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ABSTRACT 

Despite economic and human losses, disasters teach us very important lessons. It is hence 

important to collect, document, analyse and understand the causes and impacts of natural 

disasters such as an earthquake to minimize losses in future disastrous events. This report is 

an outcome of the analysis of data and information related to the damage and post-

earthquake reconstruction of residential buildings, collected during the field survey by the 

authors, in light of 2015 Nepal earthquake sequence. First, the extent of damage sustained 

by the residential buildings in 2015 Nepal earthquake sequence is presented, focusing on 

stone in mud mortar masonry typology as this was the highest contributor to the seismic 

damage. As the reconstruction is currently ongoing and the Nepal government aims to use 

this opportunity to increase the seismic resilience of communities, some pressing issues in 

the post-earthquake reconstruction in rural mountainous areas such as building 

usability/functionality, code-compliance and construction quality are discussed. Then, the 

range of prevalent typologies of pre- and post-earthquake residential houses and their 

distribution is presented. Since uncoursed random rubble stone masonry in mud mortar is 

the most common construction type in the country, even in the post-earthquake 

reconstruction, the construction characteristics of these typologies are discussed in detail. 

The results of non-linear seismic analysis on the pre- and post-earthquake stone in mud 

mortar masonry typologies are then presented and discussed in terms of capacity curves and 

failure mechanisms. As per the seismic design code of Nepal, site specific seismic 

performance assessment is conducted to understand the seismic design levels of these 

constructions. Finally, seismic performance assessment for a number of ground motions is 

conducted on both pre- and post- earthquake stone in mud mortar masonry typologies in 

order to derive seismic fragility and vulnerability functions, considering the uncertainty in 

ground motions and material quality, which are useful tools in understanding the associated 

seismic risk as well as for developing effective seismic strengthening measures to reduce risk 

in future earthquakes.
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1 INTRODUCTION 

Nepal is one of the most earthquake prone countries in the world and has experienced several 

devastating earthquakes of magnitude exceeding Mw7.5 (i.e. in 1255, 1408, 1505, 1833, 1934 and 

2015) (Thapa and Wang, 2013). The most recent earthquake of moment magnitude Mw 7.8, occurred 

in the central region of Nepal on April 25, 2015, at 11:56 Nepal Standard Time with the epicentre 

(28.147°N, 84.708°E) located in the village of Barpak, Gorkha district, approximately 78 km northwest 

of Kathmandu (Figure 1) with a focal depth of 15 km (USGS, 2015). Hundreds of aftershocks with Mw 

greater than 4.0 were recorded during more than a year after the earthquake (NSC, 2016), with some 

significant seismic events having Mw 6.7 on April 26, 2015, and Mw 7.3 on May 12, 2015 (Figure 1). 

The earthquake resulted in a Maximum Modified Mercalli Intensity of IX (Violent) with about 8,790 

deaths and nearly 22,300 injuries (NPC, 2015). The earthquake sequence hit the residential houses 

severely, affecting about 800,000 houses, thereby leaving about 8 million people homeless (NPC, 

2015). The seismic sequence resulted in an economic loss of about $7 billion half of which was 

contributed by the housing sector damage (NPC, 2015). 

 

Figure 1. Location of the mainshock and major aftershocks of the 2015 Nepal earthquake (Bhagat et al., 2018). 

After the 2015 earthquake sequence, several post-earthquake damage surveys were conducted by 

different groups of researchers focusing on the extent and type of damage sustained by the building 

structures (e.g. Goda et al., 2015; Parajuli and Kiyono, 2015; Adhikari et. al., 2015; Varum et al., 2017; 

Bhagat et al., 2018, Wilkinson et al., 2019). All of these survey missions reported that the significant 

damage was sustained by low-strength masonry buildings (i.e. stone and brick masonry buildings 
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with mud mortar) which lacked seismic resistant features while the reinforced concrete buildings 

suffered little damage. As the seismic design and building code implementation were poorly 

practiced in the country, the heavy damage was inevitable. 

Recently, several studies are being published focusing on different aspects of the post-earthquake 

reconstruction. Sharma et al. (2018) discusses the challenges of reconstruction such as the political 

issues, lack of coordination, shortage of manpower and materials etc. HRRP (2018) presents several 

examples of newly built houses of different typologies in the affected districts reporting the status of 

construction, technical issues such as code-compliance and level of technical assistance received by 

the house-owners. The same document also reports the median cost of construction of each different 

typology, based on the survey of several hundred households, which ranges from about $6,000 USD 

for stone masonry houses to $20,000 for RC constructions. There are more urgent issues which needs 

attention and immediate actions from NRA and other stakeholders as well as the communities such 

as the workmanship and quality of construction, layouts/functional requirements of newly built 

houses etc. which will be discussed in this report. 

In the context of Nepal, the construction characteristics, seismic capacity and strengthening needs 

of the urban constructions such as RC buildings and Newari constructions in Kathmandu valley have 

been studied by many researchers in the past (e.g. D'Ayala and Bajracharya, 2003; $ȭ!ÙÁÌÁȟ ΨΦΦΪȠ 

Chaulagain et al., 2013; Chaulagain et al., 2015, Gautam et.al., 2016). However, the construction 

characteristics and seismic capacity of rural vernacular constructions, for instance stone masonry-

based typologies, practiced for centuries, have not been studied in detail. Although it is known that 

these are seismically vulnerable, it is necessary to quantify their seismic capacity and understand 

deficiency and possible failure mechanisms so that the construction practice of these traditional 

building types can be improved in order to make these seismic resistant. The main obstacles to the 

analytical/numerical study of these masonry buildings are the modelling issues related to the 

heterogenous nature of masonry and the uncertainties in the input parameters such as material 

properties which can vary greatly from one building to the next. Furthermore, as these constructions 

lack quality control measures, the uncertainties further increase. 

In literature, there are few experimental studies exploring the effective strengthening methods for 

stone masonry in mud mortar buildings. Pun (2015) studied the applicability of galvanized steel wire 

(GSW) for improving the seismic performance of coursed semi-dressed stone in mud mortar masonry 

buildings by conducting static and dynamic shake table tests on unreinforced and reinforced masonry 

walls. Although, the masonry bond pattern of the tested walls doesÎȭÔ ×ÅÌÌ ÒÅÐÒÅÓÅÎÔ ÔÈÅ .ÅÐÁÌÅÓÅ 

uncoursed random rubble stone masonry construction, this study showed that the external steel wire 

mesh reinforcement could considerably improve the strength as well as ductility of stone in mud 

mortar masonry walls. In light of 2015 Nepal earthquake, Wang et al. (2018) conducted several in-

plane cyclic tests on full-scale walls, without and with retrofitting, to study the effectiveness of low-

cost and affordable retrofitting options. This study proved that the fragile behaviour of rubble stone 

masonry walls can be effectively improved in terms of stiffness, strength, integrity and ductility with 

carefully designed low-cost retrofitting options using locally available materials such as wood, gabion 

wires and tarpaulin. Bothara et al. (2019) conducted shake table tests on scaled models of semi-

reinforced stone in mud mortar masonry school buildings. The reinforcement included horizontal 
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bands and steel mesh on both sides of all masonry walls. This study demonstrated that such 

reinforcements can prevent collapse of these buildings even under intense seismic shaking with peak 

ground acceleration (PGA) as high as 1.0g. 

Recently, in order to develop effective retrofitting options for existing rubble stone masonry in Nepal 

(both damaged and undamaged due to the 2015 earthquake sequence), Build Change (2019) 

conducted an experimental campaign to characterize the material properties as well as the lateral in-

plane behaviour of Nepalese random rubble stone masonry walls. The hysteretic response under 

cyclic shear-compression loading results showed that the strength and ductility of rubble stone in 

mud mortar masonry walls can be substantially improved by the use of through concrete and cement 

plaster. The results of the material characterizations tests are very useful inputs in the numerical 

modelling and analysis of Nepalese random rubble stone in mud mortar masonry constructions. 

However, very few studies have investigated the global building level seismic performance and 

behaviour of Nepalese stone masonry in mud mortar building typology. Guragain (2015) conducted 

non-linear time history analyses of common typologies of single and two-storied stone masonry 

buildings to derive analytical fragility functions using the applied element method. As there were no 

reliable tests results available on Nepalese stone masonry buildings for mechanical characterization, 

this study lacks to report the relevant inputs in their numerical analyses and hence its reliability is 

limited. Similarly, Bothara et al. (2018) studied the analytical seismic performance of unreinforced 

and semi-reinforced single-storied stone masonry buildings using finite element method in order to 

show the benefits of minimal reinforcement on improving the seismic performance. However, 

rectangular elements are used in this study to characterise the random rubble stone masonry walls 

and the key inputs of material properties used for rubble stone masonry are very high, again limiting 

the reliability of the reported capacity curves and failure modes. 

Since studies on seismic capacity, collapse mechanisms or reliable fragility functions for traditional 

as well as newly built Nepalese stone masonry typologies are currently lacking, this study focuses on 

addressing and answering these issues. For the numerical analysis presented in this study, as the 

material properties are key inputs, the results of recent test campaign on Nepalese stone masonry 

walls conducted by Build Change (2019) are used. Furthermore, advanced non-linear analysis using 

element by element modelling technique is conducted in the present study in order to account for 

the randomness of the masonry fabric. The outcomes of this study will be beneficial in a number of 

ways: to appreciate the seismic design levels, to understand the seismic vulnerability and failure 

mechanisms, to develop effective strengthening measures and to improve the construction practice 

of both pre-earthquake and post-earthquake stone masonry building typologies so that the rural 

communities can be made more resilient to seismic hazard. 

The report is organized as follows. First, the extent of damage sustained by the residential building 

hit by the 2015 Nepal earthquake sequence is discussed. As the reconstruction is currently ongoing, 

some pressing issues in the post-earthquake reconstruction in rural mountainous areas such as 

building usability/functionality, code-compliance and construction quality are discussed. Then the 

range and distribution of different typologies of pre- and post-earthquake residential houses in the 

affected districts is presented. Since uncoursed random rubble stone masonry in mud mortar 

(referred as SMM hereafter) is the most common construction type in the country, even in the post-
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earthquake reconstruction, the construction characteristics of these buildings are discussed. The 

results of advanced non-linear seismic analyses on the representative index buildings of the pre- and 

post-earthquake SMM typologies is then presented in terms of capacity curves and failure 

mechanisms. As per the seismic design code of Nepal, site specific seismic performance assessment 

is also conducted to understand the seismic design levels of these structures. Then, seismic 

performance assessment for a number of ground motions is conducted on both pre- and post- 

earthquake SMM typologies in order to derive seismic fragility and vulnerability functions, 

considering the uncertainty in ground motions and material quality, which are useful tools in 

understanding the associated seismic risk as well as for developing effective seismic strengthening 

measures to reduce risk in future earthquakes. 

2 DAMAGE TO RESIDENTIAL BUILDINGS 

Extensive damage to many public and private buildings was observed in the 2015 Nepal earthquake 

sequence. The residential houses were hit hard by the earthquake and its aftershocks resulting in 

about half a million houses destroyed and more than 250,000 houses partially damaged (NPC, 2015). 

In several cases, whole villages were turned into rubble in areas where old vernacular constructions 

such as stone masonry in mud mortar (SMM) houses with minimal seismic resistant features were 

mostly present. In some of the severely hit districts (Figure 2) such as Sindhupalchowk, as high as 

90% of the total houses suffered heavy damage to complete collapse (HRRP, 2017). 

 

Figure 2. Map showing the categorization of earthquake-affected 31 districts (NPC, 2015). 
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Figure 3. Damage grade distribution of residential houses in 14 most affected districts (NRA, 2016a). 
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As can be seen from Figure 3 which presents the distribution of damage grade at building level in the 

affected districts, the highest damage grade i.e. Ȭdamage grade 5ȭ is mostly concentrated in the rural 

mountainous region where the SMM typology is most common, and in the Kathmandu valley where 

the traditional Newari construction in adobe/brick in mud mortar construction was most common. 

Among the damaged buildings in all the affected districts, about 96% were of load bearing masonry 

typology and only 4% of the damaged buildings were RC constructions (NPC, 2015). Figure 4 shows 

example photographs of typical damage sustained by low-strength masonry and non-engineered RC 

construction during the 2015 earthquake sequence. Typical damage to different typologies of 

residential buildings, cultural heritage structures as well as school buildings due to the 2015 

earthquake sequence can be found in more detail in Bhagat et al. (2018). 

 
Figure 4. Damage sustained by residential buildings in the 2015 Nepal earthquake: (a) out-of-plane collapse of 
brick in mud mortar masonry wall in traditional Newari construction (Photo from Bhaktapur), (b) out-of-plane 

collapse of SMM masonry (Photo credit: Build Change) and (c) Complete collapse of non-engineered RC 
construction. 

(a) (b) 

(c) 
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Figure 5. Distribution of damage to SMM typology in the affected districts (HRRP, 2018). 














































































































