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ABSTRACT 
 

The research is to investigate the mineral composition and study about some physical 
factors influencing on deteriorated problems of historic stone inscription created in the reign 
of King Chulalongkorn (Rama V) in 1892. The mineralogical compositions of the historical 
stone inscriptions represented by X-Ray diffractometer technique were calcite (CaCO3), 
actinolite (Ca2(Mg,Fe)5Si8O22(OH)2) and calcium silicate (CaSiO3). The results from 
experimental processes were carried out using spatial temporal analysis and 2 dimension 
image processing. The data analyses asserted that the physical factors as follows: (i) moisture 
from rain or dew, (ii) heat from sunlight exposure, (iii) wind and (iv) salt precipitation from 
sea aerosol were physical factors inducing the degradation of the historical stone inscriptions 
significantly. The deterioration degree of historical stone inscriptions had a direct variability 
correlation to thermal alternation. Besides, spatial analysis demonstrated that weathering 
degree of the stone inscription from sunlight also relied on positional arrangement of the 
stone inscriptions. Aforementioned techniques and the results can be not only contributed to 
historical stone inscriptions at Chudhadhuj Palace Museum but also applied to the other 
approaches for proper efficiency restoration and conservation. 
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INTRODUCTION
Thailand has an important royal summer 

palace situated at Srichang Island in Thailand 
gulf, 12 kms  from Sriracha district, 
Chonburi province which His Majesty King 
Chulalongkorn, (Rama V) gave a royal 
command to build the palace on 1891. 

Nowadays the historic palace still appears 
many attractive and memorable historical 
heritages especially the Asadangkhanimit 
Temple (Fig. 1). The temple located on the 
crest of Chulachomklao Hill, approximately 
40 m above sea level, in the south of the 
palace. It has exquisited pagoda including 
Lan Prataksin terrace. Outside the mortal * Author for correspondence 
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wall of the temple, there are eight stone 
inscriptions (Fig. 2), with the Lord Buddha 
doctrine carved on each, located at the corner 

of the octagonal pattern surrounding the 
temple. At present, the stones have been 
defacing by weather deterioration. 

The possibility of conservation and 
restoration historical stone inscriptions has 
been extremely concerning in the coastal 
area with dynamic oceanic physical factors. 
Rain, wind and temperature are the main 
factors of stone weathering problems 
including a peculiar impact from sea 
aerosols1,2. Moreover, the deteriorating 

process includes the action of color change 
and rock destruction.3 The most common 
types of deterioration on stone cultural 
heritages in Thailand, were reported as 
exfoliation, scaling and pulverization.4 

Although there were a lot of researches 
have reported on the effect of physical 
environment on deteriorated problem of 

 

Fig. 1 : The Asadangkhanimit Temple 

 

Fig. 2 : A historical stone inscription 



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

623 
 

stone inscriptions, this study focuses on the 
relation of positional arrangement of the 
eight stone inscriptions surrounding the 
temple and the degree of deterioration caused 
by some physical factors. 

MATERIAL AND METHODS 
Stone material identification 

Two types of stone samples were 
investigated on their mineral composition. 
The first type was a small piece of stone 
naturally cracked from a historical stone 
inscription. The second stone type was from 
an adjacent stone scattering around 
Chulachomklao Hill nearby the temple. To 

analyze the stone composition, X-ray 
diffractometer was used.5,6 
Spatial - Temporal analysis and 2 
dimension image processing 

The spatial temporal analysis was done 
as the flow chart in Fig. 3. To establish the 
spatial temporal model, computational 
analysis was used to create grey scale for 
calculating weathering degree.7 Light 
intensity data recoded at 10 am, 12 am and 2 
pm in August 24, 2008 from every side of 
each stone inscription around the 
Asadangkhanimit pagoda were used for 
validating with the output weathering degree 
data. 

 

 
Fig. 3 : Flow chart illustrated the step of spatial temporal analysis process 



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

624 
 

To confirm the spatial temporal model, 
the inscription no.6 was chosen as the 
representative of all inscriptions. The 
weathering degree from sunlight was 
calculated by equation (1) 

Wd = I/Imax                         …..(1) 
where  Wd = weathering degree 

     I     = light intensity 
     Imax = maximum light intensity 

RESULTS AND  DISSUSION 
The X-ray diffractograms indicated that 

both stone inscription and adjacent stone 
samples comprised of three main mineral 
compounds such as calcite (CaCO3), 
actinolite [Ca2(Mg,Fe)5Si8O22(OH)2] and 
calcium Silicate (CaSiO3). The similarity of 
peak patterns from a diffractogram (Fig.4) 
suggested that the two stone samples should 
be obtained from the prior stone source. 

 
Fig. 4 : The diffractogram showing the similarity of peak patterns of stone samples from the stone 

inscription (a) and the adjacent stone (b) 
Simulation of the stone inscription arrangement was generated using 2D image 

processing. The shape and proportion of the simulation were similar to the authentic stone 
inscription (Fig 5). 

b 

a 

 

Fig 5 : The position and arrangement  of  stone inscriptions 
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Both Fig 6a and Fig. 6b showed the 
weathering degree by sunlight calculated 
from spatial temporal model comparing to 
the weathering degree calculated from the 
data measured from the inscription no. 6 The 
trend lines from both graphs suggested that 
this spatial model technique could be used to 
predict light intensity during a day instead of 
the measurement using lux meter. The 
technique would be more reliable than the 
old – fashioned technique. 

Furthermore, the trend lines also 
demonstrated that the left side of the 
inscription no. 6 had weathering degree 
higher than backside. This indicated that 
deterioration of the inscription no. 6 occurred 
on left side more than the backside. This 
conclusion corresponded to the texture 
surface of the stone inscription simulation 
generated by the spatial analysis model  
(Fig. 7). 

 
Fig. 6a : The weathering degree (sunlight) from spatial analysis (solid line is from left side and 

dashed line is from  backside of stone inscription no. 6) 
 

 
Fig. 6b : The weathering  degree (sunlight) from measurement  by lux meter 

(solid line is from left side  and dashed line is from backside of stone inscription no. 6) 
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CONCLUSION 
The deterioration degree of historical 

stone inscriptions had a direct variability 
correlation to thermal alternation. Besides, 
spatial analysis demonstrated that weathering 
degree of the stone inscription from sunlight 
also relied on positional arrangement of the 
stone inscriptions. Aforementioned 
techniques and the results can be not only 
contributed to historical stone inscriptions at 
Chudhadhuj Palace Museum but also applied 
to the other approaches for proper efficiency 
restoration and conservation. 
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Fig. 7: Texture surface of the historical stone inscription  no. 6 generated by the spatial analysis model 




