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Fig; 1: Aerial photo of Arg-e Bam site before the earthquake
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and heating it on the heater
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Drying and weighting the sands

Drying the filter paper and measuring the weights of their clay
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in the test tube
o Letting the mixture for creation of the soluble and non-soluble
phases in the test tube
® Separation of the soluble and non-soluble parts
e Adding 1 to 2 drops of weak hydrochloric acid (2N) as well as
1 to 2 drops of barium chloride 10 percent solution into the
half of the solution. Creation of the white settlement of barium
sulfate non-soluble in nitric acid proofs availability of sulfate.
e Adding 1 to 2 drops of weak nitric acid (2N) as well as 1 to 2
drops of silver nitrate (0/1N) into the other half of the
solution. Creation of the white blue jelly settlement of silver
chloride proofs availability of chlorides.
e Adding 1 or 2 drops of strong chloride acid into the non-
soluble part. Creation of the gas bubbles of carbon dioxide
proofs the availability of the carbonate ions.
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Table 2: A sample form of the typology of the adobes of the Bam citadel

“ g Zone: IV.G E bl :La o
Location IV.G 95 Ambient: Room E Body: Northern
& gl seid sy
Type Group: First Explanation: Old adobe (belonging to the repairs prior to the
restorations on 1959)
sl Y¥ em : ok YWem: o, ¥ om icuels
Dimensions Length:23 cm Width: 23 cm Thickness: 4 cm
el Laogin s 500 sbj 38lie (gl 10515 Senli gy i el
Textute Hardness: Medium Density: Porous Gradation: Rough and
heterogeneous
Glogrd & blo 3); i3l S ) o
S 515 18 Judls Jgaor ol iy
3) : .
) U9 Explanation: according to
Color Code: 6/6 Pigment: Yellow and light the Mansell table
brown
0liS y 3l g9 50 «udiyd oS wg> 035 ‘)e] 00 > (CSawod B i i
Filler Exists: Yes Crashed stone, fired brick and wood; rough straw and hair

byly & a S cwl opl oo Gl dali g a3l diged
Gdod 350 0 LSl 4 U cuslio (gly o Jlos]
(ap (il 93 298 485 a3 LSy 5 il ladiges
adhio SB pipo b oS sl s (adld cdiges
Sygldes S gilwodlel 4 bgspe acled cole, b g
e e bl (9, 5SS 5 S IB S
Olalllas cilaie S oy ins bl gly ol onds
gl Lo sl 435 plogl gl Lis uli o
s yccwdil S e dlacc s | sxdaw plSoul
soas JymS sl b el (el B il &
Cillas 105 g5l g 38 o )8 s > s
B (5318 hobodny (o cul 3 9o 03>
SIS 59 48 oad 3] slad ges ay odlas
S ] AnLS diged 03900 4D bl (godlduws)

70+ 3gds .l 0a b (6 Solasl FexFexVeem g
L YYXYYXOcm (o (oolal ( Sgelpm slas slacuis
(Table 3-Y Jgia) &, YAXYAxAcm
s Lacis 700 s9d o i5w) cdl il (¥
S gy Laceid 70 sgas wogllae S
)y bwly do Cunsg ) bewid 70+ d9ds 9 igllaals
LBl s Candy (555 § Lasdd jhms )b
iy 5 ol s g5 Sy b o duglis
cAFRCAYA AN (goples sl sl ol ys ol
s gl ke ST lhogas) ol VEY 5 ADY
B | ynd (Tablesd,5-Fod Johis) cowl (cuis
e plSoxinl (sl cutd  odaw plSouiul (gdly )
(5ylid Conglio Jto ol el OMS s Lacuis
So L duglio BB Lol s S (g S ojlul L6

S el 2 5 5 e 5 S (slacuis It ¥ Jye
Table 3: Quantities of the adobes of the Bam citadel according to the dimensions

doyd C)'“’
Percentage Dimensions 12% 8%
55 23><23><5 cm 25%
25 25%X25X5 cm
8 20%20x4 cm
12 Other dimensions sl ylo
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Table 4: Chemical characters of the suitable soil for production of the adobe

No. S 5 lerd gllao s> olaleil Usg)

Chemical components Desired amount Examination standard

1 SIOs i 1S 40-60 % Rl AP ojlads 3, lkiusl
silicon oxide SiO2 Standard number 861 Iran

2 ALO3 posinegll puS 9-21% Oyl AFA 0 las 3,k
Aluminum oxide AI203 Standard number 848 Iran

3 Fe035  opnl 1] 312% Oyl AFR o )les 5kl
Iron oxide Fe203 Standard number 849 Iran

4 CaO  pudS 18] Max 17 % Ol ADY 6yles 3,k
Calcium oxide CaO Standard number 851 Iran

5 MgO o juie duuS] Max 4% Ol ADY olas 3, lukiusl
Magnesium oxide MgO Standard number 851 Iran

6 CO SainyS 1yl Max 8.5 % el WEY gylas 5,1kl
Carbon dioxide CO2 Standatd number 11162 Iran

7 8O3 Sy yoilgus 1] Max 0.5 % Ol WY oylas 5kl
Sulfur trioxide SO3 Standard number 1162 Iran

8 el g o (glay IS Max 0.1 % el VWEY oylas 5,1kl
Sodium and Potassium chlorides Standard number 1162 Iran

9 O Eyw Sy 559 <l Max 16 % Ol WEY o ylas 3|l
Weight loss due to the heating Standard number 1162 Iran

[10]cuis 45 sl calia S (58 (slo Sho B Jgi
Table 5: Physical characters of the suitable soil for adobe production

No. oiilejl g5 e oielejl Gbe)
Test type Desired Examination standard
amount

1 Towt (e ) 9,5V FA Sl (g, oo Max 7.5 Sl WEY oylas 3|l
Remained on the 149 micron sieve Standard number 1162 Iran

2 Sy s s - Rl VBV oylas 5,k
Liquid limit Standard number 1162 Iran

3 St o s> 17-30 Sl WEY oyles 3|l
Plastic limit Standard number 1162 Iran

Table 6: Quantities of the adobes of the Bam citadel according to the hardness
doyd T
Percentage Description
15 U}UM L;.’xm dl )l)

Desirable hardness
by b s gyl
Medium hardness
sllae b (e ()l

Undeniable hardness

50

35
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Table 7: Quantities of the adobes of the Bam citadel according to the texture/ density

Lo yd T
Percentage Description

30 RECPES
Limited porous

50 Lawlg 4 38lo (glyls
Medium porous

20 sbj J8le (el
Lots of porous

20%

I8 A e o Lisgg 48 sitwn glag)] by 1
obyj 8l gl sladasged g col dald gaigel
15 3 18 Lngl g o pdie Jali | placais
(Table 7=-Y Jga5) Cawl 639s Sl (gdiges

Laccis ZY0 s9as | gauaib) cal sl (£
Shb Beais 780 395 5 (Sed 5 52y el (s>
Curidg (aw)p jhze i Sedl g cudyd gaoal
SuiS gy 4 (ghnaily 905l pul dacuis cauaild
ool Yer g Ver Be e o elacs ) oslizl |
ASTM D 422-87 & AASHTO 88-81 (gl bl
VY Cde dy diged jl (gyliie jolaie ol (gly
Goy ol 5 Verg gond Kid WV -OC T clod peels
g oo dd g 033 Lille ol CLLY e e S
3 oy ealoy (BL Sl (g9 S g0 3] o
Fe Gl Sl (g9, 02883 Ll b 35 Sas
89y 035bo Bl (cladily g 39 oo g Yoo g Vv e
A Jgi2) 055 e )8 sl avlio lixe SUI o
(Table 8

35 S5y b ewis ZVD sgas 5y il (V
3932 (Jile Jgan P17 05) (49, sloged 4 Jile

olsedls cund Sl S 59 4 twn ooyl buly s
Collasls w5 Conwl anll sdiged plp YUY
odbcuwdjl SB 59 a8 dgdiee Jolis |y placuis ;o
=5 Jgin) Conl odg LS (caiged plp ¥ 5l L b
(Table6
el Lacess Y+ sgils (S15) el s (d
39> g o5 dale (gl cuis AT dgas ol dsle
Slre s )8 b wly s Cunsg o lacuis 70-
035 glinte 9 GRS Culd diged Sy L gl
s ADY AT AFA cAPY (g0l elod it ol
(i 4 ey conlio S Slusguas) oyl VWY
OxOxBem (sladiges i 4 pladl ¢ wyyp oyl D Cuwl
o)l gl iy 03,5 o B )50 slocuts
ol eébiw Jlg) 5ty 48 ald (gasgei b g 0l
JRUPESY Lm]o N o 03 Cisllae L 00 s ey
lalad o lsle (g lis il i diges g
(@33 sl oyl 3 2 Sl S JB&
039 S odd 3Ll placuis a4 oS J8le b sladiges
slie b (gladiges .ol anld (gdiges 03g5e y oy

Table 8: Quantities of the adobes of the Bam citadel according to the gradation

Lo T
Percentage Description
Ol g by gdual
65 Rough and
heterogeneous
35 LJ;“"D’ 9 1) dx%d‘sb
Tiny gradation
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Fig; 3: Sampling and investigation of the macroscopic properties of the adobes of the Arg-e Bam site
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Fig; 4: Brushwood and animal excreta in the adobe sample H3
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Table 9: Quantities of the adobes of the Bam citadel according to the additives

Lo T
Percentage Description
20 Herbal fibers (straw) (pa5 olS) LalS Ul
19 Crashed stone S 035
18 Sand o}y oy
10 Crashed fired brick )?T Y
Gatble  jla> <Y ou28
Wood Cg ilaad
Potsherds Jlw 03y
Coal &) labad

Bone gl 03,5

Gypsum & <l

Hair 90

N DN W W | o 3] 3

Palm date seed Loy diwa

59% 4% 3% 3% 2% 2%
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Fig; 5: Color diversity of the Adobes
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Fig; 6: Examination of the porosity
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Fig; 7: Investigation of the porosity of the studied
adobes
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Table 10: Synthetic analysis in wet chemical approach

digel 1S o 5 oy Juoyd dule Loy & dop 0l o> Canws Juoyd K o
Sample code | Clay and silt percentage | Sand percentage | Gypsum percentage | Solutions percentage Total
B1 51.3 32,6 0.07 16.03 100
B2 42.7 40.7 0.07 16.53 100
B3 43 40.2 0.07 16.73 100
Hi 39.1 43.2 1.03 16.67 100
H2 38.1 45.8 0.59 15.51 100
H3 40 42.2 1.03 16.77 100
5 Obey & gl @jg N Joix
Table 11: Grading distribution by wet method
digel 1S o 5wy doyd dulo Juo )y S ze>
Sample code Percentage of clay and silt Percentage of sand Total
Bl 79.78 20.22 100
B2 75.03 24.97 100
B3 75.1 24.9 100
H1 62.89 37.11 100
H2 58.55 41.45 100
H3 62.12 37.88 100

LS () plis 9 395 o o3liol U1 51 oS (gdinaily o9y (ol 53 blosal Camddy Bigas yoo o Suis S5 51 Voo 13 o)Ll 3590 (slayg

] 04 S5 o yguody lawlo g (ldwlope K yicu 9
Appointed weights have been measured in 100 grams of the dried soil of each sample. In this method, sieve is the only
tool for grading and therefore, we will have the two patts of sands and non-sands.

S yegyte [ SI gy &ganalh @iy Y Jgio
Table 12: Grading distribution by sieve/hydrometric method

s 5l YL @lyd ao PSS ] PR FLIWESE) b §) 5V )3 Ao omm s 5l YL @lyd o
Lgod & mm-/+Yd mme/+Y e mme/++)
Sample Percentage of the Percentage of the . Percentage of the
code . . Percentage of the particles .
particles larger than particles larger than 0.03 laroer than 0.005 mm particles larger than
0.075 mm mm 5 : 0.001 mm
Bl 9.2 40 69 82.15
B2 11.4 64 79 80.05
B3 10.2 33 76 82.15
H1 113 55 76 83.83
H2 11.5 25 58 74.8
H3 10.8 39 70 79.63
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Table 13: Measurement of the compressive strength

dges A (kg/cm?) (g lid Cuglin
Sample code Compressive strength (kg/cm?)
Bl 20
B2 38
B3 22
H1 10
H2 10
H3 10

2 Jgbre SlocSes (S U1 4 bgyyo lis (V)

e 5l A4S piiaSl clacuis ) amd o olis O
a8l tals (6)Lid Cumglio c)l)gh (gl Sod
ol BYo 5l (S qwy dopd i atwlS 5l s Ll
) i S5 Sl 5o | At ) o

by g ol ) Jobre slacsal (A8 50T Y Jpas

Table 14: Qualitative analysis of the soluble salts in water and carbonates

Lges IS g 5,8 alyys
Sample code Sulfate Chloride Carbonate

Bl + + +

B2 + + ++

B3 + + +

H1 ++ + +

H2 ++ ++ +

H3 ++ + +
+ Availability of ion 09 sy
++ Conslfiera'll?le avajﬂabﬂlty of ion 5 LB 3 g yeds
+++ Availability of ion as the main i .
ingredient oXjlu ol e Jgis 4 o3 y9n

bacais T oails (oS Sun adlllas A g A JISL)

Figs; 8, 9: Microscopic studies of the adobes granulation
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Table 15: Measurement of the Atterberg limits

Jho g auSd slaadsS L eyl cboaily 5 aius
L Sgd oo Jolis [y S alyd 5l g5unb o)y adls
LS p U anig iz a5l 4 angs
I i 45 sl Loima 13 39 _e ol (claling,
Lacets calo iy (llbog) Sl plsd men
{Figs: 89N A JI5l) 15l oosliz
5 Sl 29> (Sl a bgyye gl (VF
Ol Beais gl (s yiagyien o S oo yas (sl

) »»\Iao)s ,\>.\.o.)> oy 0 Sld o)) Lad s (sdon 0 d S A ad o
Aged Ly B> | s Y . R . 0.
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Fig; 10: Grading by sieve and hydrometric method for the studied samples
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Table 16: Classification of the inflation potential by the plastic index

Plastic index (¢ yed il Inflation potential pgi fasilis
Low (b 0-15
Medium lawgie 10-35
High s 20-55
Very high sbj L& YO 5l
More than 35
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Table 17: Adjustment of the chemical components by XRD method

BI: digai o Sl oS5
Chemical components of
the sample code: B1

B2 1 dige 05 Jlend S 5
Chemical components of
the sample code: B2

HI: 4505 " Jlond oS5
Chemical components of
the sample code: H1

H2 @ 903 o5 Shard oS 5
Chemical components of the
sample code: H2

Quartz (SiO») Quartz (SiO») Quartz (SiOy) Quartz (SiOy)
Calcite (CaCO») Calcite (CaCO») Calcite (CaCO3) Calcite (CaCO»)
Feldespar (Na.Ca) Feldespar (Na.Ca) Feldespar (Na.Ca) Feldespar (Na.Ca)
Feldespar (K) Feldespar (K) Feldespar (K) Feldespar (K)
Clay Mineral Clay Mineral Clay Mineral Clay Mineral
Pyroxene Pyroxene Pyroxene Pyroxene

Hematite (Fe2O3) Minore

Hematite (Fe2O3) Minore

Hematite (Fe2O3) Minore

Hematite (Fe2O3) Minore

Magnetite (Fe;O4) Minore

Magnetite (Fe;O4) Minore

Magnetite (Fe;O4) Minore

Magnetite (Fe;O4) Minore

Anhydrite (CaSo4)
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Table 18: Adjustment of the chemical components by XRF method

o i 505 IS Sig Mo pdBl | B2 : &g &S Sjgdoyd | HI: dged &S Sjg deoyd | H2 : diges IS (559 Mo yd
@LM ey ] Weight percentage of | Weight percentage of the | Weight percentage of Weight percentage of
Chemical material the sample code: B1 sample code: B2 the sample code: H1 the sample code :H2
Na,O 1.0 1.1 1.2 1.1
MgO 3.3 32 35 35
ALO; 14.1 14.3 134 13.9
SiO2 514 52.3 48.3 50.0
P,0s 0.24 0.22 0.34 0.33
SOs 0.18 0.18 1.0 0.67
Cl 0.12 0.12 0.98 0.29
K0 4.0 3.8 5.0 5.0
CaO 9.1 9.3 10.0 9.1
TiO; 0.55 0.57 0.52 0.54
MnO 0.11 0.14 0.11 0.11
Fe,O3 7.5 06.52 74 73
LOI 8.27 8.25 8.25 8.20
La& Lu <1 <1 <1 <1

[Archive of the base of Arg-e Bam and its cultural landscape Jbo > 4 oy sl S 0 (Sis Jos (5La1 N Jgie
Table 19: Linear drying shrinkage of the clay minerals in petcentage

Cud g8 Kaolinite %3-10
sl Tllite %4-11
Cad 9b 90590 Montmorillonite %12-23
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