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Fig. 2. Different views of the ancient road of Gashmar a)  height of some parts of the ancient road b)  location of the 

ancient road of Gashmar in relation to the river and the mountain slope c) destruction of the ancient road of Gashmar 
due to road construction d) cutted stone blocks used in the construction of the ancient road   
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Fig. 3. Deterioration and decay of the ancient road of Gashmar due to weathering agents (some signs of deterioration 

are shown with blue arrows) 
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Fig. 4. A number of mortar blocks collected from the ancient road of Gashmar 
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Fig. 5. A number of block specimens prepared to determine the physical and mechanical properties of mortar during 

wet-dry (W-D) and heat-cool (H-C) tests 
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Fig. 6. Flowchart of the laboratory tests 
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Fig. 7. Test tools and devices to determine the physical properties of the samples, a) saturation container, b) Archimedes 
container, (submerging container), c) oven, d) digital scale 
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Fig. 8. The point load index device used in the present study and a number of raptured specimens after test  
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Fig. 9. Schematic plan of a wet-dry cycle (right figure) and heat-cool cycle (left figure)  
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Fig. 10. Image of microscopic thin section of mortar (CRF calcite rock fragment, ChRF chert rock fragment, MRF 

metamorphic rock fragment, Qz Quartz, Pl plagioclase, Mi micrite (microcrystalline calcite), P pore space 
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Fig. 11. Distribution of pore space in some mortar specimens 
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Fig. 12. Changes in the appearance of the mortar (color and shape) during the wet-dry and heat-cool tests 
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Fig. 13. Four main types of deterioration in mortar during the wet-dry and heat-cool cycles   
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Fig. 14. Changes in the physical and mechanical properties of mortar during the various wet-dry and heat-cool cycles 

* Number of cycles (N), dry weight (DWL), porosity (n), point load index (PLI), P wave velocity (Vp) 
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Fig. 15. Microscopic thin sections a) after 50 of cycles wet-dry b) after 50 cycles heat-cool  
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Table 3. Correlation relationships of physical and mechanical properties with the cycles of wet-dry and heat-cool 
 ��

	�, <#��
& -��     �!�+0C, "R%	�   2R 

  

  

    

�)- ��� 9��  

 DWL=0.028N+0.005  0.96  
 n=0.076N+29.13   0.93  
 PLI=-0.01N+1.56   0.93  
 Vp=-7.84N+1954   0.99  

          

���- ��� 
��  

 DWL=0.024N+0.030  0.97  
 n=0.077N+29.26   0.95  
 PLI=-0.009N+1.53   0.92  
 Vp=-8.41N+1952   0.99  

      

*  "��G 
	�/)(N) 9�� �
� �(DWL)  26�6) �(n)"RS� ��% T��� � 8	(PLI) U�� .��� �P (Vp)  

  

  
 Q)�16. L���	* 	( 03� +,� �)���)� � �)�9�� g��d�P& g(���Z#�# 
��-  /�- � !0� 12&-  !0� ��� 

Fig. 16. Changes in physical and mechanical properties of mortar after wet-dry and heat-cool tests 
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Abstract 

The weathering agents in the nature are diverse, which can lead to the deterioration of an ancient 
monument and even its decay and destruction. In the present study, the deterioration of the lime mortar 
used in the ancient Gashmar road located in Nourabad city (Lorestan province) has been evaluated 
against weathering factors caused by wet-dry and heat-cool cycles. To achieve this goal, wet-dry and 
heat-cool tests up to 50 cycles were applied on mortar samples. After every 10 cycles, the appearance 
(color and shape), physical (dry weight and porosity) and mechanical (point load index and P wave 
velocity) characteristics were determined. The results indicate that the mortar has undergone minor 
changes in its appearance as a result of wet-dry and heat-cool cycles. On the contrary, the data analysis 
showed that with the increase of cycles, the values of the physical and mechanical properties of the 
samples have changed more significantly. Based on the study of microscopic thin sections, the change 
in the physical and mechanical properties of the mortar has been closely related to the development and 
propagation of microcracks after the test cycles. The comparison of the results reveales that the 
weathering agents caused by wet-dry and heat-cool cycles had almost the same effect on the 
deterioration intensity of the mortar sample. P-wave velocity is a more suitable and accurate parameter 
to evaluate mortar deterioration compared to other physical, physical and mechanical properties, while 
the appearance properties cannot be a suitable parameter in this context. According to the results, it is 
suggested that the protective solution to prevent from the mortar deterioration used as masonry materials 
in the ancient Gashmar road located in Nourabad city should be selected and designed based on both 
wet-dry and heat-cool weathering agents. 
 

Keywords: Lime mortar deterioration, Gashmar ancient road, Wet-dry, Heat-cool, Nourabad city 
 
Introduction
The conservation of ancient monuments is very 
important in terms of a wide range of cultural, 
social and economic benefits; it supports the 
cultural and social well-being of the residents 
of the region, promotes the civic pride of the 
communities, and can equally be a means to 
achieve economic goals such as the growth and 
revitalization of cities, small businesses, and 
providing housing . In order to design and plan 
conservation measures and solutions for 
building materials used in an ancient 
monument, it is necessary to identify type of 
"deterioration agent" or from the geological 
point of view "weathering agents". This issue 
is considered one of the primary and basic 
requirements, which is very important in 
providing the conservation plan. In fact, the 
correct and efficient measures for the 

conservation of an ancient monument should 
be based on the identification and knowledge 
of the type of weathering agent affecting the 
deterioration of the building materials. This 
can lead to long-term stability and durability of 
building materials used in an ancient 
monument against weathering agents. 
In the present study, the deterioration of the 
lime mortar used in the Gashmar ancient road 
in Nourabad city (Lorestan Province) has been 
evaluated by investigating its qualitative and 
quantitative characteristics against the 
weathering agents of wet-dry and heat-cool . 
 

The location and history of the Gashmar 

ancient road  

The Gashmar ancient road is located 54 km 
southwest of Nourabad city, Lorestan 
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Province. Based on the field visits, the degree 
of deterioration of the mortar in the Gashmar 
ancient road was from low to high intensities. 
In terms of climatic conditions, the study site is 
one of the areas with significant precipitation 
in Lorestan Province (Lorestan Meteorological 
Organization 2023). Besides, the study area has 
hot days and almost cool nights in the summer 
season. According to the climatic conditions of 
the area, part of the deterioration of the mortar 
may be related to the wet-dry and heat-
coolcycles. 
 
Results and Discussion 
Based on the studies of microscopic thin 
sections, constituent components of lime 
mortar are calcite, chert, and metamorphic rock 
fragments (45, 15, and 3%, respectively), 
quartz, calcite, and feldspar minerals (5, 5, and 
2% respectively), which all are supported in a 
fine-grained calcite matrix (25%). 
Results showed that the mortar has a density 
(ρ) of 1.47 g/cm3, porosity (n) of 29.37% and 
water absorption (Wa) of 23.96%. According 
to the classification of rocks by Anon (1979), 
mortar fall into in the class of rocks with very 
low ρ (1.0-1.5 g/cm3) and high n (15-30 %). 
The point load index (PLI) of mortar is equal 
to 1.57 MPa. Based on the classification 
suggested by Broch and Franklin (1972), 
mortar is categorized as a high-strength rock 
(PLI 1-3 MPa). The P wave velocity (Vp) of 
mortar is 1940 m/s, which belongs to the rocks 
class with very low Vp (Vp <2500 m/s) (Anon 
1979). 

The changes of physical and mechanical 
charactristics of mortar in various cycles of the 
wet-dry and heat-cool are presented in Fig. 2. 
As can be seen from this figure, with the 
increasing in the cycles of the tests, the dry 
weight loss (DWL) of the mortar has increased. 
Mortarn shows an increasing trend with 
increasing cycles of wet-dry and heat-cool 
tests. Also, present the changes of PLI during 
cycles of wet-dry and heat-cool tests. The 
results revealed that with the increase of tests 
cycles, the PLI has generally decreased. As can 
be seen from Fig. 2, the Vp of the mortar has a 
decreasing trend with the increase of wet-dry 
and heat-cool cycles, both with coefficient of 
determination (R2) equal to 0.99. 
 
Conclusions 

The results revealed that the weathering agents 
of wet-dry and heat-cool cycles had almost the 
same effects on the deterioration of the lime 
mortar. P-wave velocity is a more suitable and 
accurate parameter to evaluate mortar 
deterioration compared to other physical and 
mechanical characteristics. According to the 
results, it is suggested that the conservation 
measures to prevent from the mortar 
deterioration used as masonry materials in the 
Gashmar ancient road (Nourabad city, 
Lorestan Province) should be designed based 
on both wet-dry and heat-cool agents. 
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