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Abstract Methods capable of assessing the vulnerability of houses for future earthquakes
are of fundamental importance for the safety and development of an area. As the detailed
assessment is limited to number of houses and cost, one of the appraising methods cur-
rently used for seismic vulnerability assessment is rapid visual screening (RVS). This
methodology has led to determination of risk of an area subjected to an earthquake event.
Many codes have limited rapid visual screening to housing typologies like reinforced
concrete and Brick masonry structures. This paper delivers an approach on how to perform
RVS for five varieties of buildings in Himachal Pradesh state. The RVS scores have been
calculated for 9099 buildings and normal distribution curves are plotted for each typology
of building to understand the distribution of buildings in Himachal Pradesh. Finally, a new
modified format for performing rapid visual screening has been proposed at the end.

Keywords Rapid visual screening - Housing - Normal distribution - Building typology

1 Introduction

Structural damages in buildings during an earthquake are accepted constructively by
majority of seismic codes in the world, given that there is no human loss. Undeniably many
such damages have occurred due to earthquakes in the past. Many new constructions were
unaffected by the improvements of codes, but the earthquake safety of existing buildings is
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under question. In case of Indian subcontinent, it faces serious earthquake threat due to
rapid growth of urban population, wherein nearly 60% of landmass in India is part of
moderate-to-severe earthquake prone area. However, over 80% of population is living in
this 60% of the land (Pradeep and Murty 2014). In last decade, India has witnessed
earthquakes like that of 2001 Bhuj earthquake of M7.7, 2004 Sumatra earthquake of M9.3,
2005 Kashmir earthquake of M7.6, 2009 Andaman Islands of M7.5, and 2011 Sikkim
earthquake of M6.8, etc. and an overall of 24 moderate to severe earthquakes were
experienced, where around 4.25 lakh casualties and property loss was caused (Ref.
Table 1). However, similar intensity earthquakes in the US, Japan, etc., did not lead to such
an enormous loss of lives, as the structures in these countries are earthquake resistant
(NDMA Guidelines 2007). During the 2001 Bhuj earthquake, numerous recently built
Reinforced Concrete (RC) structures collapsed in Gandidham and Bhuj areas in Gujarat
(EERI Earthquake Report 2001; Murty et al. 2002). In 2005 Kashmir earthquake, signif-
icant damage was attributed for stone masonry buildings, particularly random rubble type
structures, which are poor seismic performance (EERI Earthquake Report, 2005). Most of
the multi storey RC buildings were non-engineered and sustained considerable damage
during the 2011 Sikkim earthquake (EERI Earthquake Report 2012). So, these failures

Table 1 Major earthquake in India. Source: Indian Meteorological Department, IMD

S. no. Date Epicenter Location Mw Casualties
1 1818 Jun 16 (23.60, 68.60) Kutch, Gujarat 8.0 2000

2 1869 Jan 10 (25.00, 93.00) Nearcachar, Assam 7.5 Unknown
3 1885 May 30 (34.10, 74.60) Sopor, J&K 7.0 Unknown
4 1897 Jun 12 (26.00, 91.00) Shillong plateau 8.7 1500

5 1905 Apr 04 (32.30, 76.30) Kangra, HP 8.0 19,000

6 1918 Jul 08 (24.50, 91.00) Srimangal, Assam 7.6 Unknown
7 1930 Jul 02 (25.80, 90.20) Dhubri, Assam 7.1 Unknown
8 1934 Jan 15 (26.60, 86.80) Bihar—Nepal border 8.3 10,700

9 1943 Oct 23 (26.80, 94.00) Assam 72 Unknown
10 1950 Aug 15 (28.50, 96.70) Arunachal Pradesh—China Border 8.5 1526

11 1956 Jul 21 (23.30, 70.00) Anjar, Gujarat 7.0 Unknown
12 1967 Dec 10 (17.37, 73.75) Koyna, Maharashtra 6.5 177

13 1975 Jan 19 (32.38, 78.49) Kinnaur, HP 6.2 Unknown
14 1988 Aug 06 (25.13, 95.15) Manipur—-Myanmar border 6.6 1000

15 1988 Aug 21 (26.72, 86.63) Bihar—Nepal border 6.4 1004

16 1991 Oct 20 (30.75, 78.86) Uttarkashi, UP 6.6 2000

17 1993 Sep 30 (18.07, 76.62) Latur-Osmanabad, Maharashtra 6.3 9748

18 1997 May 22 (23.08, 80.06) Jabalpur,MP 6.0 38

19 1999 Mar 29 (30.41, 79.42) Chamoli Dist, UP 6.8 100

20 2001 Jan 26 (23.40, 70.28) Bhuj, Gujarat 7.7 20,023
21 2004 Dec 26 (03.34, 96.13) Off West Coast of Sumatra 9.3 283,106
22 2005 Oct 08 (34.48, 73.61) Kashmir 7.6 74,500
23 2009 Aug 10 (14.01, 92.92) Andaman Islands, India region 7.5 Unknown
24 2011 Sep 18 (27.7, 88.2) Sikkim Nepal border 6.8 Unknown
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project the urgent need to perform the seismic vulnerability assessment of buildings and
suggest possible solutions to retrofit them. Since the detailed assessment of buildings is a
complex and expensive task, it cannot be performed on all the buildings in an area. Past
reconnaissance survey reports suggest that a simple assessment of existing buildings is
necessarily required. Most of the methods follow a three level assessment procedure,
namely:

(a) Phase-I: Rapid visual screening (RVS).
(b) Phase-II: Preliminary assessment.
(¢) Phase-III: Detailed evaluation.

The RVS methodology is referred to as a “sidewalk survey” in which an experienced
screener visually examines a building to identify features such as the building type, seismic
zone, soil conditions, horizontal and vertical irregularities, apparent quality in buildings
and short column etc. that affect the seismic performance of the building. This side walk
survey is carried out based on the checklists provided in a proforma for all five typologies
of the buildings. Other important data regarding the building including the occupancy of
the building and the presence of nonstructural falling hazards is also gathered during the
screening. A performance score or RVS corresponding to these features is calculated for
the building based on numerical values on the RVS form. The performance score is
compared to a “cut-off” score to determine whether a building has potential vulnerability
and whether it should be further evaluated by an experienced engineer. The worldwide
practices on RVS are as follows.

A number of guidelines were developed by the Federal Emergency Management
Agency (FEMA) in the USA for seismic risk assessment and rehabilitation of buildings.
The RVS method was originally developed by the Applied Technology Council (ATC) in
the late 1980s and published in the FEMA: 154 in 1988. Later, it was developed in FEMA:
178-1989, 1992 (revised), FEMA: 310-1998 developed as revised version of FEMA:
178-1992, and FEMA: 154-1988, 2002 (revised), for rapid visual screening of buildings. A
different RVS procedure was developed based on fuzzy logic technique to categorize
buildings into five different damage grades (OASP 2000; Demartinos and Dristos 2006).
This technique was applied on 102 buildings, which were affected by 1999 Athens
earthquake. At the end, damage score was evaluated through a fuzzy inference system.
Another RVS method was suggested by National Research Council, Canada, which is
based on a seismic priority index. This method accounts for both structural and non-
structural factors including soil conditions, building occupancy, building importance,
falling hazards, occupied density and the duration of occupancy (NRCC 1993).

The Japanese procedure is based on seismic index (SI) for total earthquake resisting
capacity of a story which is estimated as the product of basic seismic index based on
strength and ductility indices, irregularity index and time index (TI). The evaluation is
based on few parameters and lacks clarity regarding the ranking of buildings based on a
scoring or rating system (JPDPA 2001). The New Zealand code recommends a two stage
seismic performance evaluation of buildings (NZSEE 2006). The Switzerland applies a
three stage concept for evaluating seismic risk. In first stage, seismic risk of a building is
roughly estimated and in second stage, seismic risk is studied in detailed. Strengthening
measures are employed in the last stage of seismic risk (SIA-2018 2004). The RVS method
developed was based on the ratio of roof displacement capacity to roof displacement
demand determined for life safety performance criteria and collapse prevention perfor-
mance criteria by Bogadici University and Istanbul Technical University. Later, this
method was improved on the basis of 454 reinforced concrete buildings surveyed after the
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1999 Duzce earthquake and classified into four damage grades (Sen 2010; Hassan and
Sozen 1997; Ozdemir and Taskin 2006; Sucuoglu et al. 2007).

There have been some efforts in India towards developing RVS methods. Sinha and
Goyal (2004) have proposed a methodology for RVS of ten different types of buildings.
The procedure requires identification of the primary structural load carrying system and the
building attributes that are expected to modify the expected seismic performance for the
lateral load resisting system under consideration. A statistical analysis has been performed
to develop Expected Performance Score (EPS) for RC buildings based on the rapid visual
surveys in Ahmadabad, India (Jain et al. 2010; Keya 2008).

2 Vulnerability studies of cities

Vulnerability assessment of cities has been performed in the past based on population loss
estimation and estimation of direct and indirect losses due to various disasters. Some recent
vulnerability assessment studies are discussed in the following sections:

2.1 Tehran, Iran

Seismic vulnerability assessment was done in the city of Tehran based on buildings data
and damage for buildings for two earthquake scenarios (Nateghi 1998, 2000; Motamed and
Ashtiany 2012). Seismic building damage for earthquake scenarios was derived from
HAZUS software ranging from minor to major or complete damage (FEMA 1999; HAZUS
2000). Most of the buildings in the study area were found to be vulnerable considering the
two earthquake scenarios (South Ray Fault and Floating).

2.2 Dehradun, India

The vulnerability assessment in Uttaranchal was done by Singh (2005). This study
developed a methodology for loss estimation based on buildings and population loss.
A Geographic Information System based tool was developed for primarily population loss
estimation.

2.3 Kanpur, India

Preliminary evaluation was carried out on 30 multistoried RC buildings (IIT-GSDMA
Guidelines 2003). The study revealed that large openings, horizontal and vertical projec-
tions, presence of soft and weak stories and short column effects are major weaknesses in
the buildings at Kanpur from seismic safety point of view (Jain 2006).

2.4 Zeytinburnu, Turkey

This study is an implementation of the earthquake master plan for Istanbul metropolitan
area in the Zeytinburnu district with a population of 240,000 and more than 16,000
buildings (Ozcebe et al. 2006) as a part of seismic vulnerability of existing building, a
multi stage seismic safety assessment was performed by the Middle Eastern Technical
University (METU) in Ankara.
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2.5 Gandhidham, India

RVS was conducted on around 20,000 buildings in Gandhidham and Adipur cities (Sri-
kanth et al. 2010). Though there is a large variation in construction practices, about 26% of
buildings were RC buildings and 74% were of brick masonry. The study observes an RVS
score ranging from 60 to 120 both for masonry and concrete structures which reveals the
low quality of construction in this area (Srikanth et al. 2010).

2.6 Nanded, India

RVS was conducted on around 200 buildings in Nanded city. Initial observation reveals
that there are wide variety of construction practices; however, predominantly buildings are
classified as per material used, i.e., reinforced concrete, stone and brick masonry, tin shade
and other buildings, about 70.39% are reinforced concrete buildings, 25.79% are stone and
brick masonry, 2.54% are tin shade and 1.26% are other buildings. In RC buildings, score
was varying from 40 to 145 and for brick masonry building score was varying from 113 to
130. A detailed study has been done for buildings regarding the structural aspect and effect
of earthquakes (Narender 2014).

In the above literature, vulnerability studies of RC and brick masonry buildings have only
been considered. An attempt has been made to do RVS for five varieties of building in the state
of Himachal Pradesh. The state Himachal Pradesh consists of 1,027,788 buildings with RC,
brick masonry, stone masonry, rammed earth, and hybrid building typologies, having a
population of 6,856,509 in an area of 55,763 km?. For the purpose of study, 9099 buildings
were surveyed with the help of TARU Consultancy Private Limited. The above buildings
were selected based on the structural irregularity, terrain condition, construction year,
presence of cracks. Figure 1 shows the format of Building Vulnerability Assessment form
originally prepared by TARU consultancy and Himachal Pradesh State Disaster Management
Authority (HPSDMA). The RVS scores are originally calculated using RVS forms of RC and
Brick Masonry. Later, these forms are modified for stone masonry, rammed earth, and hybrid
buildings. Figure 2 represents a sample calculations of RVS score for five variety of build-
ings. As per statistics of surveyed buildings in Himachal Pradesh, around 17% (1541 out of
9099) of buildings are reinforced concrete, 48% (4363 out of 9099) of buildings are brick
masonry, 15% (1341 out of 9099) of buildings are stone masonry, 5% (518 out of 9099) of
buildings are rammed earth and 15% (1317 out of 9099) of buildings are hybrid. A schematic
diagram of assessment of a building is shown in Fig. 3. Present study mainly focuses on RVS
analysis of five varieties of buildings and the surveyed buildings distribution is shown in
Fig. 4. Preliminary and detailed analyses are beyond the scope of this paper.

3 Methodology

The evaluation is based on few parameters of building like building geometry, frame
action, hybrid action, pounding effect, structural irregularity, short columns, heavy over-
hangs, soil conditions, falling hazard, apparent building quality, diaphragm action etc. On
the basis of above-mentioned parameters, performance score of the buildings has been
calculated. The formula of the performance score (PS) is given in the following equation:

PS=BS+ > [(VSM) x (VS)] (1)
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Building Vulnerability Assessment Form

Date:
Name of the investigator/Team:

1. General Information

Name of the Owner:

Contact Number:

Assembly

Cinema Hall O ‘ Town Hall

O [ Restaumnt

Tmportant Government Buildings

O |MamachaII
O |CounC0mplcx

Community Hall

D.C Office O l D.C Resident O | Tourism Office

P.W.D Offices

]

O ‘Hpsgsomm O |lepuomm

Emergency Buildings

Addres

Block:
District:
Density:

Urban [ Rual (]

No. of occupants in the building:

Police Station [_]

ire Station [_]

Service Buildings

‘Telecommunication O ‘ Electric Sub Stations O | Water Pump Stations

0O

Commercial

Shop O ‘ Super Market
Cowshed []

O | Vegetable Market

2. Exposure to Hazard Types

Type of Use of the Building:

Da Night Geological Hydro-meteorological Others
Earthquake [_] Riverine Flood [_] Cloud Burst [] Fire O
Number of stories in the building:
Landslide [ WindStorm ] Hail Storm  [[] Forest Fire ]
GPS Coordinates: Avalanche ] Flash Flood [ ] Lightning [ ]
Lattitude: Longitude: Maximum height of the snow deposition:

3. Site Characterization

Residential Site Mory e

Private Delling [ ]| Flat [] [Dommitories [] [ Howels [ [ O [crest O [vownvantsiope C][roush O ]

Educational

Aaganwadi [0 [school OO [coliege O Soil:

Institutional Soil Type Soil Nature

Hospital [] |Cnmnmnhy Health Center [] ‘Old age Homes [] ‘Orphnm\gc O Hard [ |Mediom [ |soft [ |Expansive [] | Non Expansive [] a
Unknown

“TARUMPSDVIA Vulnerability Assessment Ver3o Page 1of 10 TARUMPSDMA Building Vulnerabilty Assessment Ver3o Page 20 10

Parameters for Liquefaction potential of soil

Age, area and cost of the building:

Dimensions of the Building (in ft):
Length: | Breadth: ‘ Height: ‘

Building Element:

Material of the beam
Beam

Wood ‘ Masonry ‘ Concrete [ Steel

N s | | \

Material of the beam
Column

Wood Masonry Concrete Steel

Minimum size  of rectangular
section (in x in)

‘ Age of construction Average built-up arca (i) [ Cost of construction (in ) |
Depth of the water table (in )
‘Whether the soil is sandy? ‘ Yes O l No O l
. ! . Foundation:
4. Basic Details about Building
of | Isolated ‘ Combined | Raft ‘ Pil SEfd Mat

Building Code Ct Foundation
‘ Engineered Building O ‘ Non-engincered Building O ‘ Depth of

Foundation

(f
Type of Ce
‘ RCFame [ | Brick Masonry \:|| Stone Masonry EI‘ Rammed Earth D‘ Hybrid EI‘ Floor Details:

No. of floors supported
!

Is there a basement? Predominant material of the floor

on the siope

None YES 0O [

1 NO O | oo

) I YES, number of |
floors  inthe
basement

Burnt Brick
1

O

) 0 [sene
O
m}

3 Cement

oooooo

>3

oooboooo

Mosaic/Floor tiles

Minimum size of circular section
(diameter in inches)

Slope of the ground:
Building built on the slope. | If “YES / Slope Angle
ves [ Flatomild 0-15%)  []
o300
o 0O Medium (15°30%  []
Steep (>30°) [}
TARUHPSDMA Building Vulnerabily Assessment Ver30 Page 3o 10

Wall Details:

EIEAEA R 38| 2d
ojo o|jo|jo|o|jo|Od
For stone masonry, size of the stone > 300 mm yes [JnNo [

Ratio of wall lengthvheight and thickness

TARUHPSDMA Building Vulnerabilty Assessment Ver30 Pagedof 10

Fig. 1 Proposed format of building vulnerability assessment form prepared by TARU consultancy and

HPSDMA

where VSM represents the Vulnerability Score Modifiers and VS represents the Vulner-
ability Score that is multiplied with VSM to obtain the actual modifier to be applied to the

Basic Score (BS).

The RVS data of existing buildings in the region is plotted as Gaussian (Normal)
distribution. This distribution is commonly used for statistical analysis of large data. A
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Wall Ty “Thickness of wall Length of wall between | Height of wall from Material of the Staircase:
ypes (ing cross wall (ft) floor to ceiling (ft) ‘ ] 0O O 0 O
Brick ‘ Stone ‘ Wood ‘ Concrete | Steel ‘
Type-1
Type2 5. Present Condition of the Building
Opening in any wall (for Masonry construction) Is there any structural crack in the building? YES O No [
1# Storey (>50%) YES O [~o O
IfYES,
2% Storey (>40%; YES NO
s ) g O Building Element Horizontal Vertical Diagonal
3 Storey and above (33%) | YES O |~o O " v v v "™ v
Opening near corner of the
il 1 ves g | g Beam olololololo
Openings are 100 close (0
cachoher (2010 ves g g Column olololaololO
Roof Details: Wall O O O O O O
Roof Type Roofing Material Presence of Truss Size of Crack: M1 = Minor crack (0-5 mm); M2 = Major crack (>5 mm)
Flat @ O Concrete [ | ves :'Ea‘lfisa-llms Type of Building Distress:
Gl Metal, Asbestos Sheet [7] | WALL:
Open Gable O no |stEEL [
Stone/Slate O O O
‘WOOD
Box Gable @ 07 | woos O ool O
Mud O [Whether s & Corner crack in wall Settlement crack
Shed Roof O
anchored to the beam
Bunt Brick 3 | or wall
Hip Roof @ O | ries o[ O o
Can’t be Specified [ | Thatch/Bamboo O |~ O Y i
Wall urni Vertical cracks in full
all overturning depth of the wall
Materials Used in Mortar:
[Mua 3 Jcemen [ [ NoMortar =] o
7 i
‘ Proportion of mix ‘ Cement: Sand = | T
Diagonal cracks near opening | Vertical cracks above:
. (door & window) door/window
Staircase:
Type of Staircase:
[ separaa O [ comeaea 3 [ enctosea O]
“TARUMPSDVIA Builing Vulnerability Assessment Ver3o Page Sof 10 TARUMPSDMA Building Vulnerabilty Assessment Ver3o Page 6o 10

COLUMN:

Shear cracks in column Column sway

‘Shear cracks in beam [ | Horizontal cracks inbeam  [_]| Tensile cracks in beam O

(OTHER DEFICIENT PARAMETERS:

6. Vulnerability factors for specific hazard types:

Earthquake:
SHAPE OF THE BUILDING:
—]
ol O o O o
Rectangular Circular L-Shape T-Shape
M L] [
|
= O| o, o D O
L
U-Shape ) H-Shape Plus Shape

'VERTICAL IRREGULARITIES:
P

ibac}

nce YEs [] No [
| YES Dl No [ ‘

STRUCTURAL IRREGULARITIES:

‘ Presence of step back

Presence of soft | Presence of short | Presence of Presence of heavy
st

different storey
! y reentrant corners | overhangs

height

YEs [ [ves ] |ves [ |ves [ |vs [

g NO O |no O |[~o O NO O NO O
£ @
H g
% H H g PRESENCE OF HORIZONTAL BAND (MASONRY CONSTRUCTION):
g 5 s s g Horizontal band at plinth level YES [J|No [ Can'tbeidenified  []
z 3 E) g g Horizontal band at lintel level YES O|No  [J|cantbeidenified [
YES YES Poor Poor Undertaken § "
g g = o g Horizontal band at sill level YES [J|~o [ | Can'tbeidentified ]
NO J |nNo [J |Moderate  [] |Moderate [] |Not
Undertaken Horizontal band at roof level YES [J|No [ cCan'tbeidenified ]
TTYES, severity | Good [ |Good O
of corrosion
Minor O POUNDING:
| Building susceptible to pounding | YES O~ O
“TARUMPSDMA Building Vulnerabliy Assessment Ver30 Page7of 10 TARUMPSDMA Buiding Vulnerability Assessment Ver30 Page 8of 10

Fig. 1 continued

normal distribution in a variate X (RVS) with mean p and variance ¢ is a statistical
distribution with probability density function is given in Eq. 2:

= —F¢

oV2n

—1)

@)
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Apparent quality of adjacent [ Good Moderate Poor
(oo O 0 O
FALLING HAZARDS: Whether building 110015 | Have you becn affected by flood?
clev: c ground
level mpncss
or flooding YES J|vo O
Exterior fallin - YES O If YES
hazards (non anchored) | § | £
£ 3 NO O | vearofine Maximum Duration i Building
gl vent (YYYY) | heightol uration (hrs) | 4o mage loss ()
L=l IS even inundation ()
Landslide:
Landslide history? | Year of event (YYYY) | Building damage loss (*)
Interior falling hazards YES
(non anchored) g
No [}
Fire:
TS Kitchen a -
FRAME ACTION: e i | Anyhisorcal | Yearofevent | i oppe | Biking damage
. Lopard event of fire? YYYY. . © loss (©
Whether frames are orthogonal | YES |no O home? cventol e oy o O
YES YES
Presence of secondary beams | YES Ovo O - o - O
DIAPHRAGM ACTION:
Presence of diaphragm opening | YES d|~o O
Location of opening Comer 0| cener O
Percentage of opening <50% | zs50% O
“TARUMPSDVIA Building Vulnerbily Assessment Ver30 Page9of 10 TARUHPSDMA Building Valnerbilty Assessment Ver30 Page 100f 10

Fig. 1 continued

Generally, a cumulative probability refers to the probability that the value of a random
variable falls within a specified range (damage range based on design). Cumulative
probabilities refer to the probability that a random variable is less than or equal to a
specified value. The cumulative distribution function, which gives the probability that a
variate will assume a value <x, is

X X
1 —(x=n) /242
b = [ fear=—— [ &7 ()
—00 —00

In RVS survey, even non-engineers may collect data and calculate RVS score for
buildings. Present study considers Himachal Pradesh as a case study to evaluate RVS score
for five varieties of buildings. The description of Himachal Pradesh is given in the fol-
lowing section.

4 A case study of Himachal Pradesh

Himachal Pradesh state is located 31.1033°N, 77.1722°E and lies in the Himalayan
Mountains, and is part of the Punjab Himalayas. Since the earthquake database in India is
still incomplete, especially regarding the earthquakes prior to the historical period (before
1800 A.D.), the largest instrumented earthquake in Himachal Pradesh was 1905 Kangra
earthquake (Mw7.8) (Ambraseys and Bilham 2000). The Himalayan Frontal Thrust, the
Main Boundary Thrust, the Krol, the Giri, Jutogh and Nahan thrusts lie in this region.
However, it must be stated that the proximity to faults does not necessarily translate into a
higher hazard as compared to areas located far away. As it is located on hilly terrain, land
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RAPID VISUAL SURVEY OF RC FRAME BUILDINGS FOR sEsmic  (Zone RAPID VISUAL SURVEY OF BUILDINGS FOK EARTHQUAKE SAFELY | CALCULALIUN SHEEL KU FRAME
RTHQUAKE SAFETY ZONE [ Zone 11 and il Falling Hazard Identifier 'F’ Seismic Zone ase Score
"Address/ Location/Street: 9 % 270 TTLTAN s FULL ACCESS (— | Marquees/Hoardings/Roof Signs tories v IV v [0 i
— AC Units/Grillework or2 o~ 100 130 150
(car of construction ; [J STATE PARTIAL ACCESS
Year of construction ; 20 07 HP Flaborate parapets _ 0 120 [m0 | |
Type of l i CE | He. tion features 4 75 100 | 120
3 RC Frame. Masonry Number of Floors NO ACCESS leavy elevation features N X S |
Construction l/c | o sl 2 Heavy Canopies X 6 |8 [0 |
“ommerci ey = 2
Use ‘ RL-sldmlmlI Mixed | Other -0 [Substar x >3 = w0 |50 [% -
specily EOUCpTI 00 Heavy Cladding_ x
CHECKLIST OF OBSERVABLES COMMENTS TSescion Chitg -
Soft Storey Number of storevs
Open parking at ground level
Absence of partiton wll i ground orany itermediate T 1 S
storey for shops or other commercial s :“l ot iy Scores (VS) — 1 o -
Taller heights in ground or any other mmrmcdmc storey oft Story 5 [ 20 | 30 | Doesntexist=0
Vertical irregularities 17 i
Presence of setbacks X Ve irregularities T 1 e o T
gl [ exist=0
Buiding nslopsgromnd X = Saibicks 10 |0 |40 |0 |40 Kt 1 o
lan irregul C Shgte Buildings on Sle |
Irregular plancunhgumlmn x I ki et ) ] SR, BNV
PRESENT. | — 5
Heavy Overhan, Plan irregularities 50| 5 |5 |
Moderate horizontal projections 4" | ‘
Substantial horizontal projections — ‘ T ;
Doesn't exist=0
Apparent Quality Heavy Overhangs S5 [0 |0 | a5 |5 =13
Apparent quality of materials and construction | ‘ Exists=] &
Maintenance PoOOR — 1 T N
Short Colimti | Apparent quality 5010 [0 [a5 |5 | =@
Pounding, — | ]
ion | | Doesn't exist=0
Soil Condito L2 Stort columns [5 s |5 |5 |5 |2 P}
Frame Action Lol prisint | | Extile] -
Falling Hazard: [Doesntenst=0 =
Non-structural clements such as claborate parapets, AC Pounding o 1o la |4 |5 [Unalignediioo 6
unit grilles, elevation features | Poor apparent qn.um of adjacent
o building=2
PICTURES/SKETCHES 1
Soil Condition w w0 {10 [0 |0 - - o
T =
|
fmercm |10 |10 (10 (10 |10 ~/0
| |
- ——t— — i
| [ | —320
[ Perormanee Seore= (7 ¥ [(VSM) » (V)] -~ |
where VSM represents the valnerability score modifiers and VS represents | Performance o
the Vulnerability Score that is multiplied with VSM to obtain the actual | Score
modifer o b applied to the Basic Score (B5). o |
Field Survey by G, ) Reviewsd by .,\JJ/ Approved by
Date 9 - | Date 24 o " oae
e )9-/2- /3 v 20|12 20(2 L
RAPID VISUAL SURVEY OF MASONRY BUILDINGS FOR seismic  [Zome Ve FAMID VISUAL STRVEY OF MASNRY BUILDINGS FOR: ﬁ"‘;co‘"“"“’” SHEET
EARTHQUAKE SAFETY ZONE EARTHQUAKE SAFETY L
FALLING HAZARDS IDENTIFIER ‘F i Zone Base Seore
Ndress/Location/Street J7ER ST TGy o Signs Siories S A
Year of construction STATE Grillework 2 To2 o 0 | 10 | 150 | joo
T L < HL. laborate parapets X 3 85 110 125
yps.of RC Frame "““‘ Lo | Senef Number of Floors — . lcavy clevation features X 4 N O T
Sonsinuc Masoary A lcavy Canopics x H S0 | w0 | 70
Use Residentja C“""““‘"‘ Mixed | Other ubstantial Balconies X
‘Office les dding ¥
CHECKLIST OF FLES TN FASONRY | Tiek rsctmI Ok =
BUILDINGS jumber of storeys | Tor |x la S T Vulnerability Score Modifiers
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Fig. 2 Calculation of RVS score from RVS sheets for a reinforced concrete buildings, b brick masonry
buildings, ¢ stone masonry buildings, d rammed earth buildings and e hybrid buildings

by its very nature is very fragile; therefore, threat due to earthquakes or landslides is high.
Hence, it has been considered as the apt study area. In total of 12 districts, Chamba, Kullu,
Kangra, Una, Hamirpur, Mandi, and Bilaspur districts lie in Zone V, whereas Lahul and

@ Springer



1860 Nat Hazards (2017) 85:1851-1875

Zone V
RAPID  VISUAL  SURVEY OF STONE MASONRY RAPID VISUAL SURVEY OF MASONRY BUILDINGS FOR CALCULATION SHEET
BUILDINGS FOR EARTHQUAKE SAFETY Zone 1 or 1T EARTHQUAKE SA| MASONRY
Address/Location/Sireet _ Dhastmshaloe ciny_Varqros FULL ACCESS FALLING HAZARDS IDENTIFIER '+~ Base Seore

— Signs ories v [IETHN B
ear of construction STATE 1P PARTIAL/ACCHSS o = o R EaL] oo
Type of rrame | Brick Sire o - 55 125
P o | RCFrame | Bk e | sumberorvioons & [ no access ey e e = - i
n Commercig Piease cavy Canopies = 0 T
Use Residential | SommerH Miea | Other o] ubsiantil Balconics =
CHECKLIST OF FS IN MASONRY | Tick [ COVMIENTS leavy Cladding =
BUILDINGS tructural Glazing
Srartoral Trregalar S umber of storcys [T o% | g [ 3 L Villnerability Score Mo
Lack of adequate walls in both orthogonal dircctions No
Hicavy verhanss " No Vulnerability Scores (VS SY) AT
Reentrant Comers - Yes Structural Irrcgularity | 10 [ 10 [ 10 [-10 | Doesn't exist/unsure-0 <~
Comer buildings No Eists=1 o
“Apparent Quality Apparent Quality 0 [0 [0 |10 [ Good-0
Apparent quality of materials and consiruction o | Mediumm oderate-T —lo
Maintenance Medium Poor=2
Soil Conditions : TS Soil Candition [ T AT AT
Founding 0
Contiguous buildings . e on=-1
Poor apparent quality of adjacent buildings . Founding o [F 5 [F | Doemiexseo
Openi ot condition of adiacent | 0
Large openings in walls No
Irregularly placed openings No Poor apparent condition of adjacent
Openings a comers of bearing wal intersections : No building=2
Diaphragm Action Openings
dcnc of g et ous n disphmgims He il s s 113)
Other 'u"".;‘ L. Wall openings. -5 -5 Moderate (Between 1/3 and 2/3) = 1 °
Large (Above 2/3) =2
Horizontal bands at plinth level Yes o ge ( I
Horizontal bands at lintel level \ f"":‘"".'“ ol 5 E s ogular =0 iy [)
Horizontal bands at sill level - ) penings rreguler = |
orizonta oof level Ves Prescat/Unsurc=0
Arches p Y Lack of diaphragm action=1
Jack Arch roofs : we .
Stone/masonry chimneys N Other Peatures
Random rubble stone masonry Horizontal Bands 20 ‘ 20 | 20 I 0 ‘IH—I¥ 20
Presence of thick walls 600mm and above Yes Dont exist=0
Use of rounded stones. N2 Arches | -0 1 10 |.m ’-w Bxiss] 0
Heavy roofs on stone Masonry walls No Docsn't_exist/unsure=0
Stone Masonry
Falling fiaa rd
Non-structural clements such as claborate parapets, Yes Random Rubble Stone [ Remediat measures exisi= 0~ [2)
AC unit grilles, elevation features, advertisement Masonry Walls 8 R 18 -1
hoardings, tof Sigs, marquecs. i g [ Pontesia -1
ANY OTHER SPECIAL FEATURES -
Y [(VSM) x (VS)] 10
e e ¥ Performance Score= (BS) - 3 [(VSM) x (VS)] 010
where VM represents the vulnerability score modifiers and VS represents | Performance. 19
the Vlncrability Score hat s multplicd with VSM to abiain the sctual | Scor - 110
modificr to be applied to the Basic Score (BS), "
L Fld Suny by [ Reviewed by Approvedby
Plavption Plon Date [ De Date i

RAPID VISUAL SURVEY OF RAVMED EARTH Zone V RAPID VISUAL SURVEY OF RAMMED EARTH BUILDINGS FOR CRLCULATION SIEET FOR

BUILDINGS FOR EARTHQUAKE SAFETY 2. EARTHQUAKE SAFETY Ramme =

pese:ll or FALLING HAZARDS IDENTIFIER Seismic Zone ase Score

Address/LocationStreet New eShaml, vy - Chmlo FULL ACCESS \~ FALY , v v T1-1]

b Stories -
Year of construction = STATE-Himuchal PeoddlparTiaL access o2 T 130 S 100
Type o Rerame X [ brick Stone . B o_| 12

Comamition | Ko | WSk | Sieanry | Nomberortoon 9 | xo accuss 0 T

Use Relenial | SOMTET [ tixea | other — 0 |70

CHECKLIST OF OBSERVABLES IN RAMMED | Tick Number of storeys Tor |3 4 H Vulnerability Score Modifiers

EARTH BUILDINGS 2)

Structaral Trregularities Vulnerability Scores (VS) (VS X VSM)

Lack of adequse valls i bt orthogonal dictons No Structural Irrcgularity | 210 [ 10 [ 10| -10 * cxist/unsure=0 1o

e omers Ve

Comerbuidings e

Kppareat Quality “Apparent Quality G0 |0 [0 [0 [Geeao |

Apparent quality Poor Moderate=1 -4d0

Mutienaacs ) Poet B

Soil Conditions i Medim oor=2

Plan to Cross Sectional Area Soil Conditions 10 10 10 10 ledium=0 " o

fard:

Openings

Large open No

Inregularly No Openings

:)‘E::I:::: ;:::l:: of bearing wall_inters Neo. Small (less than_1/3) = 0

Evidence of absence of diaphragms Ves Wall openings K s 5 Kl oderate (Between 173and 273)=1v | =5 —-

Evidence of large cut outs in diaphragms . it arge (Above 2/3) =2 R

Orientation of - " B S cgular = 0 — o
Yes (wooden) opénings % 2 S rregular
ey (woedon) Present/Unsure=0 7
Vs (woeden) Diaphragm Action a0 [as [as |as - 0

Atches present/absent No Lack of diaphragm action=1

Jnck Arch roofs

Stone/masonry chimneys No Other Features

Random rubble stone masonry wal » 5 > 2 xist=+] 7 a2

Presenc o ik walk éoomm, an bove Ves Horizontal Bands |20 |20 |20 |2 Fponieeo 30

Use of rounded stones - | v 0 u o

Heavy roofs on stone Masonry walls v | Wo Arches EURN ST U T T S

Falling Tz s

Non-structural clements such as claborate parapets, | .. No Ll L

AC unit grills, clevation features, advertisement . | Remedial measures exist= 0~

ourdings, roof signs. marquees, etc Random Rubble St as |as o fas g

AXY OTHER SPECIAL FEATURES Masonry Walls Don'texist = 1

SIVSM) x (VS)] | — 15
(1$vene Performance Score= (BS) 1 3 [(VSM) x (VS)] =
) Perf W00+
A e S———— where VSM represents the vulnerability score modifiers and VS represents erformance
l_‘\c the Vulnerability Score that is multiplicd with VSM to obtain the actual Score = 85
T | modifier 10 be applicd to the Basic Score (BS)
N (2 “"“‘1 Field Survey by: ~fjoy Kot [ Reviewed by Approved by.
Elevahon Elevahon Plon Date elald, [ Dace Date:
Cloothdioal)  (bonceane) A

(d)

Fig. 2 continued

Spiti, Kinnaur, Simla, Solan and Sirmaur districts lie in Zone IV. The building’s data are
collected in every district of HP and procedure for data collection is described in the
following section.
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Fig. 2 continued

4.1 Data collection

An RVS format was developed for the android platform using ODK (Open Data Kit)
framework. After designing RVS format for android platform, it is stored on all the tablet
computers to be used for data collection. Once it is installed, it does not require Internet
connectivity to fetch the blank form. Data are collected from the field on day-to-day basis.
On a regular basis, surveyors were provided maps of the marked area along with the
number of buildings to be surveyed in that area. After filling all the required information in
the RVS format, latitude/longitude is recorded by enabling inbuilt GPS in the tablet
computer. Three photographs are taken for each building type in which first two pho-
tographs are taken as front and side elevation of the building and third photograph belongs
to any major building vulnerability feature. Data are sent to the server using Internet
connectivity. These data can be accessed from anywhere using the web application. Sur-
veyors sent the data every evening or next day (in case of non-availability of signal in the
remote area) after finishing the work.
Following were few challenges faced during the process of data collection.

[u—

More time was needed to reach the rural location due to limited travel connectivity.

2. It was difficult to get the information on few parameters such as horizontal bands in
the masonry buildings for well-plastered buildings.

3. Foundation details and age of construction was difficult to obtain, if the building was

not constructed by the owner.
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Fig. 3 Schematic diagram of assessment of a building

4.2 Housing potrayal

It has been observed that buildings in Himachal Pradesh are primarily classified into five
types viz., reinforced concrete buildings, brick masonry buildings, rammed earth buildings,
stone masonry and hybrid buildings from the surveyed buildings data. It also portrays
varied building construction methodologies in the state. From the surveyed buildings
database, it is categorized into three levels in the preliminary stage of analysis: (a) district
wise, (b) type of buildings and (c) building components. Following are few observations
from the database which explains the housing scenario in Himachal Pradesh.

1.  Huge number of brick masonry buildings and wide variety of building construction are

present in Kangra district.

2. New construction of buildings has evolved in Kangra and Solan districts.
3. Presence of medium type of soil is more in every district except Kinnaur and Lahul

Spiti.

4. Existence of corner openings of buildings is more in Kangra and Solan districts and
substantial openings are more in Solan district.
5. Existence of horizontal bands of a building is more in Kangra district.
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Fig. 4 Location of buildings considered in RVS analysis

6. Presence of soft story, heavy overhangs and short column is rare in most of the
districts.

7. Quality of construction is moderate in all districts of Himachal Pradesh.

8. Because of its geographical conditions, only few buildings are observed to be on the
flat ground, whereas large number of buildings is located on slopes.

The building parameters according to district are shown in Fig. 5. The primary
observation from housing classification is the complexity involved in construction of
buildings in the state.

4.3 RVS score calculation

Based on the factors given in the form, RVS scores have been calculated for the buildings
present in the database. The scores for RC, brick masonry, stone masonry, rammed earth
and hybrid buildings are 50-160; 40-220; 30-190; 50-160; and 60-140, respectively.
Normal distribution curves are generated for each district and building variety based on
RVS scores. District wise normal distribution curves for buildings are shown in Figs. 6, 7,
8,9, 10 and 11.
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Fig. 5 Statistics of building parameters for 12 districts in HP state

1. The number of buildings surveyed in the districts of Bilaspur, Hamirpur, Kinnaur,
Kullu, Lahul Spiti, Shimla, Solan, Chamba, Kangra, Mandi, Sirmaur and Una are 383,

789, 149, 619, 70, 401, 1553, 513, 1929, 692, 585 and 637, respectively.
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Fig. 5 continued

Around 62% of buildings were constructed majorly in last three decades, which
indicates the developmental growth of the state. The construction of buildings rapidly
increased during this period, especially in Kangra and Solan districts of HP. There
were few buildings that were constructed in 1970s. Most of the surveyed buildings are
single, two or three storied and a few are four and five storied. It is observed that the
quality of construction was moderate for 45% of RC buildings, 63% of brick masonry
buildings, 63% of stone masonry buildings, 60% of rammed earth, and 68% of hybrid
buildings. The quality of construction needs to be improved for hybrid, rammed earth
and stone masonry buildings. The construction practices are mostly done on hilly
terrain due to unavailability of space on flat terrain, and buildings are built in close
proximity to each other. Pounding effect was also observed for 55% of buildings.
Around 88% of RC buildings, 90% of brick masonry buildings, 80% of stone masonry
buildings, 86% of rammed earth, 82% of hybrid buildings are located on medium type
of soil. Around 10-15% of buildings are located on hard and soft soils. Buildings
located on soft soils are more vulnerable than medium soils and hard soils.

@ Springer



1866 Nat Hazards (2017) 85:1851-1875

200 T
Bilaspur
— Chamba
Hamirpur
g 150 Kangra
< Kullu
3 Lahul
a Mandi
o 100 Shimla i
E = Sirmur
° / Solan
(=} Una
Z 50 (/\ \\
0 -
0 50 100 150 200
RVS Score

Fig. 6 Normal distribution curves for RC buildings obtained from RVS score
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Fig. 7 Normal distribution curves for brick masonry buildings obtained from RVS score

4. Presence of horizontal bands for buildings located in zone IV and V, increase the
seismic response of building. In the present survey only 32% of buildings are observed
to have bands.

5. Other parameters like openings, short column effect, slope angle heavy overhangs etc.
are classified district wise as shown in Fig. 5, but full access of the building is required
to get overview of it. The configuration of building is either rectangle, L-shape,
T-shape or U-shape for all types of buildings. It is one of the important virtues of
earthquake resistant buildings. For buildings, whose configuration is irregular, should
make it regular by providing expansion joints, so that, pounding effect due to
earthquake can be minimized in high seismic areas.
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Fig. 8 Normal distribution curves for stone masonry buildings obtained from RVS score
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Fig. 9 Normal distribution curves for rammed earth buildings obtained from RVS score

6. Many of the buildings use less than 230 mm as column size, which is not advisable in
seismic areas of zone IV and V. But, IS: 13920—2014 recommends that the minimum
size of column should be 300 mm. Around 63% of brick masonry buildings used
150-250 mm, 73% of hybrid buildings used 100-150 mm, 86% of RC buildings used
100-200 mm as column size.
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Fig. 10 Normal distribution curves for hybrid buildings obtained from RVS score
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Fig. 11 Normal distribution curves as per building variety

4.4 Estimation of damage using RVS score

From literature, it is observed that the predominant RVS score lies in the range of 60-120
for both RC and brick masonry buildings in Gandhidham and Adipur cities in Gujarat
(Srikanth and Pradeep 2010; Srikanth et al. 2010). The mean and median values for both
RC and brick masonry buildings are 89.3, 90.0; 78.74, 80.0. Similarly, for Himachal
Pradesh, the RVS score lies in the range of 50-160 for reinforced concrete and 40-220 for
brick masonry buildings. For which the mean values for both RC and brick masonry
buildings are 106 and 120. The analysis was also carried out for stone masonry, rammed
earth and hybrid buildings. The RVS scores of five varieties of buildings were given in the
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Fig. 12 Normal distribution curve for RC buildings
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Fig. 13 Normal distribution curve for brick masonry buildings

earlier section. The mean values are slightly shifted towards right when compared to that of
study done in Gandhidham and Adipur cities. It is difficult to set a benchmark for RVS
score to understand the damage state of building. A normal distribution curves have been
drawn for RC, Brick Masonry, Stone Masonry, Rammed Earth and Hybrid type of buid-
lings are shown in Figs. 12—16 respectively. Also, all type of buildings is represented in
single plot and is shown in Fig. 17. For this purpose, damage is classified as no damage,
slight, moderate, severe and collapse based on u — 20, u — lo, u, ¢ + lo, and u + 20.
The mean and standard deviation of all building typologies are represented in Table 2. A
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Fig. 14 Normal distribution curve for stone masonry buildings
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Fig. 15 Normal distribution curve for rammed earth buildings

representative diagram is shown in Fig. 18. Mean and standard deviations are calculated
for each type of building and the state of damage is estimated. Table 3 represents damage
state of five types of buildings and Fig. 18 shows the classification of damage of buildings
in Himachal Pradesh State.

The distribution of number of buildings in each district of HP with respect to RVS score
is shown in Fig. 19. The buildings whose RVS score lies between 130 and 150 are more in
number in all Mandi and Sirmaur districts and RVS score lies between 105 and 110 in
other districts. These buildings will suffer moderate damage as per damage classification
shown in Fig. 18. It means moderate damage buildings are sparsely distributed in all
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districts. The mean and median of buildings range 110-130 and 105-135, respectively.
Around 5.3% of buildings in Sirmaur district and 2% of buildings in other districts will
have collapse stage. Buildings whose RVS score is less than or equal to 100 need to be
analyzed in detail. These analyses are beyond scope of the paper.

5 Conclusions
An attempt has been made to perform RVS of five varieties of buildings in Himachal

Pradesh state. RVS score are calculated for 9099 buildings and normal distribution curves
are plotted for each typology of building to understand the distribution of buildings in
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Table 2 Mean and standard deviation of buildings as per district wise and building variety wise

Name of District RC Brick masonry  Stone masonry Rammed earth  Hybrid

u 4 u o u 4 u o u 4
Bilaspur 102.8  17.72 10573 15.09 11343 13.78 - - 10645 7.7
Chamba 105 12.28 120.53 2395 103.55 17.07 9944 726 105.02 10.8
Hamirpur 1104 177 118.08 1795 113.03 15.81 111.88 14.19 108.25 6.41
Kangra 106.07 1233 127.25 17.77 109.15 14.68 10042 9.43 108.68 4.01
Kinnaur - - - - 99.75 742 - - 97.2 13.38
Kullu 105.84 9.71 129.16 13.53 11090 1391 106 11 10695 6.93
Lahul Spiti 104.77 26.18 - - 91.88 1728 - - 97.12  10.65
Mandi 107.23 1530 108 2028 1019 195 96.6 1543 105.53 10.61
Shimla 106.7 7.7 119.17 20.82 107.31 20.57 - - 103.86 11.86
Sirmur 104.27 13.85 12042 21.41 115 21.68 1025 957 100.12 12.59
Solan 101.87 16.5 10475 20.74 10545 2495 99.21 19.43 102.73 10.53
Una 116.62 6.71 13332 2539 10785 7.56 103 16.04 110.8 2.6
1 mean, ¢ standard deviation

o M
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Fig. 18 Classification of damage from normal distribution curve

Himachal Pradesh state. In this study, a detailed analysis of RVS has been incorporated to
that of existing one. This RVS study enables us to calculate the risk by assessing the
structural vulnerability of different building typologies. It is observed that overall RVS
score for different building typologies range from 30 to 220. A statistical approach has
been considered to understand the building state using RVS scores. However, major
buildings turn out be in middle range of damage index and hence drawing meaningful
conclusion is a difficult task. However, there are low RVS score buildings which are
potentially vulnerable to future earthquakes. Also it is suggested that preliminary analysis
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Table 3 State of damage and number of damage buildings of RC, brick, stone, rammed earth and hybrid
buildings

State of damage Collapse Severe damage Moderate damage Slight damage No damage Total

RCC 32 210 1051 209 39 1541
BM 107 645 2984 546 81 4363
SM 38 179 948 148 28 1341
RE 11 86 341 71 9 518
Hybrid 32 193 902 167 25 1317
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o
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o
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o
o

No of Buildings
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ahMan i

RVS Score ’ Bilaspar "

Fig. 19 Distribution of number of buildings with respect to RVS score and each district of HP

needs to be performed on few buildings and detailed analysis should be done for selected
buildings for calibrating RVS scores.

5.1 Recommendations

1. Implementation of the building code regulations for rammed earth, hybrid and stone
masonry buildings needs to be initiated in India.

2. Performance of the low-rise buildings constructed using locally available materials
must be improved. This factor could lead to a significant reduction of casualties in
future earthquakes.

3. Research is needed to investigate and improve the performance of the above buildings.
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