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 Detection of material degradation of urban facades constitutes a preliminary activity for the 
preparation of any restoration response project. The traditional method for fixation relies on 
mechanical contact means and requires a great time effort to obtain a few preliminary points. 
In addition, the size of buildings and historical places make it difficult to examine the types of 
material deterioration, and on-site visual analyzes and current inspections by experts can 
also lead to human-induced errors. The development of methods based on UAV 
photogrammetry in order to reduce the labor force and margin of error in solving this 
situation brings great convenience for the detection of material deterioration in historical 
areas. The aim of the study carried out in this context is to document the material problems 
of "Sarışıh Han", a historical masonry building located in the Tarsus district of Mersin, which 
is of great importance for its continuity. Contributing to the documentation, detection and 
repair of financial problems for the preservation of the cultural heritage of the region and 
thus the sustainable management of the structures in the geographical region. In this context, 
material problems in the structure were documented using UAV photogrammetry method. 
In the study, the use of UAV photogrammetry to support the constraints of material 
deteriorations allows for more detailed results in façade analysis of material deteriorations, 
leading to simplification of manual and direct search procedures. 
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1. Introduction  
 

Historical buildings are heritage sites that ensure the 
sustainability of collective memories such as the 
lifestyles and beliefs of past societies. Stone, which is the 
most used material in movable and immovable cultural 
heritage in these areas, which helps to reconstruct 
history, is under threat due to deterioration processes 
due to various reasons. These deteriorations in historical 
buildings are caused by natural environmental factors 
such as meteorological conditions and anthropological 
factors such as air pollution, as well as the properties of 
the materials that make up the building. For example, 
rain water, which is a natural factor, accelerates the 
dissolution processes after freezing / thawing cycles, and 
also increases the amount of deterioration by 

accelerating the mechanical events in the structure of the 
stone by creating changes in the chemical structure of the 
stone [1]. In addition, the side exposed to water shows 
significant erosion in the limestones [2-10]. In addition, 
various studies in the literature report that the effect of 
water on stone structures tends to increase the acidity of 
atmospheric pollutants over time, which further 
increases erosion and color change in stones [11,12]. 
Failure to take control and precautions in stone 
deterioration caused by the effects of water can turn 
small-scale (for example, flaking, fragmentation, 
cracking) deterioration into larger-scale deterioration 
over time, and this may lead to loss of cultural traces in 
historical areas [13]. For this reason, pre-detection and 
mapping of material deterioration in order to take the 
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necessary measures is one of the most important stages 
of restoration works in the protection of heritage in 
historical areas.  

Material degradation mapping of urban facades 
constitutes a preliminary activity for preparing any 
restoration response project. The traditional method for 
mapping relies on mechanical contact means and 
requires a great deal of time effort to obtain several front 
points [1]. In addition, the size of the building and 
historical sites makes it difficult to examine the types of 
material deterioration, and on-site visual analysis and 
up-to-date inspections by experts can also lead to 
human-induced errors. The development of methods 
based on various technologies in order to reduce the 
labor force and margin of error in the solution of this 
situation brings great convenience for the detection of 
material deterioration in historical areas [13]. In 
addition, the use of digital tools to support mapping 
activities allows for more detailed results on façade 
analysis [14] leading to simplification of manual and 
direct survey procedures [1]. 

In the literature, it is defined that the method that 
represents the best solution for the detection of material 
deterioration on facades should be tools that can obtain 
both spatial (XYZ) and RGB data by allowing the 
combination of geometric and material information. In 
the literature, in the detection of stone material 
deterioration, devices such as terrestrial laser scanning 
and photogrammetry are supported by computer 
software, and studies on surface erosion investigation 
and pixel-based material properties determination 
confirm the usability of these methods for material 
properties. However, although all these methods have 
important advantages in heritage areas, it has been 
determined by various studies that they have some 
inadequacies in the detection of material deterioration. 
For example, although Terrestrial Laser Scanning (TLS)-
based surveys used to detect material deterioration 
allow us to obtain dense point clouds, obtain sufficient 
geometric data to be used in the modeling process for 
facades [15], due to the low resolution in RGB data, they 
are insufficient for distortion mapping [16]. The most 
important of these inadequacies in the terrestrial laser 
scanning method is the fact that the distortion groups are 
different from each other in shape, texture and color, and 
the distortion groups must have sufficient resolution for 
the interpretation of the data during identification. Other 
disadvantages are that they are expensive and data 
processing times are long. In some TLS devices, this is 
partially resolved by adding an external high-
performance digital camera or by adding a digital 
camera. Digital close-range photogrammetry, on the 
other hand, is still subject to limitations in material 
deterioration, as it is time consuming and requires high 
labor force to record every area of the structures due to 
the location of the camera angle [17]. In addition, 
techniques such as terrestrial laser scanning and 
photogrammetry are insufficient to easily visualize the 
area, especially in historical urban contexts with narrow 
streets and tall buildings. A close-range 
photogrammetric survey study to analyze the material 
deterioration of a large historic building facade in 
Bologna (Italy) shows that this technique can only be 

used in structures that can be closely examined and 
detected in situ, and that the size of the areas makes it 
difficult to study the types of deterioration and the use of 
different technologies to compensate for these 
disadvantages. reported that it would be useful in the 
detection of material deterioration. 

Various studies in the literature emphasize the 
importance of using UAVs in the detection of material 
deterioration as a method to overcome the 
disadvantages of methods such as terrestrial laser 
scanning and photogrammetry. Russo et al. [1] studied 
material deterioration detection by drone technology, 
and found that this technique is an efficient method to 
support restoration analysis because it is low cost, fast 
and easy to use in material deterioration mapping. It has 
also been confirmed by various studies that UAV 
technology is a good method to overcome terrain 
limitations and to search for hidden front areas [18-20]. 

Remote sensing technologies have been frequently 
used in engineering projects in the last decade [21-36].  
In this context, it is aimed to identify and document the 
material problems of the "Sarışıh Han" building, which is 
located in the Tarsus district of Mersin, which is the 
subject of the study, and which is of great importance to 
be preserved in terms of the continuity of the cultural 
heritage of the region, by using UAV photogrammetry, 
which is emphasized to be of great convenience in 
detecting material problems in the literature. Thus, it will 
contribute to the detection and repair of material 
problems for the sustainable management of buildings in 
the geographical region. In this context, within the scope 
of the study, firstly, information about the historical 
importance and spatial situation of the "Sarışıh Han" 
building was given, and in the next step, how the building 
was documented using UAV photogrammetry was 
explained in the method section. In the results section, 
the stone material problems in the building, which were 
determined by using the data obtained from UAV 
photogrammetry, are included, and in the conclusion 
section, intervention suggestions for the repair of the 
detected material problems are presented. 

 

2. Study Area 
 

Tarsus has been an important administrative, 
commercial and military center since ancient times due 
to its strategic location. Connecting Central Anatolia to 
Çukurova and Northern Syria the caravanserai, located 
on the right arm of Anatolia and on the route where the 
Pilgrimage route passes, is on the Tarsus-Pozantı Road 
near Gülek Pass and 90 km from Tarsus. The 
caravanserai, which is within the borders of Çukurbağ 
Village of Tarsus district of Mersin, is located in Sarı Işık 
(Sarışih) Neighborhood. Caravanserai is called “Sarı Işık 
Han” or “Sarışıh Han” by the villagers (Figure 1). 

The building was built on a land that slopes from 
south to north. On the eastern façade, it is seen that most 
of the outer cladding has been shed. Again, on this façade, 
there are three shapeless openings made later in the wall. 
The building was used for soda production for a period, 
and during this use, large openings were probably 
created on the eastern wall. The top of the building is 
completely covered with concrete, laterally inclined in 
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two directions. The northeastern corner of the building, 
which is in a very neglected condition today, is about to 
be demolished. It is noteworthy that the exterior coating 
on the north and west façades has been renewed from 
place to place. This repair was made in the 1970s. There 
are crenellated windows in the upper part of the north 
and south façades. The caravanserai, which has a 
rectangular plan and a single closed space extending in 
the north-south direction, was built with coarse stones 

and rubble. The low-arched entrance, located on the 
western façade from the long sides, is arranged in the 
form of an iwan protruding from the façade. The entrance 
iwan is covered with a pointed arched vault. The side 
walls and vault of the entrance iwan are partially 
collapsed. The top of the single-room caravanserai is 
covered with a north-south oriented pointed arched 
vault parallel to the entrance façade. The vault is 
connected by eight support arches. 

 

 
Figure 1. Location map 

 
3. Method 
 

This study consists of two stages: field and office 
work. Controlling the study area, preparing it to be 
photographed, and taking images of the caravanserai 
with an unmanned aerial vehicle constitute the field 
study phase. During the office work phase, the data taken 
from the unmanned aerial vehicle was transferred to the 
computer environment, interpreted and processed. The 
images collected in the field by the UAV photogrammetry 
method were transferred to the computer in the office 
environment and the classification of the types of 
deterioration in the building was made. The 
deterioration of the stone material in the building has 
been mapped by considering the International Stone 
Scientific Committee (ICOMOS-ISCS) classification 
prepared according to the International Council of 
Monuments [37,38]. Identified material deteriorations 
are tabulated by dividing them into classes on the basis 
of stone building elements in masonry structures. 

In the literature, the structural elements seen in 
masonry structures are defined as vertical carriers, 
horizontal carriers, stairs, wall cavities and auxiliary 
elements [39,40]. Vertical carriers in the building are 
defined as pillars, columns and walls. There is no use of 
pillars or columns in the building. Horizontal carriers 
from the building elements are defined as floors. Flat 
flooring is used in the building. In the literature, auxiliary 

elements in stone structures are defined as gargoyles, 
ornaments, moldings, and no auxiliary elements were 
used in the structure. 

 

3.1. Field study 
 

At this stage of the study, first of all, the necessary 
permissions were obtained to fly in the Tarsus District of 
Mersin Province, which is the study area. Images were 
captured manually with a Parrot Anafi HDR drone 
(Figure 2). The technical properties of drone are shown 
in Table 1. Every detail of the structure was tried to be 
captured by flying first at low altitude and then at high 
altitude. During the photo shoots, the camera was 
calibrated beforehand and 101 photos were taken 
without any changes in the parameters. A smartphone 
was used together with the remote control during the 
photo shoot. Free Flight 6 and Pix4D Capture 
applications have been installed in order for the 
smartphone and the remote to work integrated. 
 

3.2. Office work  
 

After the completion of the image acquisition within 
the scope of the field work, the office work phase was 
started. First of all, the data obtained from the field were 
transferred to the computer environment. The pictures 
taken were examined in detail and material 
deteriorations were detected. From the images collected 
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in the field by the UAV photogrammetry method, the 
pictorial dictionary published by ICOMOS and the 
findings regarding the material deteriorations 
summarized in Table 2.  
 

 
Figure 2. Anafi Parrot 

 
 

 

Table 2. Stone material deterioration in the structural elements of the building 
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4. Results  
 
4.1. Deterioration in vertical carriers 

 
In the literature, vertical carriers of building 

elements in masonry structures are defined as feet, 
columns and walls. There is no use of pillars or columns 
in the building. The deterioration in the walls of the 
building was determined as plant formation and joint 
loss. On the south façade of the building, there are plants 
growing in the areas close to the ground where joint loss 
and joint losses occur due to the effect of water. Joint 
discharge and plant formation problems were detected 
on the south façade of the building (Figure 3). 

On the eastern façade of the building, vegetation, 
surface pollution, discoloration and joint discharge 
problems were detected (Figure 4). 

Partial fragmentation problems were encountered 
as a result of the effects of the loads on the building 

caused by the excess plant growth on the northern façade 
of the building (Figure 5). 
 
4.2. Deterioration in horizontal carriers 
 

In the literature, horizontal carriers from building 
elements in masonry structures are defined as floors. Flat 
flooring and vaulted roof use are seen in the entrance 
with iwan on the south façade. Vegetation type stone 
degradation is observed on the flat floor and the vaulted 
roof (Figure 6 and Figure 7). 
 
4.3. Deterioration in auxiliary elements 
 

In the literature, auxiliary elements of building 
elements in masonry structures are defined as gargoyles, 
ornaments and moldings. No auxiliary elements were 
found in the building. 
 

 

 
 

  
(a) Plant formation (b) Joint discharge 

Figure 3. Stone material deteriorations detected on the south façade 
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(a) Plant formation (b) Surface contamination 

  
(c) Color change (d) Joint discharge 

Figure 4. Stone material deteriorations detected on the east façade 
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Figure 5. Fragment rupture 

 
 

 
5. Discussion 
 

The main purpose of the study is to identify and 
document the deterioration patterns of the stones that 
make up the structure of the "Sarışıh Han" located in the 
Tarsus district of Mersin. In order to investigate the 
deterioration patterns in the structure, the images 
obtained by UAV photogrammetry were interpreted 
considering the ICOMOS stone material classification and 
the types of deterioration were determined.  
In this context, the use of UAV photogrammetry to 
support stone material deterioration detection activities 
appears to lead to simplification of manual and direct 
detection procedures by providing more detailed results 
in the detection of material deterioration, façade 
analysis. As a result of the study, it has been seen that it 
is possible to detect material problem types down to the 
smallest detail based on visual inspection only, without 
an on-site observational examination, thanks to UAV 
photogrammetry. In addition, it is seen that UAV 
photogrammetry is an effective method to support 
restoration analysis because it saves manpower, labor 
and time in the detection of stone material problems, and 
this technique is low cost, fast and easy to detect material 
deterioration. 

In addition, the results of the study show that this 
method is a useful method to compensate for the 
disadvantages of terrestrial laser scanning and 
conventional photogrammetry in detecting material 
deteriorations due to its low cost and low data 
processing time [15,16]. In the study process, material 
deteriorations were easily detected on the images 
obtained from UAV photogrammetry without the need 
for on-site inspection of the structure. This finding 
supports the results of studies that found UAV 
technology to be a good method to circumvent terrain 
limitations and search for concealed front areas [18-20]. 

Another important finding obtained from the study 
is that the material problems detected in the data 

obtained by the UAV method are plant formation, joint 
discharge, surface pollution and color change. It is seen 
that the problem of plant formation and joint grooves is 
dominant in a large part of the building. While the water 
entering the body wall eroded the joints, causing joint 
discharge, the water effect between the drained joints 
created the necessary environment for various living 
things to live in the province. This finding supports that 
the side exposed to water in limestones, which was also 
determined in the results of various studies in the 
literature, shows significant wear and therefore there are 
problems related to the abrasive effect of water on all 
facades exposed to water [2-10]. 

In addition, in the determinations made in the study, 
it is seen that the deterioration patterns in plant 
formation generally cause plant formation in the joint 
spaces thanks to the environment provided by rain 
water. This finding confirms that if control and 
precautions are not taken against rain water, which is a 
natural factor mentioned in various studies, small-scale 
deterioration (such as flaking, flaking, etc.), 
fragmentation, cracking can turn into larger-scale 
deteriorations such as plant formation over time [1,13]. 

Another important finding obtained in the study, the 
gray layer called surface pollution, draws attention on 
the facades except the south façade, where the residence 
time of water on the wall is longer. This situation 
suggests the fact that the water evaporates faster from 
the wall of the building due to the sunshine duration on 
the south façade and causes a color change in this 
situation, while on the north façade, the water stays in 
contact with the body wall more and evaporates slowly, 
so it can clean the black layer caused by the pollution on 
the façade less. This finding supports the fact that the 
acidity of the water tends to increase over time due to the 
atmospheric pollutants obtained in the results of Fort et 
al [11] and Castaño González et al. [12], which further 
increases the erosion and color change in the stones. 
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6. Conclusion  
 

In the study presented in this article, UAV 
photogrammetry was used to investigate the 
deterioration patterns of the building material of the 
"Sarışıh Hanı" building, which is one of the most 
important buildings in terms of the sustainability of the 
cultural heritage in Mersin, and the deterioration types 
were determined by interpreting the images obtained. 
In this context, the use of UAV photogrammetry to 
support stone material deterioration detection activities 
appears to lead to simplification of manual and direct 
detection procedures by providing more detailed results 
in the detection of material deterioration, façade 
analysis. 

The results show that the main damage observed on 
the stone surface of the building is the erosion by the 
effect of water and the problems caused by the lack of 
repairs in the worn areas, and plant formations occur in 
almost all parts of the facades and the plant formations 
cause large fragmentation on some facades. It is seen that 
the joint loss on the stone surfaces and the deterioration 
of plant formation have reached advanced levels as a 
result of the exposure of the building to the effects of sun 
and water caused by the strong climate for centuries. 
Restoration methods should be tried to stabilize the 
deterioration and replace the most degraded stones. To 
treat surface contamination degradation, consideration 
should be given to removing the gray layer to increase 
the stone's resilience to environmental pollution and to 
prevent subsequent exposure to weathering. 
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