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Abstract
Earthquakes have caused huge infrastructural damages along with loss of lives in the recent past. Continuous subduc-
tion of the Indian plate beneath the Eurasian plate has made Pakistan a seismically active region in the world. Malakand, 
located in the Khyber Pakhtunkhwa Province of Pakistan, is declared at high earthquake risk by the National Disaster 
Management Authority of Pakistan, warranting a seismic vulnerability assessment study for its existing building stock. 
Vulnerability assessment of a representative sample of different building use-types was carried out using the rapid 
visual screening (RVS) procedure of FEMA P-154. The sample size was calculated based on Yamane formula. RVS sheets 
are used to calculate structural scores, and likely seismogenic damage is depicted as a function of damage grades of 
European Macro Seismic Scale. Of the building stock inspected, it was observed that almost half of the buildings fall 
in damage grade 4 and 5, implying a strong probability of heavy structural and non-structural damages in the case of 
future earthquake occurrence. Government school buildings were found to be less vulnerable than private counterparts. 
Most of the commercial buildings were not constructed according to building code, making them highly susceptible to 
damage. Based on the results of vulnerability assessment of building structures, the article recommends implementa-
tion of building codes which can lead to a decrease in infrastructural damages and economic losses in the wake of a 
future seismic event.
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UCSM  Unconfined stone masonry
US  United States

1 Introduction

Damages from earthquakes and floods are on the rise [1], 
resulting in a number of fatalities and loss of assets asso-
ciated with them [2]. It is not possible to prevent natural 
hazards from occurring; however, adverse impacts asso-
ciated with them can be minimized to a considerable 
level by employing preventive strategies. Earthquakes 
can have a severe impact on the built environment, and 
damages largely depend upon building types, materials, 
construction practices, and institutional policies [3]. Thus, 
the number of casualties, injuries, and loss of assets in an 
earthquake can be greatly affected by the vulnerability of 
the existing building stock. Different types of buildings like 
residential, commercial, schools, etc., can have varied infra-
structural damages and fatalities. Therefore, exploring the 
seismic vulnerability of buildings can help in understand-
ing the multifaceted concept of vulnerability and, in the 
larger picture, disaster risk.

Vulnerability is defined as the inability to resist a haz-
ard, and seismic vulnerability is the probability of likely 
damages of buildings, services, infrastructures, etc., due to 
earthquakes. Seismic risk assessment is composed of three 
major components: hazard, vulnerability, and exposure 
[4]. Seismic hazard can be measured by deterministic or 
probabilistic seismic hazard analysis method [5]; however, 
it cannot be controlled. On the other hand, vulnerability 
and exposure of a community can be controlled and mini-
mized to a considerable level to reduce overall seismic risk. 
Seismic vulnerability of a structure is the measure of its 
seismic capacity and hence is found to be one of the major 
parts of seismic risk assessment [6, 7]. Assessing the vul-
nerability of a structure gives an indication that whether a 
detailed evaluation and retrofitting are required.

Numerous procedures and methods are available in the 
literature for seismic vulnerability assessment of existing 
building stock [8, 9]. These range from the most complex 
procedures based on finite element analysis of buildings 
to simpler ones like RVS procedure based on a sidewalk 
survey from the street or inside a building. Researchers 
had used the detailed nonlinear procedure for vulner-
ability assessment in the past [10, 11], however it is time-
consuming and therefore can be employed on a limited 
number of buildings. RVS is relatively inexpensive, and a 
large number of buildings can be surveyed in a limited 
period of time. Researchers have developed and used the 
RVS procedure worldwide for vulnerability assessment 
of buildings [12–21]. In the absence of accurate data like 
material properties, less expertise in nonlinear modeling 

of buildings, low manpower, etc., RVS is an effective way 
to identify seismically vulnerable buildings.

Continuous subduction of the Indian plate beneath the 
Eurasian plate has made Pakistan one of the most seismi-
cally active regions in the world [22]. Pakistan Meteorologi-
cal Department (PMD) reports that in the past 50 years, 58 
earthquakes of considerable magnitude struck Pakistan 
and caused serious damages to assets and lives [23]. 
However, six dangerous earthquakes to have struck in the 
region (Pakistan) are Kangra earthquake in 1905, Quetta 
earthquake in 1935, Makran earthquake in 1945, Kash-
mir earthquake in 2005, Southern Pakistan earthquake in 
2011, and Awaran earthquake in 2013 [23–27]. On average, 
Pakistan may experience a damaging earthquake every 
10 years, which can result in huge socioeconomic losses, 
and cause devastation to cultural heritage sites [28]. The 
2005 Kashmir earthquake resulted in 73,000 casualties, left 
80,000 injured and 2.8 million people without shelter [29]. 
Total losses due to the Kashmir earthquake were estimated 
at around US$ 5198 million [29]. Huge losses due to earth-
quakes can be attributed to lack of awareness, prepared-
ness, and enforcement of building codes [30, 31]. These 
earthquakes-induced losses are also due to the lack of 
effective policies and their implementation. Due to huge 
losses of lives and infrastructure in the past, there is a dire 
need for seismic risk assessment of buildings in seismic-
prone districts of Pakistan.

Generally, buildings in Pakistan are non-engineered 
or semi-engineered and are constructed without fol-
lowing earthquake-resistant design. About 90% of the 
existing building stock in the country is non-engineered 
masonry [32]. As compared to engineered buildings, lim-
ited research work is performed on non-engineered build-
ings [33]. Non-engineered buildings behave satisfactorily 
against gravity loads but are less resistant against lateral 
loads. Therefore, it is imperative to assess the vulnerabil-
ity of these buildings in a high-earthquake-risk area, to 
estimate the probable extent of damages and to suggest 
appropriate disaster risk reduction measures.

Malakand was chosen as a case study area as it is 
declared a high-earthquake-risk region by the National 
Disaster Management Authority (NDMA) of Pakistan 
[34]. The aim of this study is to carry out a vulnerability 
assessment of different building use-types in an earth-
quake-prone district Malakand located in the Khyber 
Pakhtunkhwa (KPK) province of Pakistan. This study is an 
important step to provide useful information to concerned 
authorities, researchers, and other institutions, and can be 
used as a baseline to design effective risk reduction poli-
cies to decrease losses associated with earthquakes in the 
future.

Malakand is a district of KPK province, Pakistan. It 
has a latitude of 34°30′10.95″ N and has a longitude of 
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71°54′16.43″ E. It is of great strategic importance as it acts 
as a gateway to Dir, Bajaur, Swat, and Buner, and is mostly 
surrounded by mountains. Area of district Malakand is 
952 Km2, with an estimated total population of 720,295 
[35]. It is divided into two subdivisions named Sam Rani-
zai and Swat Ranizai. The population of Sam Ranizai and 
Swat Ranizai is 304,112 and 416,183, respectively [35]. The 
northern part of Malakand is hilly, and urban growth is 
spurting from foothills to plain areas. The population is 
concentrated in core/interior of urban settlement with 
relatively higher population density than surroundings, 
with linear urban expansion along main roads in the out-
skirts. Building code of Pakistan Seismic Provision 2007 
(BCP SP-07) has placed Sam Ranizai in Seismic Zone 2B 
and Swat Ranizai in Seismic Zone 3 [36]. Sam Ranizai and 
Swat Ranizai are at moderate- and high-earthquake haz-
ards, respectively. Peak ground accelerations of seismic 

zones of Pakistan are shown in Table 1. A map of Pakistan 
representing the case study area is shown in Fig. 1.

2  Methodology

2.1  Rapid visual screening

RVS method is based on a sidewalk survey from the street 
or inside a building in which a trained screener identifies 
the load resisting system and captures some of the attrib-
utes which affect the seismic performance of a structure 
negatively or positively. These attributes include plan 
asymmetry, vertical irregularity, cracks, wall openings, 
building height, construction quality, etc. Nonlinear finite 
element analysis is the most accurate procedure to com-
pute seismic vulnerability of buildings of an area; however, 
it is not possible to analyze every building structurally to 
predict its seismic performance as it is technically complex, 
requires expertise in nonlinear modeling, computation-
ally expensive, and time-consuming. To deal with a large 
stock of building, RVS procedure, which does not require 
any structural calculations, provides a fast and effective 
alternative to assess the seismic vulnerability.

RVS has many applications in the fields of Disaster Man-
agement, Civil Engineering, and Urban Planning. Appli-
cation of RVS in Disaster Management is that it gives an 
assessment of the vulnerability of the total building stock 
of an area and indicates whether a massive risk reduction 

Table 1  Seismic zones of Pakistan [36]

Seismic zones Peak horizontal 
ground accelera-
tion (g)

1 0.05–0.08
2A 0.08–0.16
2B 0.16–0.24
3 0.24–0.32
4 > 0.32

Fig. 1  Map of Pakistan repre-
senting Malakand [34]
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drive is needed or not. In the field of Civil Engineering, 
RVS studies help Structural Engineers to identify vulner-
able buildings for further detailed evaluation. RVS studies 
help Urban Planners to design effective policies to ensure 
risk reduction in the future.

There are different RVS methodologies available in the 
literature developed by different countries for their local 
conditions; however, they can be adapted to any area after 
certain modifications according to local conditions. Some 
of the seismic vulnerability assessment methodologies 
developed by different countries are discussed in detail 
by Alam et al. [37]. However, in this study, the method 
developed by the United States (US) named FEMA P-154 
was adopted without any improvements and changes for 
local conditions, as it accounts for all building types to be 
evaluated in the case study area. RVS methods, including 
FEMA, are used by researchers in India as well for vulner-
ability assessment [38, 39].

FEMA P-154 provides a relatively quick and inexpen-
sive method for identifying a list of seismically hazardous 
buildings without performing detailed evaluation of indi-
vidual building. Firstly, a base score is assigned to a build-
ing based on its lateral load resisting system which reflects 
the estimated likelihood that the building will collapse if 
subjected to MCE ground motion‒‒an earthquake hav-
ing a 2% probability of exceedance in 50 years. The base 
score is then modified negatively or positively by some 
critical parameters to get final Structural Score (SS). SS of 
1 reflects that a building probability to collapse against 
MCE earthquake is 1 in 10, a SS of 2 means probability of 
collapse is 1 in 100, and similarly a SS of 3 reflects probabil-
ity of 1 in 1000. Based on SS, researchers have correlated 
it with damage grades of EMS to classify buildings based 
on vulnerability. The interpretation of damage grade (DG) 
for the SS depends on 5 damage grades systems for both 
masonry and reinforced concrete buildings as shown in 
Table 2. Different relationships have been used by different 
researchers to correlate SS values with DG [39, 40]. Some 
researchers related SS greater than 3 to DG 1 while some 
have taken SS greater than 2.5 to fall in DG 1. In the current 
study, the relationship developed by Nanda and Majhi [40] 
for India is being adopted due to similar construction prac-
tices being observed in Pakistan. Different damage grades 
with their corresponding damage level and description 

for both masonry and reinforced concrete structures are 
explained in European Macro Seismic Scale [41]. Score 
greater than 2.5 and lying between 2.0 and 2.5 gives the 
probability of DG 1 and DG 2, respectively, which is low to 
moderate damage. For these two damage grades, minor 
repairing is required, while detailed evaluation is not nec-
essary. SS less than 2 is associated with damage grades 
3 to 5 which reflects heavy structural damage. Generally, 
the SS less than 0.7 indicates high vulnerability, which 
means detailed evaluation and retrofitting of the build-
ing is required.

To compute SS for each building, appropriate RVS 
sheet is selected based on the seismicity of that area. To 
do that, values of short-period spectral acceleration  (Ss) 
and long-period spectral acceleration  (S1) are computed 
for MCE level earthquakes. Values of  Ss and  S1 for Sam Rani-
zai and Swat Ranizai of Malakand are selected from the 
Seismic Hazard Analysis and Zonation for Pakistan, Azad 
Jammu, and Kashmir carried out by PMD [23]. Values for 
an MCE level earthquake are not present and are therefore 
obtained from the DBE values by multiplying them by a 
factor of 1.5, which is usually used. Based on the values of 
 Ss and  S1, Sam Ranizai and Swat Ranizai lie in moderately 
high and high seismicity regions, respectively, according 
to FEMA P-154 [42]. Latitude and longitude of each build-
ing are recorded on RVS sheet, and based on shear wave 
velocity data, soil type is picked from Table 3. Shear wave 
velocity data are taken from the United States Geological 
Survey database [43].

The RVS method is a simple and relatively quick proce-
dure to pinpoint highly vulnerable buildings. However, its 
results are not correct at individual level but are significant 
at the scale of set of buildings. This method can be applied 

Table 2  Structural scores with 
corresponding damage grades 
[40]

RVS score Damage potential

SS ≤ 0.3 High probability of Grade 5 damage; very high probability of Grade 4 damage
0.3 < SS ≤ 0.7 High probability of Grade 4 damage; very high probability of Grade 3 damage
0.7 < SS ≤ 2.0 High probability of Grade 3 damage; very high probability of Grade 2 damage
2.0 < SS ≤ 2.5 High probability of Grade 2 damage; very high probability of Grade 1 damage
SS > 2.5 Probability of Grade 1 damage

Table 3  Soil types [42]

Soil type Name Shear wave velocity Vs30 (Ft/s)

Hard rock Type A > 5000
Soft rock Type B 2500 < Vs30 ≤ 5000
Dense soil Type C 1200 < Vs30 ≤ 2500
Stiff soil Type D 600 < Vs30 ≤ 1200
Soft soil Type E ≤ 600
Poor soil Type F Requires specific evaluation
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to a set of buildings in order to highlight highly vulnerable 
buildings requiring detailed evaluation and retrofitting.

2.2  Indicators of RVS method affecting the seismic 
behavior of buildings

Apart from the expected intensity of seismic hazard, seis-
mic performance of buildings depends upon the lateral 
load resisting system, material type, plan symmetry, verti-
cal regularity, soil condition, construction quality, cracks, 
wall openings, etc. Non-structural elements vulnerability 
can be observed during the RVS; however, it cannot be 
quantified in the calculation of the final structural score 
as it depends on a myriad number of factors. However, 
factors considered in RVS procedure of FEMA P-154 are 
explained briefly below.

2.2.1  Building type

Seismic performance of a building primarily depends on 
its lateral load resisting type [44]. Buildings constructed 
from non-engineered and semi-engineered materials 
without any engineering input are highly vulnerable; 
however, buildings constructed from engineered mate-
rials also become vulnerable if met with the severe plan 
and vertical irregularities. Based on construction types 
and building materials, seventeen types of buildings are 
selected in FEMA P-154 [42]. Construction types include 
both properly designed constructions according to codes 
and regulations and non-engineered construction with-
out following specifications. Unconfined masonry struc-
tures are assigned low basic scores because of their high 
vulnerability.

2.2.2  Building height

The height of a building can influence its seismic per-
formance. Generally speaking, low-hight buildings are 
considered seismically less vulnerable [45]. Two types of 
height ranges are considered in this latest RVS procedure 
of FEMA: 1–3 stories and more than 3 stories; however, the 
modification score for building height is applicable only 
if a building is located on the soil type E. Building height 
does not greatly influence seismic performance, and there-
fore its score modifier is applicable only to soft soil (type E).

2.2.3  Plan irregularity

Buildings having a symmetrical plan are considered 
to exhibit good seismic performance in earthquakes. 
Buildings having plan irregularity like L, U and + shape 
sustained significant damages in past earthquakes. 
Irregularity in the plan adversely affects the seismic 

performance of a building [46]. Due to an adverse effect 
of plan irregularity on the seismic behavior of a building, 
its corresponding score modifier for all types of buildings 
is negative. Plan irregularity has a less adverse effect on 
seismic performance as compared to vertical irregular-
ity and therefore has a less score modifier than vertical 
irregularity for all types of buildings.

2.2.4  Vertical irregularity

A building is termed as vertically irregular if there is any 
physical discontinuity in vertical configuration or lateral 
load resisting system. In commercial buildings, people 
use the ground floor for car parking with no masonry 
infill walls, thus producing a soft story effect. Same is 
the case in residential buildings, where people use the 
ground story for commercial purposes like shops. Verti-
cal irregularity in 2- and 3-story buildings can exist due 
to vertical setbacks, short column effect, and soft story 
effect on the ground floor. Due to adverse effects of ver-
tical irregularity on seismic performance of buildings 
[47, 48], its corresponding score modifier for all types of 
buildings is negative. This modifier due to its significant 
adverse effect has assigned the highest negative score 
modifier in the calculation of the final structural score.

2.2.5  Building construction quality

Buildings having poor construction quality and work-
manship exhibit poor seismic performance [3]. Although 
judgment cannot be made about a building’s construc-
tion quality, a trained observer can make an inference 
about the original quality of construction by looking at 
the present condition of the building like cracks, dam-
age, spalling of concrete, ground settlement, damp-
ness, etc. This factor was included in FEMA 154 [49] but 
is removed in FEMA P-154 [42].

2.2.6  Soil condition

Underlying soil conditions in a particular area can 
amplify or dissipate the energy of seismic waves and 
can greatly influence the amplitude and duration of 
the shaking, affecting the seismic performance of struc-
tures significantly [50]. Depending on soil type, its cor-
responding score modifier may be negative or positive. 
Soil types A and B do not amplify seismic wave’s energy 
significantly and have therefore assigned a positive score 
modifier in the calculation of the final structural score.
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2.2.7  Post‑benchmark

The year in which building code adoption in an area is 
made mandatory by authorities is termed as the bench-
mark year. This modifier is applicable to buildings con-
structed after the benchmark year. However, in the case 
study area, the building code adoption is still not made 
mandatory by concerned authorities, so this modifier is 
applicable only if the owners have adopted the building 
code. Code compliant structure exhibits good perfor-
mance in earthquakes [51] and therefore has positive score 
modifiers. Buildings designed according to building codes 
are less vulnerable; therefore, the post-benchmark modi-
fier is assigned a high positive score modifier.

2.2.8  Pre‑code

In developing countries, there are still buildings which 
were constructed prior to the initial adoption and enforce-
ment of seismic codes. Buildings constructed prior to seis-
mic codes are expected to exhibit poor performance in 
earthquakes and therefore are highly vulnerable [52]. If 
a building is constructed prior to the initial adoption of 
building code for that particular FEMA building type, this 
modifier is applicable. This score modifier for all types 
of buildings is negative. A negative significant score is 
assigned to this modifier in the calculation of the final 
structural score.

3  Data collection and analysis

Conducting the RVS program successfully requires every 
aspect like data collection form selection, soil type identi-
fication, etc., to be reviewed during the pre-field planning 
stage. The first step was to define the goals and objectives. 
Selection of the data collection form for respective regions 
based on seismicity is discussed earlier. The next step was 
to select team members for screening and to train them. 
For this purpose, three postgraduate students of Structural 
Engineering were selected and trained by experts about 
how to carry out a field survey. Pre-field data selected by 
the team were reviewed and verified by experts. Soil type 
was identified at the start of the survey as it’s not possible 
to identify it visually in the field and was documented on 
the respective RVS data collection forms. Data collection 
was performed by the first author himself along with the 
team members. As it is not possible to perform RVS of the 
entire building stock of an area as it is time-consuming, 
cumbersome, and costly, a total of 400 residential, 40 
schools, and 40 CB were surveyed. Map showing spatial 
distribution of schools in both subdivisions is shown 
in Fig. 2. The sample size was calculated based on total 

households (91,414) [35] using Yamane formula [53]. The 
sample size was further distributed between Sam Rani-
zai and Swat Ranizai proportionally based on household 
numbers in each subdivision. A final sample size of 170 for 
Sam Ranizai and 230 for Swat Ranizai for residential build-
ings was selected. Survey work was carried out for a period 
of 6 months from September 2018 to February 2019 in 
sub-districts of Malakand covering all smallest units of 
administration (Union Council). Buildings were reviewed 
from the street-based sidewalk survey (from all four sides 
when possible) and internally as well. Each survey lasted 
for an average of 45–60 min. Quality of data collection was 
checked at the end of every day, and difficulties encoun-
tered during the survey were discussed and handled on. 
Few of the inspected buildings were damaged in recent 
earthquakes. The observed seismic behavior of these 
buildings is discussed in detail subsequently. In the end, 
the digital database was compiled for performing analysis 
and to keep the record. Grounded along with the final SS 
values, outcomes were generated.

3.1  Description of observed case study buildings

Due to poor economic conditions of the residents, houses 
made of mud bricks, mud and straw are still in use. Adobe 
buildings have low earthquake resistance and have suf-
fered severe damages in the past from earthquakes [52]. 
Adobe buildings are still present in Malakand, but are less 
in number as compared to other types of buildings which 
is a good sign as people nowadays prefer houses made 
of burnt bricks and engineering materials as compared 
to other locally available materials like block and stones 
believing that buildings made of bricks and cement per-
forms well in earthquakes.

Masonry structures are not only common in Pakistan, 
but all over the world. Both confined brick masonry (CM), 
as shown in Fig. S1, and unconfined brick masonry (UCM) 
buildings are abundant in numbers than other types of 
buildings. Building heights generally varied from one to 
three stories. Most of the masonry buildings have rein-
forced concrete slab as floor and roof material; however, 
slabs are not properly tied to the walls in the case of UCM 
buildings. One common and important observation 
among all masonry buildings was English bond, which 
is heartening to see as this bond is stronger than other 
bonds. Brick masonry walls have been found to be 9 inches 
thick usually. Properties of materials like the initial absorp-
tion rate of bricks and compressive strength of mortar are 
poor and are different from those in other parts of the 
world [54]. Brick masonry buildings constructed with mud 
or poor cement mortar are highly vulnerable [55].

Block structures are also in use in Malakand. Both con-
fined block masonry (CBM) and unconfined block masonry 
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Fig. 2  Spatial distribution of schools a Sam Ranizai b Swat Ranizai
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(UCBM) buildings are available in Malakand. Seismic per-
formance of UCBM is poor, and due to lack of a proper 
lateral load resisting system, the entire structure becomes 
highly susceptible to collapse as observed in the Kashmir 
earthquake [3]. Bond in block walls is stretcher bond, and 
thickness of walls is generally 6 inches.

Stone masonry buildings are abundantly constructed in 
KPK and Punjab [56]. Confined stone masonry (CSM) and 
unconfined stone masonry (UCSM) buildings, as shown in 
Figs. S2 and S3, are constructed in the past as well as in 
the present in Malakand. These buildings are constructed 
with mud, lime, or cement as a mortar or without mortar. 
As it is not properly designed to resist earthquakes, it has 
performed poorly in past earthquakes and some even col-
lapsed. Buildings made of rubble stones are highly vulner-
able ,and it is estimated that 40 percent of building stock 
may collapse in the Himalayan region if subjected to an 
earthquake of magnitude 7 or higher [57].

No structure made of wood or steel was surveyed in 
the case study area as these buildings are not common. 
People believe that wood is not durable, and steel is 

not economical to construct houses. However, people 
use wood as roof material as it is cheaper compared to 
other roofing material like the reinforced cement con-
crete, angle iron with burnt bricks, etc. CM, UCM, CBM, 
UCBM, CSM, and UCSM buildings are common types of 
buildings in the case study area. Other types of build-
ings like reinforced concrete moment-resisting frame 
and concrete frame buildings with unreinforced masonry 
infill walls were also surveyed as shown in Fig. S4. All 
residential buildings surveyed were not constructed 
according to BCP SP-07 [36]. Different types of build-
ings surveyed in both Sam Ranizai and Swat Ranizai are 
shown in Table 4.

The life span of residential buildings is short due to 
the poor construction quality and maintenance level. 
Most of the case study buildings are aging less than 
20 years. Most of the residential buildings in Sam Rani-
zai and Swat Ranizai are single or double story. As com-
pared to Sam Ranizai, buildings greater than one story 
are dominant in Swat Ranizai. A diagram depicting the 
height and percentage of different type buildings in 
both Sam Ranizai and Swat Ranizai is shown in Fig. 3.

Table 4  Number of different 
types of buildings surveyed in 
Sam Ranizai and Swat Ranizai

Types of buildings Sam Ranizai Swat Ranizai

Residential (%) School (%) Com-
mercial 
(%)

Residential (%) School (%) Com-
mercial 
(%)

UM 17.65 20 10 20.43 20 15
CM 30 25 25 23.48 30 20
UCBM 11.18 5 0 9.13 0 5
CBM 14.71 10 10 14.35 5 10
UCSM 6.47 0 0 8.26 15 0
CSM 5.29 0 0 4.78 0 0
Others 14.70 40 55 19.57 30 50

Fig. 3  Height of different 
building types in Sam Ranizai 
and Swat Ranizai
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3.2  Observed seismic behavior of buildings 
in past earthquakes

Most of the buildings in district Malakand have suffered 
from minor to severe damages in past earthquakes. During 
the survey, people discussed structural and non-structural 
damages experienced by their buildings in the 2005 Kash-
mir earthquake and in more recent earthquakes. Some 
of the common failures observed in damaged buildings 
include severe vertical cracks in the walls as shown in Fig. 
S5, horizontal cracks at the joint between roof and wall as 
shown in Fig. S6, severe vertical crack at the joint between 
two walls as shown in Fig. S7, cracks in flexible floors due 
to lack of rigid diaphragm action as shown in Fig. S8, and 
diagonal shear crack in masonry walls as shown in Fig. S9. 
Poor construction quality and workmanship, use of poor-
quality materials, improper detailing, severe irregularities, 
lack of vertical confining elements at the end of load-bear-
ing walls, and insufficient diaphragm stiffness were also 
observed, and these factors significantly affected the seis-
mic performance of buildings as observed in the past [3]. 
Diagonal shear cracks in masonry walls do not reduce their 
gravity load-carrying capacity unless the cracks are severe 
or there exists some out-of-plane movement. A horizontal 
crack at the joint between slab and wall in unreinforced 
masonry buildings shows slides of the roof as shown in 
Fig. S6. If horizontal cracks appear at the base of the walls, 
it shows the horizontal shear failure of walls. One impor-
tant failure observed in existing stone masonry buildings 
was vertical cracks at the joints between two walls as they 
were not properly tied, which may lead to the collapse of 
wall corners as observed in the past [58]. These types of 
failures in buildings were observed in 2005 Kashmir [3] 
and 2015 Hindu Kush earthquake [59]. Most of the dam-
aged structures in the case study area were found to be 
unreinforced masonry.

Performance of stone masonry buildings in previous 
earthquakes is found to be poor due to poor interlocking, 
improper size and shape of stones. Unreinforced stone 
masonry buildings were damaged due to lack of structural 
integrity caused by improper bonding of cross walls. Unre-
inforced masonry buildings exhibit brittle failure, sliding 
off the roof, and diagonal shear cracks in the walls [60], and 
these types of failures were observed in 2015 Hindu Kush 
earthquake as well [59]. Confined masonry structures, as 
opposed to unconfined masonry structures, are found to 
exhibit good seismic performance and high energy dis-
sipation capacity [60].

Few of the surveyed school buildings in both Sam 
Ranizai and Swat Ranizai are unconfined brick or stone 
masonry and are aged more than 20 years. Retrofitting of 
these buildings can contribute to risk reduction [61]. The 
seismic capacity of buildings built from locally available 

materials without any engineering input needs to be 
improved to reduce probable losses in future earthquakes 
[62]. Masonry structures are most dominant in Malakand 
and need to be retrofitted. The seismic capacity of differ-
ent masonry structures can be improved by economical 
ways of retrofitting [62, 63]. Remedial measures for differ-
ent types of irregularities in buildings need to be taken to 
minimize losses in the future [38].

4  Results and discussion

4.1  Structural damage assessment of buildings

Based on RVS sheets, SS is calculated for each type of 
building. In the case of a negative or less than minimum 
SS recommended by FEMA P-154, minimum SS formu-
lated on the RVS sheet is encircled. Results revealed that 
41% of residential buildings in Sam Ranizai and 40% of 
residential buildings in Swat Ranizai scored between 0.7 
and 2 and lie in DG 3 which is a moderate DG. Most of the 
buildings having age 20 or more are unconfined masonry 
(brick, block, or stone) and scored less than 0.7, which war-
rants a detailed evaluation and retrofitting. None of the 
residential buildings in Swat Ranizai lie in DG 1 which is 
disheartening to see as this subdivision is at high seismic 
hazard. Buildings in Sam Ranizai without any plan and ver-
tical irregularity and lying on a soil type A or B scored more 
than 2.5 due to positive score modifier of these soil types 
and lie in DG 1. Results revealed that 39% of buildings in 
Sam Ranizai and 43% in Swat Ranizai lie in DG 4 and DG 5, 
which are high damage grades, and these buildings can 
experience major structural damage in future earthquakes 
which may result in a large number of casualties. The total 
number of residential buildings in Sam Ranizai and Swat 
Ranizai with their corresponding damage grades is shown 
in Fig. 5.

School buildings are an important part of the built envi-
ronment which in daytime accommodates a large number 
of children; particular care needs to be given to schools as 
school kids compared to adults are highly vulnerable. Pri-
vate schools are more in number than government schools 
in district Malakand. Government schools are given par-
ticular care nowadays and are constructed in accordance 
with building regulations, and most of them are found to 
be less vulnerable as compared to private schools. Most 
of the private schools are semi-engineered and may sus-
tain heavy structural damage against future earthquakes. 
Few of government schools aged more than 20 years are 
non-engineered and are constructed of unconfined brick 
or stone masonry and are highly vulnerable. Most of the 
government schools constructed nowadays in Malakand 
are reinforced concrete moment-resisting frames and are 
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2 or 3 stories high. Most of the private schools surveyed 
are confined or unconfined masonry. A total of 40 schools 
were inspected: 20 from Sam Ranizai and 20 from Swat 
Ranizai, including 10 government schools and 10 private 
schools. Results disclosed that private schools in Mala-
kand are not constructed to resist earthquakes and most 
of them lie in high damage grades. Out of surveyed, 3 gov-
ernment schools and 5 private schools in Sam Ranizai and 
4 government schools and 6 private schools in Swat Rani-
zai lie in high DG 4 and DG 5 and need detailed evaluation 
and retrofitting. None of the surveyed private schools lies 
in DG 1 and DG 2 which is alarming. High vulnerability of 
buildings can be attributed due to lack of policy imple-
mentation and less awareness among the private sec-
tor. To reduce the vulnerability of building stock in the 
future, enforcement of building codes and earthquake-
resistant design of buildings should be the first priority of 
concerned authorities, especially in the case of schools. 
The number of schools with their corresponding damage 
grades is shown in Fig. 4.

Vulnerability assessment of school buildings is required 
in order to prioritize highly vulnerable schools and take 
necessary steps to reduce overall seismic risk, as a num-
ber of school buildings were damaged and collapsed in 
the 2005 Kashmir earthquake, resulting in huge losses of 
lives and assets. Schools need to be given special care and 
should be operational immediately after an earthquake as 
it plays a vital role in helping communities to cope with 
earthquakes [64]. Hospitals are also key buildings in the 
built environment and should be functional after a dis-
aster to provide facilities to the community. Future works 
focused on the seismic vulnerability of hospital buildings 
need to be carried out.

Most of the commercial buildings in Malakand are 
non-engineered. Plan irregularity, vertical setbacks, short 
column, soft story, split level irregularity, pounding, etc., 
are some common deficiencies observed in commercial 

buildings. The most common type of plan irregularity 
observed in commercial buildings is U shaped. Out of 20 
commercial buildings surveyed in Sam Ranizai and Swat 
Ranizai, 7 in Sam Ranizai and 9 in Swat Ranizai scored less 
than 0.7 and are highly vulnerable. Unconfined masonry, 
confined masonry, and reinforced concrete moment-
resisting frame buildings are the most common type of 
commercial buildings in the case study area. Few of the 
case study buildings are constructed using engineering 
expertise (as its owners will whether to adopt building 
codes or not) and all lie in DG 1. Results disclosed that 
most of the commercial buildings are seismically vulner-
able and lie in DG 4 and DG 5 as shown in Fig. 5, which 
may lead to huge socioeconomic losses in the future. High 
vulnerability of commercial buildings is due to less aware-
ness among people. It was observed during the survey 
that owners believe design their buildings to resist earth-
quakes will cost them more.

Diagram depicting damage grades with the corre-
sponding percentage of residential buildings, school 
buildings, and commercial buildings is shown in Fig. 5. 
Results disclosed that more than 50% of residential build-
ings, school buildings, and commercial buildings lie in 
DG 3–5 which is depressing to see as these buildings will 
sustain heavy structural and non-structural damages in 
future earthquakes. Comparative vulnerability assess-
ment of residential buildings, school buildings, and com-
mercial buildings show that buildings falling in DG 4 and 
DG 5 are more in Swat Ranizai as compared to Sam Ranizai, 
as this subdivision is at high earthquake hazard. Results 
revealed that almost half of different building use-types 
will sustain high damage in the future. High vulnerability 
of buildings is due to less awareness among community 
members about earthquake risk and how to cope with it, 
development and lack of policy implementation by con-
cerned authorities, and people fatalistic stance toward 
future earthquakes.

Fig. 4  Damage grades of 
school buildings in Sam Rani-
zai and Swat Ranizai
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Descriptive analysis of all types of buildings disclosed 
that two-third of UCSM buildings in both Sam Ranizai and 
Swat Ranizai lie in high DG 4 and 5 and these buildings 
will be the most damaged ones in future earthquakes, and 
it was the most damaged ones in recent earthquakes as 
discussed earlier. Half of the UCBM buildings lie in DG 4 
and 5. Different types of lateral load resisting systems for 
each type of building with the corresponding percent of 
buildings falling in DG 4 and 5 are shown in Table 5. Timely 
rehabilitation and retrofitting of highly vulnerable UCSM 
and UCBM buildings are required in order to minimize 
losses in the future.

4.2  Future economic losses

According to the results of the simplified RVS procedure, 
the buildings in DG5 will probably sustain heavy dam-
age in future earthquakes. In the present study, these 
buildings are taken as demanding reconstruction and 

the entire contents of these buildings are supposed to 
be lost in future earthquakes. Buildings falling in the 
DG 4 category are, however, taken as being capable of 
reestablishment. The reestablishment cost of buildings 
falling in DG 4 is considered 20% of their replacement 
cost [65].

Due to future earthquakes, losses likely to be prompted 
to the built environment are measured as the cost of 
reconstruction of buildings falling in DG 5 along with the 
cost of repair of buildings falling in DG 4. The total cost 
of expected losses is calculated according to market rates 
considering the total area of constructed buildings likely 
to be damaged. Value of the contents in the buildings is 
assessed as well, as a function of reconstruction cost and 
building use. The economic worth of the contents likely 
to be lost is taken to be 50%, 25%, 200%, and 100% of 
the cost of reconstruction of the structures for residential, 
school, commercial, and mixed (residential and commer-
cial) buildings, respectively [65].

Fig. 5  Buildings with corre-
sponding damage grades

Table 5  Different types of 
buildings with corresponding 
percent of buildings falling in 
category 4 and 5 damage

Subdivisions Type of building Residential (%) School (%) Commercial (%)

Total DG 4 DG 5 Total DG 4 DG 5 Total DG 4 DG 5

Sam Ranizai UM 17.65 3.53 2.35 20 0 0 10 5 0
CM 30.00 4.12 2.94 25 0 0 25 10 5
UCBM 11.18 3.52 2.35 5 5 0 0 0 0
CBM 14.71 2.94 2.35 10 5 0 10 0 0
UCSM 6.47 2.94 1.18 0 0 0 0 0 0
CSM 5.30 1.76 1.18 0 0 0 0 0 0
Others 14.71 4.12 3.53 40 15 15 55 5 10

Swat Ranizai UM 20.44 4.35 2.61 20 10 0 15 10 0
CM 23.48 3.91 2.17 30 5 0 20 0 10
UCBM 9.13 3.04 2.17 0 0 0 5 0 0
CBM 14.35 2.61 2.61 5 0 0 10 0 5
UCSM 8.26 3.48 2.17 15 10 5 0 0 0
CSM 4.79 1.74 0.87 0 0 0 0 0 0
Others 19.57 6.52 4.35 30 0 15 50 15 5



Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:1625 | https://doi.org/10.1007/s42452-019-1681-z

The total developed area of surveyed residential build-
ings falling in DG 4 and 5 is calculated to be 25,700 m2 and 
22,126 m2, respectively. At the market rate of the US$ 250 
per  m2, the total reconstruction cost of residential build-
ings falling in DG 5 is estimated to be US$ 5.53 million. The 
restoration cost of residential buildings falling in DG 4 is 
estimated to be the US$ 1.285 million. The total built-up 
area of commercial buildings surveyed falling in DG 5 is 
4044 m2 and falling in DG 4 is 4700 m2. The reconstruc-
tion and restoration costs of commercial buildings falling 
in DG 5 and DG 4 are estimated to be the US$ 1.011 and 
US$ 0.235 million, respectively. The total built-up area of 
school buildings is calculated to be 1800 m2 and 2500 m2 
of buildings falling in DG 5 and DG 4, respectively. The total 
replacement cost of surveyed school buildings falling in 
DG 5 is estimated at around US$ 0.45 million, and the 
restoration cost of school buildings falling in DG 4 is esti-
mated around US$ 0.125 million. The total economic value 
of the contents likely to be lost in residential, commercial, 
and school buildings falling in DG 5 is estimated around 
US$ 2.765, US$ 2.022 and US$ 0.1125 million, respectively. 
Thus, total economic losses to incur to the surveyed build-
ings only falling in DG 4 and 5 in Sam Ranizai and Swat 
Ranizai are estimated to US$ 13.5355 million.

5  Conclusions

In this study, vulnerability assessment of different use-type 
buildings were carried out using the latest FEMA method-
ology in an earthquake-prone Malakand district of KPK, 
where no such studies were done in the past, despite 
being declared as a high-earthquake-risk area by NDMA 
of Pakistan. Future possible damages are depicted as a 
function of damage grades of European Macro Seismic 
Scale. Structural damage assessment and seismogenic 
losses in economic terms disclose that Malakand may 
suffer enormously in future earthquakes. Replacement 
of highly vulnerable buildings is not possible; however, 
there is a need to undertake massive awareness drive for 
risk communication and for bringing forth acceptability 
of appropriate seismic safety measure among the masses. 
People routinely invest in the maintenance of their build-
ings and on the better interior and exterior decoration; 
however, by forewarning them about the situation many 
would dovetail maintenance with retrofitting.

Vulnerability assessment of the buildings followed by a 
restoration and rehabilitation program can minimize the 
adverse impacts of earthquakes. The current study meas-
ures the seismic vulnerability of buildings of different use-
types in a high seismic area of Malakand district, Pakistan, 
using a rapid visual screening method of FEMA. It was 
observed during the survey that the recent earthquakes 

caused significant damages to the unconfined masonry 
buildings with stone masonry experiencing maximum 
damages followed by block and brick masonry, respec-
tively. Reinforced concrete buildings were found to be 
semi-engineered, and severe vertical irregularities like 
the soft story, short column, heavy overhangs, and verti-
cal setbacks were observed. The most common type of 
plan irregularity observed in residential and commercial 
buildings was L and U shape, respectively. Damage grades 
of the buildings obtained from structural scores showed 
that almost half of all building types either needs rehabili-
tation or needs to be replaced entirely. School buildings 
were found more vulnerable than residential buildings. 
Results further reveal a lack of awareness/poor policy 
implementation in the private sector as the private school 
buildings were found to be considerably more vulnerable 
compared to their government counterparts. Total eco-
nomic losses to the surveyed buildings, which make up 
less than 1% of the total building stock, are estimated to 
be around US$ 13.5 million. The study recommends that 
the concerned authorities must create awareness among 
people by various campaigns regarding safe construction 
practices, along with the strict implementation of building 
regulations in the area. Furthermore, timely rehabilitation 
of highly vulnerable buildings must be carried out which 
can lead to an effective earthquake risk reduction.

This study has implemented a methodology developed 
in the USA that is used worldwide nowadays. This RVS 
methodology is simple yet effective and can be adopted in 
any country for vulnerability assessment. Seismic vulner-
ability assessment studies help Disaster Managers, Urban 
Planners, concerned authorities, etc., to design effective 
risk reduction policies in the future.
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