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ABSTRACT 

 

 This project comprises of seismic vulnerability study of the various lifeline 

buildings (schools and hospitals) in Gangtok town, based on RVS. Gangtok, 

Sikkim has sprawled over a vast area with time. Small cottages have since been 

transformed into high rise buildings which pose great danger during the time of 

earthquake. State of Sikkim lies in the seismic zone IV as per IS 1893(part1):2002 

i.e. “Indian Standard Criteria for Earthquake Resistant Design of Structures” and the 

manmade structures are hazards to the life of the people, however due to increased 

seismic activities in the Himalayan belt the RVS scoring is done considering the 

building site are in Zone V. The earthquake of 18
th

 Sept 2011 in Sikkim has shown 

the vulnerability of current building stock present in the state. The earthquake caused 

loss of human lives and major damage to the buildings, infrastructures with death of 

livestock in the state.  

  

The Rapid Visual Survey of these structures has been carried out in a 

scientific method involving the stakeholders as well as the Engineers from the Civil 

Engineering Cadre. In order to carry out the RVS, proper training was given to the 

Engineers, wherein theoretical classes were followed by the practical screening of the 

structures. The details collected after the RVS was examined by experts based on 

which classification of the building was done. Building with higher performance 

score perform better compared to lower performance score. However the buildings 

which are in the middle range of performance is large in number and drawing 

meaningful conclusion is a difficult task because of non-availability of standard 

results for the Indian conditions. 

 

As the drawings for the structures were not available, measurement of the 

existing structures were done and the drawings were recreated as per the layout at 

site using AutoCAD software.  
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1.1 INTRODUCTION 

 

Sikkim and adjoining region is known to be part of the seismically active region of 

the Alpine-Himalayan seismic belt. Earthquakes in this region are broadly associated 

with strain accumulation associated with the northward tectonic movement of the 

Indian Plate and its subsequent abrupt release. Historical and instrumentally recorded 

data on earthquakes show that Sikkim and adjoining area lies in a region prone to be 

affected by moderate to great earthquakes. An earthquake of 6.8 magnitude with its 

epicenter near the Indo-Nepal border (27.70 N, 88.20 E) shook the northeast and large 

parts of northern and eastern India on 18-09-2011 at 18 11 hrs for 47 seconds (IMD 

2011). Gangtok, the capital city of Sikkim, which is around 68.74 km southwest from 

the epicenter, experienced earthquake intensity of VI in MMI scale. It caused 

extensive damage, wide spread panic and those who experienced the earthquake 

realized that the event was large enough and majority of their buildings were not 

strong enough to sustain another earthquake of same or higher magnitude. 

 

   

 

Fig 1-1: Post Earthquake 18th Sept. 2011(Source: SSDMA) 

 

 

The Earthquake damaged 759 schools, 377 hospitals/ public health centre (PHC), 875 

aangawandi Kendra and 1255 government buildings  (SOURCE: NATIONAL 

INSTITUTE OF DISASTER MANAGEMENT). It can be easily construed from the 

data that this kind of damage to the lifeline buildings will have an adverse effect to 



2 

 

the rescue and rehabilitation operations if, in case another earthquake of that intensity 

strikes again.  

 

Most structures in Sikkim primarily fall under masonry (brick, block and stone), RCC 

and wooden building category. The buildings have either flat or sloping roofs made 

up of different materials that include GI sheet, thatch, RCC, and wood. Almost all the 

buildings constructed other than that by Govt. agencies are constructed without proper 

design and engineering knowhow. 

The major lifeline buildings in and around the capital city of Gangtok have been 

constructed at least 40 to 50 years ago whose earthquake resistance capabilities 

cannot be ascertained due to the absence of the detailed drawings and test reports.  

The purpose of an earthquake-resistant design is to provide a structure with features, 

which will enable it to respond satisfactorily to seismic effects. These features are 

related to five major objectives, which are listed in order of importance: 

 

1. The likelihood of collapse after a very severe earthquake should be as low as 

possible. 

2. Damage to non-structural elements caused by moderate earthquakes should be 

kept within reasonable limits. Although substantial damage due to severe 

earthquakes, which have a low probability of occurrence is acceptable, such 

damage is unacceptable in the case of moderate tremors which are more likely 

to occur. 

3. Buildings in which many people are usually present should have deformability 

features which will enable occupants to remain calm even in the event of 

strong shocks. 

4. Personal injury should be avoided. 

5. Damage to neighboring buildings should be avoided. 

 

As mentioned above, the philosophy of earthquake design is to prevent non-structural 

damage in frequent minor ground shaking, to prevent structural damage and minimize 

non-structural damage in occasional moderate ground shaking and to avoid collapse 

or serious damage in rare major ground shaking. 
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All this philosophy for earthquake resistance can be incorporated in the future 

constructions. But for the existing buildings the best method for analyzing the 

vulnerability in earthquake induced vibrations is by Rapid Visual Screening (RVS) as 

this method is implemented without performing any structural calculations and does 

not involve any destructive testing of the components of the structure.  

 

The method has other advantages of which are as follows: 

1. The method takes less time as the structures are to be visually screened and 

depending upon the size of the structure the time required can be as less as few 

hours. 

2. The cost involved is also low. 

 

The outcome of RVS will be more reliable if it is carried out by professional 

Civil/Structural Engineers as they are more aware of the provisions and guidelines of 

the codes of practice to be followed in the country for various structures. They would 

also be able to identify hazards other than that present in the structures like the present 

conditions of the soil within the vicinity of the structure, probability of landslides. 

They would also be able to identify vibrations which may be due to newly installed 

machines or due to vehicle movements in new constructed roads etc. These vibrations 

though very small in magnitude but are frequent in nature may cause fatigue in the 

structure and hence needs to be identified and some damping methods can be 

suggested.  

However, the engineers have to be trained in the RVS methodology prior to the actual 

field work. 

 

 

1.2  OBJECTIVES OF STUDY: 

1. To carry out RVS of selected lifeline buildings in Gangtok town. 

2. To access the necessary data and drawings from this RVS study which will be 

useful to carry out detailed vulnerability study of buildings for which are 

vulnerable to seismic activities 

3. To comment on the seismic vulnerability of selected lifeline buildings in 

Gangtok town. 



 
 

Chapter-II 
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2.1   SCOPE OF THE STUDY: 

 

1. For the rapid visual screening survey of lifeline buildings (including schools, 

hospitals and residential quarters) are considered in Gangtok town. 

2. For the buildings having structural drawings availability, the preliminary 

vulnerability assessment has been done. 

3. Fragility/ vulnerability of the structures is prioritized as per the performance 

score at final step. 

 

2.2  LITERATURE REVIEW: 

A literature review is an evaluated report of information found in the literature 

related to the selected area of study. It gives a theoretical base for research and help 

the author to determine the nature of the research. The following paragraph gives the 

detailed literature review related to the present study- 

 

Prof. Ravi Sinha and Prof. Alok Goyal [1], A national policy for seismic 

vulnerability assessment of buildings and procedure for rapid visual screening of 

buildings for potential seismic vulnerability. In this paper the seismic vulnerability 

assessment of buildings and Rapid visual screening and uses and seismic 

vulnerability classification for different structure types are made. 

 

C.D.Annan, M.A. Youssef and M.H.EL Naggar [2], Seismic vulnerability 

assessment of modular steel buildings. This study aims at developing an 

understanding of the inelastic behaviour of braced frames of modular steel buildings 

and assessing their seismic demands and capacities. 

 

Said A.EI-Kholy, Mohammed S. EI-Assaly. Medhat Maha [3], Seismic 

vulnerability assessment of existing multi storey reinforced concrete buildings.  The 

purpose of this paper is to promote public welfare and safety by reducing the risk of 

death or injury that may result from the effects of earthquake on existing R C 

building stock in Egypt. It aims to evaluate seismic vulnerability of the most 

commonly used type of mult-storey RC buildings. 
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I.Ezz E1-Arab [4], Seismic analysis of existing school buildings different Egyptian 

seismic provisions. This paper presents a comparative study for seismic analysis of a 

certain class of existing school buildings which are considered as one of the 

important and wide spread buildings in Egypt. 

 

K.T.Tan, H.Abdul Razak [5] , Assessment of risk to school buildings resulting from 

distant earthquakes. The effects of far distant earthquakes considered in this paper. 

The fragility curves in this study are to indicate whether buildings are safe to enter or 

not after an earthquake event occurring more than 300 KM away. The probability of 

light, moderate and severe damage state occurring on two and four storey RC 

buildings up to a peak ground acceleration of 0.2g were predicted. 

 

Chirag N.Patel, Dr. Paresh V Patel [6],  Vulnerability assessment of buildings 

through RVS using GIS- A case study of Gandhidam city.  This paper presents a 

methodology to predict the qualitative seismic vulnerability of buildings based on a 

number of structural parameters determined on the basis of engineering knowledge 

and observations through rapid visual survey.  

 

2.3  METHODOLOGY: 

The Rapid visual screening is designed to be implemented without performing any 

structural calculations. It requires a drawing of the structure and visual details after 

proper inspection of the site depending upon which a scoring is done. The inspection, 

data collection and various decision making process occurs at the building site, which 

requires very less time (around 30minutes-1 hour duration). RVS methodologies can 

be implemented in both rural and urban areas, but it is not intended for structures 

other than buildings. The introduction to RVS and detailed procedure is given in the 

subsequent chapters. 



 
 

Chapter-III 
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RAPID VISUAL SCREENING (RVS) 

  

3.1  INTRODUCTION TO RVS 

Rapid Visual Screening (RVS) methodology was first developed by “Applied 

Technology Council” in the late 1980’s and published in FEMA 154 in 1988. RVS 

format was first time introduced for a masonry building in Indian building code in 

2009 i.e. IS 13935:2009 “Seismic Evaluation, Repair and Strengthening of 

Masonry Buildings - Guidelines”. This RVS format was designed for earthquake.  

RVS is a form of survey to identify the buildings which are expected to be more 

vulnerable in an earthquake. It is used to prioritize the buildings in a jurisdiction for 

further evaluation and retrofit for seismic forces (CPWD 2007). RVS is designed to 

evaluate the primary lateral load resisting system and to identify the building 

attributes that modify the seismic performance of the lateral load resisting system 

along with the non-structural components. A building may require 15 to 30 minutes 

for RVS depending upon the size of the building. Data collection and decision 

making process will occur at the building site.   

 

 

3.2  RVS PROCEDURE 

The rapid visual screening method is designed to be implemented without performing 

any structural calculations. The procedure utilizes a scoring system that requires the 

evaluator to  (1)  identify  the  primary  structural  lateral  load-resisting  system,  and  

(2)  identify building attributes that modify the seismic performance expected for this 

lateral load- resisting system. The inspection, data collection and decision-making 

process typically occurs at the building site.  

 

The detailed procedure of RVS in site was conducted as per the following steps – 

1. External measurements of the building were taken preferably overall 

dimension/ column centre to center distance whichever is easier. 

2. All the internal measurements of different floors were taken and noted down. 

3. Along with which one person was engaged in filling up the RVS form. 

4. Person who was engaged in filling up the form also observed whether there 

are any defects like cracks in the structure, if exists then types of distress of 
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building, cracks in the building, probability of seepage, etc were noted 

down. 

5. Also in the vicinity of sites falling hazards (exterior/interior), landslide, 

forest-fire, flash-flood, etc, were observed and necessary details were filled 

up. 

6. The utmost important data to be taken from the owner like age of the 

building, approximate cost, foundation details, building material, etc, was 

asked by other members of the RVS team and was noted down in-site in 

RVS form. 

7. All the data that was collected from the site was taken to office and the 

Performance Score of the building were calculated and depending upon 

this value the seismic vulnerability of the building was obtained. 

 

NOTE: Wherever the drawings of the existing structure were not 

available, the drawings were prepared using AutoCAD software (In our 

case all the drawings were prepared in AutoCAD based on the 

measurement taken at site). 

 

The screening is based on numerical seismic hazard and vulnerability score. The 

scores are based on the expected ground shaking levels in the region as well as 

the seismic design and construction practices for the city or region. The scores use 

probability concepts and are consistent with the advanced assessment methods. The 

RVS procedure can be integrated with GIS-based city planning database and can also 

be used with advanced risk analysis software. The methodology also permits easy 

and rapid  reassessment  of  risk  of  buildings  already  surveyed  based  on  

availability  of  new knowledge that may become available in future due to scientific 

or technological advancements. 

 

The RVS methodology can be implemented in both rural and urban areas. However, 

the variation in construction practice is more easily quantifiable for urban areas and 

the reliability of the RVS results for rural areas may be very low. It is therefore 

preferable that the RVS methodology be used for non-standard (or non-government) 

constructions in rural areas only with adequate caution. The RVS methodology is 

also not intended for structures other than buildings. For important structures 
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such as bridges and lifeline facilities, the use of detailed evaluation methods is 

recommended. Even in urban areas, some very weak forms of non-engineered 

buildings are well-known for their low seismic vulnerability and do not require RVS 

to estimate their vulnerability. These building types are also not included in the RVS 

procedure. 

 

3.3 INFORMATION TO BE COLLECTED DURING RVS IN 

SITE: 

The detail information of those structural and non-structural parameters which are 

required to be assessed during integrated rapid visual screening of the building is 

explained below- 

 

3.3.1 General Information Required for RVS:  The first step in conducting the 

integrated rapid visual screening of buildings is to fill the general information about 

the building which is being surveyed. The information consists of name & address of 

the building, type of use, built up area, building type, type of mortar and type of 

material used in floor, wall and roof construction. 

 

3.3.1.1 Building Name and Address: Name of the building and name of the owner 

of the building should be filled into the RVS form. Address of the building should be 

entered along with the name of the village/block, district and the state. This 

information will help to identify the building if it has to be further assessed for 

preliminary and detailed vulnerability assessment. 

 

3.3.1.2 Use of Building: Purpose of occupancy of the building is important to know. 

Type of occupancy helps to prioritize the buildings for risk mitigation measures. 

Change in the occupancy of building over a period of time pose a threat as building 

originally designed to carry a certain load may cross the limit of designed load. 

Building use can be defined in four different classes i.e. Residential, Institutional 

(schools, college, hospital, old age homes, training centre etc.), Commercial/office 

(offices, shops and industrial building, fire station etc.) and Mixed (buildings used for 

multiple purposes such as residential and commercial both) 
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3.3.1.3 Building Types: Type of building should be identified as the first most 

important step before collecting the various relevant information during RVS. Major 

Building typologies can be classified into 6 different groups on the basis of the 

element which can take lateral load induced due to earthquakes. These 6 groups are 

Brick Masonry, Stone Masonry, RC Frame, Mud/Adobe buildings, Wood/ Bamboo, 

Hybrid type (polythene, grass, thatch, GI sheet etc.).  

    

3.3.1.4 Number of Stories: Number of stories in the buildings are counted by 

assuming ground floor as the first storey.  Taller building attract large earthquake 

forces hence they are unsafe in seismic zone IV and V. National building code of 

India (NBC2005) specifies that 4 stories buildings are not allowed in seismic zone V 

area.   

 

3.3.1.5 Built-Up Area: It is the amount of space, the building floor plan covers. It is 

normally measured in square feet or square meters. If the building has multiple floors, 

the total built-up area of all floors is taken into account. All usable interior space is 

included in the build-up area, apart from outdoor balconies, but excluding 

elevator/staircase area. 

 

3.3.1.6 Age of Buildings: Age of the buildings need to be found out from owner of 

the building or from the building drawings if available. Older buildings should be 

assessed more carefully for building distress elements. Age of the buildings also helps 

in getting the information about presence of seismic safety features in the buildings.  

Age of the Building in years 0-10, 11-20, 21-30, 31-40, 41-50, >50 

 

3.3.1.7 Type of Wall, Roof and Floor Material: A wide variety of building 

materials are used in urban and rural areas of India. These include local material such 

as mud, straw, wood; semi engineered material such as burnt brick and stone masonry 

and engineered material such as concrete and steel. The seismic vulnerability of 

different building types depend upon the choice of building materials and construction 

technology adopted. Generally building vulnerability is highest with the use of local 

material without any engineering input and lowest with the use of engineered 

materials and skills.  

 



10 

 

3.3.1.8 Type of Roof: Roofs are divided into two category i.e. flat and slope roof. In 

masonry buildings, flat roof act as the roof band to keep the roof intact with all four 

walls while roof band has to be provided for sloping roof. Sloping roof may be of 

different kind such as gable roof, hip roof, shed roof (single sloped roof) etc.  

    

3.3.1.9 Type of Mortar: Type of material used in masonry construction play a major 

role in defining the crushing strength. Mortars used in the building construction can 

be mud, lime or cement. Few buildings are constructed without using any mortar and 

hence structurally very weak such as stone masonry buildings made of dressed stone. 

Buildings without mortar collapse easily during earthquake due to poor no bond 

strength of stones or bricks.  

 

3.3.2 Geotechnical Characteristics: This section describes the site morphology 

and soil characteristics. 

 

3.3.2.1 Site Morphology: Topography affects the amplification of the ground motion 

in case of earthquake. Select the appropriate option whether the site is located in a flat 

topography, downward slope, trough or crest.  

Flat: Site where the ground slope varies from 0 to 5 degree is considered as flat. 

Crest: Crest is the peak point of the hill.   

Downward Slope: Building site located on the slope of the hill or mountain.  

Trough: Trough is the narrow depression between two downward slopping hills. 

 

3.3.2.2 Depth of Water Table: Depth of water table (in feet) has to be recorded for 

identifying liquefaction potential and potential damage of foundation both. A higher 

water table may cause the settlement of foundation due to softening of soil. 

 

3.3.2.3 Type of Soil: IS 1893:2002 (Part 1) classifies the soil type into three category 

i.e. hard, medium and soft. The appropriate choice is to be selected after examining 

the soil condition. Generally soils found near the river bed are soft and soils with 

presence of boulders are considered as hard soil elsewhere it is considered as medium. 

 

3.3.2.4 Expansive and Non Expansive Soil: Soils should be classified according to 

their expansive nature. Expansive soils are those soils which have a tendency to 

increase in volume whenever water/ moisture content are increased. Foundations 
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resting on the expansive soil will heave and cause damage to the building by 

settlement or lifting of the building. Black cotton soil is the example of expansive 

soils. These soils can be identified by the cracks developed in the summers.   

 

3.3.2.5 Liquefaction Potential: Liquefaction is a state of soil when the effective 

stress of the soil is reduced to zero i.e. the complete loss of shear strength. 

Liquefaction can occur at the time of the earthquake when the soil starts behaving like 

a freely flowing fluid. Sandy soils with high water table (water table <3m from the 

ground surface) are susceptible to liquefaction. 

 

3.3.3 Seismic Safety Features of Masonry Buildings: This section describes the 

seismic safety features of masonry buildings. 

 

3.3.3.1 Horizontal Plan Irregularity: Buildings with simple and regular plan 

configuration behave well in the earthquake. Shape of the building should be judged 

in the plan view to check whether it’s regular or irregular configuration. Rectangular / 

square or circular buildings are regular configuration. 

 

 

 

Fig: Error! No text of specified style in document.-1: Shape of the buildings 

 

3.3.3.2 Vertical Irregularities: It is a deficiency of building that can be detected by 

observation on the elevation of existing buildings. Presence of step-back and setback 

in the buildings should be identified.  Setback is the step like recession of floor of the 

building in one horizontal direction.  Step-back is step like recession on the ground 

above which different building stories are constructed Buildings constructed in hilly 

areas have peculiar structural configurations. Successive floors of such buildings step 
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back towards the hill slope and sometimes, the buildings also set back. The stepping 

back of building towards hill slope results in unequal column heights in the same 

storey, which causes severe stiffness irregularities in along- and cross-slope 

directions. 

 

 

FIg: Error! No text of specified style in document.-2: Step-Back and Set-Back 

 

3.3.3.3 Horizontal Bands: Horizontal bands are provided in the masonry buildings to 

hold building as a single unit by tying all the walls together. There are four types of 

horizontal band i.e. plinth, sill, lintel and roof band.  
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FIg: Error! No text of specified style in document.-3: Horizontal Bands 

 

3.3.3.4 Vertical Reinforcement in Jamb openings: Door and window opening 

reduces the stiffness of the wall and these areas are more prone to develop diagonal 

(shear) cracks during earthquake. Vertical reinforcement at the jamb openings reduces 

the possibility of developing these cracks.   

 

3.3.3.5 Vertical Reinforcement at Corner of the wall: Vertical reinforcement at the 

corner of the walls forces the masonry pier to undergo bending by delaying the 

diagonal cracking. Vertical bars enhance lateral load carrying capacity of walls. If 

properly embedded, vertical steel bars protect the wall from sliding as well as from 

collapsing in weak direction. 

 

. 

3.3.3.6 Diaphragm Opening: The horizontal forces generated by the ground motion 

at different locations of the floor must be transferred to the vertical elements such as 

walls. The floor must act as a diaphragm to accomplish this required action. 

Discontinuity in the diaphragm due to large cut outs reduces the ability of diaphragm 

to transfer lateral forces to the walls.   

 

 

3.3.3.7 Distance Between two openings: IS 4326:1993 defines the criteria of 

minimum distance for opening from the corner of the wall and minimum distance to 

be maintained between two separate openings on a wall. Distance of opening from the 
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corner of the wall should be minimum 450mm for brick masonry and 560 mm for 

stone masonry buildings. Minimum distance between two openings should be 

approximately 560 mm. 

 

 

FIg: Error! No text of specified style in document.-4: Distance between two openings 

 

3.3.3.8 Percentage of Opening in 1, 2 and 3 or more storey Building: Any wall 

opening more than 50% is highly undesirable and vulnerable for the earthquake. 

Large openings reduce the lateral resistance of the buildings. Opening should be small 

and centrally located in the buildings. Opening should be avoided near the column or 

at the corner of the wall. Large openings lead to cracking due to concentration of 

masses.  According to IS 4326:1993, percentage opening of the wall should decrease 

with the increasing number of stories. For second and third storey, opening should be 

restricted to 42% and 33% respectively.  

 

3.3.3.9 Length of Wall Between two cross wall: IS 13935:2009 (table 3) defines the 

limit for length and height of the wall for a given wall thickness. If length of the wall 

between two cross walls is exceeding the defined limit, it is structurally unsafe for 

building situated in seismic zone IV and V. Long wall have the tendency of 

overturning due to out of plane movement.  

 

 

Table 3.1: Length and Height of wall between two cross wall (as per IS4326:1993) 

Maximum length between two cross walls= 35× thickness of wall or 8m whichever 

less Maximum height of the wall= 15× thickness of the wall or 4m whichever less  

 

 

3.3.3 Seismic Safety Features of RC Frame Buildings: This section describe the 

seismic safety features of RC Frame building. 
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3.3.4.1 Frame Action:  Proper frame action is the key to horizontal load transfer 

mechanism in RC frame buildings. Having RC frame in the building does not ensure 

the proper frame action during an earthquake. For a proper frame action, beams and 

columns should be orthogonal to each other. Secondary beams should be provided to 

transfer the load of the slab to primary beams and then primary beams transfer the 

load to columns.   

 

3.3.4.2 Presence of Soft Storey: IS 1893:2002 defines that soft storey is the one in 

which the lateral stiffness is less than 70% of that in the storey above or less than  

80% of the average lateral stiffness of the three storey above. Buildings with open 

parking area on ground storey, stilt buildings or a building with large windows and 

doors for commercial areas comes under soft storey. 

 

 

3.3.4.3 Short Column Effect: Building on the hill slope can have unequal columns on 

the ground storey. Short columns being stiffer attract more horizontal forces and are 

susceptible to fail in shear if they are not designed to take care of this effect. 

Buildings in slope should be carefully identified for unequal height of the columns. If 

a column length cannot be fully utilized during earthquake sway due to restriction in 

its movement, it is also called as short column effect.  

 

3.3.4.4 Concept of Weak Beam Strong Column: Seismic lateral forces generated at 

the floor level are transferred through beam and columns to foundation. Failure of 

beam creates a localized effect while failure of column can collapse the whole 

building. This is the reason why RC frame buildings are designed on weak beam-

strong column concept. Slender cross section of column with large section of beam 

represents the strong beam and weak column concept which is dangerous for the 

overall safety of the building.  

 

3.3.4.5 Pounding of Buildings: Two buildings should not be too close to each other 

as they have the possibility of collision to each other in case of vibration caused by 

earthquake. This effect is called as pounding and effect is more severe for tall 

buildings.   
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FIg: Error! No text of specified style in document.-5: Pounding of Buildings during an earthquake 

(Reference: Learning Earthquake Design and Construction, IITK-BMTPC Earthquake Tip 6 by 

Prof. C.V.R. Murty) 

 

3.3.5 Building Distress and Other important features: This section describes the 

building distress and other parameters related to building maintenance which reduces 

the safety of the building. 

 

3.3.5.1 Cracks in the Building: Present condition of the building should be assessed 

properly. Cracks in the building elements (wall, beam and column) make buildings 

more vulnerable to natural disasters. 

 

3.3.5.2 Building Distress: Building distress can occur due to lack of maintenance, 

faulty design of buildings, poor quality of construction, corrosion of reinforcement, 

settlement of foundation or extreme loading. Various types of building distress are 

described below. 

 

Settlement cracks run through the whole length of the wall and they appear on the 

building resting on the loose soil with inappropriate foundation. 

 

In stone masonry construction, wythe separation occurs due to lack of through stones 

and the use of round boulders which prevent the proper interlocking of stones.   
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Diagonal cracks develop near the opening of windows and doors due to shear failure. 

Diagonal (shear) cracks in columns can be found due to failure of stirrups which are 

used to bind the steel bars in RCC columns.  

Bulging of the wall or column can occur if the thickness of the wall or column is 

insufficiently thick in comparison to the building height that lead to the wall/ column 

instability. This problem also occurs when additional floors are added to an existing 

building. 

Cracks in the corner of the wall are found if the walls are not jointed together at the 

corner joint by providing the sufficient reinforcement.   

Wall overturning and column sway should be recorded as these defects reduce the 

load carrying capacity of the building elements.  Excess weight on the roof or 

excessive self-weight of the roof itself causes the roof sagging which can lead to 

collapse of the roof in the future.  

 

3.3.5.3 Water Seepage: Buildings should be inspected for water seepage problem. 

Water seepage problems may occur due to defective water supply pipes, sanitary 

fitments or drainage pipes. It may also occur due to water seeping through roofs or 

exterior walls.  

 

3.3.5.4 Corrosion of Reinforcement: If there are cracks in the wall or roof, corrosion 

of reinforced steel bars may occur due to its exposure to rain water, moisture and air. 

If reinforcement is corroded in column and beam, vertical and horizontal cracks will 

appear on the column and beam respectively. 

 

 

3.3.5.5 Quality of Construction: Construction of buildings with uniform size and 

shape of column and beams, without any structural defects or damages should be 

considered as good apparent quality. Construction with minor non-structural cracks 

but without any tilting of building element should be considered as moderate and 

buildings with structural cracks and non-uniform building elements should be 

considered of bad quality of construction. 

 

3.3.5.6 Quality of Concrete:  If there is honeycombing in the concrete, it should be 

considered poor quality of concrete. Honeycombing can be seen only in fresh 

concrete.  Concrete with very fine non-structural cracks is acceptable and can be 
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considered moderate. A uniform non segregated concrete with smooth finishing 

should be considered of good quality. 

 

3.3.5.7 Non Structural Falling Hazards: Amplification of ground motion occurs 

along the height of the structure and long structures attract more seismic force. Non 

anchored or poorly anchored things such as parapets, chimney, cladding, water tank, 

communication tower, heavy machines, big hoardings, heavy furniture etc., can fall 

down over the building leading to local damage or collapse due to increased 

accelerations or displacements.  

Following are the summary of data’s to be collected during RVS:- 

 General Information Name and Address of Building,  

 Number of Storey, Built up area,  

 Age of Building,  

 Use of Building Residential, Educational. Institutional, Assembly, 

Commercial, Emergency, Service, Important Government Office and 

Cowsheds  

 Geotechnical  Characteristics Site Morphology, Soil type, Soil Nature, 

Liquefaction Potential of soils, Slope of the ground Building Types  Rammed 

Earth, Brick Masonry, Stone Masonry, RC Frame, Wooden Structures and 

Others Vulnerability Factors  

 Architectural Features: Shape of the building, Dimension of building  

Material  

 Characteristics: Material of wall, floor and roof, mortar, ratio of mix mortar  

 Structural Features: orthogonal frame, presence of secondary beams, presence 

of horizontal band, ratio of wall length and height to the thickness of the wall  

 Workmanship: Quality of concreting, quality of construction  

 Building Distress: presence of cracks, cracks width and their shape, different 

deformation, level of corrosion [Source: TARU Analysis 2013].   

 

Standard RVS format available in India does not capture the building distress 

features such as type and width of cracks in the building, foundation settlement, 

sagging of beam or floor etc. Other features such as water seepage problem, 

corrosion of reinforcement, lack of maintenance issues etc. did not appear in the 

format which may severely reduce the load carrying capacity of the buildings. It is 
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found that buildings performed well on these standard RVS format may get severely 

damaged during earthquake due to non-inclusion of above mentioned factors. To 

avoid these shortcoming, integrated RVS is introduced which includes building 

distress and other important parameters also. This information may also be utilized in 

conducting preliminary and detailed vulnerability assessment of the buildings. 

 

3.4 USES OF RVS RESULTS 

The results from rapid visual screening can be used for a variety of applications 

that are an integral part of the earthquake disaster risk management programme of 

a city or a region. The main uses of this procedure are: 

1. To identify if a particular building requires further evaluation for 

assessment of its seismic vulnerability. 

2. To rank a cities or communities (or organization’s) seismic 

rehabilitation needs. 

3. To design seismic risk management program for a city or a 

community. 

4. To plan post-earthquake building safety evaluation efforts. 

5. To develop building-specific seismic vulnerability information for 

purposes such as regional rating, prioritization for redevelopment etc. 

6. To  identify  simplified  retrofitting  requirements  for  a  particular  

building  (to collapse prevention level) where further evaluations are 

not feasible. 

7. To increase awareness among city residents regarding seismic 

vulnerability of buildings. 

 



 
 

Chapter-IV 
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PERFORMANCE/RVS SCORE OF THE BUILDING 

                                         
4.1 BACKGROUND: 

Indian seismic zone is divided into four categories i.e. Zone II, III, IV and V. RVS 

scoring methods proposed in FEMA and METU are analyzed to see their applicability 

for Indian conditions. In RVS score method of USA designed by FEMA, a Pre-Code 

penalty is given for buildings designed and constructed before the enforcements of 

seismic codes. Similarly a Post- Benchmark positive attribute is assigned to buildings 

constructed after the enforcement of seismic codes. It has heavy reliance on the year 

of construction and effective enforcement mechanism of seismic codes in building 

construction assuming that the building would surely fulfil the codal requirement 

applicable at the time of construction. This is not true in cases of India where often 

seismic codes are not followed during construction due to absence of effective 

building code reinforcement mechanism.    

 

Turkey has the similar situation and hence METU does not take into account the year 

of construction in defining the RVS score methodology. As building construction 

practices in India are much similar to Turkey, METU method was taken as base to 

develop rational method for RVS scoring of Indian buildings.    

 

Basic structural score of the building is based on the type of seismic zone and number 

of storey in the building. India seismic zone map (IS1893:2002) is based on past 

experience or expected intensity of earthquake ground motion in different parts of the 

country. It does not address the seismic hazard in terms of peak ground acceleration 

or peak ground velocity. Indian seismic zone V (expected ground motion of IX and 

above on MSK intensity scale) is assigned same basic scores as for zone I of METU 

method, zone IV (MSK intensity VIII) same as zone II of METU method and zone III 

(MSK intensity VII) & zone II (MSK intensity VI and lower) same as zone III of 

METU method. 

 

4.2 METHODOLOGY:  

The RVS score evaluation is based on a few parameters of buildings. The parameters 

of the buildings are building height, frame action, pounding effect, structural 
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irregularity, short columns, heavy overhang, 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 is given as -  

PS= (BS) + ∑[(VSM) x (VS)] 

 

Where VSM represents the Vulnerability Score Modifiers and VS represents the 

Vulnerability Score that is multiplied with VSM to obtain the actual modifier to be 

applied to the BS or Basic Score. For RC Frame building, the base score, vulnerability 

score and vulnerability modified score are given in table 1 & 2 whereas the same 

parameters for masonry buildings are given in table 3 and 4. A building with higher 

seismic zone and more number of storey will get the low score i.e. building will be 

more vulnerable. 

 

 

Table: 4.1: Base Scores (BS) and Vulnerability Scores (VS) for RC Frame Buildings in India 
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Table:4.2: Vulnerability Scores Modifiers (VSM) for RC Frame Building in India 

 

 

Table:4.3: Base Scores (BS) and Vulnerability Scores (VS) of Masonry Buildings in India 

 

 

 
Table:4.4: Vulnerability Scores Modifiers (VSM) for Masonry Buildings in India 

 

 



 
 

Chapter- V 
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RAPID VISUAL SCREENING OF LIFELINE BUILDINGS 

AROUND GANGTOK TOWN 

 

5.1 INTRODUCTION 

In this project, an attempt has been made to survey 11 buildings in Sikkim (Gangtok 

Town). The above buildings are constructed of reinforced concrete. As a part of this 

project, RVS forms are generated for reinforced concrete buildings. RVS scores have 

been calculated for the above buildings. A Performa of RVS sheet for all eleven build-

ings including drawings are shown. The building which RVS is conducted are as fol-

lows:- 

1. Govt. Senior Secondary School, Enchey, Gangtok East Sikkim 

a. Main Building 

b. Old Hostel Building 

2. TashiNamgyal Academy School, Raj Bhawan Road, Gangtok East Sik-

kim 

a. Hostel Building 

b. Old Staff Quarter 

c. School Building 

d. New Staff Quarter 

e. Golden Temple 

3. Sir TashiNamgyal Senior Secondary School, Development Area, Gang-

tok East Sikkim  

a. Primary School Building 

b. Auditorium Building 

4. Sir ThutobNamgyal Memorial Hospital, Near NH-10, Gangtok East 

Sikkim  

a. Main Hospital Building 

b. Orthopaedic Block 
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5.2 GOVT. SENIOR SECONDARY SCHOOL, ENCHEY GANGTOK EAST 

SIKKIM (MAIN SCHOOL BUILDING) 

 

This school is situated at Chand-

mari, Gangtok East Sikkim. The 

elevation of the school site is 

around 1800 metres. This school 

is a senior secondary school af-

filiated to central board of secon-

dary education on provisional 

basis. The main block was con-

structed in the year 1970s. The 

total built-up area of the school is 

1449.36 sq. metre and the total 

number of occupants in the building during day and night are 300 and 2 respectively. 

 

 

5.2.1. SITE DETAILS 

The school is constructed on a downward slope and the soil characteristics around the 

school site is hard in nature without any swelling characteristics. By our field study we 

found the probability of liquefac-

tion is very low as water table is 

well below and soil is possessing 

both friction as well as cohesion. 

The structure is RC type frame 

structurewhere all the frames are 

orthogonal and secondary beams 

are also seen. The buildings is two 

storeyed and is having uniform 

storey height. All the infill panels 

are done using burnt bricks of 

standard dimensions. 

Fig no 5.1 : Front view of Enchey School (main 

block) 

 

Fig no 5.2 : Side view of Enchey School (main 

block) 
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5.2.2. RVS RESULTS AND DRAWINGS 
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5.2.3. RVS PERFORMANCE SCORE 
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5.2.4 .CONCLUSION 

Since building is located on slope but constructed by making a levelled platform 

it is safe against sliding during worst circumstances in future. On top of that 

there are chances of toppling vehicles from road situated above the school and 

regarding drainage condition there are drainage facilities but not under proper 

functioning. Also openings are large which may help occupants to evacuate dur-

ing earthquake but it is not being properly utilised. 

 

5.3. GOVERNMENT  SENIOR SECONDARY SCHOOL, ENCHEY GANGTOK 

EAST SIKKIM (OLD HOSTEL BUILDING) 

 

This school is situated at Chand-

mari, Gangtok East Sikkim. The 

elevation of the school site is 

around 1800 metres. This school is 

a senior secondary school affiliated 

to central board of secondary edu-

cation on provisional basis. The 

old hostel block was in the year 

1960s. The total built-up area of 

the school is 926.24 sq. metre and 

the total number of occupants in 

the building during day and night 

are 120 and 2 respectively. 

 

 

5.3.1 SITE DETAILS 

The school is constructed on a downward slope (slope angle being very less) and the 

soil characteristics around the school site is hard in nature without any swelling char-

acteristics. By our field study we found the probability of liquefaction is very low as 

water table is well below and soil is possessing both friction as well as cohesion. 

 

 

Fig No 5.3 :Front view of Enchey Primary School 
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The structure is RC type frame 

structure where all the frames 

are orthogonal and secondary 

beams are also seen. The build-

ing is two storeyed and is hav-

ing uniform storey height. All 

the infill panels are done using 

burnt bricks of standard dimen-

sions. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig No. 5.4 : Side view of Enchey Primary School 
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5.3.2. RVS RESULTSAND DRAWINGS 
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5.3. 3. RVS PERFORMANCE SCORE 
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5.3.4. CONCLUSION 

This building is constructed on levelled base and the site is on very mild slope less 

than 10 degree. As compared to main building this building has lots of damages 

and structural cracks are also seen. Some form of distress that we observed are 

corner cracks in the wall, partial collapse of wall, diagonal cracks near openings. 

Structural members like beams and columns are also subjected to shear cracks, 

vertical cracks and tensile cracks in beam are also seen. Regarding drainage con-

dition there are drainage facilities but it is not under proper functioning. On top 

of that the plan of building is very unsymmetrical which can be subjected high 

torsion and shear stresses during earthquake. There are no any sinking area near 

structures but there are chances of falling hazards from roof like truss members, 

roof sheets etc. since the members is old aged and wood materials have already 

started decaying. 

 

5.4 TASHINAMGYAL ACADEMY SCHOOL, RAJ BHAWAN ROAD, GANG-

TOK EAST SIKKIM (HOSTEL BUILDING) 

 

This school is situated near to Raj Bhawan Road, Gangtok East Sikkim. The school is 

a public school which was founded in 1926 by late sir TashiNamgyal, the 11
th

 conse-

crated ruler of Sikkim. It is an autonomous English-medium, co- educational and resi-

dential cum day school.The elevation of the school site is around 1800 metres. 

Theschool is affiliated to Indian certificate of Secondary Education (ICSE). 

The school has a rectangular 

shaped compound measuring 

about 12 acres (4900 m
2
)bound 

by the National highway (NH-

10) to Nathula in the South 

West and the road leading to 

Rajbhavan in the North East. 

Starting from the upper main 

gate down to the lower main 

gate there is an open air theatre, 

football ground, principal bun-Fig No 5.5: Front view Hostel Building, TNA 

School 
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galow, three multi storey buildings, 27 single and double unit staff quarters, one 

kitchen and hostel dining hall, a large auditorium with capacity of 600 including gal-

lery, seven double/three storey buildings for classrooms, science block, common 

rooms, workshops and an administrative block. 

The hostel block was constructed in the year 1946. The total built-up area of the hostel 

is 761.79 sq. metre and the total number of occupants in the building during day and 

night are none and 90 respectively. 

 

 

5.4.1. SITE DETAILS 

The hostel building is constructed 

on a medium downward slopeand 

the soil characteristics around the 

school site is hard in nature with-

out any swelling characteristics. 

Wealso found the probability of 

liquefaction is very low as water 

table is well below and soil is pos-

sessing both friction as well as 

cohesion. The structure is RC type 

frame structure where all the frames are orthogonal and secondary beams are also 

seen. The building is two storeyed and is having uniform storey height. The roofing 

style is hipped roof sikkimese style.  All the infill panels are done using burnt bricks of 

standard dimensions. The site near to hostel building is slightly prone to sinking. Re-

garding the symmetry of building the shape of building is in L shape, there are no ver-

tical irregularities and stiffness are also equally distributed without any soft storey. 

 

 

 

Fig No 5.6: Side view Hostel Building, TNA 

School 
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5.4.2. RVS RESULTS AND DRAWINGS 
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5.4.3. RVS PERFORMANCE SCORE 
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5.4.4. CONCLUSION 

Since the building is constructed on medium slope with properly designed retain-

ing wall so there are no chances for sliding. This building has not suffered any of 

damages and structural cracks are not seen. No any form of distress were ob-

served in the structures but there is a problem related to seepage of water. Due to 

these seepage slight dampness has occurred in the wall near bathroom and toilet. 

Structural members like beams and columns are in well-conditioned and are not 

subjected any cracks. Regarding drainage condition there are drainage facilities 

but it is not so effective during rainy season. There are no chances of falling haz-

ards in and around the structures. 

 

5.5 TASHI NAMGYAL ACADEMY, GANGTOK, EAST SIKKIM OLD STAFF 

QUARTER 

 

The old staff was constructed 

in the year 1987. The total 

built-up area of the building is 

589.05 sq. metre and the total 

number of occupants in the 

building during day and night 

are 15 and 50 respectively. 

Among all other staff quarters 

it the oldest one and it is hav-

ing substantial overhanging at 

top floor. It is near to road 

way and there is some probability of sliding of the soil mass nearby structure  

 

 

5.5.1 SITE DETAILS 

The old staff quarter building is constructed on a medium downward slope and the soil 

characteristics around the school site is hard in nature. The probability of liquefaction 

is very low as water table is well below, soil is possessing both friction as well as co-

Fig No 5.7: Side view Old Staff Quarter, TNA School 
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hesion. Since soil is of hard type so chances of swelling is very low. The structure is 

RC type frame structure where all the frames are orthogonal and secondary beams are  

also seen. The building is three storeyed and is having uniform storey height but below 

ground floor columns are raised to make level platform with no brick infill panels. So, 

the structure has soft storey that too in base level which means that during shaking the 

damages likely to be occurred in building is very high.  

 

 

The roofing style is hipped roof sikkimese style.  All the infill panels are done using 

burnt bricks of standard dimensions. Regarding the symmetry of building the shape of 

building is rectangular, there are vertical irregularities and stiffness are also not 

equally distributed. 

 

 

 

 

Fig No 5.8:  Faults found during survey of Old Staff Quarter, TNA School 
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5.5.2. RVS RESULTS AND DRAWINGS 
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5.5.3. RVS PERFORMANCE SCORE 
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5.5.4 .CONCLUSION 

Considering the requirements and provisions provided in Indian Standard Code 

building regarding construction and design criteria against earthquake it has lot 

of faults. First of all there is vertical irregularities because the top floor is pro-

jected about 1.5 m on all floor sides and that too construction is done on it. 

There are lots of openings in structures at every level that too at very critical po-

sition which makes very congested for evacuation during earthquake. We also 

have seen the acute seepage problems causing efflorescence, spalling of plaster 

and most critical the reinforcement being exposed to atmosphere which has 

started peeling off. 

 

5.6 TASHI NAMGYAL ACADEMY GANGTOK EAST SIKKIM SCHOOL 

BUILDING 

This school building was 

constructed in the year 1985. 

The total built-up area of the 

building is 437.78 sq. metre 

and the total number of occu-

pants in the building during 

day and night are 50 and 10 

respectively.  Side by this 

building there is another 

school building (Middle 

Camp) which was constructed 

in year 1979 and to assist this 

building another school was constructed which is shown in fig.  

 

 

 

 

 

Fig No 5.9: Front view of School Building, TNA School 

Building School 
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5.6.1. SITE DETAILS 

This school building is con-

structed on a medium down-

ward slope and is side off the 

road leading to playground. 

The soil characteristics 

around the school site is hard 

in nature having low plastic-

ity with no any swelling char-

acters. There is very low 

chances of liquefaction of 

structure because soil is hard 

possessing both friction as 

well as cohesion. The structure is RC type frame structure with three storey where all 

the frames are orthogonal and secondary beams are also seen. The building is having 

uniform storey height and the roofing style is hipped roof.  All the infill panels are 

done using burnt bricks of standard dimensions. Plastering as well as concreting is 

done well with good quality of mortar and concrete respectively. Regarding the sym-

metry of building the shape of building is rectangular, there are no vertical irregulari-

ties and stiffness are also equally distributed without any soft storey. 

 

 

 

 

 

 

Fig No 5.10: Side view of School Building, TNA 

School Building School 
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5.6.2. RVS RESULTS AND DRAWINGS 
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5.6.3. RVS PERFORMANCE SCORE 
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5.6.4. CONCLUSION 

This building is safe against geological hazards like earthquake and landslides 

but there might be chances of small ground failure on up side of building. There 

are no any kind of falling hazards that could be vulnerable to structure. Regard-

ing the symmetry of building it fulfils all codal requirements as well as plan is 

simple in rectangle in shape which helps in taking advantage of box type configu-

ration. 

 

5.7. TASHI NAMGYAL ACADEMY GANGTOK EAST SIKKIM NEW STAFF 

QUARTER 

 

The new staff quarter was constructed in the year 1979. The building is located on up-

per side of old staff quarter. The total built-up area of the building is 320.61 sq. metre 

and the total number of occupants in the building during day and night are 5 to 10 and 

25 to 30 respectively. 

 

 

5.7.1. SITE DETAILS 

The hostel building is constructed on a medium downward slope and the soil charac-

teristics around the school site is hard in nature. We also found the probability of liq-

uefaction is very low as water table is well below and soil is cohesive frictional soil 

also swelling of soil is 

also not expected. 

The structure is RC 

type frame three sto-

rey structure where 

all the frames are or-

thogonal and secon-

dary beams are also 

seen. The building is 

having uniform storey 

height and the roofing 

style is hipped roof.  
Fig No 5.11: side view of New Staff Quarter, TNA School 

Building School 
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All the infill panels are done using burnt bricks of standard dimensions. The openings 

provided in buildings are mostly centrally located and are provided with main beam on 

its top. Provision of sill is not known but the shape of building is in rectangle 

length/width ratio within limit of 2.5. There are no vertical irregularities and stiffness 

are also equally distributed without any soft storey. 
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5.7.2. RVS RESULTS AND DRAWINGS 
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5.7.3 RVS PERFORMANCE SCORE 

 

 

 



89 

 

 



90 

 

 

5.7. 4.CONCLUSION 

This building has no any kind of falling hazards that could be vulnerable to struc-

tures. Regarding cracks there are no any structural cracks seen in building. All 

openings are centrally located with beam on its top so there are no any diagonal 

cracks as well as shear cracks. Drainage facilities are properly provided and 

maintained. It is functioning properly even during rainy season. 

 

5.8. TASHI NAMGYAL ACADEMY, GANGTOK, EAST SIKKIM (GOLDEN 

TEMPLE BUILDING)  

 

The golden temple building of TNA School is a building where the classes are being 

held. Therefore, the number of occupants in building during day are from 360 stu-

dents. The total built up area of building is 436.8 sq metre and was constructed in the 

year 1983.

  

5.8.1. SITE DETAILS 

Though the base of building is levelled, there exists a sloped land adjacent to building 

which varies from 0 to 15 de-

gree so, there is chances of 

landslide besides school 

building. The building is 

made up of brick masonry 

and it has two storey. Wall is 

made of burnt brick and has 

sikkimese style hipped roof. 

Since, the building inside is 

used for classes staircase is 

connected from outside and 

hence not part of structure.  

 

Fig No 5.12: Front view of Golden Temple, TNA 

School Building School 
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5.8.2. RVS RESULTS AND DRAWINGS  
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5.8.3. RVS PERFORMANCE SCORE 
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5.8.4. CONCLUSION 

Since it is an engineered and its age is between 0 to 10 years it does not have any 

specific defect. However, it is exposed to a hazard like landslide and since it has 

openings in wall more than 50 % in both storey it is vulnerable under shaking as 

it may not be able to resist lateral load and might fail during the diaphragm ac-

tion. Regarding the falling hazards there are some lampposts which are not an-

chored properly that might fall during earthquake leading to injuries.  

 

5.9. SIR TASHINAMGYAL SENIOR SECONDARY SCHOOL, DEVELOP-

MENT AREA, GANGTOK EAST SIKKIM (PRIMARY SCHOOL BUILDING) 

This school is situated at Development Area, Gangtok East Sikkim. The elevation of 

the school site is around 1800 metres. This school is a senior secondary school affili-

ated to central board of secondary education on provisional basis. The primary school 

block was constructed in the year 1960s. The total built-up area of the school is 604.68 

sq. metre and the total number of occupants in the building during day and night are 

150 to 200 and 2 respectively. 

 

 

5.9.1 SITE DETAILS 

The primary school building is constructed on a medium downward slope and the soil 

characteristics around the school site is hard in nature. We also found that chances of 

liquefaction of structure is quite low because soil is cohesive frictional soil and swell-

ing of soil is also not expected since there is absence of minerals like montomorrilite 

in the soil. The structure is RC type frame two storey structure where all the frames 

are orthogonal and secondary beams are also seen.  

Fig No 5.13: Primary School Building, TNSS 
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 The building is having uni-

form storey height and the 

roofing style is hipped roof-

sikkimese style.  All the 

main outer infill panels are 

done using burnt brickof 

standard dimensions but in-

ner partition walls for class-

rooms are done using ply-

wood 3-5 mm thick and rais-

ing plum concrete up to ap-

proximately 0.85 m. The 

openings provided in build-

ings are mostly centrally located and are provided with main beam on its top. Provi-

sion of sill is not known but the shape of building is in rectangle length/width ratio 

within limit of 2.5. There are no vertical irregularities and stiffness are also equally 

distributed without any soft storey. Overhanging portion is also under the required 

limit which is safe against earthquake but columns are not uniformly distributed in x 

and y directions. 

 

 

 

 

Fig No 5.14: Top view Primary School Building, TNSS 
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5.9.2. RVS RESULTS AND DRAWING  
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5.9.3. RVS PERFORMANCE SCORE 
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5.9.4. CONCLUSION 

Building fulfils most of the symmetry required in the code. Both storey are almost 

having equal stiffness. Since there is a road on up side of school there might be 

chances of vehicle toppling down to school. Drainage facilities are provided but 

they are not being effectively utilised. Since the partition wall are provided of 

plywood 3-5 mm thick it may not be as strong that of masonry infill panels. 

 

5.10. SIR TASHINAMGYAL SENIOR SECONDARY SCHOOL, DEVELOP-

MENT AREA, GANGTOK EAST SIKKIM (AUDITORIUM BUILDING)  

 

This school is situated at Development Area, Gangtok East Sikkim. The elevation of 

the school site is around 1750 metres. The auditorium building was constructed in the 

year. The total built-up area of the school is 2122.23 sq. metre and the total number of 

occupants in the building during day and night are 200 (occasionally) and 2 respec-

tively. 

The auditorium building which has been visually screened as per RVS procedure is 

constructed in a downward slope. Though the building is constructed by making step 

back after ground floor there may be some susceptibility to sliding.

 

5.10.1 SITE DETAILS 

The soil type of the site is medium and 

non-expansive. Though is an engi-

neered building still some of the struc-

tural defects were seen in form of 

structural cracks like cracks in infill 

panels, tensile cracks in beams, shear 

cracks etc. also there is problem due to 

seepage mostly in basement level and 

top floor. As far as vulnerability fac-

tors for specific hazard is concerned 

water tank is kept above the portico 

slab.  

Fig No 5.15: side view Auditorium Building, 

TNSS 
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5.10.2. RVS RESULTS AND DRAWINGS 
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5.10.3. RVS PERFORMANCE SCORE 
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5.10.4. CONCLUSION 

As per the details we collected this building has been renovated in past but it is 

still vulnerable to hazard like falling of ceiling gypsum board and other finishing 

material. There were no any fire extinguishers seen in whole structure. Also due 

to discontinuity of slabs in balcony above auditorium room diaphragm action 

could cause a major problem.   

 

5.5 SIR THUTOBNAMGYAL MEMORIAL HOSPITAL, NEAR NH-10, 

GANGTOK EAST SIKKIM (MAIN HOSPITAL BUILDING) 

 

Hospital building is situated on 

Side of NH- 10, Gangtok East 

Sikkim. The elevation of the 

school site is around 1800 me-

tres. The main hospital block 

was constructed in the year 

1937. During that period it was 

the biggest hospital having ca-

pacity of 300 bed. The hospital 

has capability to provide spe-

cialised services. As far as details of activities in different organization of STNM hos-

pital are concerned the hospital is engaged in the tertiary health care services of the 

patients. The total built-up area of the main hospital building is 552.324 sq. metre and 

the total number of occupants in 

the building during day and 

night are 250 and 200 respec-

tively. 

 

5.11.1. SITE DETAILS 

The main hospital building is 

constructed in downward slope 

and soil characteristics around 

Fig No 5.16: Front view Main Building, STNM 
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that building side is hard and non-

expansive. Since the water table is 

quite low and hospital is located at 

higher region so we found less 

chance of liquefaction. The structure 

is RC frame type and engineered 

building where all frames are or-

thogonal and secondary beams are 

also seen. The building is of two 

storeyed and uniform column height. 

All infill panels are carried out using 

bricks with proper plaster using ce-

ment mortar. We found the opening of building is very high. Since building is very 

long and divided into three parts it is unsymmetrical for which shape cannot be speci-

fied. There are no such soft storey and overhangs are also within limit. 

Fig No 5.18 Back view Main Building, STNM 
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5.11.2. RVS RESULTS AND DRAWINGS 
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5.11.3. RVS PERFORMANCE SCORE 
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5.11.4. CONCLUSION 

Here the drainage system is present but not properly utilised. Regarding the 

spacing of column it is highly unsymmetrical along the length of building and 

that too openings in structure is very high more than 50 %. Three different build-

ings are constructed part wise so there exist unsymmetrical in construction and 

also in plan. Here the utmost point to be noted is that length/width ratio is above 

2.5 which means that building is very slender and can be easily twisted during 

earthquake.  

 

5.6  5.12 SIR THUTOBNAMGYAL MEMORIAL HOSPITAL, NEAR NH-10, 

GANGTOK EAST SIKKIM (ORTHOPAEDIC BLOCK) 

 

This block was constructed 

in the year in order to assist 

the main block. As com-

pared to main block this 

block has been constructed 

with proper engineering 

aspects. The total built-up 

are of building is 1723.64 

sq. metre and the numbers 

of occupants are 200 to 250 

and 150 to 200 in day and night respectively. 

 

 

 

 

 

 

 

 

 

 



133 

 

5.12. 1. SITE DETAILS 

The orthopaedic building is 

constructed on downward 

slope and it is prone to road 

accident as well as landslide 

as the location is slightly 

sinking area, although no 

such history has been re-

corded. It has been con-

structed on hard and non-

expansive soil. It is RC 

frame type structure with 

proper symmetry and rectan-

gular in plan.  

 

 

 

All walls are constructed with 

burnt bricks of standard size 

and roof of building is hipped 

roof. From our survey we 

didn’t found any cracks and all 

necessary bands were given at 

required level. There is no 

susceptibility of pounding as it 

is far from others building and 

also quality of construction is 

also good. It has no soft storey 

and there are no vertical ir-

regularities. 

 

Fig No 5.20: Projection of Orthopaedic Block, STNM 

 

Fig No 5.21: Ground floor of Orthopaedic Block, 

STNM 
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5.12.2. RVS RESULTS AND DRAWINGS 
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5.12.3. RVS PERFORMANCE SCORE 
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5.12.4. CONCLUSION 

This building has very large number of openings more than 50 %. Heavy ma-

chines were placed inside the block which may move during earthquake and 

cause casualties. Drainage facilities are provided but not functioning properly. 

During rainfall water from highway has high chances of draining below the hos-

pital. Ratio of length/width of building is within required limit and also there are 

not much irregularities in vertical direction without any soft storey. 
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CONCLUSION AND FUTURE SCOPE OF STUDY 

 

6.1 CONCLUSION 
 

Usually conclusion can be drawn based on the scores and Gaussian normal distribu-

tion. It can be said that the building with higher performance score perform better 

compared to lower performance score. However the buildings which are in the middle 

range of performance is large in number and drawing meaningful conclusion is a diffi-

cult task because of non-availability of standard results for the Indian conditions.  

To overcome the above difficulty it is proposed to do the preliminary assessment of 

selected buildings. In our case the mean value of performance score is 85.91 which 

means that building falling in middle range of performance score are Enchey Primary 

School (PS = 90) and STNM Main Hospital (PS =  95). For these buildings we need to 

do preliminary assessment and after detailed analysis we need to standardize the RVS 

score. After standardization we need to prepare a graph between seismic ground accel-

eration and damage, also known as fragility curve. The relationship will estimate the 

loss for different categories of buildings and intensities of earthquakes. Here the scope 

of project is limited only till calculation of RVS score and classifying level of damage 

as function of RVS. 

Buildings with low performance score are TNSS Auditorium (PS = 30), TNA Old 

Staff Quarter (PS = 55), STNM Orthopedic Block (PS = 60) which are potentially 

vulnerable to future earthquakes. Rest of the buildings have higher value of per-

formance score (PS > 100) which concludes that those buildings will perform bet-

ter during earthquake. 

In future one may continue the work regarding the detailed vulnerability assessment 

(DVA) of buildings falling in middle range of performance score and prepare the fra-

gility curves to estimate the loss for different categories of buildings. 
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ENCHEY PRIMARY SECTION)



Enchey Primary School

STRUCTURAL DISTRESS FOUND IN RC FRAMES
(GOVERNMENT SENIOR SECONDARY SCHOOL,

ENCHEY PRIMARY SECTION)
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SEEPAGE, CRAMPED EXITS, UNPLANNED PARKING
DISTRESS IN STRUCTURAL ELEMENTS

(OLD STNM HOSPITAL )



SEEPAGE, CRAMPED EXITS, UNPLANNED PARKING
DISTRESS IN STRUCTURAL ELEMENTS

(OLD STNM HOSPITAL )



SEEPAGE, CRAMPED EXITS, UNPLANNED PARKING
DISTRESS IN STRUCTURAL ELEMENTS

(OLD STNM HOSPITAL )



SEEPAGE, CRAMPED EXITS, DISTRESS IN STRUCTURAL 
ELEMENTS (OLD STAFF QUARTER, TNA )
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ELEMENTS, PARTIAL 
SETTLEMENT OF LAND 
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DISTRESS IN STRUCTURAL ELEMENTS, PARTIAL SETTLEMENT
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