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Element            Series           unn. C      norm. C     Atom. C
--------------------------------------------------------------------------------
Oxygen           K series         13.40        19.06          30.08
Aluminium     K series          0.00          0.00           4.08
Silicon            K series          0.00          0.00           4.02
Sulfur              K series         19.36        27.53          28.17
Calcium          K series          25.70       36.56          29.93
Iron                 K series          0.03         0.05            2.83

Element           Series            unn. C       norm. C    Atom. C
                       [wt.-%]          [wt.-%]      [at.-%]
--------------------------------------------------------------------------------
Oxygen          K series          12.61         18.15         34.67
Aluminium    K series           0.00          0.00           3.00
Silicon           K series           0.00          0.00           0.00
Sulfur            K series           22.37        32.21         30.70
Calcium         K series          30.67        44.16         30.67
Iron                K series          0.20           0.28          0.96
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1- Energy dispersive X- ray Spectroscopy

2- X Ray Diffraction

3- Fourier Transform Infared Spectroscopy

4- Scanning electron microscope-Energy dispersive
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Barmbilla, 1977: 8



Chiera, 1969: 342



 Buchanan,

1963: 130

Appleyard, 1989: 15-28

. Schumacher,1978: 147
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Gehl, 1987:13
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.(Schumacher, 1978: 133)

       
    
  



2- Swot

3- Automobile Oriented

4- Pedestrian Oriented

6- Objects

7- Functions

8- Activities

9- Goals

10- Chiera

11- Colin Buchanan

12- Donald Appleyard

13-  Christopher Alexaner

14- Tomas Schumacher

15- Jan Gehl
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 (Tehrani,

2011)















.(Galdieri, 1983: 77)



 

 

(Tehrani, 2011: 43)



(Iranian…, 2009: 215)







(Ching et al, 2007: 351) (Complex dome structure)

crossed archs rib  ribbed vault 

 rib work basket-work cross-ribbed vaulting



knotwork stellate vault nervure nervures arch net 

karbandi

Galdieri, 1983

Burckhardt, 2009: 76

11-Haghpat Monastery

 " "

13- San Lorenzo church

(Burckhardt, 2009: 76&78)

Burckhardt, 2009: 78



33- revetment 

34- ornament

37- decorative, constructive, protective



ring

          
 



  
 _______   _______  _______  _______  _______    _______        _______     _______
 _______          _______
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(Riccardi et al, 1999)

  (Tschegg

et al, 2009)

 (Riccardi et al, 1999)

(Trindade et al, 2009)



 (Secco

et al, 2011)

(Goffer, 2007:212)

XRF

(Riederer, 2004)

(Cultrone et al, 2001)
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2
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2
 

(Stanmore & Gilot, 2005)

 .(Tschegg et al, 2009)

 .(Trindade et al, 2009)

 (Cultrone et al, 2001;

Trindade et al, 2009; Riccardi et al, 1999)

(Reedy, 2008:110)

(Riccardi et al, 1999)

(Nodari et al, 2004)

(Reedy, 2008: 143)
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(Bertolino et al, 2008)
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1- Mineralogy

2- Microstructure

3- Heterogeneous

4- Biotite

5- Muscovite

6- Interface

7- Modal reaction

8- Cryptic reaction

9- Unstable

10- Diagenesis

11- Dissolution 

12- Conversions into sediments

13- Cementation

14- Polarization Microscope 

15- Calcite 

16- Dolomite 

17- Gehlenite

18- Wollastonite

19- Anorthite

20- Larnite

21- Diopside

22- Enstatite

CaO



23- Monticellite

24- Forsterite

25- Periclase

26- Spinel

27- Thermometer

28- Hydromagnesite

with AnalySIS Software Olympus XB
BK POL BK POLR Gnoec with DSLR Remote Pro Software
30- Post-burial alterations.

Conoscopic

Birefringence
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Wilber,1972:3-32









 (Porter, 1995:14; Degeorge

et at, 2002:13)
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(Tournie,2008:2144-2143 )
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SE South east p(pilpa)
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2
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( Durali et al, 2006:203)
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Degeorgy, G.., Porter, Y. (2002). The Art of the Islamic Tiles, (translated from the French by 

David Radzinowicz) Flammarion, French

Durali, S. & Oliaiy, P. Sh. (2006). Evolution of the Tilework of Friday Mosque in Isfahan, 

Based on Glaze Analysis. In , Jett P. , In association 

with the freer Gallery of Art,Smithsonian Institution: Archetype Publications. pp. 200-207

Eric, D., Clifford, A.P. (2010). Stone Conservation: An Overview of Current Research Los 

Angeles: Getty Conservation Institute Publications.
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(CO2)

Ca(OH)2

CaO.Al2O3

CaO.SiO2

CaO

CaO+MgO

XRD

XRD
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XRD



- Chemistry and technology of lime and Lime-

stone(1966)  Lime an Lime mortas(1998).

Cowper ,1998:56

ASTM - C5 - 86 (ASTM 1988)

A2



B1

B1 B2
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D

E2

E2 E3

G

H1

I1

I I3

J

J G

A2 D

B1 A1

XRD

XRD

X-ray Tube Anode : Cu 

Wavelenght: 1.5406 A(CuKa)

Filter : Ni 

XRD Ropp,2004:145)
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G CaCO3

Ca2SiO4

E2

G

CO2

CaCO3

E
CO2



XRD

TG DTG

A2

Ellis,2002:46

XRD

XRD



Calcit, Syn CaCO3

Quartz, Syn SiO2

Calcium Iron Sulfate hydroxide hydrate Ca6Fe2(SO4)3(OH)12.26H2O

Clinchlore…, ferroan Mg, Fe)6 (Si, Al)4 O10 (OH)8)

Muscovite KAl2Si3Al10 (OH)2

Albite, Calcian, Ordered Na, Ca) Al(Si,Al)3 OH)

Calcium Silicate Gamma – Ca2Sio4

Ardealite Ca(So4) (Po3OH)4 H2O

Gypsum CaSO4. 2H2O



TG DTG

XRD

Concentration(%W/W)FormulaCompound  Name

49.5Ca (OH)2Portlandite,syn

31.8MgOPericlase,syn

17.3CaOLime,syn

1.4CaCO3Calcite,syn

XRD

Concentration(%W/W)FormulaCompound  Name

52.3SiO2Quartz,syn

15.3Na,Ca)Al(Si,Al)3O8)Albit, calcian,ordered

4MgFe,Al)6(Si,Cr)4O10(OH)8)Clinochlore

28.4CaCO3Calcite,syn

MgO

 Ca(OH)2 CaO CaCO3

Ca(OH)2 CaO

XRD

XRD

XRD



CO2

PI=15                      LL=41 

XRD

XRD

XRD

XRD

XRD



XRD

Concentration(%W/W)FormulaCompound  Name

13.5SiO2Quartz,syn

18.2CaCO3Calcite,syn

 Pyrophyllite-2ITM RG

11.5MgFe,Al)6(Si,Cr)4O10(OH)8)Clinochlore-1ITMIIb RG,ferroan

12.7Na,Ca)Al(Si,Al)3O8)Albit, calcian,ordered

19.2K,NH4,Na)Al2(Si.)

Al)4O10(OH)2

Muscovite-2ITM RG ,ammo-

nian

 

XRD

Concentration(%W/W)FormulaCompound  Name

59.9KClSylvite,syn

20SiCl4Silicon chloride

11.8CaCO3Calcite,syn

3.7SiO2Quartz,syn

4.7K3Na(SO4)2Aphthitalite,syn

 





ASTM C270 64T

kg/s

kg/cm2
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gr
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x

x
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x
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x
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100
C

AB
A
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C
B

xxxxxxxxxx

min



KGR CM

Kf= Rfr/ Rws

Rfr

Rws

RwsRfrKf

Kf



XRD

kg/cm

XRD

 ( CO2 Ca(OH)2 

(Ca2SiO4 ) (SiO2 ) CaCO3) 



XRD

 Concentration 6

(%W/W)

 Concentration 2

(%W/W)

FormulaCompound  Name

29.839.3Ca (OH)2Portlandite,syn

3116.1SiO2Quartz,syn

26.434.7CaCO3Calcite,syn

4.44.3H2KAl3(SiO4)3Muscovite

2.21.4Mg-Fe-Fe-,Al-Si-O-OHClinochlore

6.24.1Na,Ca)Al(Si,Al)3O8)Albit, calcian,ordered

1- Hydraulicity

2- Roman lime

XRD (X-ray Diffraction )

TG/DTG TG/DTG (Thrmal Methods )

atterberg  

(SL) (PL) (LL) 

6-  Clinocholore

7-  (Plastic Index) PI

8-  (Liquid Limit) LL

9-  Quartz



Bognton, R.S. (1966). Chemistry and Technology of Lime and Limestone. New York: Interscience.

Cowper, A.D. (1998). Lime and Lime Mortars. London: Donhead.

Ellis, P. (2002). The analysis of mortars: The past 20years. www.building conservation.com 
(accessed 13 September 2006). 

Ropp (Rip), D. (2004). Characterization of Mortars and Pozzolanic Materials from Umm al-

Jimal. Studies in Conservation,  Vol 49.N 3: 145. 
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 (Schaffer, 1932; Ashurst et al, 1988; Selwitz,

 1992; Price, 1996; Ashurst et al, 1998; Delgado

Rodrigues et al, 2008; Doehne et al, 2010).

(Etymezian et al, 1998: 187)

 (Haneef et

al, 1992: 105-106; Doehne et al, 2010: 9-26)

(Delgado Rodrigues, 2001: 4).

(Ferreira Pinto et al, 2008a: 38)

(Selwitz, 1992: 2)

(Theoulakis et al, 2008: 279

 (Ferreira

Pinto et al, 2008a: 39; Delgado Rodrigues, 2001: 3

 (Theoulakis

 et al, 2008: 279; Clifton, 1984; Delgado Rodrigues,

2001: 4

 (Doehne et al, 2010: 35; Theoulakis

et al, 2008: 279)

 (Selwitz,

1992: 3)

(Ginell et al, 2001)

(Delgado Rodrigues, 2001: 4)



 (Ferreira Pinto et al, 2008: 39)

  (e.g.: Kotlik et al, 1983; Price et al, 1988;

 Schnabel, 1992; Kumar et al, 1997; Lanterna et

al, 2000; Wheeler, 2005

 

(Weber, 1985: 16; Theoulakis et al, 2008: 282-285):

(Öztürk, 1992: 3-19)

 (Delgado Rodrigues, 2001:

 5; Filder, 2004: 33; Ferreira Pinto et al, 2008a:

39; Doehne et al, 2010: 36

Öztürk, 1992: 3; Weber, 1985: 16

(Doehne et al, 2010)



(Öztürk, 1992: 3)

(Ibid: 4)

 (Delgado Rodrigues,

 2001; Theoulakis et al, 2008: 281; Drdácký

et al, 2008: 299

 (Doehne et al,

2010: 38; Bracci et al, 2008: 81-82

(Doehne et al, 2010: 37)

(Jimenez-Lopez et al, 2007: 1929-1930)

 (Tiano

et al, 2006

 

 (Doehne et al, 2010: 39-40; Ferreira Pinto et al,

 2008b: 131; Oliver, 2002: 39; Brus et al, 1996;).

 (Wheeler, 2008: 41;

Öztürk, 1992: 10

(TEOS) (MTMOS)

(MTEOS)

 (Wheeler, 2008: 43; Ferreira Pinto et al, 2008b:

131-132; Öztürk, 1992: 31-33).

 (Öztürk, 1992: 12-17; Doehne et

al, 2010: 41-42

 (Selwitz, 1992; Selwitz,

1995; Doehne et al, 2010; Gauri, 1974

 (Ferreira Pinto et al,

 2008a; Koltik et al, 1983: 75

(Öztürk, 1992: 13-14)



 (Öztürk, 1992: 14-15; Tabasso,

B72 B72 1995: 17

(Öztürk, 1992: 15; Doehne et al, 2010: 42)

 (Charola et al, 1986; Öztürk, 1992: 16; Doehne

et al, 2010: 42).

80H

 (Öztürk,

1992: 18-19; Amoroso et al, 1983: 31).

(Honeyborne, 1998: 166)

 (Ashurst,

1998: 172; Doehne et al, 2010: 37).

(Ca(OH)
2
)

  (Honeyborne, 1998: 157;

Hansen et al, 2003: 14).

(CaO)

Ca(OH)
2

 (Honeyborne, 1998:

166; Hansen et al, 2003: 14; Ashurst, 1998: 172
Ca(OH)

2
+CO

2                
    CaCO

3
+H

2
O

%

kg/m3

 (Honeyborne, 1998:

166



 (Doehne et al, 2010:

37; Ashurst, 1998: 172).

  (Ashurst et al, 1988:

82)

(Filder, 2002: 22)
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Abstract

Professional-educational journals can provide a suitable context for researchers 

quantity of published papers in these journals can reveal the image of restoration domain 
to the audiences, publishers and researchers. To achieve the main goals of this research, 
analytical- statistical method as well as questionnaires have been used. It should be 

period and were categorized into three subgroups (theoretical foundation of restoration, 
restoration experiences and the introducing of monuments with restoration value in 
Iran and other countries). The results of the current research indicate that the articles of 
restoration are few among published articles in Iranian journals (10.03%). Among the 
three subgroups, theoretical foundation of restoration has more contribution in published 
papers (56.09%). Restoration experiences in Iran (38.41%) and other countries (5.5%) 
are at the next ranks. The analysis also shows the growth of original papers relative to 
the decrease of translated papers. Finally, it should be mentioned that the current research 
cannot provide a prediction of restoration papers in the professional-educational journals. 

the future. Establishing e-journals and persuasion of private sector to publish journals are 
the suggestions of the authors of this article which have been emphasized by the experts 

Keywords: educational journals, statistical analysis, restoration, subject content, nature 
of articles

Statistical Analysis of the Content of Restoration 

Published Articles in the Iranian Professional-

Educational Journals 2001-2011
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Study and Consolidation of limestone in 

Sangnavashteh of Khorramabad
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Abstract
Consolidation of stone monuments and artefacts is a conservation operation that has 

considered by conservators and conservation scientists in last years. One of the methods 
in conservation of lime stone monuments and artefacts is Lime method. One part of this 
method is consolidation by lime water. The method has used in last years, especially in 
England, and some suitable results have achieved in some cases.

the lime method and mechanism of limestone consolidation by lime water have reviewed. 
The aim of this method is assessing the application of Lime method in consolidation of 
limestone in air exposed stone monuments. 

The main question is assessing the lime water consolidation in Sangneveshteh stone 
monument of Khorramabad (6th century A. H.). For this purpose, the stone has investigated 

The results show occurrence of physical and chemical weathering in stone surface and 

on results and has presented. The main conservation operation is consolidation by lime 

years of conservation.

Keywords: Sangneveshteh of Khorramabad, Limestone, weathering, consolidation, lime 
method.
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An Investigation of Historical Lime Mortars (Saruj)

Case study: Shahzadeha public bath in Isfahan
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Abstract

Having an old civilization, Persia is among important countries in the world with 
rich architecture. The remains of different historical priods show not only the evolution 
and transformation of Persian architecture but also the evolution and development of 
knowledge of static, structure and production of different kinds of building materials. 

Sustainability of Persian architecture is due to different parameters among which 
building materials is one of the main principles of monuments’ survival.

Persians have used their talents to devise a variety of mortars suitable for the conditions 
of each building. Due to the smart considerations in mortar production, these mortars 
are still very well preserved and have not lost their qualities after centuries. This paper 
investigtes the structure and composition of a special kind of mortar which is very 
important in choosing the suitable method of coservation and restoration. This mortar is a 

for its preparation has been proposed which is suitable for conservation and restoration 
purposes. 

Keywords: historical mortar, lime mortar, Saruj, XRD, TG/DTG 
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The Pathology of Mosaic Stone-and-Tile Inscription 

in the Khodaikhaneh of Shiraz’s Atiq Mosque

Abstract

The mosaic stone-and-tile inscription, which is a unique work of art dating back to 
the Injuids period, is located on the upper facade of the Khodaikhaneh of Shiraz’s Atiq 

various damages due to old age and new strategies and solutions are required to preserve 
this precious monument. The goal of the present study is to identify and measure these 
damages using laboratory investigations. To do so, XRD and AAS methods were used 
to identify factors damaging the body and glaze of the tiles and, in order to identify 
the factors damaging the stones, the XRD and petrography methods were adopted. The 

both at the time of its constrcution and reconstruction and human and environmental 
factors not only accelerated the rate of its damages but also triggered new damages. Based 
on the investigations conducted on the samples, humidity was detected to be the most 
important factor in damaging this monument compared to other factors. 

Keywords: Injuids, mosaic, tile, stone, pathology
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An Investigation of re-Carbonation Process and 

Formation of Secondary Calcite in the Texture of 

Ancient Potteries by Petrographical Method

Mohammad Amin Emami* Somayeh Noghani**

* Assistant Professor, Faculty of Restoration, Art University of Isfahan, Iran
* Ph.D. Candidate, Faculty of Restoration, Art University of Isfahan, Iran

Abstract

Re-carbonation process of calcareous phases in the texture of ancient potteries is 
important regarding the burial environment, pathology and prevention of future damages. 

If the decay process of carbonatic phases (e.g. calcite CaCO
3
 and dolomite Ca,Mg(CO

3
)

2
) 

(water or water vapor) and calcium hydroxide (portlandite: Ca(OH)
2
) can be formed. 

Crystallization pressure followed by increasing the volume from new growth phase can 
cause crevices (the narrow cracks), cracks and separations of the structure of pottery. 
Furthermore, portlandite can absorb carbon dioxide to form secondary calcite crystals. 
Formation of secondary calcite occurs after decomposition of gehlenite and anorthite in 
moist and acidic environment. 

Carbonate phase is very sensitive to the acidic environment and, by absorbing H+ , it 
is transformed to bicarbonate phase which is soluble in water. In addition, solubility of 
portlandite in water is well known and therefore the presence of carbonate grains in the 
matrix of pottery during conservation and restoration process is remarkable.

The purpose of this paper is to review re-carbonation process through investigating 
the thin sections of ancient potteries by means of polarize microscope. Pores generated 
from decomposition of carbonate grain, re-carbonation and formation of new crystalline 
phases (such as portlandite and secondary calcite) can be detected by this method.

Petrographical investigation of thin section of ancient potteries implies that the type 
and origin of carbonatic phase, burial environment and its effect on decomposition of 
carbonates, and formation of secondary products (portlandite & secondary calcite), are 
important parameters for investigating the re-carbonation process.

Keywords: ancient pottery, structure, carbonatic phases, petrography, re-carbonation
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Rethinking the Concept of Karbandi

Based on theoretical geometry, practical geometry 

and building function
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Abstract 

(also known as ribbed vault, arch net, stellate vault etc), are unfortunately not comprehensive 
and coherent enough. Existing ideas have two extremes: sometimes Karbandi has been 
counted just as a load-bearing structure and sometimes as a completely decorative one. 

practical concept of Karbandi? What is the key for identifying Karbandi? 
Our aim is to develop a correct knowledge of Karbandi’s appearance. The research 

the basis of an inter-cultural viewpoint. Accordingly,  some criteria in buildging function, 
theoretical geometry and practical geometry are proposed for distinguishing different 
cases. 

Based on the three criteria, eight types of Kar (including both revetment and non-
revetment) are separated in which two types are geometrically the most complete ones 
and can be considered as standard types for evaluating other cases. It seems that future 
examinations should pay more attention to these diverse types. 

Keywords: Islamic architecture, traditional architecture, Karbandi, Rasmibandi, cross-
ribbed vaulting 
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and Restoring Madies of Old Fabric of Isfahan
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Abstract

in Isfahan can be considered as a part of this city’s identity. Not far ago, madies were 
especially important in agricultural affairs, collecting surface water and city development 
and were counted as one of the beautiful and pleasing visual effects of the city. But recent 
urban development and the increas in the density of activities, structures and skeletal 
elements around the city and loss of gardens and urban farms cause this identity-giving 
element to be forgotten and disappeared.

Therefore, in this paper, in addition to explain the value and importance of such an 
element, the author tries to suggest a number of strategies to conserve and restore the 
old fabric of Isfahan’s madies. To achieve such a goal, this research seeks to answer 
several questions such as which factors are associated with organizing the madies and 
what are the effects of this matter on the places in the neighbourhood of madies? Due 
to the nature of this research, the analytical method   is used. Accordingly, for gathering 

as well. For the analysis of information the technique of SWOT is used. The result of this 
study shows that madies have potential which can lead to positive and desired results by 
correct and targeted planning of them. Achieving this matter is not only in accordance 
with spatial-physical principles of traditional Iranian urban planning according to which 
the old fabric of the city has been shaped, but also accords with principles of the modern 
and sustainable urban planning in which human being and his needs and cultural-social 
values are considered and respected.

Keywords: urban planning of Isfahan, organizing, old fabric, madi  

Received:2011/12/26

Accepted:2012/11/26



M
ar

em
at

 &
 M

e’
m

ar
i-

e 
Ir

an

V
ol

.3
.N

o.
5.

S
pr

in
g 

&
 S

um
m

er
 2

01
3

1

The Study of Varoius Methods of Mould Plaster Decoration 

in Historical Monuments of Yazd in Qajar Period
Case study: decorations of Prince mihrab in Jame mosque

Abstract

Stucco decoration is one of the oldest methods of architectural decoration in Iran. The 
city of Yazd is one of the most famous cities regarding this kind of building decoration. 
Amongst the different periods of time, Qajar era is the most prosperous era in using stucco 
decoration. The most common method is making very thin, subtle and artistic patterns. 

There is some evidence such as no trace of stucco tools, small repetitive designs, designs 
of the same size without the slightest difference and change and very low thickness of 
stucco patterns which all reject the use of stucco tools such as cutting and carving tools 

template in the creation of this ornament. It seems that although the stucco decorations are 
the same, the methods are different. The outstanding example of this decoration can be 
seen in dome chamber of Prince mihrab in Jame Mosque of Yazd. In order to investigate 
such decoration methods, samples of these ornaments were taken for observational and 
laboratory studies. At the same time, a wide range of articles and different sources, which 

that two different methods of molded plaster have been used. 

Keywords: Qajar period, Yazd, molded plaster, Jame mosque , Prince dome chamber
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