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Risk Assessment of Tehran Subway Stations During Earthquakes with an
Approach to Reduce Physical Vulnerability Through Intelligent Urban

Management
(Case study: Tajrish, Darvazeh Shemiran, and Navab Subway Stations)
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Table 1: Tehran Earthquake Scenarios (Ehsani, 2005: 446)

Row Scenario title Descriptions

About 20-km-long, in this model an earthquake of magnitude IX and

! Ray's fault model magnitude VII to VIII be felt in the south and north , respectively .

Northern Tehran About 90- km long; in this model an earthquake of magnitude IX and
2 magnitude of VII be felt the north and south, respectively . Most of the city
fault model . .
experiences magnitude VIIL.

3 Mosha fault model About 200- km long; in this model most the city experiences magnitude VII.

4 Floating model Most of the city experiences magnitude VIII and some area IX.

Open Space

Fig. 5 Earthquake risk assessment map in Tehran(bééed oﬁ ‘Ray fault model)
(JICA, 2004: 86)

Hazarg and
Damage

Condton
Open Space {

Fig. 6 Earthquake risk assessment map in Tehran(based on lthe Nofth Tehran fault model)
(JICA, 2004: 86)
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Building Damage

Fig. 7 Earthquake risk assessment map in Tehran(based on floating fault model) (JICA, 2004: 87)
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Table 2: Details of risk assessment criteria (Ehsani, 2005: 446)

Descriptions

Criteria
Safety

Safety against hazards arising from a given natural crisis such as earthquakes and floods that
can cause a combination of incidents like fire, explosion, electrocution, gas leak, flooding,
debris, and landslide; To achieve safety, metro stations need to be located far enough from
hazardous centers and zones, including faults, streams, steep and unstable land, urban
facilities, infrastructures (gas pipes, power lines, water resources) as well as hazardous
activities.

Suitability of the site selected for the station; to fulfill this, the location should enjoy

easy access to allow rapid evacuation transportation of the injured in case of expansion of
Crisis .

Being Equipped Stations should be equipped enough to fulfill the first needs of the injured. This

includes emergency exits, fail-safe ventilation and power, adequate space on the upper
stories for the injured individuals (staircases, escalators, and elevators). So it is necessary
that stations be close to aid and relief centers, fire stations, etc. to provide timely and rapid
service.

Efficiency

Table 3: Characteristics of the stations selected in this study(Tehran Metro website, 2017)

Station name  Row moving Elevator Neaf'by Neal: fire Near police station
staircase hospitals stations centers
1 8 30 Tajrish Hospital None None
Tajrish
2 0 16 1 None None
Eghbal Hospital - Haft Chenar. 111 police
1 4 0 Lolagar None station
Navab Hospital - Abu Saeed 112 Police
Station
2 4 0 2 1 2
Darvazeh- 1 13 0 Moayeri None 1
Shemiran Hospital
2 11 0 1 None 1
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Fig. 9 Map of the road network and the amount of decayed urban fabric around Tajrish metro station
(Ehsani, 2005: 447)
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Fig. 10 Map of the road network and the amount of decayed urban fabric around the Darvazeh
Shemiran metro station (Ehsani, 2005: 447)
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Fig. 11 Map of the road network and the amount of decayed urban fabric around the Navab metro station
(Ehsani, 2005: 448)
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Table 4: Weighting range alies slaay 30 og Dolite 4y 4> g3 b gl plo
Range .. . . . .
) SR A P9 e U og 692 (b)) E5—S9e 2
Low importance 1 )
b‘ ooy axllas Lgl.tbtby )9.E.~o Q.»‘ L;‘).s g.,\.‘)l.:u.a uoL.aJ}‘
Medium importance 2 JRCTOS PO '\ (AHP) sy o s,
High importance 3 o dwd o Sl g Ao o 0 Y slaw s &b
Extremely importance 4 20,5 dwle Y 2 Sig cu e o(F Jguz) U3
Table 5: Risk assessment of Tajrish station
Row Title Weight Score Welght Row Title Weight  Score Welght
X points X points
1 Distance from 4 0 0 19 failsafe ventilation 3 7 21
fault
Proximity to adj t
2 Station depth 4 13 5.8 20 Toxumrty fo adyacen 2 10 20
stations
Ni f Di fi h
3 ur_nber o 3 3.9 11.64 )1 istance from hazardous | 3 3
staircases uses
4 Number of ) g 16 ” Density of sqrroundlng 3 4 12
escalators fabric
Number of width of route network
5 2 5.5 11 23 around the stations (density 2 4 8
elevators .
of fabric)
¢  Peripheralopen 3 6 18 24 Proximity to BRT lines 3 1 3
space
Number of
7 umbero 3 2 6 25 predicted helipads 3 6 18
entrance
A f
8  Width of entrance 3 6.8 2025 26 bsence of upstream water 3 3 9
resources (flooding))
Ni f f pass
9 umber o . 3 0 0 7 Number of passengers per 3 6 18
emergency exits day
10 Pr9x1m1ty to 3 9 7 )3 Proximity to high-rise 3 g 2
medical centers structures
T Prox1m1_ty to fire 4 6 2 29 Abéence of 'tunnel 1 g g
stations intersection
Slope at station
12 (land 2 3 6 30 Organic peripheral passages 1 4 4
sustainability )
13 Electricity 6 12 31 Skyline of surrounding uses 1 7 7
facilities buffer yine of surrounding o
Age of surrounding
14 Favorable access 1 5 5 32 3 5 15
structures
5 fuel stations 2 7 14 33 Old urban fabric 3 6 18
buffer
Proximity t
16 r(?x1m1 y, © 1 7.5 7.5 34 Distance from streams 4 3 12
police station
Number of firebox
17 (fire fighting 3 8 24 35 Extent of micro-parcel 2 8 16
equipment )
Number of stai
18 failsafe power 3 7 21 36 HFHber of Stalfease 3 6.5 19.5

entrances
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Distance from fault 0.049

Station depth 0.047

Distance from fire stations 0.0464

Distance from the channel 0.0462

Number of emergency exits 0.044

Emergency ventilation 0.043

The amount of surrounding tissue density 0.042

The amount of outdoor space around 0.041
Emergency power 0.039

Number of entry and exit doors 0.0388

Width of outputs 0.0382

The amount of worn tissue 0.035

Number of openings 0.034

Distance from medical centers 0.032

{Number of firebox equipment (fire extinguishing 0.030
(Lack of water resources upstream (flooding 0.029
Number of normal stairs 0.028

Number of passengers per day 0.027

Adjacent to high-rise structures 0.025

Helicopter landing prediction 0.057

The life of the surrounding buildings 0.022

(Proximity to BRT lines (fast transfer 0.021

Distance from fuel stations 0.021

Land slope at the slope stability station s — —— 0.020

The desirability of the network of passages around the  m  ——— 0.0196
The degree of microstructure of the surrounding tissue  m—e———— 0.0194
Observance of electricity facilities m— 0.0188

Number of moving stairs s, ———————— 0.0182

The number of elevators  —————————— 0.016

Distance to adjacent stations me———————— 0.015

Adjacent to hazardous uses T ——— 0.0148

Intersection with underground communication tunne! s — 0.0142
Have proper access m————— 0.011

Existence of surrounding organic passages s— 0.009
Distance to police station s 0.005

Skyline Applications 0.003

Inconsistency Ratio = 0.0

Fig. 12 Pair wise comparison of parameters considered in risk assessment
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Fig. 13 The weight of each assessment factor based on the pairwise comparison of the parameters
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Table 7: Indicator defining risk

Score Risk level Color code
]
0-2 Extremely hazardous
2-4 Hazardous
4-6 Hazardous threshold
6-8 Outside hazard zone

510 S
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Table 6: Weight of the stations based on risk

assessment
. Overall Total final
Station .
weight score average
Tajrish 92 469.17 5.10
Navab 92 529.59 5.76
Darvazeh- o, 532.55 5.79
Shemiran
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Table 8: Minimum and maximum scores of indicators

Tajrish station Darvazeh -Shemiran Station Navab Station
- Score 24 to 27 Score 24 to 27
- Proximity to medical care - Distance from streams Score 27 to 32
centers ~ Station depth - Distance to fault
- Proximity to fire stations - Station depth
- Number of fireboxes - Proximity to fire station
§ - DIstapce from to high-rise Score 20 to 24 §
E buildings - Distance from faults §
B - SCI)rC 20 to 2.4 . z - Number of staircases 3 Score 22 to 27
- Falls.afej ventilation . g. - Width of exits - Number of staircases
;raot;:lrlr:ty to adjacent g : 1IZr(.)]xn;nty to fire station - Number of Fireboxes
- Width of exits FaI it pow?r i iy R
. - Failsafe ventilation - Number of staircase entrance
- Failsafe power - Absence of water resources
upstream
- Distance  from  high-rise Score 0 to 5
Score 0 to 5 buildings - Number of escalators
- Proximity to BRT - 0Old urban fabric - PeS5ripheral open space
£ -Favorable access - Nimber of [Fmeberes Z  -Lack of Intersection with
5' - Organic peripheral passages 5 underground tunnel
5 5 - Skyline of peripheral uses
S <
core 0 5 Score 0 Score 0
- Proximity to fault é - Proximity to fault - Number of elevators
- Number of emergency exits 5 Number f emergency exits - Number of emergency exits
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Smart City
I
Smart Management
I
Earthquake Smart Management
I
I I I I
. Compensation for
Prediction ];Z)rdrthqugke Protection Damages and
evention :
Reconstruction

Fig. 14 Intelligent management model for physical planning of cities against earthquakes
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flexbilty | adaptabil] [ ot

Self-contro| | Futurology

Being online | ppplying integrated
and updating knowledge

Features and
specifications

| | | | |
|

[ Smart urban management ]

uiMsS

Early Warning System

AHP

Common techniques
Jfor decision making
evaluation and analysis

Urban information management systems

“\:f -1 Network Analysis

T Rapid Response
System

The main tool for
achieving smart urban
management

hygiene

Smart life
Health and

Smart City

building
Smart
governance
Main components

Fig. 15 Step-by-step conceptual flowchart from smart city to intelligent urban managemen
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Fig. 16 Proposed solution for disaster management (preventive) in Tajrish station
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Fig. 17 Proposed solution for disaster management (preventive) in Darvazeh-Shemiran station
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Fig. 18 Proposed solution for disaster management (preventive) in Navab Station
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Lack of by intelligent management in physical and spatial planning is evident in the evaluation
and monitoring of the quantity and the quality of disaster and risk management plans in rail
transportation development of Tehran Metropolitan and, consequently, in examining the risks
and vulnerability of the rail network in the country. Obviously, the crises such as earthquakes
and floods on subway lines are largely dependent on trial and error hypotheses, traditional
management practices, and poor future studies .

Regarding the tectonic studies, it seems that some factors such as seismic zones, differences in
the soil types, changes in the north and south fault lines (before the disaster) of Tehran, the
vulnerability of the subway stations, and the possibility of crisis exacerbation with the
destruction of deteriorated urban fabrics during earthquake and flood are of vital importance
in the development of underground railways. Focusing on earthquake vulnerability assessment
and the role of intelligent risk management in the development of railway transportation
network with an approach to monitor the physical and spatial hazards of subway stations, this
research tries to access the information about fault lines, watercourses and subway stations of
Tehran for intelligent monitoring of the crises, and identification of the nearest medical centers
and urban open spaces regarding the type of crisis.

Therefore, three subway stations in Tehran (Tajrish, Darvazeh Shemiran, and Navab Subway
Stations) were selected to be studied because of their locations in busy and important areas of
Tehran, high level of passenger traffic, high land use density of the surrounding area, being
located in three separate different areas, proximity to hazardous functions, year of construction,
the station depth, proximity to main and secondary fault areas, and the distance from the
watercourses.

In the research, a combination of research methods is used based on library studies, review of
records and documents, Delphi technique2, hierarchical decision making method and layer
overlap. First, the existing maps and field observations were scrutinized thoroughly in order to
investigate and analyze the information. Next, the criteria for assessing the risks at Tehran
subway stations were achieved based on experts’ opinion. Then appropriate maps for subway
stations in the studied areas were proposed according to specific factors (fault, watercourse,
deteriorated fabric, distance from the medical stations, ...). These maps indicate the
appropriateness of the stations in relation to the location and the function of the current stations.
Regarding the various effects of different layers on the evaluation process, the weighted
coefficient of each layer was calculated by analytical Hierarchy process (AHP). The number
of layers in each category in terms of importance and the effect of each category on the
evaluation process were also calculated respectively from the least to the most important as
follows: The distance from the fault, the station depth, the distance from fire stations, the
distance from the channel (weight 4); the number of regular stairs, the area of nearby open
spaces, the number of entrance and exit gates, the exit width, the number of emergency exits,
the distance from medical centers, abundance of firefighting equipment, emergency
ventilation, the density of the surrounding fabric, proximity to BRT lines, the existence of
helicopter landing site, lack of upstream water resources, the number of passengers per day,
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proximity to high-rise structures, the age of the surrounding structures, the area of the
deteriorated urban fabric, the bridge spans (weight 3); the number of escalators, the number of
elevators, land slope at the station (slope stability), the existence of a realm for power supply
facilities, the distance from fuel stations, the distance from adjacent stations, the desirability of
passage network around the stations (fabric density), the existence of fine grains in the
surrounding area (weight 2); the existence of proper access, the distance to police station,
proximity to hazardous functions, intersection with underground tunnels, the presence of
peripheral organic passages, the skyline of the surrounding functions(weight 1).

The results of the risk assessment indicate that all stations are within the danger threshold and
adopting smart management and executive solutions to reduce possible damage is essential.
Based on the average score obtained from the analysis of the stations studied and their
relevance to the risk index table, it is clear that all three stations are within the "risk threshold",
which highlights the need for careful scrutiny of the issues increasing the risks art the stations.
Based on the scores assigned to each of the studied stations, it was revealed that the "distance
from the fault" and the "number of emergency exits" at Tajrish station had the lowest score
(highest risk). In addition, at Darvazeh Shemiran and Navab stations, " the number of lifts" and
"number of emergency exits" had the lowest score .

Still after years of extensive research on the key role of risk management in mitigating natural
disasters (earthquakes and floods), the development of underground transportation network
(subway) is less likely to follow methods of intelligent risk management, especially in cities
such as Tehran where the deteriorated fabrics are at high risk due to the soil type, and the
location of faults. In examining the risk level of a subway station in an earthquake crisis, the
distance from the fault, the depth of the station and the existence of a tunnel, each play a
decisive role for intelligent management of the crisis. Also, the overlapping of other related
data, reveals the dimensions, extent and severity of the crisis. Accordingly, in order to eliminate
or reduce the effects of risk factors in the development of the underground transportation
network, all the tectonic and seismic engineering considerations, including the material of the
layers, proximity to the faults, land slopes, and groundwater should be considered from the
early stage of feasibility studies, to the final stages of determining the route and location of
subway stations. Since some subway stations are located in the vicinity of deteriorated fabrics
or high-rise structures, the earthquake crisis might exacerbate with the collapse of the buildings
and the obstruction of the surrounding routes. The dependence of subway facilities on city
infrastructure is considered a weakness. Electrical, water, telephone and other facilities are
completely dependent on ground installations, and if they are damaged in any situation (normal
and critical), the entire subway network facilities will be disrupted; therefore, it is necessary to
devise emergency and intelligent systems.

Key words:

Underground transportation, Subway station, Intelligent risk management; Earthquake;
Assessment, Evaluation of vulnerability reduction.
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