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Abstract

Today, accurate and scientific study of archaeological findings and historical and cultural property in
many studies, especially in archeometry and restoration, relies on the use of experimental methods.
The ability to replicate and generalize the results of applying practical methods using laboratory
methods on the statistical population makes researchers more confident in analyzing the results of
objective experiments to achieve reality. However, access to scientific and standard laboratory
methods is one of the essential requirements of experimental techniqges that can be employed to
accurately measure and evaluate the various physical, chemical, and mechanical properties of
historical and cultural samples. The purpose of this study is to find a standard test that can use to
measure the permeability and insulation properties of materials used in historical buildings against
moisture. To achieve this goal, for the first time, falling head method was used to measure the
permeability and insulation of traditional and ancient Kahgel plaster against moisture in historical
buildings and architectural heritage. The samples of Kahgel plaster improved with different additives
were compared to the typical Kahgel plaster samples as a control sample. Results of the study showed
that using the laboratory method, reconstructed the conditions and behavior of water during
adsorption and penetration into historical samples materials and represent their actual performance
against moisture and rainfall. Therefore, it is possible to measure their permeability and insulating
properties of earthen materials against water quantitatively in saturated conditions with this method.
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Introduction

Careful study of archaeological findings and historical and cultural artifacts in many studies and
researches, especially in archeology and restoration, is based on the use of experimental methods.
The ability to repeat and generalize the results of experimental studies through access to qualitative
and quantitative data obtained from laboratory methods on the statistical population makes it more
reliable through the analysis of results to a near-realistic conclusion was reached about historical and
cultural monuments. Therefore, one of the critical concerns of researchers in the field of
archaeological findings, historical and cultural property, and architectural heritage is the access to the
accurate and standard testing methods.

Fortunately, today in many academic sciences and disciplines, a wide variety of standardized tests for
measuring data and variables by the relevant standard institutes are designed. Usually, these laboratory
methods and standardized tests are regularly updated and developed every year. Still, in new sciences
and interdisciplinary sciences, such as archacometry and restoration, access to scientific and standard
methods for measuring and evaluating the desired characteristics has always been one of the crucial

problems .

Therefore, it seems that the effort to design, standardize and also evaluate the experimental methods
available in various sciences and to use these methods in the laboratory study of historical and

cultural works, should be paid more attentions.

The strength, and durability of materials in traditional and historic buildings, especially insulating
coatings against moisture and rainfall, as well as new materials that are used in the protection,
restoration, and reconstruction of architectural heritage are very important. Therefore, in many
experimental studies and researches that are carried out on these historical and cultural monuments,
evaluation and measurement of permeability and insulation properties of building materials due to

rainfall and humidity and their changes over time is very important.

The purpose of this study is to find a standard laboratory method to measure the permeability and
insulation properties against moisture and rainfall, in historical and cultural buildings and architectural

heritage .

Materials and Methods

This applied research has been carried out using experimental-analytical methods. Various techniques
have been used to collect data, including: library, laboratory and field studies. Because the insulating
property of building materials, such as Kahgel plaster against moisture in historical buildings, is
directly related to the amount of moisture penetration into the material, therefore, it seems that
quantifying the insulating property in historical and traditional materials, can be achieved by
determining the permeability of these materials by standard laboratory methods. Therefore, to
achieve this purpose, the standard test for determining the Coefficient of Permeability (i.e. Falling
Head Hydraulic Conductivity Method) was used to measure the permeability and insulation property

of Kahgel plaster against moisture and rainfall .

To measure the degree of insulation of traditional materials in historical buildings against moisture
and rainfall, after preparing a series of laboratory samples of Kahgel plaster, their permeability
coefficients were determined. To do this, after selecting the appropriate soil (Figure 3) and achieving
the optimal ratio of soil and straw fibers for providing kahgel plaster through laboratory study (Figure
4), the effect of adding several samples of ad, the permeability coefficient of kahgel plaster samples
with falling head method were measured. Various additives were used to improve the insulation
property of kahgel plaster, including micro silica, feldspar, kaolin, and micronized bentonite with

different granulations of 150 and 45 microns in two concentrations of 3 and 6 wt% (Table 3).

Results

The permeability coefficient of normal kahgel plaster samples (control kahgel plaster) were measured.
Then, the permeability coefficient of new kahgel samples containing mineral additives were
determined. Finally, the results of determining the permeability coefficient of normal kahgel samples
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(control samples) were compared with new kahgel samples improved with additives (Tables 4 and 5
and Figures 11 and 12).

Discussion

The results of determining the permeability coefficient of kahgel plaster samples prepared with
different mineral additives in comparison with normal kahgel, showed that the additives including
micro silica, feldspar, kaolin, and bentonite have a positive effect on reducing the permeability
coefficient of straw against water penetration. So that, most of the additives used have reduced the
permeability coefficient of kahgel plaster. Among them, the use of kaolin, feldspar, and micro-silica
had the most significant effect on improving the insulation properties, respectively, and bentonite is

in the last ranking (Tables 4 and 5 and Figures 11 and 12) .

Thus, it is observed that laboratory studies on kahgel plaster with the new laboratory method
introduced in this study indicated the important functional characteristics of kahgel plaster, that is,
its insulating property against moisture and rainfall, and as a result the durability of this traditional
and ancient kahgel against environmental erosion. Thus, this method could be efficiently used to

quantitative measure this vital property of earthen materials.

Conclusion

The laboratory study of kahgel plaster and the measurement of permeability and insulation against
moisture, well indicated the desirable capability of this standard laboratory method in the
experimental study of this coating. The results of this study showed that by using this laboratory
method, it is possible to investigate the effect of additives in improving or decreasing the permeability
and insulation of kahgel plaster against moisture and rainfall. Therefore, the proposed laboratory
method has an excellent ability to quantitatively measure the permeability and insulation properties
of materials used in historical buildings and ancient sites, which helps to easily examine and evaluate
all traditional materials and building materials used in historical buildings and ancient sites with this

method.

It should be noted that the use of this laboratory method to determine the penetration and insulation
properties of building materials, especially earth materials used in historical buildings and architectural
heritage is unprecedented and from this perspective is a new and innovative method. In fact, for the
first time, a small step was taken in the development and standardization of experimental experiments
and the introduction of new laboratory methods introduced in the study of materials used in historical

and cultural buildings and architectural heritage.

This experimental method can be used to quantitative measure the insulation property and erosion
over time, and accordingly, by evaluating this critical variable, helped to improve and strengthen the
traditional materials used in the conservation and restoration of historical and cultural buildings and

valuable architectural heritage.
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Fig. 1: Erosion of the historic clay and mud Belgis
Esfarayen citadel due to penetration of moisture due
to rainfall.

Fig. 2: Erosion of the clay and mud structure of Kooh-
e Khajeh Zabol due to the penetration of moisture due to
rain combined with sandstorms and wind
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Fig. 2: Soil mixed with straw fibers to prepare Kahgel
plaster
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Fig. 4: Kahgel sample improved with additives
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testing

Clginl oy aw 3l eejl ol plxl (gl
-oilel el o g W i ) Sy (oridsi
=V JSs) b ool g 0 J54 SB ST sla



s GSB @lbas G3uEle Ciuald g (65 33985 gl jao 61801531 Gl 63232 Uiy \szubub

2590 Butle gy S 5 ekl L5 polaie
~Gle 5 rdded (i Sl pSoilul p adllas
-~ diged ) i del (503985 (¢ SR 29l (g0
(Sl JSE (slatizes > o 5 (ool JSaIS (slo
s CES B pSeilul g pyp 290 (SR
S5 294l (dladiges > b L (6398 o ps
S g Jals diges lgicds Coll oS 5 Cami b (g0le
b pindghs upd bacxs e g 45 (5pSolad
sl 534381 b oas aigy SRS 3951 (gladiges jo Ll
$xSoilul dals ladisel b duslie p  Jae calize
sudle Cuol GB)l 5 (gilure sl iomen A
b ojsgsSee Cuigily 9 P ol by S

(¥ Jgis) 4 oxlail 559 Mo g3 &

Cphdeds i (6 pSoilul oSty calisee (glinl A ISs

Fig. 6: Different components of the permeability measuring device
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Fig. 7: Gradation curves for selected soil to prepare Kahgel plaster
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Table 1: The results of testing Gradation for
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Table 2: Geotechnical and chemical tests on selected Soil to prepare Kahgel plaster

Conductivity meter device

2ol o9l bey Ogejl 2 ltil S o9l &9
Results Method Standard cods Type of test
215 ol L olSs ASTMD431898 | (M SB o> o
Casagrande device Liquid Limit
122 R ASTM D4318.98 | P SB (s o 0l
Rolling soil method Plastic Limit
93 Gy do g (Slgy s> OIS ASTM D4318.98 P S (5 ypod diald oy
Difference between the liquid and plastic limits Plasticity Index
Table 3 ey g Sl oslisd ASTM D422-87 sl SE
Sieves & hydrometer Grain size analysis
2.34 09l P 05 S ASTM D4643-00 S Cugh) 2oy
Oven drying Soil moisture content (%)
2.69 FogiS jl oslic ASTM D854-02 S o pogaze 0
Pycnometer Specific gravity of soil
6.09 osl 5 B Joslic BS 1377- Part 2 S s ALl ao
Molds & oven drying Linear shrinkage (%)
7.81 resets ASTM D4972 piHL.sk
Potentiometry Soil pH test
171 2 2 )l ASTM D2974 I Slge oy S
Loss on ignition (LOI) Organic Content (%0)
1.13 g Colin ol ASTM D4972 SE Sl ol

Soil electrical conductivity (EC)
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Table 3: Specifications of micronized mineral additives used

A oo ($d938l KT,y S S 938 pb
Place of preparation Color Appearance Additive name
R b ol 292 by e
Toma Isfahan company white Solid powder Microsilica
olaicl Lo <55 i s ol
Toma Isfahan company white Solid powder Feldspar
Oleduol yia oSl S Lol ydg Sels
Art University of Isfahan white Solid powder Kaolin
Ol i olzsls by S dol> )39 gl
Art University of Isfahan Light ochre Solid powder Bentonite
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Fig. 8: Determination of hydraulic conductivity of Kahgel plaster samples with falling head with permeameter
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Table 4: The results of testing hydraulic conductivity of modified samples of Kahgel plaster with 150- micron

additives
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Table 5: The results of testing hydraulic conductivity of modified samples of Kahgel plaster with 45- micron additives
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Fig. 9: Diagram of changes in the hydraulic conductivity of modified samples of Kahgel plaster with 150- micron different additives
compared to conventional samples
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Fig. 10: Diagram of changes in the hydraulic conductivity of modified samples of Kahgel plaster with 45- micron different additives
compatred to conventional samples
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1. ASTM
2. American Association of State Highway and

Transportation Officials (AASHTO)
British Standards Institute (BS)
Deutsches Institut fiir Normung (DIN)
Insulation

Water proofing

Penetration

Permeability

9. Coecfficient of Permeability

10. Henry Darcy

11. Interinstic permeability

12. Constant head hydraulic conductivity test
13. Falling head hydraulic conductivity test
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