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1. Introduction: 

Iran is one of the most seismically active countries in the world, being crossed by 
several major faults [Figure 1]. The earthquake of the evening of November 12, 2017 
with a moment magnitude of 7.3 has been one of the destructive earthquakes over 
the past two decades in Iran. This earthquake was felt over more than a half of the 
country and resulted in a large number of casualties in Kermanshah province (436 
people according to the latest statistics published) in addition to extensive financial 
losses.  

 
Figure 1.   Iran’s earthquakes map from 7 to 17-Jan 2018 [1] 

 

The earthquake epicenter was located 10 kilometers south of Ezgele and about 37 
kilometers northwest of Sarpol-e-Zahab with approximately 18 kilometers in depth. 

According to some official reports three foreshocks with magnitudes ranging from 1.9 
to 4.5, and 526 aftershocks with magnitudes of 1.8 to 4.7 (until 28-Nov-2017 noon) 
have been recorded. The distribution of aftershocks, despite the relatively high 
dispersion, still implies a trend in the northwest-southeast parallel to the trend of 
major faults of the region, such as the mountain forehead fault (MFF) of the high 
Zagros fault (HZF) as figure 2. This trend is similar to the main trend observed in the 
fault which caused the Sarpol-e-Zahab earthquake. Also, the large width of the 
aftershock zone shows that the slope of this fault is very low. The presence of 
scattered clusters demonstrates that aftershocks might have been occurred as the 
result of the activity of existing small faults. [1] 
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Figure 2. Major tectonic plates surrounding Iran [2]   

The maximum observed vertical displacement (90 cm upwards) and the maximum 
horizontal displacement (50 cm to the west), which are completely in line with the city 
of Sarpol-e-Zahab, can be seen as another reason for the widespread destruction of 
the city and neighboring areas [Figure 3]. 

 
Figure 3.   Vertical displacement of map of M 7.3 earthquake, Kermanshah province [3] 
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Kermanshah province with an area equal to 24,998 Km2 consists of 5.1% of the total 
country’s area. It is one of the western provinces which shares a long border with 
Iraq. Kermanshah province consists of 14 counties with a population of 1,952,434. 

The buildings types which have been used in the province (based on 2016 report of 
Statics Center) are classified in table 1. 

Table 1: Classification of building types in Kermanshah province [1] 

Structural 
System 

Masonry Structure 
Concrete 
Structure 

Steel 
Structure 

Non-
Specified 

Total mud/ 
wood 

brick/ 
stone 

cement 
block 

brick 
with ties 

other 

Number 22,198 46,659 4,899 229,051 3,864 84,407 147,343 1,159 539,580 

Proportion 56.8% 16% 27% 0.2% 100 

 

As it is evident, a large number of buildings were made of masonry which possibly 
did not include any elements designed for seismic lateral forces. Collapsed areas 
and shelters location of a part of Sarpol-e-Zahab is shown in Fig. 4. 

 

 
Figure 4.   Damage map of 7.3 earthquake, Ghare belagh Azam, Sarpol-e-Zahab, 

Kermanshah [3] 
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2. Steel Structures 

A large number of steel structures in the earthquake-affected area have been 
damaged. Some of the main reasons for the failure of these structures are listed as 
follows: 

 Buckling of compressive members such as extreme out-of-plane buckling of 

brace elements and partial buckling of columns; buckling of compressive 

bracing has been an important reason of damage in steel structures. In a 

large number of bracings, single channels were used which are vulnerable 

due to their extremely high slenderness [Figure 5]; 

 

Figure 5.   Out of plane buckling of braces 
 

 Inappropriate performance of built-up columns (double-I sections); 

 Poor moment frame connection details (i.e. absence of top plates and/or 

continuity plates); 
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 Poor quality of welding and inappropriate penetration of welds, [Figure 6];  

  
Figure 6.   Separation of gusset plate & bracing (maybe due to poor quality of welding) 

 

 Inaccurate design and construction of EBFs i.e. full-depth web stiffeners were 

not provided for link beams or specific EBF design criteria were not followed, 

[Figure 7];  

  Figure 7.   Inappropriate design and construction of EBF link beam [4] 
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 Extreme torsional irregularity of structures due to asymmetric bracing layouts 

in plan; irregular structures do not perform well during earthquakes. Horizontal 

and vertical irregularities increase earthquake forces in comparison with those 

calculated from an equivalent lateral force procedure. These irregularities 

have been mainly caused by inappropriate and asymmetric layout of brace 

elements. 

 The effect of staircase beams which seems not to be considered in design 

procedures and calculations. 

 The soft-storey mechanism (especially at first floors). 

  
Figure 8.   Large residual displacement; soft story mechanism & extreme buckling of braces 

 

A number of images of damaged steel structures are represented in figures 9 to 12 
which show the above mentioned deficiencies; 

 
Figure 9.   Rupture at column web-gusset plate joint line (maybe due to insufficient or 

absence of horizontal weld between gusset plate and beam) 
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Figure 10.   Collapse of a steel building in industrial area near Sarpol-e-Zahab 

 

 
Figure 11.   Industrial Steel structure near Sarpol-e-Zahab with no damage   

 

      
Figure 12.   Poor design and execution of connections  
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3. Concrete Structures 

A plenty of concrete structures exist in Kermanshah province, which many of them 
have been heavily damaged in the recent earthquake. Many instances of partial or 
total collapse of concrete structures have been observed both in Javanrood and 
Sarpol-e-Zahab. Some of the main reasons for the failure of concrete structures are 
drawn as follows: 

 Inappropriate details of reinforcement in the joints and two critical ends of 
columns and beams; a lot of failures occurred in joints because the special 
requirements related to connection joints had not been considered according 
to the building design codes and standards (most likely because of some 
difficulties in construction).  

 
Figure 13.   Failure of structure and a plastic hinge in column, and insufficient transverse 

reinforcement in the plastic zone 
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 Lack of transverse reinforcement; transverse reinforcement has usually two 
important roles in a RC column behavior: Providing the shear capacity and 
increasing column’s ductility by confining the concrete core [5]. 
In this earthquake, however, it was observed in several cases that the 
columns were failed due to poor details of reinforcement such as 
inappropriate spacing of stirrups and not using of standard hook details;  

            
  Figure 14.   Non-standard hook for stair slab reinforcement  

 
 Shear failure of short columns; Interior walls and panels have had a major 

effect in this regard. A lot of columns connected to interior walls at half of their 
height have collapsed. In such cases, top of columns have been able to sway 
but the bottom parts were not. Accordingly, a considerable amount of shear 
load had been imposed to columns leading to their collapse; 

 Poor quality of construction such as lack of enough concrete covers; 
 Lack of the required length for splices; 
 Soft-story mechanism; as a common practice in architectural design, parking 

areas are usually located at ground floors, hence in this story the amount of 
interior walls are usually less than other stories. This situation may have led to 
the soft-story mechanism; 

 Insufficient development length or inappropriate location of splices has been 
another important reason. As a traditional method, reinforcement splices have 
been executed at the bottom of the columns where the moments are usually 
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maximized and plastic hinges most likely to occur. Also, a number of columns 
have failed due to insufficient development length of reinforcement; 
 

 Poor concrete compressive strength due to low quality of construction; 

      
Figure 15.   Poor quality of concrete and inappropriate space of transverse reinforcement 

 
 Weak Column/Strong Beam; the columns are the main elements contributing 

to the stability of the whole structure, so special criteria should be considered 
in their design. For instance, it is essential to consider the weak beam-strong 
column requirements in the design [5]. Forming plastic hinges in beams rather 
than columns is preferred, because beams are more ductile and can absorb 
energy. Also, failure of a beam can remain as a local damage while failure of 
a column can lead to a global collapse mechanism. Unfortunately, this 
criterion has not been properly implemented in many of the failed buildings of 
the aforementioned area;   

In the following, a number of images of damages on concrete buildings are displayed 
in figures 16-17. 
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Figure 16.   Failure of concrete cantilever slabs of staircase (insufficient amount of slab 

reinforcement) 
 

 
Figure 17.   Pancake failure due to plastic hinges in columns 
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4. Masonry Structures 

It has been well-established that non-engineered structures should be absolutely 
avoided for residential buildings. This matter becomes even more critical for those 
areas that have high levels of seismic risks. Nevertheless, a considerable portion of 
the buildings in Kermanshah province, especially in its rural areas, fall in the 
category of non-engineered structures made of adobe, brick (without ties), cement 
blocks and stones. Unfortunately, these types of buildings are highly frequent in the 
area and the high percentage of total structural failures among them is the main 
cause of casualties. Also, it is worth mentioning that among all of the masonry 
categories, brick buildings which included both vertical and horizontal ties have 
shown a far better performance in the life safety level demonstrating the importance 
of the engineered design for masonry structures. 
Some of main reasons for failure of unreinforced masonry structures have been 

found as follows: 

 Loss of integrity among elements of walls; as the integrity of a masonry wall is 
lost, it will no longer provide any resistance against loads of other parts 
attached such as roofs or other walls; 

 Unrestrained out-of-plane displacements in walls; even if masonry walls 
remain as whole, when they are not restrained against excessive out-of-plane 
movements they will easily fail in a few recursions of seismic loads which 
means that the whole structure might fail instantly; 

Some images are shown as samples of failure modes happened to masonry 
structures, [Figures 18 to 22]. 

              
Figure 18.   Collapse of a brick building 
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Figure 19. Total failure of a masonry building 
 

Figure 20. Rupture of a brick wall due to 
excessive out-of-plane movements 

 
 

 
Figure 21. Life-safety performance of an engineered two-storey brick building with ties
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Figure 22. An old historical brick building in Ghasr-e-Shirin with minor damages     
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5. Nonstructural component 

One of the main problems in Kermanshah earthquake was failure of nonstructural 
components. Unfortunately, some of the mistakes observed in this event were 
severely detrimental. It is well-known that facilities such as hospitals, firehouses or 
power stations should not lose their operability for the purpose of performing post-
disaster operations. Nonetheless, in this earthquake, several surprising mistakes 
were seen such as the damages that occurred in the main hospital of Sarpol-e-
Zahab causing its functionality to stop. For example, falling of the false ceiling of this 
hospital led to disruption of power and shut-down the electrical systems [6]. 

A large number of interior and exterior walls were damaged severely. The failure of 
nonstructural components, especially walls, can cause damage to residents and 
structures. Some main reasons for nonstructural components failure can be 
mentioned as follows: 

 Inappropriate connection between wall and structure; 

 

Figure 23.   Separation of exterior walls from structure due to poor connection 

 Inappropriate connection between architectural components and buildings; 
 

Figure 24.   Fall of the architectural components 
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 Using of insufficient cement in mixtures for constructing heavy brick walls; 
 

 Not using of wall-posts for exterior walls; 

 

Figure 25.   Collapse of exterior walls due to poor construction quality (absence of wall-

posts) 

 

Figure 26.   Inappropriate support of yard walls 
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 Inappropriate connections for support of facilities. 

 
Figure 27.   Fall of handrail due to poor connection 

 
Figure 28. Fall of cooling system due to weak 

connection 

 

The failures of walls have been of at least three types:  

1- Damages of walls; 
2- Other nonstructural elements were damaged due to failure of walls; 
3- Structural systems were damaged due to failure of walls. One of the factors 

causing such damages can be the effects of not well designed or constructed 
infill frames.  
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6. Social and Organizational Aspects 
 

1- The role of social networks: It can be said that no previous earthquake in Iran 
has been publicized in social networks like the one which took place in Sarpol-e-
Zahab. Among all of the positive aspects, or arguably a few negative ones which 
were directly related to the prevalence of the use of social networks by Iranian 
people, the most important item was the enormous amount of social aid services 
gathered for the people of Kermanshah.  
 

2- The level of preparedness for strong after-shocks: The experience of 
numerous disastrous events in the past, whether in Iran or other countries, shows 
that the people remaining in an area stricken by a strong earthquake should have 
a suitable level of preparedness against strong after-shocks that may follow the 
main event. In other words, since strong after-shocks have the potential to 
completely fail those structures which are already heavily damaged, it is 
absolutely necessary to take some precautionary actions such as labeling every 
building in the area with safety evaluation placards under supervision of pertinent 
experts. In this event, however, some reports suggest that such procedures were 
not implemented which could increase the vulnerability of people against after-
shocks. 

 
3- Cooperation among governmental and non-governmental 

organizations/individuals: A productive interaction between governmental 
organizations, which have relevant trainings and also main resources for 
recovery operations, and those non-governmental organizations or individuals 
who are present for help is of crucial importance for capping the number of 
casualties and maximizing the speed of recovery. In this earthquake, however, it 
can be said that such interactions seemed disturbed and out of discipline. 
Several reports available in the media indicate that people preferred to act on 
gathering and distribution of their supplies independent of governmental 
organizations. It must be noted that the outcome of any such problematic 
cooperation is only the increase of losses for people themselves, and the 
optimized utilization of the potentials brought about by non-governmental 
organizations can be of great help in the process of disaster management.   

 
4- Performance of the Disaster Management Organization: Multiple items 

suggest that the main organization in charge of reducing the risk and also 
controlling the consequences of natural disasters in the country may have not 
performed to fulfill the expectations. For example, despite the fact that the few 
initial hours after an earthquake have an irreplaceable role in restriction of 
casualties, effective post-disaster operations may have not taken place with 
enough speed. Also, makeshift housing for those who survived the earthquake 
has been conducted dispersedly which makes aid operations more difficult, in 
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addition to creating problems such as inaccessibility of hygiene services and 
inappropriate deposit of wastes; [Figures 29 to 30].  

 
Figure 29.   Dispersed makeshift accommodation in the area 

 

 
Figure 30. Tens of thousands homeless in the region  

 

Furthermore, according to those who visited the area shortly after this 
earthquake, traffic turbulence was one of the major factors interrupting an 
effective process for aid operations. A case in point was presence of cars 
belonging to individuals occupying the already limited capacity of roads and 
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highways leading to the area. This problem has been solved when police officers 
guided the traffic in the area. 
 

5- Increase of social vulnerability in post-earthquake period: The capability of a 
society to cope with destructive impacts of a seismic event is one of the key 
factors in minimizing the recovery time. For instance, it is expectable that a 
seismic event can easily disrupt the majority of small businesses in the stricken 
area. However, if such disruptions become permanent the people who reside in 
the area will have many difficulties in restoration of their normal life and the 
process of recovery will considerably slow down. In rural areas of Kermanshah, 
numerous families relied on animal husbandry and collapse of barns and stables 
led to loss of their livestock which was the only source of their financial incomes.  
   

6- Pre-disaster activities for the purpose of improved crisis management:  
 Comprehensive public training;  
 Planning to organize the NGOs active in the area; 
 Planning for rehabilitation of vulnerable districts; 
 Increasing the reliability for proper performance of vital facilities; 
 Control of execution of nonstructural elements; 
 Control of factors which may lead to secondary hazards such as fire-

spread or ruptured utility lines; 

 Efficient and strict supervision on implementation of design and 
construction requirements as provided in legally-binding standards and 
codes.  

At last it should be mentioned that most of the lessons or observations highlighted in 
this report might have been somehow experienced in the other earthquakes and with 
different intensities. Thus, we hope that by considering also the occurred deficiencies 
in the seismic design, construction, and the quality assurance of many of buildings in 
Kermanshah, the earthquake’s effects in future become more controllable and 
reduced in terms of the casualties, financial and social losses.     
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