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ABSTRACT: AECOM led a diverse team of engineers to Nepal as part of the Ministry 

of Foreign Affairs and Trade, NZ Aid programme following the Nepal earthquake. The 

team provided training to Nepali engineers on assessment and strengthening for 

unreinforced masonry and reinforced concrete buildings. The team assessed six buildings 

that were used as case studies at the conclusion of training programme. This paper 

provides observations on the local situation and comparisons with the Christchurch 

earthquake. 

1 INTRODUCTION 

From 11th August 2015 to 16th October 2015, AECOM led a diverse team of engineers to Nepal 

following the Nepal earthquake. The team comprised engineers from five consultancies, two 

universities and one local authority. The team provided training to Nepali engineers on assessment and 

strengthening for unreinforced masonry and reinforced concrete buildings with brick infills along with 

geotechnical issues associated with earthquakes. The training was based on NZSEE document 

“Assessment and  Improvement of the Structural Performance of Buildings in Earthquakes” (NZSEE. 

2006). The team assessed six buildings that were used as case studies at the conclusion of training 

programme. The assessment was carried out using ASCE 41-13 procedures.  

2 NEPAL EARTHQUAKE CHARACTERSTICS  

New Zealand and Nepal are both affected by earthquakes. The United States Geological Survey 

(USGS) provides a Worlwide Seismic Design Tool in Beta version for use with the 2012 International 

Building Code.  This site provides values of the seismic design parameters SS and S1 (spectral 

accelerations at 0.2 and 1.0 seconds, respectively, with 5% damping) and identifies Kathmandu as  SS 

2.58g, S1 1.22g  UFC ’13 and Wellington as SS 1.72g, S1 0.82g  UFC ’13 (USGS, 2015).  

  
Tectonic Plates around New Zealand Tectonic Plates around Nepal 

The seismic activity in New Zealand is caused by the collision of the Australian and Pacific tectonic 

plates. The seismic activity in Nepal is caused  by the collision of the Eurasian and Indian tectonic 
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plates. Nepal is about 800 km long and similar to the size of the south island. 

2.1 Nepal earthquake 

On 25 April 2015 a magnitude 7.8 earthquake struck Nepal in the Gorkha district approximately 77 

kilometres northwest of Kathmandu. On 12 May a magnitude 7.3 aftershock struck Nepal in 

Sindhupalchowk approximately 50 kilometres to the northeast of Kathmandu.  The official death toll 

was of the order of 8,856 and 21,952 injured  (Nepal Engineers' Association,  2015) .  

The accelerations were recorded on a seismograph in Kathmandu.  The peak ground acceleration was 

recorded at 0.16g. It is estimated that about 500,000 buildings were destroyed and 270,000 buildings 

were significantly damaged in the earthquake including a number of monuments (Nepal Engineers' 

Association, 2015). 

2.2 Comparison with Christchurch earthquake 

The Christchurch earthquake of 22 

February 2011 had a magnitude of 

6.3, with its epicentre located at 

about 5 km depth and 5 km from the 

city. Peak ground acceleration (PGA) 

was recorded as 2.2g H, 1.7g V.  

PGA’s within the Christchurch city 

were recorded as 0.57g -0.80g. 

The PGA recorded in Kathmandu 

during the Nepal earthquake was 

0.16g.  

Spectral accelerations were in the 

order of 2-4 times greater in 

Christchurch CBD than in 

Kathmandu for 0 to 1.5 second 

period structures.  In both centres the 

spectral accelerations exceeded code 

values. The underlying code elastic spectra for Nepal was back calculated based on the basic Response 

Spectrum and a structure of minimal ductility.  

 

2.3 Nepal National Building Code 

The Nepal National Building Code (Department of Urban development and Building Construction, 

Government of Nepal, 1994) was developed with United Nations Development Programme Assistance 

in the early 1990’s and brought into use in 

2006. A New Zealand engineering 

consultancy contributed to the development 

of the Code.  The Code was developed with 

respect to the economic capacity of the 

country and took cognisance of the Indian 

Standards.  

In essence the seismic hazard spectra were 

determined consistently with the approach 

taken in the New Zealand Standard NZS 

1170.5(Standards New Zealand, 2004) after 

making allowance for design spectra versus 

elastic spectra.  The various factors that 

convert the spectra to the final seismic 

 

Christchurch and Ghorka earthquake and spectra 
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coefficient are different.  Further the load combination for the Nepali code multiplies the earthquake 

load by 1.25. As noted above spectral accelerations for 0.2 second structures are in the order of 50% 

higher in Kathmandu than Wellington as identified on the USGS website.  In total and simplistically it 

can be considered that the seismic forces used in the design of buildings in Nepal are approximately 

30% of the equivalent coefficients used in New Zealand for short period structures.  

There is currently debate to adjust one of the coefficients related to the return period event to increase 

the return period for a design earthquake from a 300 year return period to a 500 year return period. 

This would likely increase the seismic coefficient by around 20%.  

The variation between the New Zealand code levels and the Nepali code levels are related to 

economics and could be considered an economic factor. 

2.4 Building Permits 

In a meeting the Chief of Building Consents, Kathmandu Metropolitan City advised that 

approximately 3,000 building permits were issued in 2014 in the Kathmandu Metropolitan City Area 

which is one of three cities in the Kathmandu Valley and the biggest in the Valley.  He expected that 

5,000 will be issued in 2015 due to the demolitions following the earthquakes and this increase in 

building activity is expected to continue for the next five years.  

It is widely recognised that many buildings are built that do not comply with the code. Only 25% of 

building permits seek a completion certificate in the Kathmandu Valley.  It is likely to be less away 

from the Valley. 

There are no application received for extensions but a high percentage of buildings have been 

extended vertically by one or more floors. 

There is no permit system in place for shoring, demolition or repair.  The authorities in some areas 

have identified buildings that should be demolished but have found that the owners have elected to 

repair the buildings.  The quality and strength of the repairs are unknown.  

3 SEISMIC EVALUATION PROCEDURE 

ASCE 41-13 Seismic Evaluation and Retrofit of Existing Buildings procedures (ASCE 2014) were 

used for assessment of six buildings as a case study. 

ASCE 41-13 is an American standard published in 2014. It combined and updated the US standards 

for seismic evaluation (formerly ASCE 31-03) and seismic retrofit (ASCE 41-06). Although 

specifically targeted towards the American building stock, the standard is currently considered one of 

the state-of-the-art of engineering assessment of existing buildings and it can be adapted to the specific 

local conditions and area seismicity of Kathmandu. 

The evaluation procedure outlined in ASCE 41-13 utilises a three-tiered approach for seismic 

assessment and evaluation of existing buildings; Tier 1 – Screening Phase, Tier 2 – Evaluation Phase 

and Tier 3 – Detailed Evaluation Phase. 

The Tier 1 evaluation focuses on identifying potential deficiencies in existing buildings for a pre-

earthquake scenario based on the performance of similar buildings in past earthquakes. It includes 

checklists supported by basic screening calculations, making it an efficient tool for a first qualitative 

assessment of the building in relation to an expected seismic performance. 

Each checklist statement is evaluated as either compliant or non-compliant.  Compliant statements 

identify conditions that are acceptable.  Non-compliant statements identify conditions that are in need 

of rehabilitation.  At this point, the Tier 1 deficiencies can be rehabilitated with construction works or 

further evaluation can be performed using the Tier 2 procedures.   

The Tier 2 procedures adopt structural calculations to address non-compliant Tier 1 checklist 

statements with the intent to demonstrate that the Tier 1 potential seismic deficiencies are actually 

satisfactory and need not be rehabilitated.  The Tier 2 evaluation consists of a building analysis that 



4 

only addresses the deficiencies identified by the rapid Tier 1 evaluation. 

If there are still outstanding potential structural deficiencies at the completion of the Tier 2 evaluation, 

either the evaluation can be completed and the deficiencies rehabilitated, or a Tier 3 evaluation can be 

conducted.  The Tier 3 evaluation consists of a comprehensive, full building detailed seismic 

evaluation, typically with non-linear analysis methods. 

3.1 Performance objective 

The Tier 1 screening includes two levels of performance, Life Safety (LS) and Immediate Occupancy 

(IO).For a non-essential facility, performance objective required by ASCE 41-13 is Life safety (LS), 

defined as: 

The post-earthquake damage state in which significant damage to the structure has occurred but some 

margin against either partial or total structural collapse remains. Some structural elements and 

components are severely damaged, but this damage has not resulted in large falling debris hazards, 

either inside or outside the building. 

For an essential facility which must remain functional after an earthquake, the performance objective 

required by ASCE 41-13 is Immediate Occupancy, defined as: 

The post-earthquake damage state in which a structure remains safe to occupy and essentially retains 

its pre-earthquake strength and stiffness.  

3.2 Level of seismicity 

ASCE 41-13 requires a preliminary assessment of the area seismicity in order to establish the correct 

set of checklists based on low, moderate or high seismicity, following the limits set in table 2-5 of the 

ASCE 41-13. The seismic levels identified by the USGS placed Kathmandu in the High Category. 

These values were not used in any of the screening calculations (where only NBC base shear is used) 

and they were only referred to assign the correct checklist category for High Seismicity Structural and 

non-structural checklists 

The Tier 1 screening phase consists of three sets of checklists for rapid evaluation of the structural and 

non-structural hazard elements of the building and site conditions. The three checklists are as follows: 

 Basic Structural Checklist 

This checklist considers items related to structural weaknesses due to mass, geometry or 

site/foundation hazards. 

 Structural Checklist 

This checklist considers items related to the specific structural items of the building and there 

are different forms based on the structural system and materials. Most modern reinforced 

concrete buildings in Nepal are typically designed as a concrete moment frame but its actual 

seismic behaviour is affected by the infill masonry walls. Hence, in order to fully consider its 

performance, the Tier 1 assessment should be conducted for two building types: 

C1: Concrete Moment Frame; and 

C3: Concrete Frames with Infill Masonry Shear Walls and Stiff Diaphragms.   

 Non Structural checklist  

This checklist assesses building components like piping, cladding and electricity that are liable 

to cause damage in the earthquake despite not affecting the structural performance. 
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3.3 Comparison of ASCE 41-13 and NZSEE procedures 

The New Zealand Society for Earthquake Engineering (NZSEE) developed an assessment procedure 

in 2006 (NZSEE, 2006) and is periodically updated  to reflect experience with its application and as a 

result of experience of further earthquakes.  

The assessment has a two tier approach, i) ISA: initial seismic assessment including initial assessment 

procedure (IEP) and ii) DSA: detailed seismic assessment one being initial assessment.  

IEP is a tool to assign a percentage of New Building Standard (%NBS) score and associated grade to a 

building as part of an initial seismic assessment of existing buildings. It is a largely qualitative process, 

and it involves considerable knowledge of the earthquake behaviour of buildings, and judgement as to 

key attributes and their effect on building performance. Consequently, it is possible that the %NBS 

derived for a building by independent experienced engineers may differ.  

We consider ASCE 41-13 Tier 1 method is superior to NZSEE IEP due to screening calculations and 

checklists. 

4 OBSERVATIONS 

Our team witnessed a number of damaged and collapsed buildings. The majority of unreinforced 

masonry buildings have suffered significant damage, and in addition modern buildings less than 30 

years old, have also suffered damage mainly due to poor detailing, presence of non-engineered brick 

infills and/or soft storey. 

Our findings from six building assessments: 3 qualitative and 3 quantitative are shown in Table 1. 

Table 1. Building assessment findings. 

Building 

Name 

Structure Assessment 

Method 

Frame Strength Observed Damage 

Department of 

Agricultural 

Building 

3 storey reinforced con-

crete frame building with 

brick infill 

ASCE Tier 1 

 

78-87%NBC 

(NBC=Nepal Build-

ing Code) 

Parapet failure, some brick in-

fill cracking, Pre-existing 

foundation failure, 

Block G, 

Pulchowk 

Campus 

3 storey reinforced con-

crete frame building with 

brick infill, 

ASCE Tier 1 

 

99%NBC column 

shear 

50%NBC infill shear 

Parapet failure, some brick in-

fill cracking 

Financial 

Comptroller 

Building 

5 storey reinforced con-

crete frame building with 

very few brick infill 

ASCE Tier 1 

 

108%NBC column 

shear 

Brick infill wall cracking, 

Parapet damage 

IRD Building 3 storey reinforced con-

crete frame building 

without brick infill 

Quantitative – 3D 

pushover 

 

23%NBC Soft storey development in 

ground floor columns but still 

standing 

Mines and  

Geology, 

Block C 

2 storey URM walls and 

concrete floor slabs 

Quantitative –  

equivalent static 

 

37% NBC out of 

plane walls 

24% NBC parapet 

100% NBC in plane 

Pier cracking, pre-existing 

foundation settlements and 

consequent wall cracking 

were probably exacerbated - 

but no out of plane damage 

Block A,  

Pulchowk 

Campus 

3 storey URM walls and 

timber floors 

Quantitative –

Pushover 

 

75% NBC in plane 

walls 

10-20% NBC out of 

plane walls  

Separation of walls from ad-

joining walls, spandrel crack-

ing 

All buildings we inspected were occupied, except for IRD building and Block A. Many buildings with 

major damage appeared occupied. Plastering the cracks in brick infill was observed and recalled 
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anecdotally – some buildings had been listed for demolition by the Council but the owner had 

arranged ‘repairs’. 

  
Agricultural Building Block G, Pulchowk Campus 

  
Financial Comptroller Building IRD Building 

  
Mines and Geology Building Block A, Pulchowk Campus 

  

5 TRAINING 

5.1 Partnering Organisations for the Training 

We developed an informal partnership with DUDBC, the Institute of Engineering, Tribhuvan 

University (IOE) and the Nepal Engineers’ Association (NEA) to deliver the training programme. 
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5.2 Training Services 

During the ten week programme we delivered training and building assessment services.  We prepared 

11 days of training material for the training programme. This consisted of:  

1. 4 days Unreinforced Masonry Buildings; 

2. 4 days Reinforced Concrete Bare and Unreinforced Brick Masonry Infill Buildings; 

3. 2 days Geotechnical Seismic Issues; and 

4. 1 day Simple Nepal Building Code Buildings (Introductory training on Nepal Building Code). 

We discussed and agreed the contents of the training programme with DUDBC, NEA and IOE. We 

expanded the training courses to allow time for a site visit and practical hands on calculations in most 

sessions. In response to a further request from DUDBC we also developed a three day Pushover 

analysis workshop. We ran the training courses from the 7th September through to the 15th October. 

During this period we held 32 days of regular training and a three day workshop to develop a pushover 

analysis for a building.  Many participants attended a number of the courses. In total we trained 177 

engineers.  

We delivered every technical course with at least two to three of the team in the room. Our format was 

30minutes training followed by class participation through worked examples.  During the site visits 

five staff were utilised to allow the classes to be broken into manageable sizes. 

In response to a request we supplemented the training programme with an additional course on the rule 

of thumb buildings in the Nepal Building Code for local civil engineers working for the United 

Nations Development Programme. 

We have developed and delivered detailed hands-on training to engineers in Nepal. This training 

provided current best practice for seismic engineering from New Zealand, United States and Italy.  

The training was tailored to the situation in Nepal and developed with local engineer feedback to allow 

the training to be pitched at a suitable level of complexity. 

The training material has been made available to the NEA for future use in Nepal. The material could 

also be used for presenting similar training where required in other locations in the future. The 

ubiquity of unreinforced masonry buildings and reinforced concrete frame buildings with masonry 

infill across the developing world means that much of the training material is applicable to many 

countries in the region.  

The team’s experience following the Christchurch earthquake was directly applicable and meant that 

the Nepali engineers were particularly receptive to the New Zealand advice. 

The presence of a relatively large proportion of Nepali engineers on the team meant that training could 

be provided in both Nepali and English as required, meaning there were no language barriers or 

cultural issues during the courses.  

The feedback from the courses has generally been excellent, with all participants improving their level 

of seismic engineering understanding and average evaluation scores in excess of 80%.  

We were delighted to be honoured by the presence of Prof Govind Raj Pokharel the Vice Chairperson, 

National Planning Commission and Chairman of the Nepal Reconstruction Authority amongst other 

notable guests.  Such high level recognition of the Training Courses was useful in attracting 

participants to the courses, and shows the esteem in which the New Zealand Aid effort is held.  
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6 CONCLUSIONS 

 Nepali code levels around 30% of NZ code for the same level of seismicity. 

 Majority of damaged modern buildings have been damaged primarily due to poor detailing 

and presence of masonry infill panels as well as soft storey. 

 The Building assessments of the six buildings have been assessed to an appropriate level to 

allow the Nepal government (through DUDBC) to determine the appropriate way forward for 

these damaged structures.  

 The assessment reports should provide a good standard for the assessment and reporting of 

earthquake damaged buildings in Nepal.  

 The site visits to damaged buildings within Pulchowk campus allowed the engineers to gain 

first-hand experience of earthquake damage patterns and by using real exemplar buildings in 

the classroom, the engineering students were able to better understand the assessment and 

retrofit examples 

 Health and safety was a priority for the team 
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