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Abstract 

Power networks are among the most important infrastructures that without them, industrial, 

economic and social procedures will halt. Therefore, they should be planned for the most 

difficult conditions to provide services with minimum disruption. Power substations are of 

great importance to a power network, because any disruption in their components can produce 

extensive problems through the network and result in power failure in a large area. Hence, 

vulnerability assessment of power substations and planning for reducing their vulnerability is 

fairly essential. Earthquake can inflict serious damages to power substations. Due to 

inappropriate anchors, most of the power substation components in Iran are vulnerable to 

earthquake. There are several methods for seismic vulnerability assessment of substations 

such as ALA as a qualitative procedure and HAZUS and RISK-UE as quantitative methods. 

In this paper, seismic vulnerability of the Qazvin 1 and Minoodar substations, located in the 

city of Qazvin-Iran, is assessed using ALA, HAZUS and RISK-UE methods and the probable 

damages of earthquake to power substation components are discussed considering two 

earthquake scenarios. Initially, the target performance and assessment metrics of the 

mentioned substations are studied with ALA and the necessity of quantitative analysis is 

determined. Then the quantitative analyses are conducted with HAZUS and RISK-UE 

methods and the results are compared. Finally, direct economic consequences are determined 

and risk analyses are performed and the reduction in the risk due to hardening based on 

implementation of proper seismic anchorage is determined. The results show that the 

implementation of seismic anchorage reduces the seismic risk about 41.4 and 34.2 percent for 

Qazvin 1 and Minoodar substations respectively. The effects of seismic risk reduction in the 

studied substations could be more emphasized considering the indirect tangible and intangible 

losses that are resulted from power outage and interdependency between infrastructures. The 

study may also be an example of a range of qualitative to quantitative investigations of 

lifelines for seismic risk reduction studies. 

 

Keywords: Seismic Vulnerability, Damage Assessment, Power substation, Risk Assessment, 

ALA, HAZUS, RISK-UE. 

 

 

Introduction 

 

Infrastructures are one of the main pillars of an urban area. Economic, social and industrial 

procedures will fall into disorder without them. Power network is a backbone layer of 
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lifelines, on which other infrastructures rely. Therefore, stability and continuous functionality 

of power network after disasters such as earthquake is necessary. 

With growth of urbanization in recent decades, many Iranian cities have undergone fast, 

unbalanced and unplanned development. This has had negative effects on power network, as 

it was supposed to grow in the same unbalanced manner. Under these conditions, the power 

network has become more vulnerable. Moreover, the power networks have shown insufficient 

strength in past earthquakes. Hence, reinforcement of power network is the first step in 

reducing earthquake damages. However, planning for hardening will not reach fruition 

without assessing the vulnerability of power network and clarifying the present risk for the 

authorities. Thus, vulnerability assessment and loss estimation plans play an important role in 

planning for reinforcement and emergency management as means of seismic risk reduction. 

There are various methods for vulnerability assessment and loss estimation of lifelines 

against earthquake. One of the best methods is HAZUS which is a multi-purpose loss 

estimation tool developed by the United States Federal Emergency Management Agency 

(FEMA) in the beginning of the 1990s for prediction and reduction of damages caused by 

earthquake, storm and flood (Whitman et al. 1997, Kircher et al. 2006). In this method, 

damage states for different types of buildings, lifeline systems and essential facilities have 

been evaluated. Moreover, it is possible to calculate the economic and social damages using 

this methodology. 

In the 1990s, which was named the decade of reduction of natural disasters, the United 

Nations introduced a tool called RADIUS for seismic risk assessment of urban areas. This 

method was employed in 9 urban centers (Addis Ababa, Ethiopia; Guayaquil, Ecuador; 

Tashkent, Uzbekistan; Tijuana, Mexico; Zigong, China; Antofagasta, Chile; Bandung, 

Indonesia; Izmir, Turkey; Skopje, Macedonia) out of 58 candidates worldwide( NERIES – 

JRA3, 2007).  

In 1997, the international company of EQM developed another software package called 

EPEDAT for the Californian Governmental Organization of Emergency Services (CGOES) in 

order to provide a real-time integrated information system with backup feature to make 

decisions in emergency conditions, in the first hours of a destructive earthquake. This method 

considers all types of buildings and lifelines, and its output contains information on damages 

and casualties (Eguchi et al. 1997).  

Another method was developed in Kendili Earthquake Research Institute in Istanbul as part 

of LESSLOSS project, called KOERILOSS and was used to compile a risk model for Istanbul 

(KOERI, 2002). This methodology has considered the probabilistic and deterministic 

(scenario) approaches. In this method, the vulnerability assessment can be based on 

experimental results or spectrum-response method similar to HAZUS. 

RISK-UE is a comprehensive method for damage assessment and risk reduction. It was a 

project led by the French Company BRGM for determining the general and modular 

methodology of earthquake risk scenario. This project contains the earthquake damage 

assessment for different systems such as lifelines. This project was funded by the European 

Commission in several cities of this continent (Barcelona, Bitola, Bucharest, Catania, Nice, 

Sofia and Thessaloniki) for risk assessment (Mouroux and Brun, 2006). 

Besides the quantitative methods, there are qualitative methods for assessing the 

performance of lifeline systems, such as ALA. This methodology was innovated by the 

American Lifelines Association (ALA), and the cooperation of Federal Emergency 

Management Agency (FEMA), National Institute of Building Sciences (NIBS), transportation 

organizations and industry experts, in order to systematically reduce the risk of disasters for 

lifelines and transportation systems. This method is a multi-layer process for assessing the 

performance of different systems in natural disasters and human threats (ALA, 2005). 
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In this paper, the vulnerability of 63kv substation components of power network of 

Qazvin-Iran is assessed for the probable earthquakes with 3 methods: ALA, HAZUS and 

RISK-UE. Given the fact that Qazvin is an earthquake –prone city, the results of such 

assessment can identify the performance of power network of Qazvin, to conduct 

reinforcement plans, and to predict and employ strategic plans for disaster management and 

risk reduction. 

 

Vulnerability of substation components according to past earthquake experiences 

 

The main sections of a substation are the control building structure; the components located in 

control building and the substation components in the site. Each of them may be vulnerable in 

their specific conditions. Table 1 shows some kinds of vulnerability in different components 

of a substation according to the past earthquakes in Iran such as 1990 Manjil and Roudbar 

earthquake, 2003 Bam earthquake and 2004 Zarand earthquake. 

 
Table1. Observed damages of power substation components in some previous earthquakes of Iran 

Main sections of a 

power substation 
Damaged 

Components 

Notes 

Control House 
 

Structure Components 

Although the control house structure is built as a 

very important building, its destruction is not 

impossible. For instance, parts of the control house 

of Bam power substation were damaged in the 

2003 earthquake (Figure 1). 

 

 

 
Components in 

Control House  
 

- Switchboard Panels  
- Protection Panels 
- Relay Panels 
- Batteries 
- Battery Chargers 

Inappropriate design, lack of spacers, lack of 

proper anchors in the components, or failure in 

anchors can cause damages to these components. 

In addition to Manjil and Roodbar (1990) and Bam 

(2003) earthquakes, even in rather weak 

earthquakes such as Zarand 2004, these 

components were damaged (Azizi, 2009). 

 

Substation Site 

Components 

- Power Transformer 

and its components 
- Lightning arrester 
- Voltage Transformer  
- Current Transformer  
- Disconnect switch 

These components are of great importance, so that 

their damage or losses cause unpleasant impacts 

on the network. The higher their working voltage 

is, due to increase in size and weight, the more 

vulnerable their components are (Figure 2). In this 

group, it is important how the components are 

installed and anchored and how free the 

connecting wires are. Furthermore, the insulation 

breaking is one of the problems that are 

encountered after an earthquake. 
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Figure 1. Control house of Bam power Substation after earthquake 

 

 
 

Figure 2. Power Transformer of Bam power substation after earthquake 

 

Different methods applied for loss estimation of power substations 

 

Both quantitative and qualitative methods have been employed in this paper. The qualitative 

method is ALA, and the quantitative methods are HAZUS and RISK-UE. In fact, 

vulnerability assessment and performance evaluation of power substation components against 

seismic risk using ALA are introduction to quantitative loss estimation using HAZUS and 

RISK-UE. The assessment mechanism of these methods will be briefly explained in this 

section. 

 

ALA Method 

 

The ALA method includes large volumes of data that can be utilized to determine the scope of 

performance evaluation. A typical method for assessment is forming an expert team for 

assessing the performance of a specific system. The team should have enough knowledge on 

the operation of the system, the previous incidents and the system design. In this method, 

verification, reformation, revision and different tests are conducted on the system. Figure 3 

and 4 show the decision making procedure using ALA to ensure the fulfillment of operational 

purposes of the system and two-phase approach to performance assessment. 

 

HAZUS-MH Method 

 

In this method, the fragility curves of transition and distribution components of power 

network are presented for different damage states. The curves follow a lognormal distribution 

and are compiled for different power systems, including power substation. These curves are 

provided for unanchored/standard components and anchored components for voltages from 

138 to 765 KVs or higher for transmission components and 34.5 to 161 KVs for distribution 
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components. Vulnerability of transition and distribution components varies under Peak 

Ground Acceleration (PGA) and Permanent Ground Displacement (PGD) values and their 

damage states, including DS1 for no damage, DS2 for slight/minor damage, DS3 for moderate 

damage, DS4 for extensive damage and DS5 for complete damage lognormal fragility curves 

are defined according to two parameters namely, median and lognormal standard deviation. 

The details of power substation damage states are shown in Table 2. 

 

RISK-UE Method 

 

In RISK-UE method, the damage states are defined in the same way as in HAZUS (Table 2). 

The probability of exceeding each damage state is determined by the fragility curves. Fragility 

curves for power substations have lognormal distribution and are prepared according to 3 

factors, substation type (low voltage, moderate voltage, high voltage, with or without 

anchoring), damage state and Peak Ground Acceleration (PGA). 

One of the significant problems, rising at the time of damage to power substation 

components, is that the spare parts or replacement components are limited. Moreover, 

repairing or replacing these parts takes a relatively long time (Bao-hua et al., 2004). Thus, it 

can be inferred that different damage states depend on two parameters, Serviceability (not 

repairable, operational after repair and operational almost without repair) and Replacement 

Value (%). Table 2 shows the specifications of different damage states in HAZUS and RISK-

UE methods. The median and the dispersion (β) in the farthest right columns are defined for 

unanchored low voltage power substations, such as the power substations in Qazvin. 

 

 

Introduction of the studied region 

 

The city of Qazvin is located in the north-center of Iran. This city is in the distance of 130 

kilometers in the west of Tehran (the capital) and is a connective point between Tehran and 

north and west cities. The area of this city is 5693 Square kilometers and according to 2006 

census, the population of this city is 380723 (Qazvin Municipality Census, 2010). Due to its 

location as a central point (connecting center, north and west states), the easy reach to the 

capital city, and good development in agriculture, industry, and utilities, the city of Qazvin is 

one of the important economic poles in Iran. 
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Figure 3. Decision-making Process for Assuring System Performance Goals Are Met (ALA, 2005) 
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Phase 1: Qualitative Analysis using screening methodologies for 

hazard and component vulnerability assessment.

Response to Inquiry: 1) Whether the system is at risk; and, if so,

 2) what is the expected performance level?

Phase 2: Quantitative Analysis using detailed listings of steps to assess 

hazard level, component vulnerability, and system performance.

INQUIRY

 
 

Figure 4. Two-Phase Approach to Performance Assessment (ALA, 2005) 

 

 

Power substations of Qazvin 

 

The city of Qazvin has two 63 KV substations in its territory called Qazvin 1 and Minoodar. 

The specifications of these substations are mentioned in Table 3 and Figure 5 shows their 

location in Qazvin. 

 

 

 

 

 

Table 2. Descriptions of different damage states in HAZUS and RISK-UE methods 
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Complete 
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75-
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100% 100% 100% 100% Complete 0.74 0.70 0.40 0.40 

Extensive 
40-
80 

50-
75 

70% 70% 70% 70% Extensive 0.34 0.35 0.40 0.40 

 

Operational 

after Repair 

Moderate 
15-
40 

30-
50 

40% 40% 40% 40% Moderate 0.26 0.25 0.50 0.50 

 

Operational 

almost 
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Repair 

Slight/ 

Minor 
1-
15 

10-
30 

5% 5% 5% 5% 
Slight/ 

Minor 
0.13 0.15 0.65 0.60 

Not 

Damaged 
0 1-10 -- -- -- -- 

Not 
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-- -- -- -- 
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Minoodar 

Qazvin1 

Table 3. The specifications of 63 KV substations of Qazvin (Azizi, 2009) 
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Figure 5. Aerial photo of the city of Qazvin, including the 63KV power substations of this city (Azizi, 

2009) 

 

The buildings of 63 KV power substation of Qazvin 1 and Minoodar were constructed in 

1977 and 2000 respectively. Both control houses are 2-story structures. The ground floor 

includes the control room and the entire office rooms. The basement is used as the cable 

gallery. Both have steel structures with roof truss. From past experiences, it can be inferred 

that these buildings have problem in providing appropriate ductile response against 

earthquake, due to lack of proper building codes at the time of construction or poor 

construction implementation. These problems are generally seen in the building foundation, 
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and depend on the type of ground, poor implementation or weakness of lateral load bearing 

system.  

The investigation of panels in control house indicated that the majority of them either were 

unanchored or had fundamental problems in their anchors. For instance, absence of screws in 

their location, looseness of screws, unanchored panel to ground due to lack of alignment of 

panel width with the cables channel width and lack of alignment of panel holes with the 

specified location on the floor could be mentioned. 

The investigations of control house showed that the computers and their devices were 

placed on the desks with no anchor. Bookshelves and lockers had no anchor and will fell 

easily. False ceilings do not have appropriate anchors and their fall can cause serious 

damages. Fire extinguishers are not attached to the walls properly. 

Power transformers of substations of Qazvin are placed on rails (Figures 6 and 7). In order 

to anchor the rails to the foundation, friction joints are employed (screwed to the foundation). 

The joints are not likely to anchor the rails to the foundation. The absence or looseness of 

some screws will particularly heighten this problem. Therefore, it is probable that the rails slip 

away from the underneath of friction joints. Friction joints are also used for anchoring the 

wheel to the rails, which cannot stop the transformer on the rail. The transformer is likely to 

fall off the rails and crash, and probably damage the radiator, body and bushings in case of an 

earthquake. 

 

  
Figure 6. Power Transformer of 63 KV substation of Qazvin 1 

 

  
Figure 7. Power Transformer of 63 KV substation of Minoodar  

 

As for the lightning arresters of power substation of Qazvin, due to the considerable height 

and low diameter of Insulators, there is a probability of rupture in them. Voltage and current 

transformers of these substations have no particular anchorage system and it seems that there 

is a possibility of failure upon the occurrence of earthquake (Figure 8). 
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(a) (b) 

Figure 8. (a) Current transformer of 63 KV substation of Minoodar, and (b) The connections of 

current transformer of 63 KV substation of Minoodar  

 

Seismicity of the region 

 

Studying the history of past earthquakes is one of the primary data for assessment of 

earthquake risk. There have been several earthquakes in Qazvin caused by the region active 

and seismic faults. The 1962 earthquake in Buin Zahra, which measured 7.2 on the Richter 

scale, shook the Buin Zahra region, to the south of Qazvin Province. Another big earthquake 

near the city of Qazvin, which caused an extensive area of Iran to tremble, was the 1990 

earthquake of Manjil and Roudbar. With a magnitude of 7.7 in Richter scale, this earthquake 

destroyed Loshan, Manjil and Roudbar, to the vicinity of Qazvin, as well as several villages in 

Gilan, Zanjan and Qazvin provinces (Poursharifi, 1997). Also a major Earthquake (6.1 in 

Richter scale) was occurred in Avaj- a city is located in 50 kilometers far from the south of 

Qazvin - in 2002 that caused significant damages (NGDIR, 2011). 

Structurally, the studied area is part of the southern skirts of Alborz Mountains. The 

general geological structures of the area and the operation of tectonic forces are influenced by 

the main structures of Alborz. Several faults (Figure 9) with high seismic powers are available 

in 65 Km radius of Qazvin, listed in Table 4. 

 
Table 4. Some of the active and seismic faults of Qazvin province (Poursharifi, 1997) 

Fault Name 

Fault 

Length  

(KM) 

Fault 

Direction 

Distance 

from Qazvin 

(KM) 

Position 

 

Magnitude 

 

Horizontal 

Acceleration 

Magnitude(g) 

North Qazvin  60 E-W 10 In North 7.2 0.35< 

Ipak 85 E-W 62 In South 7.4 0.186 

Eshtehard 63 E-W 62 In South 7.4 0.171 

Gheshlagh 33 
WNW-

ESE 
33 Southeast 6.9 0.243 

Taleghan 60 E-W 50 Southeast 7.2 0.203 

Kelishom 62 
WNW-

ESE 
55 North 7.3 0.198 

Shahrood 60 NW-SE 31 North 7.2 0.327 

Alamoot 

Rood 
55 NW-SE 35 Northeast 7.2 0.293 

Mosha 200 E-W 62 Northeast 7.6 0.218 
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Figure 9. The positions of some important faults around Qazvin (Azizi, 2009) 

 

 

Loss estimation of Qazvin power substations using the ALA, HAZUS and RISK-UE 

 

In this section, earthquake scenarios are initially defined and the seismicity of power 

substation locations is determined. Then, the seismic vulnerability and losses for primary 

components as well as the entire system are assessed. 

 

Scenarios 

 

Earthquake scenarios are defined on the basis of a complicated approach for estimation of 

seismic risk, which is based on identification and description of active faults and their seismic 

behavior. A maximum magnitude (the most probable earthquake with highest magnitude) 

should be attributed to the critical seismic source. This earthquake is assumed along a known 

fault. The seismicity of this fault is determined with regard to the seismic history, geological 

parameters such as rupture length, rupture area, isoseismic vector and slipping rate. Hence, 

using available attenuation relations in Iran, peak ground acceleration (PGA) is calculated for 

475-year and 2475-year return periods for Qazvin, as well as the power substation locations, 

as shown in  Table 5 (also see Figure 10). Soghrat and his colleagues have also developed 

ground motion prediction equations for soil and rock sites in northern Iran based upon the 

calibrated specific barrier model (SBM) against the latest available strong motion data 

(Soghrat et al., 2012). Their work may be used to provide a reliable and physically realistic, 

yet computationally efficient, way to model strong ground motions. 
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(a) (b) 

Figure 10. (a) Peak Ground Acceleration (PGA) for 475-year return period for Qazvin, 

(b) Peak Ground Acceleration (PGA) for 2475-year return period for Qazvin (Azizi, 2009) 

 
Table 5. Peak Ground Acceleration (PGA) for two return periods in the location of power substations 

(Azizi, 2009) 

Substation PGA for 475-year Return Period (g) PGA for 2475-year Return Period (g) 

Qazvin 1 0.29-0.32 0.50-0.54 

Minoodar 0.32-0.35 0.62-0.66 

 

The level of performance assessment of 63KV power substations of Qazvin using the ALA 

method 

 

The ALA method is conducted for 63 KV power substation of Qazvin in two phases. In phase 

1, the earthquake probability and hazard level is determined for the area. Hazard degree (H) is 

determined for Qazvin 1 and Minoodar substations as indicated in Table 6: 

 
Table 6. Hazard degree for Qazvin1 and Minoodar power substations for earthquakes with 475-year 

and 2475-year return periods 

Substation PGA (475-year Return Period (g)) PGA (2475-year Return Period (g)) 

Qazvin 1 0.29-0.32 0.50-0.54 

Minoodar 0.32-0.35 0.62-0.66 

Hazard Degree (H) Moderate (2) 

0.15g≤PGA≤0.5g 

High (3) 

PGA>0.5g 

 

After determining the hazard degree, vulnerability degree of the system for 63 KV 

transmission substations of Qazvin is obtained according to ALA and it is equal to High (3). 

In phase 2 of assessment, the assessment level is determined. For this purpose, a level 

index (IL) is defined. It can be obtained from Equation (1) and Table 7: 
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IL=H×V×max(CLS,CFL,CSD,CEI) (1) 

H: Hazard score (Low=1, Moderate=2, High=3) 

V: Vulnerability score (Low=1, Moderate=2, High=3)   

S: System Performance score (Maximum values of CLS, CFL, CSD, CEI) 

 

With regard to the computed scores and using equation (1) for vulnerability level index, IL 

is equal to 18 for 475-year return period and 27 for 2475-year return period. In ALA method, 

three levels are available for assessment of performance that are obtained based on the level 

index (IL) using Table 8. For both values, 18 and 27, analysis level 2 is recommended, i.e. 

H2-V2-S2. 

 
Table 7. Level index for 63 KV transmission substations of Qazvin according to ALA 

 

Scenarios 

H 

Hazard 

Score 

V 

Vulnerability 

Score 

System Performance Consequence Score 

Consequences(S) level 

index 

(IL) 
Life 

Safety 

(CLS) 

Financial 

Loss 

(CFL) 

Service 

Disruption 

(CSD) 

Environmental 

Impacts 

(CEI) 

475-year return period 2 3 1

 2


 3


 1


 18 

2475-year return period 3 3 1

 2


 3


 1


 27 

 - Minimal impact on life safety; no significant impact to utility personnel or the general public in the 

immediate area of the facility.  

 - Damage or disruption can result in major financial losses; losses, however, will have little or no impact 

on the financial integrity of the utility.  

 - Disruption of service will either 1) impact a sizable portion of the service population (greater than 

10%) , 2) potentially affect service populations in excess of 100,000, 3) cause widespread outages for more 

than a day, or 4) affect the operation of a critical facility.  

 - Little or no impact on environment.  
 

Table 8. Selection of Appropriate Levels of Analysis 
Baseline Level for Performance Assessment Level Index(IL) 
No Assessment Needed. ≤6LI 

Level 1 <17L7≤I 

Level 2 <35L17≤I 

Level 3 ≥35LI 
 

According to the previous results obtained with ALA method, some procedures (Tables 9) 

are proposed for analysis level 2 to evaluate the vulnerability of 63 KV power substations of 

Qazvin. They are classified into three groups: Hazard Evaluation, Component Evaluation and 

System Performance Evaluation for electric power systems. 

ALA categorizes the earthquake hazards into three groups of surface fault rupture, 

liquefaction and strong ground shaking. In the site of 63 KV power substations of Qazvin, the 

probabilities of surface fault rupture and liquefaction are very low and they will not cause any 

special failure in these substations.  

In order to determine the real potential of hazards and vulnerabilities, some procedures 

were done, such as collecting relevant information, field visits for performance assessment of 

building and components and analysis of seismic risk data.  

According to Table 9 which is obtained from ALA method, loss estimation of power 

substations of Qazvin with quantitative methods such as HAZUS and RISK-UE is highly 

essential. 
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Table 9. Hazard, Component and System Performance Evaluation Matrix for 63 KV power 

substations of Qazvin - Earthquake Hazard of the studied area 
Hazard Evaluation 
Earthquake Hazard, Strong Ground Shaking 
Estimate ground motion levels using judgment and existing maps 
Estimate ground motion levels using empirical methods 
Component Evaluation 
Fragility Assessment of Electric Power System Equipment 
Assess equipment fragilities using estimates, informed estimates, and experience data from past 

events (statistics) with minimal field data collection 

Assess equipment fragilities using field data according to previous steps and further information on 

shipping loads, equipment qualification, and fragility testing. 
Fragility Assessment of Critical Buildings 
Assess performance of building and support equipment using judgment (estimates or informed 

estimates) and/or experience (statistical) data from past events or using empirical damage 

assessments, with minimal field data collection. 
System Performance Evaluation 

Estimate system performance using expert judgment 

Perform systems analysis for limited scenarios 

 

Loss Estimation using HAZUS method 

 

Loss estimation of Qazvin 1 and Minoodar 63 KV power substations using HAZUS method is 

obtained by employing PGA, damage state and selecting the appropriate fragility curves. 

These substations are studied with regard to Table 5 (PGA values for power substations of the 

city of Qazvin) and the fact that they are low voltage and their components are 

standard/unanchored. With regard to Figure 11 and the description of damage states in Table 

2, the damage probabilities of Qazvin 1 and Minoodar power substations are calculated which 

are shown in Table 10. 
 

Loss estimation using RISK-UE method 
 

Fragility curves of 63 KV power substations of Qazvin1 and Minoodar using RISK-UE 

method are shown in Figure 12 (considering low voltage and unanchored components for the 

substations). Considering the fragility curves in Figure 10 and the description of damage 

states in Table 2, the probability of exceeding from each damage state for power substations 

of the city of Qazvin is obtained using RISK-UE method for the assumed earthquake 

scenarios. The probabilities are shown in Table 11. 

 
Figure 11. HAZUS fragility curves for low voltage substations with unanchored components 



Environmental Energy and Economic Research (2017) 1(1):43-60 57 

 

Table 10. Probability of exceeding from each damage state for Qazvin 1 and Minoodar power 

substations using HAZUS method for earthquakes with different return periods 

Power 

Substation 
Return Period 

(years) 

Slight/Minor 

Damage 

Moderate 

Damage 

Extensive 

Damage 
Complete Damage 

Qazvin 1 
475 92% 63% 40% 2% 

2475  98% 93% 88% 23% 

Minoodar 475 93% 72% 52% 3% 
2475 99% 96% 94% 37% 

 

 
Figure12. RISK-UE fragility curve for low voltage power substations with unanchored components 

 

Table 11. Probability of exceeding from each damage state for Qazvin1 and Minoodar power 

substations using RISK-UE method for earthquakes with different return periods 
Power 

Substation 
Return Period 

(years) 

Slight /Minor 

Damage 

Moderate 

Damage 

Extensive 

Damage 

Complete 

Damage 

Qazvin 1 
475 90% 67% 41% 2% 

2475  98% 94% 87% 27% 

Minoodar 475 92% 75% 50% 4% 
2475 99% 97% 94% 43% 

 

 

Figure13. Comparison of fragility curves of HAZUS and RISK-UE methods for low voltage power 

substations with unanchored components (the curves with label 1 are corresponded to HAZUS and the 

curves with label 2 are related to RISK-UE). 



58  Omidvar et al. 

 

Economic consequences and risk analysis 

 

It will be easy to realize the amount of risk if the probable damages are illustrated in Dollars. 

In this section the economic consequences of probable damages are illustrated. For this 

purpose, at first the discrete probability of each damage state must be defined. It should be 

considered that the data shown in figures 9 and 10, and tables 10 and 11, are the cumulative 

probabilities of exceeding each damage state. So they are different from the probability of a 

specific damage state. The probability of damage states (dsi) is defined as follows: 

 

                                                            (2) 

                                      (3) 

                                       (4) 

                                         (5) 

                                                                  (6) 

 

Where P1, P2, …, P5 are the probability of non, slight, moderate, extensive and complete 

damage states respectively. According to HAZUS 99, two other parameters are needed to 

calculate the amount of economic loss. They are damage ratio (DR) and replacement value 

(RV). The damage ratio of a specific damage state is a percentage of complete loss which is 

related to that damage state. The replacement value is the amount of dollars that need for 

purchasing components and installation of them in a power substation if they are damaged. 

The amount of damage ratio for each damage state according to HAZUS and the amount of 

replacement value corresponding to the prices of low voltage substations components in Iran 

are shown in tables 12 and 13 respectively. 

Considering PGA for earthquake with 475 years return period and by applying the amounts 

of damage ratio and replacement value, direct economic loss (EL) and existing risk is 

calculated (Table 14).  

 
Table 12. Damage ratios for electric power substations 

Damage State None Slight/Minor Moderate Extensive Complete 

Damage Ratio (DR) - 0.05 0.11 0.55 1.00 

 

Table 13. Replacement values of the studied power substation components in Iran 

Component 
Replacement Value (RV) 

(1000 dollars) 
Power Transformer 1600 

Circuit Breakers 600 

Disconnect Switches 69 

Current Transformer 70 

Control house 90 

Installation 120 

 Sum=2549 

 

In estimating the seismic risk of Qazvin1 and Minoodar power substations, the rate of 

annual earthquake occurrence ( ) is calculated using the following equation (Zare, 2009): 

 

 

(7) 
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Where q is the hazard level and t is substation lifetime. According to the resulted hazard 

level by the ALA method (Table 6), it is considered that q is assumed 50% for the Qazvin 

power substations. Also, since the lifetime of some important power substations components 

like power transformers is 30 years, the lifetime of power substations is considered 30 years. 

So the rate of annual event of Qazvin 1 and Minoodar substations is 0.023. 

 
Table 14. The evaluation of economic loss and existing risk for the Qazvin power substations 

Risk=  

($/year) 

EL=  

($) 
 

     Substation 

15759 685171 0.2688 0.02 0.38 0.23 0.29 0.08 Qazvin 1 

19464 846268 0.3320 0.03 0.49 0.20 0.21 0.07 Minoodar 

 

A simple strategy for hardening the substation against earthquake is changing its status 

from "unanchored" to "anchored". The amount of economic loss and the seismic risk for 

anchored low-voltage power substations are shown in Table 15. As it is clear in this table, the 

amount of economic loss and the earthquake risk are notably reduced by appropriate 

anchoring that shows the importance of anchoring against earthquake.  

 
Table 15.The evaluation of economic loss and existing risk for the anchored low-voltage power 

substations 

Risk=  

($/year) 

E.L=  

($) 
 

     Substation 

9233 401467 0.1575 0.01 0.17 0.35 0.31 0.16 Qazvin 1 

12804 556702 0.2184 0.02 0.27 0.34 0.25 0.12 Minoodar 

 

Conclusion 

 

The city of Qazvin is one of the most important economic poles in Iran. The city has two    63 

KV substations in its territory called Qazvin 1 and Minoodar. The main sections of the 

substations are the control building structure; the components located in control building and 

the substation components in the site. Each of them may be vulnerable in their specific 

conditions. The vulnerability of the components of the two substations was assessed for the 

probable earthquakes with 3 methods: ALA, HAZUS and RISK-UE. Two earthquake 

scenarios with 475 and 2475 years return period were considered.  

Based on the qualitative method of ALA, the performance of substations was assessed. The 

result of ALA method established the need to more detailed analysis. Hence, HAZUS and 

RISK-UE methods were applied to estimate the seismic loss of the two substations. 

Based on the field investigation it was shown that the substation components are 

unanchored. The result of loss estimation was used in a risk assessment framework. In the 

available status the seismic risk of Qazvin 1 and Minoodar substations was 15759 and 19464 

dollars per year respectively. Implementing seismic anchorage was considered as a way of 

hardening. The seismic risk was again estimated and it was shown the implementation of 

seismic anchorage reduces the seismic risk about 41.4 and 34.2 percent for Qazvin 1 and 

Minoodar substations respectively. 

The paper shows an step by step study of seismic hazard, component vulnerability 

assessment, loss estimation, risk assessment and implementation of seismic anchorage and its 
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effect on the risk mitigation an 63 KV substations in a sequence of qualitative and quantitative 

analysis. 

The effects of seismic risk reduction in the studied substations could be more emphasized 

considering the indirect tangible and intangible losses that are resulted from power outage and 

interdependency between infrastructures.  

The study may also be an example of a range of qualitative to quantitative investigations of 

lifelines for seismic risk reduction studies. 
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