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1.0 INTRODUCTION  

This Qualitative Earthquake Vulnerability Assessment report is prepared by MRB and 

Associates and BDA Nepal as part of the Structural vulnerability Assessments and 

Structural Design for Seismic Retrofitting works of Existing Public building in five 

programme municipalities for The Earthquake Risk Reduction and Recovery 

Preparedness Programme for Nepal implemented by Ministry of Physical Planning and 

Works with support from United Nations Development Programme (UNDP/ERRRP).  

This report is based on the best engineering judgment arrived at from visual inspection 

and findings during the site investigations. Also, non-destructive test to obtain the 

strength of the structural members was carried out in the sites using Schmidt Hammer at 

possible locations. 

This Report describes method and findings of the qualitative earthquake vulnerability 

assessment done as per the requirement of the UNDP/ERRRP. 

This report is for the Earthquake Vulnerability Assessment of the following Sites and 

locations: 

 

(a) Biratnagar Sub-Metropolitan City 

- Ward Office Building (ward no. 16) 

- Ward Office Building (ward no. 3) 

 

(b) Pokhara Sub-Metropolitan City 

- Fire Brigade (ward no. 8) 

- Ward Office Building (ward no. 1) 

- Ward Office Building (ward no. 16) 

 

(c) Hetauda Municipality 

- Ward Office Building at Bus park (ward no. 10) 

 

(d) Birendranagar Municipality 

- Main Building of Municipality (ward no. 9) 

- N. R. Secondary School (ward no. 6) 

- Shree Krishna Higher Secondary School (ward no. 18) 

 

(e) Dhangadi Municipality 

- Municipality Quarter Building 

- Tri Nagar High School 

- Red Cross Office Building 

 

The additional reference/process information like detail checklist, the basis and output of 

the quantitative analysis, design and drawings of the retrofitting options, etc. will be 

included in the final report. 

 



 

2.0 METHODOLOGY  

 

This assessment is done based on visual inspection, drawings developed based on site 

measurements, earthquake vulnerability factors identification, their qualitative analysis 

and short mathematical calculations to check some vulnerability factors. For the 

assessment of the chosen building structures, FEMA ñHandbook for the Seismic 

Evaluation of Buildings" (FEMA 310) has been followed. FEMA 310 suggests the 

procedure for the identification of deficiencies in the building structure; however, it does 

not give the level of vulnerability if the building is non-compliant. The checklists 

suggested by FEMA 310 were followed and other pertinent observations necessary for 

the assessment were noted during the site survey. The details of the checklists are given 

in each section. 

The preliminary assessment shall include the following: 

- Detailed site survey of all proposed structures. 

- Development of drawings based on the site survey. 

- Identification of the strengths and weaknesses of the building. 

- Identification of structural vulnerability factors of the existing lateral force 

resisting system of the structures. 

- General recommendations that would serve as an aid for further detailed analysis 

and design of retrofitting options. 

 

This preliminary assessment shall serve as a basis for selection of one structure from each 

municipality on which the detailed assessment and retrofitting design shall be done. More 

detailed analysis and design will be done during the later phase for selected structures, 

one from each municipality. 



3.0 EARTHQUAKE VULNERABILITY ASSESSMENT OF BUILDINGS IN 

BIRATNAGAR SUB -METROPOLITAN CITY  

 

3.1 Introduction 

This section includes the qualitative earthquake vulnerability analysis of the two 

structures: Ward Office Building, Ward no. 16 and Ward Office Building, Ward no. 3, of 

Biratnagar Sub-Metropolitan City. The analysis is based on available information and the 

information gathered during the site survey of the existing structure. 

 

 

3.2 Description of the Existing Structural System 

 

3.2.1 Ward Office Building, Ward no. 16 

The structure is a one-storied with a storey height of 3 meters. It is now being used as the 

ward office building. The building is situated in a flat land. The building consists of two 

parts. The first part was constructed 20 to 25 years earlier and the second part was 

constructed 10 years later according to the interview of the staff working in the ward 

office. The older construction has a brick in cement-sand mortar walls in the 

superstructure whereas brick in mud mortar in the foundation. The newer part however 

consists of brick in cement-sand mortar masonry both in superstructure and foundation. 

The structural system is composed of load bearing brick in cement mortar masonry 

composition. The roof consists of RCC slab system. Continuous horizontal bands such as 

tie beam or lintel band or roof beam are absent. Even DPC layer is not present at the 

plinth level. Lintel beams over windows and doors are however present but are only over 

the openings and not continuous. Cracks are observed in many places, especially in 

corners and wall junctions. The floor is cracked at certain places. Also, in many places 

cracks are observed at the junction of slab and the wall system. The older part has flat 

brick soling beneath its foundation whereas the newer part has flat brick soling and a 

PCC layer beneath its foundation. The foundation is 550mm wide. 

 

 
 



Fig.3.1: Ward office Building, Ward no. 16 Fig.3.2: Joint between old and new wing 

  

 
 

Fig.3.3:Foundation exploration Fig.3.4: Masonry exposed at plinth level 

  

  

Fig.3.5: Seepage from roof and cracks in 

wall 

Fig.3.6: Cracks at top of walls at corners 

 

3.2.2 Ward Office Building, Ward no. 3 

The structure is one-storied with a storey height of 3 meters. It was built18 years ago. The 

structure is being used as the ward office for ward no. 3. The building is situated in a flat 

land. The structure is composed of load bearing walls of brick in cement-sand mortar 

masonry in the superstructure, 250mm thick, and brick in mud mortar masonry in the 

foundation. The roof consists of RCC slab 100mm thick. Beam is not present at the 

connection of slab and wall system. Lintel with cantilever sun shade has been provided 

over window openings but these lintel bands are not continuous through the wall system. 

Cracks are observed at the walls above these lintels. Cracks are also observed at corners 



and also at center of some walls. RCC beams (250mm x 300mm) are provided at certain 

places between walls. Cracks are observed at the middle of the beams at certain places. 

The foundation is 700mm wide. Honeycomb pores are observed when the cover was 

chipped off for non-destructive testing of the concrete. 

 

  

Fig.3.8: Ward office building, ward no. 3 Fig.3.9: Foundation exploration 

  

  

Fig.3.10: Crack at wall and slab connection Fig.3.11: Crack at corners and wall 

junctions 

  



  

Fig.3.12: Seepage from roof Fig.3.13: Non-destructive strength test of 

beam 

 

3.3 Probable damage grade of the existing building typology at different intensities 

3.2.2 Ward Office Building, Ward no. 16 

From the visual observation and study of the available drawings of the building, the 

building under study is identified as Type 2 or Brick in Cement masonry. See Annex 1 

for details of the identification of different building typology. 

 

Table 3.1: Probable damage grades of type-2 building typology at different intensities 

MMI  VI  VII  VIII  IX X 
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g
s Weak DG2 DG3 DG4 DG5 DG5 

Average DG1 DG2 DG3 DG4 DG5 

Good - DG1 DG2 DG3 DG4 

(Note: The description of different damage degrees is provided in Annex 2 and the details 

of the MMI scale is given in Annex 3) 

We can see from table 1 that weaker buildings in the type-2 category suffer a damage 

grade of 5 at an intensity of X whereas good buildings of this type-2 category suffer a 

damage grade of 4 at an intensity of X. The building in Biratnagar can be categorized as a 

weak building in the type-2 typology as we can already observe cracks in the structural 

system. 

 

 

 



3.3.2 Ward Office Building, Ward no. 3 

From the visual observation and study of the available drawings of the building, the 

building under study is identified as Type 2 or Brick in Cement masonry. See Annex 1 

for details of the identification of different building typology. 

 

Table 3.2: Probable damage grades of type-2 building typology at different intensities 

MMI  VI  VII  VIII  IX X 
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s Weak DG2 DG3 DG4 DG5 DG5 

Average DG1 DG2 DG3 DG4 DG5 

Good - DG1 DG2 DG3 DG4 

(Note: The description of different damage degrees is provided in Annex 2 and the details 

of the MMI scale is given in Annex 3) 

We can see from table 1 that weaker buildings in the type-2 category suffer a damage 

grade of 5 at an intensity of X whereas good buildings of this type-2 category suffer a 

damage grade of 4 at an intensity of X. The building in Biratnagar can be categorized as a 

weak building in the type-2 typology as we can already observe cracks in the structural 

system. 

 

 

3.4 Identification of Vulnerability Factors 

Different Vulnerability factors associated with the particular type of buildings are 

checked with a set of appropriate checklist from FEMA 310, ñHandbook for the Seismic 

Evaluation of Buildingsò. The basic vulnerability factors related to Building system, 

lateral force resisting system, connections, and diaphragms are evaluated based on visual 

inspection and review of drawings. The checklist used for checking different 

vulnerability factors of the assessed building is given in Annex 5 of this report. However, 

the critical vulnerability factors of the building required quantitative checking. Some of 

the important calculation sheets are attached with Annex 4 of this report. 

The influence of different vulnerability factors to the building on the basis of visual 

inspection for the different buildings of Biratnagar Sub-metropolitan city is tabulated 

below: 

 

 

 

 



Table 3.3: Influence of Different Vulnerability Factors to the Structure Ward Office 

Building, Ward no. 16 

Vulnerability Factors 

Increasing Vulnerability of the Building 

by different vulnerability factors 

High Medium Low N/A N/K 

General 

Load Path   ã   

Weak Story    ã  

Soft Story    ã  

Geometry    ã  

Vertical Discontinuity ã     

Mass    ã  

Torsion  ã    

Deterioration of Material ã     

Masonry Units  ã    

Masonry Wall Cracks ã     

Lateral 

Force 

Resisting 

System 

Redundancy  ã    

Shear Stress  ã    

Connection 
Wall Anchorage ã     

Transfer of Shear Walls ã     

Diaphragm 

Plan Irregularities   ã   

Diaphragm Reinforcement at 

Openings 
  ã   

 

 

 

 



Table 3.4: Influence of Different Vulnerability Factors to the Structure Ward Office Building, 

Ward no. 3 

Vulnerability Factors 

Increasing Vulnerability of the Building 

by different vulnerability factors 

High Medium Low N/A N/K 

General 

Load Path   ã   

Weak Story    ã  

Soft Story    ã  

Geometry    ã  

Vertical Discontinuity ã     

Mass    ã  

Torsion  ã    

Deterioration of Material ã     

Masonry Units  ã    

Masonry Wall Cracks ã     

Lateral 

Force 

Resisting 

System 

Redundancy  ã    

Shear Stress  ã    

Connection 
Wall Anchorage ã     

Transfer of Shear Walls ã     

Diaphragm 

Plan Irregularities   ã   

Diaphragm Reinforcement at 

Openings 
  ã   

 

 

 

 



3.5 Conclusion 

After careful observation of the structures the following conclusions were reached. 

 

3.5.1 Ward Office Building, Ward no. 16 

The existing structure is likely to undergo heavy structural damage during earthquakes. 

The cracks existing in the structure clearly indicates the lack of structural integrity of the 

building. The cracks are observed in T-junctions and corners indicate that the joints are 

not properly reinforced. Also, the cracks in the flooring indicate that the floor has settled. 

This might be due to improper compaction during construction of the floor or due to 

settlement of the foundation. The slab also seems to be leaking and cracks existing at the 

concrete and wall joint indicates that the two components have not been connected by 

providing reinforcement. 

 

3.6.1 Ward Office Building, Ward no. 3 

The existing structure is likely to undergo heavy structural damage during earthquakes. 

The crack patterns observed in the structure clearly indicates the lack of reinforcing of the 

walls. The cracks observed in the corners and below slabs show that the structural 

components have not been properly integrated for optimum structural performance during 

earthquakes. Also, the beams provided at certain places seem to be provided haphazardly 

without proper investigation of the structural benefits it would provide. That is why the 

beams are cracked. The cracked beam seems to fail in deflection as cracks are observed 

around the middle of the beam span. 

 

 

3.6 Recommendations 

 

3.6.1 Ward Office Building, Ward no. 16 

The existing cracks in the building indicate the necessity of retrofitting and rehabilitation 

work on the structure. The following recommendations are made: 

- Providing corner stitches and stitches at T-junctions. 

- Providing splint and bandage wherever necessary 

- Providing continuous RCC band at the slab level. 

- Taking out existing flooring layer and proper compaction of the floor. Provision of 

new flooring. 

- Provision of water proofing layer in roof slab. 

-  

 



3.6.2 Ward Office Building, Ward no. 3 

The existing cracks in the building indicate the necessity of retrofitting and rehabilitation 

work on the structure. The following recommendations are made: 

- Providing corner stitches and stitches at T-junctions. 

- Providing continuous RCC band at the slab level. 

- Taking out existing flooring layer and proper compaction of the floor. Provision of 

new flooring. 

- Provision of water proofing layer in roof slab.  

- Providing splint and bandage wherever necessary. 



4.0 EARTHQUAKE VULNERABILITY ANALYSIS OF STRUCTURES IN 

POKHARA SUB-METROPOLITAN CITY  

 

 

4.1 Introduction 

This section includes the qualitative earthquake vulnerability analysis of: 

- Fire Brigade Building, ward number 8 

- Ward Office Building, ward number 1 

- Ward Office Building, ward number 16 

The analysis is based on available information and the information gathered during the 

site survey of the existing structure. 

 

 

4.2 Description of the Existing Structural System 

 

4.2.1 Fire Brigade Building, Ward number 8 

The structure is one-storied with storey height of 3.85 meters. It was built around 25 

years ago and is now being used as the fire brigade station. The building site consists of 

gravel mixed soil. It is a load bearing structure. The load bearing walls consists of stone 

in mud mortar masonry. The walls are 450 mm thick. The roof system consists of timber 

rafters and purlins supporting c.g.i. sheet roofing. A 75 mm thick DPC band was 

observed at the plinth level. Tie beam does not seem to be provided at the plinth level. 

However, RCC lintel does seem to be provided over openings for windows but it is not 

continuous. RCC beams (300mm x 450mm) are provided at openings over gates. Only 

150mm length of the beam is embedded into the supporting walls. Vertical cracks are 

observed at joints where long walls meet the walls from the other direction. A guard 

house is also built behind the fire brigade structure. There is no gap between the two 

structures and the heights of the two structures are also different. The details can be seen 

in the drawings which are shown in detail in Annex 7. 

 



  

Fig.4.1: Fire Brigade Building Fig.4.2: Cracks at wall-to-wall joint 

  

 
 

Fig.4.3: Excavation for Foundation Fig.4.4: Timber Roofing System 

  



 

 

Fig.4.5: Lintel above window  

 

4.2.2 Ward Office Building (Ward no. 1) 

The structure is one storied with a storey height of 3 meters. It was built around 30 years 

ago and is now being used as the ward office of ward no. 1 of Pokhara Sub-Metropolitan 

City. The building site consists of gravel mix soil. The structure is a load bearing 

structure with stone in mud mortar masonry system. The walls are 450 mm thick. The 

roof system consists of timber members and c.g.i. sheet roofing. Neither any DPC level 

nor any tie beam was observed along the walls at plinth level. Wooden lintel is provided 

above each window opening but it is not continuous throughout the wall. No cracks are 

observed anywhere in the building system. The roof and wall connection does not seem 

to be laterally restrained. The details can be seen in the drawings which are shown in 

detail in Annex 7. 

 

 



Fig.4.6: Ward Office Building, ward no. 1 

  

  

Fig.4.7: Foundation Exploration Fig.4.8: Wooden and c.g.i. roofing system 

  

 
 

Fig.4.9: Wooden lintel over openings Fig.4.10: Inside view of the ward office 

 

4.2.3 Ward Office Building, Ward no. 16 

The structure situated at Batule chaur maidan, ward no. 16 of Pokhara sub-metropolitan 

city. It is one storied with a storey height of 3 meters. The building was constructed 13 

years ago. The building is an RCC framed structure with a 230mm thick stone in mud 

masonry wall infill. The building was totally damaged because of a bomb blast inside the 

building five years ago. The building details can be seen in the drawings in Annex 7. 

When a structure is subjected to forces due to a bomb blast, the impact of the sudden 

intense force will result in totally destroying members even as strong as concrete. Also, 

these forces are capable of creating micro-cracks in the structure which cannot be 

detected by the naked eye and needs ultrasonic equipments to detect these cracks. Also, 



the building seems completely destroyed and it seems like it would be more economical 

to demolish the existing structure and build a new structure in its place than to retrofit the 

existing structure which is already totally damaged. The value for money will be more for 

a new structure than a retrofitted structure of such damaged structure. Hence, further 

analysis shall not be done on this structure as it is obviously unfit for any sort of 

rehabilitation. 

 

  

Fig.4.11: Exterior face of Building Fig.4.12: Exploration of foundation 

  

  

Fig.4.13: Damaged beam and slab system Fig.4.14: Damaged masonry walls 

  



  

Fig.4.15: Damaged Wall joints Fig.4.16: Separation of concrete and 

masonry 

 

4.3 Probable damage grade of the existing building typology at different intensities 

 

4.3.1 Fire Brigade Building, Ward number 8 

From the visual observation and study of the available drawings of the building, the 

building under study is identified as Type 1 or Adobe Stone in mud masonry. See Annex 

1 for details of the identification of different building typology. 

Table 4.1: Probable damage grades of type-1 building typology at different intensities 

MMI  VI  VII  VIII  IX X 
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Average DG3 DG4 DG5 DG5 DG5 

Good DG2 DG3 DG4 DG4 DG5 

 (Note: The description of different damage degrees is provided in Annex 2 and the 

details of the MMI scale is given in Annex 3) 

We can see from table 1 that even the Good buildings in the type-1 category suffer a 

damage grade of 5 at an intensity of X. This building in Pokhara can be categorized as an 

average building in the type-1 typology as we can observe cracks in the structural system 

at some places. 

 

4.3.2 Ward Office Building, Ward no. 1 

From the visual observation and study of the available drawings of the building, the 

building under study is identified as Type 1 or Adobe Stone in mud masonry. See Annex 

1 for details of the identification of different building typology. 


