C Sample code: D Sample code: E Sample code: G3
material
Si02 25.58 37.26 36.11 40.32 34.40
AI203 7.58 11.78 14.04 10.75 9.10
CaO 26.56 19.29 20.43 17.73 20.16
MgO 3.39 5.59 4.39 4.49 4.60
Fe203 1.00 2.00 1.50 5.00 6.00
NaCl 0.23 0.59 0.44 2.46 1.69
SO3 14.89 3.12 1.17 0.87 1.37
Cl 0.14 0.36 0.26 1.5 1.03
LOSS 22.80 2141 21.35 21.48 22.27
XRF gy 4 (olord S )5 oy 1) Joo>
Table 10: Adjustment of the chemical components by XRF method
lbrosd oS R iaigel IS (59 boyd R2 :aige3 IS (Jjg b2y
chemical material | Weight percentageof the Sample code: R1 | Weight percentageof the Sample code: R2
SiO2 33.386 33.007
Al203 7.63 7.51
Fe203 4.209 4.349
CaO 22.123 22.067
K0 1.586 1.843
MgO 6.039 5.774
TiO, 0.654 0.65
MnO 0.07 0.069
P,0s 0.173 0.143
Na,O 0.604 0.526
SO3 0.28 0.07
Cl 0.10 0.02
L.OI 23.01 23.49
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Table 11: The right amount of soil chemical synthesis to make adobe based on the standards of Iran

ehosd <S5 eolbo o oRalejl s,
No. chemical components Desired amount Examination standard
1 SI02 gl 5] 40- 60% Standard number 861 Iran ;4 ul ASY o)leds 5 )l
Silicon oxide SiO2
too)] A
2 A203 prizogll 2151 9- 21% Standard number 848 Iran )l AFA o;lads 5 )l
Aluminum oxide Al203
3 R 3-12% Standard number 849 Iran ) ul AFQ o;lads 5 )bkl
Iron oxide Fe203
4 €20 S Max 17% Standard number 851 Iran )l ADY o;lass 5 )lbusl
Calcum oxide CaO
5 MgO fo2jie S Max 4% Standard number 851 Tran ], ADY 6)louds 3,55l
Magnesium oxide MgO
6 S Max 85% | Standard number 1162 Iran o) VWY oylass 3kl
Carbon dioxide CO2 CO2
Soygdlg )] 56k
7 Max 0.5% Standard number 1162 Iran |l VWY o,leds o)l
Sulfur trioxide SO3 SO3
ol g oo (slasy, I8
8 * Max 0.1% Standard number 1162 Iran |l VWY o,leds o)l
Sodium and Potassium chlorides
9 0% & Al 0y <8 Max 16% | Standard number 1162 Iran 5l VWFY o lass 3 ikl
Weight loss due to the heating
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