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Keywords: Hospitals as critical infrastructures play an essential role in
Rapid visual screening (RVS); reducing casualties after an earthquake. The present research
Vulnerability assessment; was conducted to evaluate the seismic vulnerability of the
Seismic vulnerability; existing hospital buildings in Kabul City, with the aim of
Crisis prevention; evaluating the current state of hospitals in terms of structural
Risk reduction; resistance. In the current applied research, the seismic

Existing hospital buildings. vulnerability of 26 hospitals that had 79 existing buildings

were assessed with the Rapid Visual Screening (RVS)
technique of FEMA P-154 method in two levels for the first
time, and their location was determined by Geographic
Information System (GIS). The existing hospital buildings
evaluated at level 1 and level 2 were estimated to be
seismically wvulnerable in the event of a possible destructive
earthquake; the seismic wvulnerability of these buildings was
obtained to be different. Based on the obtained Final Scores,
the probability of collapse for these hospitals at level 1
ranged from 3.16% to 59.2%, and at level 2 it ranged from
3.16% to 64%. Based on the results, in the event of
destructive phenomena such as earthquakes, there is a
probability of damage that would prevent hospitals to
provide uninterrupted Immediate Occupancy services. So;
these buildings should be prioritized, and subjected to a
detailed seismic vulnerability assessment, then solutions to
rehabilitation or retrofitting of buildings against earthquakes
should be investigated.
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1. Introduction

Kabul City is located at 34°31' N, 69°12' E
with a total urban area of 48,493 hectares [1],
and sits at an altitude of 1800 m and is situated
in a valley surrounded by high mountains and
a network of active faults [2]. Kabul and its
neighborhood are surrounded by some great
fault systems [3, 4]. Based on detailed studies,
the Chaman, Paghman, Herat, Sarobi, Gardez
faults close to the Kabul City has been
identified as the main source of seismic hazard
[5]. The seismic behavior of old existing
buildings is affected by their main structure.
Also, the destruction of materials through the
aging and the changes have been made over
the years of operation, such as the creation of
new openings and new sections that cause
asymmetry in the plan, height, etc., affects the
old buildings [6].

Hospitals play an important role of the
healthcare system [7]. Hospitals and medical
centers must be in an immediate occupancy
after the earthquake in order to protect the
lives of patients and healthcare workers. Also,
provide emergency care and medical treatment
for the increasing number of patients who are
transferred to medical centers in the first hours
after significant earthquakes [8]. Hospitals'
performance before and after an earthquake to
provide relief services depends on either
structural or non-structural elements as well as
medical equipment; the recent earthquakes
clearly showed the importance of this issue [9,
10]. In times of disaster, preparedness is
required for hospitals to be able to continue the
provision of health care [11]. The role of
hospitals during a disaster is even more
important; therefore, it is vital to provide
timely and high-quality treatment to injured
patients in order to minimize casualties [12].
Hospitals must continue to provide health care
during disasters, and this requires preparation
[11]. The experience of the last earthquakes
showed that the failure of medical equipment
in a hospital during the post-earthquake relief

operation can prevent the full service of the
hospital [13]. Hospitals are known as safe
havens after any type of disaster; however, in
severe seismic events, hospitals themselves are
also susceptible to damage [14]. To keep the
hospital active in such incidents, the only
possible solution is to identify the deficiencies
in the building and reduce it [15]. However,
records show that health centers and workers
are among the major victims of emergencies,
disasters and other crises [16]. From the
human and economic point of view, the
collapse of a building due to an earthquake
causes huge damages [17]. Resilience of an
urban area, housing, school, hospital,
infrastructure, etc. after a disaster is essential
[18, 19].

Determining the vulnerability of hospitals
against possible earthquakes is critical in
preventive  seismic  crisis  management
programs [20]. Due to its complexity and high
cost, the assessment of seismic vulnerability
can be made in a limited number of buildings
from a technical perspective. Therefore, rapid
assessment of the vulnerability characteristics
of different types of buildings using simpler
methods is important, and more complex
methods could be limited to assess the
buildings with vital importance [21]. Basic
tools of seismic hazard assessment are
employed to screen existing buildings in order
to determine the potential damage may occur
during an earthquake, and buildings with poor
performance will be listed as a priority for
detailed assessment and defining their status
[22]. Assessing the seismic vulnerability of
hospitals is crucial in order to mitigate the
impact of earthquakes on people's lives and
prepare healthcare centers to effectively cope
with future earthquake disasters [23].

The seismic performance of hospitals plays an
essential role in dealing with emergency
situations such as earthquakes. Hospitals are
usually very vulnerable due to the age of
construction, type of equipment, occupancy
rate, services provided, etc. [24].
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In an earthquake, the key parts of a hospital,
which include the hospital building, staff,
technical systems and equipment, are affected
[25]. In the 8.1 magnitude earthquake in
Mexico City, in 1985, five hospitals were
collapsed, and 22 others were severely
damaged. Almost eleven hospitals were
evacuated. The direct failure was estimated at
about 640 million $ [14]. In a natural disaster
in Caribbean and Latin America in period of
1981 to 1996, over than 630 hospitals and
health centers were collapsed or substantially
damaged, and evacuated [14]. The National
Society for Earthquake Technology (NSET)
carried out two evaluations in 2001 and 2003,
"Structural Assessment of Hospitals and
Health Institutions of Kathmandu Valley" and
"Non-Structural Vulnerability Assessing of
Hospitals in Nepal." The outcomes show
approximately 80% of the evaluated hospital
buildings did not have an acceptable level of
performance and needed to be rebuilt, and
20% of the hospitals are at life safety and have
a performance of collapse prevention [26]. In
2003, during the Bam earthquake, almost all
health facilities were destroyed and nearly
50% of local health workers were killed or
missing [27]. In India's Gujarat earthquake, all
of the medical systems in the region failed
[28]. In the February 27, 2010 earthquake in
Chile, four hospitals were closed and 12
hospitals lost approximately 75% of their
functionality due to the failure of non-
structural ~ components, including  fire
extinguishing systems [29].

RVS method for 26 hospital buildings located
in Manila, Philippines, according to Level 1
Survey Form; FEMA P-154 was applied, and
the evaluation results showed that only six
hospitals were seismically sufficient [30]. RVS
methods are commonly used without any
calculations to assess buildings; this method
also uses a rapid assessment to estimate the
damage to a building that may occur due to an
imminent earthquake [31]. Assessing the
seismic vulnerability of a vast number of

structures and buildings can be very difficult
due to the required time and resources. The
RVS method reduces this problem by
classifying buildings into different
vulnerability classes and prioritizing them,
thus limits the technical and other resources
for detailed analysis to only a few selected
vulnerability classes [32-34].

The main focus of this research is to conduct a
rapid seismic vulnerability assessment of the
structural components of hospital buildings in
Kabul City. However, hospital buildings are
composed not only of structural components
but also of non-structural and functional
components, which have a direct or indirect
impact on the building's performance and
management. Evaluating non-structural and
functional components are also important, but
the focus of this research is only on structural
components and their seismic assessment.

2. Research background

The RVS method is a fast and efficient process
for identifying and ranking buildings [35].
This method is based on crucial factors such as
seismicity of the area, soil condition, building
type, structural irregularities, and non-
structural hazards, also based on the buildings
importance, usage and occupation that affects
the vulnerability consequence [36]. The rapid
visual seismic  vulnerability assessment
techniques of buildings were reviewed in
(Scawthorn, 1986), and soon after, the
FEMA154 methodology was published as the
handbook of rapid visual screening of
buildings for potential seismic hazards
(FEMA, 1988a) [37]. Initially, in the late
1980s, the RVS method; was developed for
seismic hazards of buildings by the Applied
Technology Council (ATC). Additionally, in
2002, owing to the impact of earthquake
disasters in 1990s, this method was revised in
order to incorporate the most recent
technological advances [38]. The third edition
of FEMA 154 Method, called FEMA P-154,
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was published in 2015, which included not
only information of building type definitions
and key features, but also a completed
screening form and management of the RVS
program [37]. Many countries follow the RVS
method similar to FEMA with some
modifications to suit the conditions of their
region or country [39]. RVS focuses on on-site
inspections of each home [33]. In the RVS
method, visual screening of buildings is
usually done by street inspections and with no
entrance of screener to the buildings, and it
may long a quarter to half hour for any
building [39].

Rapid Visual Screening provides information
about the basic features of the building, such
as; type of building, the number of stories, soft
and weak story, short columns, vertical and
plan irregularities, the age of the building, the
soil type , seismicity of the site, external
quality of construction and other valuable
features. A structural score is obtained using
the collected data, and with no structural
calculations to determine the damage expected
to the building after an earthquake. This score
determines need of the building for next level
of evolution. The RVS method can save time
and prevent the resource consumption and it
has the ability to be utilized to determine the
structures requiring detailed evaluation [33].

The RVS method has a number of limitations
that need to be understood when developing
and implementing a screening program, and
when using the results. Some of these
limitations include, Limited review, Lack of
accurate identification of systems resistant to
seismic force in some buildings, Inability to
assess interior hazards, Lack of detailed
calculations, and Occurrence of errors (due to
variations in expertise of screeners). These
limitations arise from the method's inherent
characteristics, which also contribute to its
main advantage [37]. This method is based on
the decisions of simple expert and non-expert
screeners and provides an initial insight about
the vulnerable buildings to seismic risks in a

city; therefore, it is not a complete method.
Based on the RVS method information,
government officials can utilize quantitative
tools to recognize the amount of the corrective
work needed for a particular area [40]. The
RVS method results can be relatively different
according to the screener's experience. This
method does not have a definitive opinion
about the level of vulnerability and defers
these structures to detailed evaluation.
Therefore, it cannot be said that it has a high
level of reliablity. In other words, the reliablity
of estimations in this approach is lower
compared to detailed vulnerability assessment
methods. This paper focuses on the most
common method used by the Federal
Emergency Management Agency (FEMA)
introduced in the following section.

2.1. FEMA P-154 method

The latest version of FEMA154, the third
edition, is known as FEMAP-154; reviewed
and identified several areas for improvement
and published in 2015. The third edition
focuses on the evolution of computer tools to
implement the method more effectively. The

main improvements in this edition include as
follow [37].

1- The form of data collection (Level 1) is
reorganized to increase usability.

2- For more information and more accurate
evaluation, an optional form of level 2 data
collection has been attached without a
significant increase in effort or time. This
assessment is however a rapid visual screening
method, yet it depends on more data that an
experienced engineer or architect should
collect.

3- To increase the precision of the screening in
areas with higher seismicity, the number of
seismic regions has been increased from three
to five, and the seismic areas are based on
MCER ground movements.
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4- The Score Modifiers and Basic Scores were
all updated.

5- A reference guide for assessors to identify
vertical and plan irregularities is provided in
this edition to guide screeners in determining
the presence of irregularities, decreasing
obscurity, and limiting the requirement for
arbitration. Supplementary figures have been
attached to assist the show of different
irregularities in this edition, and modified
values are now different based on the
irregularity intensity.

6- Large multi-unit buildings, wood-framed
residential units with multi-story, as well as
prefabricated buildings were added.

7- For non-structural hazards, the rapid visual
screening method has been improved.

8-User classes have been updated for
compatibility with HAZUS-MH MR4 (FEMA,
2009a) and (ICC, 2012).

9- In this edition, the pounding of adjacent
buildings is considered.

10- A better guide with additions is provided to
evaluate the buildings.

11- In the Optional Data Form, Level 2
includes attention to existing retrofitting.

12- The Minimum Score is listed to handle the
negative scores in the data collection form.

13- Software (FEMA, 2014b, ROVER) is
discussed, and an optional electronic scoring
method is presented.

14- How to execute an effective program of
additional RVS information, including
essential and optional tasks, needs, and
relevant resources provided.

15- An additional consideration of how to
utilize RVS outcomes for support has been
added.

The FEMA P-154 method has presented forms
for different seismicity regions. The person

using the RVS method selects a relevant data
collection form based on the seismic
classification. In the first section of the data
collection form, public information including
building address, building location, building
usage, construction date, and buildings images
and sketches are included. The second section
provides scores for several parameters
according to the type of the building in the
following, all the parameters and how to
calculate the Final Scores of the building are
described. By selecting a suitable Basic Score
for each building, this method begins, which
changes with the use of Score Modifiers, so
that the smaller score, indicates the higher
buildings' vulnerability [37].

e Minimum Score, SmmN: The data
collection form in FEMA P-154 provides
the Minimum Score that a building can
achieves, and this score is minimum
because, in some conditions, the Final
Score received for a building can reach
zero or less; this means that the
building's eventuality of collapse is more
certain than 100%. To avoid this
problem, a Minimum Score has been
created to be considered the Final Score.

e Basic Score: The type of buildings are
classified by FEMA P-154, and a Basic
Score 1s provided for the building as per
the classification.

e Vertical Irregularities: There are seven
vertical irregularities based on FEMA P-
154. This method categorize the vertical
irregularities into two categories, severe
vertical irregularity, and moderate
vertical irregularity. In the irregularity
section of the form, in case of one or
multiple severe vertical irregularity
detection; the Score Modifier will circle
the severe vertical irregularity score, and
in case of one or more moderate vertical
irregularities or no severe vertical
irregularity detection, the Score Modifier
should circle the moderate vertical
irregularity score.
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e Plan Irregularities: based on FEMA P -

154, there are five kinds of plan
irregularities, and if one or more of these
irregularities are observed in the plan, so
this plan irregularity score modifier
should be circled.

Pre-Code: The screeners must use the
pre-code Score Modifier when the
building is designed and constructed
before  implementation of initial
approved and applicable seismic codes.
Due to the method that calculates the
Basic Score, this Score Modifier cannot
be applied to buildings located in an area
with region of low seismicity.
Post-Benchmark: This Score Modifier
applies if the local jurisdiction has
significantly improved the seismic codes
and the FEMA building type were
adopted and enforced be made after.
Year of first time seismic code
execution, and the year that the area's
seismic code (standard year) has been
improved must be known in advance for
pre-code and post-benchmark modifiers.
Soil type: Score Modifiers for soil types
A, B, and E are presented. In the soil
type section of the form, if type A or soil
type B is specified, the screener circles
the specified soil type Score Modifiers.
In case of type E recognition and the
building with three floors or less; the
modifier evaluator scores the soil type E
score (1-3 floors), or if the soil type E
was specified and the building had four
or more floors; the screener circles the
soil type E Score Modifier (more than
three floors). No Score Modifiers are
applied to type C and type D soils
because Basic Scores are calculated
assuming CD type soil, the average of
soil types of C and D. The Score
Modifier for type F soils is not
considered because the RVS method is
not able to effectively screen the
buildings constructed on type F soils.

The Geological hazards of type F soil are
presented in the section of the other
hazards included in the form, which
makes an accurate structural assessment
of the building constructed on Type F
soil.

2.1.1. The final score determination of Level
1

The Final Score of level 1, Sti, for an under-
screened building, is determined by adding the
circled Scores Modifier of that building with
the building's Basic Score. The total of the
Basic Score and the Score Modifiers
summation should be compared with SmiN by
the screener, and if it is smaller than the SmiN,
the Smmv should be used [37].

2.1.2. Optional Level 2 data collection form

The screening of Level 2 is more detailed and
has higher eligibility compared to the Level 1;
Level 2 form is designed for more accurate
and conservative scoring. Level 2 screening
allows the screener to utilize more specific
Score Modifiers related to vertical irregularity
and plan irregularity. Other Level 2 modifiers,
such as pounding, retrofit, and Level 2
screening statements for specific type of
building are identified from a similar
combining the Level 1 Score Modifier and
engineering judgment.

The screener name and the score of level 1,
Sii, are registered by the screener on the top of
the optional level 2 data collection form. Level
1 score contains Level 1 Score Modifier for
vertical irregularities and plan irregularities
(Vit and Pri); to be able to use the modified
level 2 irregularities (VL2 and Pi2) instead of
(Vur and Pr1), the (Vi1 and Pri) Score
Modifiers are subtracted from Sti to obtain an
adjusted Basic Score of S'. This score is the
Basic Score for level 2. The screener records
the summation for the Level 2 vertical
irregularity (Vi2) and the plan irregularity
(Pr2) Score Modifiers, as well as the subset of
the other level 2 (M), Score Modifiers [41].



A.A. Raoufy et al./ Journal of Rehabilitation in Civil Engineering 12-3 (2024) 1-16 7

2.1.3. The final score determination of Level
2

The Final Score of level 2, Si2 can be
determined by the sum of the level 2 Vi2, P2,
and M Score Modifiers, the Minimum Score
determined for the level 1, and the Basic
Score, S'. Whereas in the assessment of level
2, the characteristics of the building are
examined in more detail. Score Modifiers may
have low conservatism. The Final Score more
accurately represents the expected
performance of the building with less built-in
conservatism. Level 2 assessment has a higher
score than Level 1 assessment in many of
considerations; the Final Score of level 2
includes the SmiN, which is the score of level 1
[41]. The probabilities of collapse calculated at
the Maximum Considered Earthquake (MCE)
corresponding to Final Scores between 4.0 and
0.0 are shown in Table 1 [42].

Table 1. Calculated probabilities of collapse versus
Final Score, S (Wang and K. A. Goettel) [42].

Final Score, S | Probability of Collapse

4.0 0.01%
3.5 0.03%
3.0 0.10%
2.5 0.32%
2.0 1.00%
1.5 3.16%
1.0 10%

0.5 32%

0.0 100%

The Final Score is the summation of the Basic
Score and Score Modifiers. The Basic Score is
determined by the type of structural system
and the Score Modifiers are obtained from the
selection of parameters (Several Vertical
irregularity, Moderate Vertical irregularity,
Plan Irregularity, year of construction, soil
type, Redndancy, and Pounding). Therefore,
ignoring or misdiagnosing any of these
parameters can affect the accuracy of the
results.

2.1.4. Combining Level 1 and Level 2
screening

In the RVS program, level 1 screening is
performed for each considered buildings.
Optional level 2 screening collects information
on additional structural features that affect risk
and provides refined Score Modifiers.
Performing the Level 2 screening adds cost
because it adds additional time, and the
screener must be a structural engineer or other
qualified professional. If the level 2 screening
is performed at the same time as the level 1
screening, the added time per building is
typically around 5-15 minutes. If a level 2
screening is follow-up to an earlier level 1
screening, the added time per building is much
greater [37].

Various permutations of Level 1 and Level 2
screenings are described below.

1. Level 1 only. In this approach, more
buildings will be screened with the
minimum cost of screening, and it may
increase the review time of the
supervising engineer to validate the
results.

2. Level 1 with Level 2 on higher priority
buildings. This approach provides
valuable level 2 information on
previously  selected high  priority
buildings for a minimal additional cost.

3. Level 1 with Level 2 as part of the
second round on a subset of buildings. In
this approach, level 2 screening is done
for a subset of buildings based on the
Final Score determined by level 1
screening or building type. In this case,
the number of detailed evaluations
required may be reduced and benefit the
overall project.

4. Level 1 and Level 2 for all buildings.
This approach is likely to yield the most
accurate results, but is also likely to be
the most expensive.

Some programs may want to make screening
programs as simple as possible; this simplified
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approach is not recommended and RVS is not
expected to provide meaningful or accurate
data on the seismic hazard of their building
stock.

Considering the special importance and
centrality that hospital buildings have in
saving people's lives and providing health
services, it was decided to perform rapid visual
screening level 1 and level 2 at the same time
for all hospital buildings in Kabul City. This
decision has been used as a logical and
scientific approach due to the following:

1. Optimum decision-making according to
limited resources: simultaneous
screening of level 1 and level 2 for all
hospital buildings allows us to make
more precise decisions about buildings
that require a detailed vulnerability
assessment using the lowest cost of time
and financial resources.

2. More effective identification of risks and
vulnerabilities: simultaneous screening
of level 1 and level 2 allows us to
identify possible risks and weak points
of hospital structures in a more
comprehensive way and take appropriate
measures in order to manage and reduce
them.

3. Determining priorities in decision-
making: simultaneous screening of level
1 and level 2 for all buildings helps us to
make better decisions by setting
priorities and identifying risks in a more
comprehensive way.

More accurate diagnosis:  simultaneous
screening of level 1 and level 2 ensures us to
provide a more accurate diagnosis of the
vulnerabilities and risks of hospital buildings.

According to the above justifications,
simultaneous assessment of level 1 and level 2
for all hospital buildings in Kabul city in order
to quickly and reliable assess the vulnerability
of the structural components of these crucial
buildings was chosen as a logical approach in
this research.

The FEMA P-154 method is quite robust in
assessing structural vulnerability. But in the
screening of non-structural components, it
only recognizes whether the hazards of non-
structural components exist or not and
emphasizes the hazards of non-structural
components falling. If there is a hazard of non-
structural components falling; it recommends
detailed assessment and no assessment is
necessary if there is no hazard of external falls.
So; it performs very poorly in the evaluation of
non-structural components and scoring.

3. Research significance

One of the most dangerous events in human
life is natural disasters that require emergency
solutions due to their sudden occurrence [43].
Earthquakes can be the most destructive
natural disasters that cause severe economic,
social, and environmental problems. Damage
to the buildings due to earthquakes is the main
cause of deaths during earthquakes, and
consequently severe financial losses. The
behavior of various types of buildings during
an earthquake and their vulnerability generally
depend on vertical load-bearing elements,
which is confirmed by published articles [44].
Buildings analysis under earthquake action
requires better engineering strategies and tools
in order to the economic design of buildings
because earthquakes have a random and
unpredictable nature [45]. Human casualties
and economic losses caused by natural
disasters have increased dramatically in the
last few decades all over the world [46].
Earthquake is a severe threat to the people and
institutions of Afghanistan. Afghanistan is a
country that is seismically located in a region
where the possibility of earthquakes with
human and financial losses is inevitable.
Earthquakes have killed more than 7,000
Afghanistanian in recent years; The Nahrin
earthquake killed at least 4,000 people in May
1998; the history of devastating earthquakes
goes back more than four thousand years in
Afghanistan. We expect future large
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earthquakes, driven by ongoing geological
processes in the region near to population
centers and lifelines, resulting in a greater risk
of loss and damage. The consideration of
seismic hazards is essential for the siting
location, construction, and reconstruction of
communities and facility installation in
Afghanistan. Among Afghanistan's major
cities, the capital Kabul is by far the most
seismically hazardous ciry due to its proximity
to active Chaman fault [47]. On June, 2022, a
6.1 magnitude earthquake hit the southeastern
region of Afghanistan, centered in Paktika
province, which also affected Khost province.
This earthquake killed at least 1,000 people,
injured over 3,600 people and caused damages
to 70% of the houses in the earthquake zone
[48, 49]. The role of public facilities such as
health care clinics and hospitals is very
important and vital in disaster management
after a crisis. In order to have a real
preparedness, strategies of response-action and
effective management of earthquake hazards,
it 1S necessary to assess their seismic
vulnerability. In areas with high seismic risk,
increased losses for weak buildings have been
reported [20].

Most hospitals in Kabul City are old. The
buildings that have been built in the last two
decades could be found defecs due to failure to
meet acceptance criteria, faults, and possible
inaccuracies that occur during the construction
period of hospital structures. Eventually, these
defects can lead to a weaker structure
compared to what was initially designed; and
cannot provide the level performance of
immediate occupancy, and due to the fact that
several faults threaten Kabul City from an
earthquake increases this concern. In this
regard, rapid seismic vulnerability assessment
of hospital buildings in Kabul City makes it
possible to predict the initial information on
the extent and severity of potential
vulnerabilities without spending money and
time for a detailed assessment. Thus, hospital

buildings that do not require detailed
vulnerability assessment are identified and
removed from detailed evaluation priority. On
the other hand, structures identified as prone to
vulnerability in rapid seismic assessment
should be carefully examined, and the capacity
of these structures in different magnitudes of
earthquakes should be evaluated. This study
will lead to the presentation of a rehabilitation
or reconstruction plan.

Another aspect of this research importance is
crisis management during earthquakes, which
can be considered as the first step in promoting
this vital issue in Kabul City. Assessing the
seismic vulnerability of the hospital building
will be the first and most crucial step of crisis
management measures of a medical complex.
Hospital preparedness for natural disasters
stems from several complex factors that
organize the natural disaster response program;
managing such a program should be one of the
essential priorities of the hospital board.
Hospitals that have planned in the face of
natural disasters such as earthquakes and
implement it continuously will suffer less
damage.

4. Method

Figure 1 describes the general flowchart of this
investigation. The first section of this research
involves on communication with the sides
involved, determining the probable problem,
and personnel training that are required for the
RVS implementation, the required documents
and preliminary calculations. In the second
section of this research, the screeners go to the
building to conduct interviews and surveys by
completing the pre-prepared data collection
form. In the last section, by using the data
collected in the level 1 and level 2 FEMA P-
154 data collection form, the researchers
estimate the probable vulnerability of
buildings through the calculation of their Final
Scores.
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Identify the purpose of Selection of program
the RVS program and »| manager and supervising
how to use the result. engineer.

Detect application range p Do field planning

Select a data collection R .
form > Train the screener.

review building
»  construction plans if
available

Analysis and review of
building data pre-field

y

Perform field screening of .| Check the quality of the
building. screening data..

result to provide a lead on
what causes the structures
to generate such

Fig. 1.The Flowchart of Research Method.

This  research  assesses the  seismic
vulnerability of hospital buildings in Kabul
City using FEMA P-154, 2015 data collection
form of high seismicity. Owing to the high
importance of hospital buildings, two levels of
level 1 and optional level 2 data collection
forms for high seismicity were used. This
method is easy and relatively cheap to walk
around the building and, if possible, inside the
building without doing any calculations. It just
requires a visual survey to assess the potential
seismic hazard threatens the building. The
Level 1 data collection form encompasses a
place at the top of the page for the screener's
name and the building address. There is a
space for documenting building characteristics
such as its type, age, size, the number of
stories, images of the building, and general
plan placed in the middle of the forms' page.
Finally, the assessing result and required next
action are recorded at the bottom of the page.

The Final Score as a function of the RVS
score, represents the expectable level of
damage and is defines the degree of
vulnerability related to the type of the damage
the building suffers [26].

5. Results and discussion

Rapid visual screening of hospital buildings in
Kabul City was performed according to Level
1 and Level 2 data collection forms for regions

of high seismicity; FEMA P-154, 2015 and the
Final Score of these buildings were
determined.

Among the 26 hospitals in Kabul City with 79
buildings, 18 buildings were unreinforced
masonry bearing —wall buildings (URM), one
was made of steel moment-resisting frame
(S1), and the other 60 were made of concrete
moment-resisting frame (C1) as the primary
lateral reinforcement. Figure 2 shows the
percentage distribution of these hospital
buildings.

80 75.95
70

w 60

e

§ 50

'S 40

Q

S 30 22.78
20
10 1.27
0 —_—

c1 URM s1

Hospital Buildings

Fig. 2. Types of hospital buildings in Kabul City
from the materials perspective.

Figure 3 shows some picture as examples of
hospital buildings.
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A- Jamhoriat Hospital, 10 stories,
reinforced concrete building

B- Aliabad Hospital, 6 stories
reinforced concrete building

D- Rabieh Balkhi Hospital, 2 stories,
Unreinforced masonry bearing —wall building

C- Wazir Akbar Khan Hospital, 4 stories
reinforced concrete building

Fig. 3. Pictures of some hospital buildings in
Kabul City.

Figure 4 shows the number of irregularities in
79 hospital buildings in Kabul City.

Here it shows that 28 hospital buildings have
irregularities in the plan. Vertical irregularities
are divided into two categories: severe and
moderate; six buildings had severe vertical
irregularities, while four buildings had

moderate  irregularities, and the most
significant number of buildings (i.e.,
41buildings) were without any irregularities.

60

51.9
50
40 35.44
20
76
10 5.06
0 N

Non irregularity ~ Plan irregularity ~ Several Vertical Moderate Vertical
irregularity irregularity

Percentage
w
o

Irregularity

Fig. 4. Irregularities in hospital buildings in Kabul
City

Figure 5 shows the locations of the evaluated

hospital buildings in Kabul City.

KABUL HOSPITALS

|

iz gs8ggsaanzs

Fig. 5. Location of hospital buildings in Kabul City.

The Final Scores of hospital buildings
evaluated according to level 1 of the FEMA P-
154 (2015) method are shown in Figure 6.

As can be seen, the RVS scores of all hospital
buildings in Kabul City are less than 2.
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hospital buildings evaluated at level 1 are

The RVS Final Scores for each hospital

greater than or equal to those evaluated at level
2, which indicates more conservatism of level
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had a Final Score of 0.6, 18 buildings had a

The Final Scores of hospital buildings based

on the level 1 were classified

categories.

Final Score of 0.9, 9 buildings had a Final
Score of 1.0, and 38 buildings had a Final

Score of 1.5, as shown in Figure 9.

into Six

Two buildings had a Final Score of 0.3, one

building had a Final Score of 0.4, 11 buildings
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Fig. 9. Percentage of Final Scores according to
FEMA P-154, 2015 Level 1 in 6 categories.

The Final Scores of hospital buildings based
on the level 2 were classified into seven
categories. Among 79 hospital buildings, one
building scored 0.2, 12 buildings scored 0.3, 7
buildings scored 0.5, 22 buildings scored 0.8,
8 buildings scored 1.0, 1 building scored 1.4,
and 28 buildings had a score of 1.5, as shown
in Figure 10.
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Fig.10. Percentage of Final Scores according to
FEMA P-154, 2015 Level 2 in 7 categories.

According to the Final Score of each category
that is shown in Figure 9, it is possible to
estimate the probability of collapse for each
category based on their Final Score from level
1. These probability of collapse is shown in
Figure (11).

According to the Final Score of each category
that is shown in figure (10), the probability of
collapse of each category can be estimated
according to their Final Score from level 2,
which is shown in figure (12).
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Fig.11. The probability of collapse of hospital
buildings according to the Final Score at level 1.
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Fig.12. The probability of collapse of hospital
buildings according to the Final Score at level 2.

6. Conclusions

Hospital buildings must be able to achieve
immediate occupancy after the occurrence of
natural disasters such as earthquakes.
Therefore, estimating the level of vulnerability
of existing hospital structures in the city due to
the probability of earthquakes in the future is
one of the most essential engineering
measures. In this research, a comprehensive
study was conducted to investigate and rapidly
assess the level of seismic vulnerability of
existing hospital buildings in Kabul City.
Therefore, necessary information and features
were collected in two levels according to
FEMA P-154 criteria.

After collecting information and checking the
structural characteristics of hospitals, FEMA
P-154 data collection forms were completed at
two levels, and then the Final Score was
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calculated. None of the hospital buildings
received a Cut-Off Score (2).

The results of this research indicate that the
assessed existing hospital buildings have
probable seismic vulnerability during an
earthquake, with varying degrees of
probability ranging from low to high
vulnerability. The probability of collapse for
reinforced concrete hospital buildings in level
1 ranged from 3.16% to 47.6%, and in level 2,
it ranged from 3.16% to 59.2%. The
probability of collapse for unreinforced
masonry hospital buildings in level 1 ranged
from 3.16% to 59.2%, and in level 2, it ranged
from 10% to 64%. Only the steel bending
frame hospital building had a collapse
probability of 3.16% in level 1 and 4.53% in
level 2. The average Final Score in level 1 was
1.497, and in level 2, it was 1.272, indicating
that the level 2 of FEMA P-154 is more
conservative.

Based on the research findings, hospital
buildings are prioritized according to the
probability of collapse. That buildings with the
highest probability of collapse must undergo
detailed vulnerability assessment, and their
retrofitting and rehabilitation requirements
should be provided. Coordination between
hospital authorities and relevant entities should
be established for the implementation of
earthquake preparedness measures. Financial
resources should be provided for the
retrofitting and rehabilitation of structures, as
well as for the execution of preparedness
programs. Buildings should also be evaluated
from the point of view of non-structural and
functional components. Hospitals that have not
been assessed for seismic vulnerability
assessment (such as defense, security, and
private entities), especially private hospitals
that often not originally designed for medical
purposes, require seismic  vulnerability
evaluation. By carrying out these practical
measures, hospitals will ensure the
improvement of their preparedness in facing

earthquakes and will provide better services in
times of crisis.

Otherwise, if a destructive earthquake (such as
the historic Paghman earthquake, which has a
significant probability of occurring) were to
strike and the hospitals are not able to provide
immediate occupancy service, a human
tragedy will ensue.
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