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Strong-Motion Characteristics and Visual 
Damage Assessment Around Seismic Stations in 
Kathmandu after the 2015 Gorkha, Nepal, 
Earthquake 
Subeg Bijukchhen,a), Nobuo Takai,a) M.EERI, Michiko Shigefuji,b) Masayoshi 
Ichiyanagi,c) and Tsutomu Sasatania) 

A rapid visual damage assessment of buildings around four strong-motion 

seismic stations in Kathmandu Valley was carried out after the damaging Gorkha, 

Nepal, Earthquake (Mw7.8) of April 25th, 2015. The waveform of the mainshock 

recorded at these stations were compared with the damage to buildings around the 

stations. The damage was found to be related to strong-motion characteristics of 

the earthquake. A dominance of long-period oscillation could be observed in the 

records. The damage to low-rise buildings in the Valley was less than anticipated 

from an earthquake of this magnitude given that majority of buildings were built 

without proper engineering consideration. The acceleration response spectra of 

one of the sedimentary sites show high response in 1-2 s period range, and nearly 

10% of buildings, which were all low-rise, suffered damage around this site. 

INTRODUCTION 

The subduction of Indian plate under the Eurasian plate at a rate of 36-50mm (Patriat 

and Achache 1984, Feldl and Bilham 2006) is not continuous but interrupted by asperities 

causing a large amount of stress to accumulate. The accumulated stress released periodically 

in form of small and large earthquakes as well as aseismic slip (Bilham 1995), where the 

stress is released by slow earthquakes and creep rather than mega earthquakes, thus rendering 

the Himalayan arc seismically active. With a number of small earthquakes and occasional 

large earthquakes, this region is one of the most seismically vulnerable regions of the world. 

Nepal, covering about 900 km of the Himalayan arc (known as the Nepal Himalaya) has 

suffered a number of inter-plate and intra-plate earthquakes in the past. There are accounts of 
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more than 20 damaging earthquakes occurring in or near the Nepal Himalaya since the 13th 

century (Dixit et al. 2013) including 1833 (Mw7.7), 1934 Nepal-Bihar (Mw8.2), 1980 Bajura, 

and 1988 Udaypur earthquakes that have left trails of damage. 

The devastating Gorkha Earthquake of April 25th, 2015 is the latest in the list of 

devastating earthquakes in Nepal. With an epicenter in Barpak of Gorkha district, 80km 

northwest of the capital Kathmandu (Figure 1), this shallow (8.2 km) earthquake affected 

central Nepal and parts of the neighboring countries. The mainshock (Mw7.8) and subsequent 

aftershocks of the Gorkha Earthquake have claimed over 8000 lives around the country. 

About 12% (73,624) buildings are reported as completely damaged in the Kathmandu Valley 

(Government of Nepal 2015) as a result of the main shock and the largest aftershock of 12th 

May (Mw7.3) which occurred about 80 km east of Kathmandu on the eastern extreme of the 

rupture zone. 

GEOLOGICAL SETTING OF KATHMANDU 

The crustal shortening and active orogeny of the Himalaya brought about by the 

collision has formed a series of east-west trending regional thrusts running along its entire 

length, termed as Main Central Thrust (MCT), Main Boundary Thrust (MBT), and Main 

Frontal Thrust (MFT) from north to south (Gansser 1964, Le Fort 1975, Nakata 1989, Yeats 

et al. 1992). Among them, the MFT (Figure 1) is the only active thrust in present (Avouac 

2003) accommodating the movement of the Indian plate. These thrusts come together and 

join the gently sloping decollement zone called the Main Himalayan Thrust (MHT) (Avouac 

2003) delineating the plate boundary at depth. The hypocenter of the Gorkha Earthquake lies 

in this decollement zone (Bilham 2015). 

The crustal shortening along these regional thrusts have formed several tectonic 

valleys in the Himalaya, with the Kathmandu Valley being one of them. This intermontane 

basin is filled with fluvio-lacustrine deposit (Figure 1) whose depth is estimated to be more 

than 650 m at the central part (Moribayashi and Maruo 1980). In the Pleistocene, the uplift of 

mountain range south of Kathmandu was too rapid for the paleo-Bagmati River to drain its 

basin resulting in formation of a lake (Dhital 2015) which eventually drained 11-10,000 years 

ago (Sakai 2001) into the present form of the Kathmandu Valley. 

The basin-fill sediments of Kathmandu mainly consist of loose sand and gravel on the 

fringes and mostly silt and clay in the central part (Yoshida and Igarashi 1984, Shrestha et al. 

1998, Sakai 2001). Nevertheless, the basement topography of Kathmandu is uneven 
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(Moribayashi and Maruo 1980, Paudyal et al. 2013) and one can observe hillocks of bedrock 

that have breached the sediments to from rock exposures inside the Valley at several places 

(Shrestha et al. 1998). 

BACKGROUND OF PRESENT STUDY 

The devastation patterns of past earthquakes in Kathmandu show that the site-

amplification in the basin is due to the loose sediments. Studies have revealed that the soft 

silty layers of the Valley undergo deformation during the shaking (Mugnier et al. 2011). 

There have been reported cases of liquefaction in different parts of the Valley during the 

Gorkha Earthquake (Okamura et al. 2015).  

Previous studies have indicated probability of a large earthquake in the region of 

Nepal Himalaya. The region west of Gorkha has not experienced a major earthquake since 

1505. The stress accumulation in the seismic gap (Avouac 2007) can trigger another large 

earthquake. A study based on slip potential due to accumulated stress pointed out possibility 

of an earthquake of magnitude around 7.4 in the area where the Gorkha Earthquake occurred 

(Bilham and Wallace 2005). The study also indicated that a probability of much larger 

earthquakes (~M8.6) in western Nepal looms large. 

The last two decades have seen a rapid increase in the population of Kathmandu 

valley. As a result, the pace and process of building construction have also increased. In 

Nepal, majority of buildings are constructed without following the building codes, and 

though some local government bodies try to enforce the codes, many have difficulty 

regulating and inspecting whether engineering norms and existing building codes (JICA 2002, 

Dixit 2004) are being followed. The situation in the capital is not much different. A survey 

carried out weeks after the Gorkha Earthquake reported that about 80% of buildings in 

Kathmandu were constructed without proper engineering consultation (Bohara 2015). The 

apparent increase in initial cost of construction is one of the causes for not following the 

building codes strictly as many house owners end up choosing money over safety. 

The location in a seismically active region and wave amplification due to thick soft 

sediments add up to the seismic vulnerability of Kathmandu. Though strong-motion 

characteristic study of the Kathmandu basin sediment are necessary to address the 

vulnerability, there were only few detailed research studies before the Gorkha Earthquake. 

In this background, to analyze the strong-motion characteristics of the Kathmandu 

Valley, four continuous recording accelerometers (Mitsutoyo JEP-6A3-2) were installed in 
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the Kathmandu Valley (Figure 1) in 2011 as a collaborative study between Hokkaido 

University and Tribhuvan University. The station at KTP (Kirtipur) was installed above the 

rock site and TVU (Tribhuvan University), PTN (Patan), and THM (Sano-thimi) were 

installed above the soft sediment of the Kathmandu Valley. The shear wave velocity around 

the station KTP was found to be ~700 m/s whereas in other three sites, it was about 200 m/s 

(Takai et al. 2015). We considered KTP as the reference site with little or no site effect, to 

compare the response of other three sites located above the valley sediment. 

This strong-motion array recorded the main shock (Takai et al. 2016) and ensuing 

aftershocks of the Gorkha Earthquake (Ichiyanagi et al. 2016). To compare the records with 

the damage caused by the main shock around the stations we carried out the rapid visual 

damage assessment around the seismic stations after a week of the main shock based on the 

method of European Macroseismic Scale 1998 (Grunthal 1998). We processed the near-field 

seismic records of the mainshock, calculated the acceleration response spectra, and compared 

them with the damage assessment results to ascertain the relationship between strong ground 

motion of the earthquake and the structural damage around the four stations. There were two 

more seismometer stations in the valley; DMG and KATNP, installed by Department of 

Mines and Geology and USGS respectively. The data from DMG was not publicly available 

at that time, and most of the buildings around KATNP were inside the premises of the US 

Embassy making it difficult to include those sites for the study. 

STRONG MOTION CHARACTERISTICS 

When a large earthquake occurring on the regional thrust MFT (Figure 1, inset), 

produce a surface rupture, it is visible along the northern extreme of the foreland basin at the 

base of the Himalayan range. Previous studies have reported the surface rupture of the great 

1934 Nepal-Bihar Earthquake (Sapkota et al. 2013, Bollinger et al. 2014). Nevertheless, the 

rupture of the present Gorkha Earthquake terminated sub-surface about 50 km north of the 

MFT (Angster et al. 2015) without being exposed to the surface. The rupture propagated 

towards the east (Avouac et al. 2015, Fan and Shearer 2015, Yagi and Okuwaki 2015) 

triggering a number of subsequent aftershocks with multistage rupture (Denolle et al. 2015, 

Fan and Shearer 2015). It has been estimated that the rupture travelled east with a velocity of 

~2.9 km/s (Fan and Shearer 2015) and stopped about 90 km east of Kathmandu. During the 

rupture propagation most of the energy as well as the slip were concentrated in the north of 

Kathmandu (Fan and Shearer 2015, Galetzka et al. 2015). The records in GPS stations inside 
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Kathmandu show that the valley experienced a permanent tectonic displacement of 135 cm 

towards S-SW direction and a vertical uplift of 63 cm (Galetzka et al. 2015) which is very 

similar to the displacement records obtained in KTP (Takai et al. 2016). 

The Gorkha earthquake resulting from a shallow low angle thrust (Kobayashi et al. 

2015) has some interesting features in the waveform. The highest PGA (241 cm/s2) was 

recorded at the rock site KTP. The velocity waveforms nevertheless show high PGV in the 

sediment site TVU (99 cm/s) (Takai et al. 2016). The values of PGA are less (Takai et al. 

2016) than the value estimated by GMPEs (Si and Midorikawa 1999, Boore et al. 2014). The 

PGA of this earthquake is less than expected for a large earthquake of this magnitude. 

Since this earthquake did not originate from a single point source, and the location of 

the stations were inside the source area, the interpretation of phases becomes complicated as 

the waves reaching the stations come from various sections of the rupture. 

The Fourier spectra (Figure 2) of the main shock show the dominance of long period 

motion. This long period motion might have caused the rocking motion reported by people 

during the earthquake (Martin et al. 2015). Though the horizontal component of sedimentary 

sites clearly indicate the presence of long period waves when compared with that of the rock 

site, the vertical component do not vary much. The fundamental frequencies in the 

sedimentary sites vary between 0.2 to 0.4 Hz. There is pronounced deamplification of Fourier 

spectra in higher frequencies (<2 Hz) which might be attributed to the nonlinearity of the 

valley sediments (Dhakal et al. 2016, Rajaure et al. 2017). The Spectral Ratio or the ratio of 

spectral amplitude of the sediment sites to that of the rock site (Figure 2) shows significant 

amplification in 0.3-0.7 Hz in the horizontal component; more than 10 times in case of TVU. 

We estimated the 1-D velocity model of the three sediment sites by forward modelling of S-

waves and found that thickness of sediment with low shear wave velocity (<500 m/s) varies 

from 300 – 440 m (Bijukchhen et al. 2017) beneath the three sites. The high amplification is 

the result of wave propagation through these thick soft sediments. The amplification in the 

vertical component, on the other hand, is not as significant as in the horizontal components. 

PRACTICE OF BUILDING CONSTRUCTION IN THE KATHMANDU VALLEY 

As the construction practice of a building plays a huge role on their resistance to 

strong-motion and thus to damage conditions, we will try to briefly introduce the practice of 

building construction prevalent in the Kathmandu Valley. 
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The Kathmandu Valley has a fair share of vernacular architectural structures. The old 

settlements of the valley have many old buildings and monuments built of bricks held 

together by mud mortar. Almost all of the buildings in the valley use bricks; newer ones use 

cement as the mortar instead of mud mortar. Though the construction practice has changed a 

lot with time, bricks are still the predominant construction material. The abundance of clay in 

the valley due to the lacustrine sediments enabled early settlers to shape out bricks from the 

clay, and this holds true even today. The bricks were either sun-dried or fired in kiln 

depending on individual choice and the economic condition. The fired bricks needed more 

work and energy making them expensive than the sun-dried bricks. 

According to the practice of construction common in Kathmandu, the buildings can 

broadly be divided into two main categories. 

LOAD BEARING MASONRY STRUCTURES 

The load bearing masonry structures are the prevalent type of structure in the Valley 

but these are gradually being replaced by Reinforced Concrete (RC) infill frame structures. 

The traditional houses reaching 3-4 stories were built with load bearing thick brick walls. In 

general, the walls are at least 45 cm thick at the ground story, and decrease to about 30 cm at 

the third story (Pradhan 2000). 

Traditionally, the façade is made up of three wythes or leaves of bricks with the outer 

leaf being fired-brick and inner ones sun-dried. Another common practice is to fill the gap 

between two leaves of bricks with rubble (Beckh 2006). Nonetheless, the use of fired-bricks 

instead of sun-dried ones can be found in buildings constructed later. 

The bricks are mostly held together by mortar of clay or mud. Cement mortar has 

become popular choice in recent years, but one can still find buildings with mud mortar. 

Another type of mortar termed ‘bajra’, made by mixture of brick powder, sand, and slaked 

lime (Bonapace and Sestini 2003) was also used in traditional palaces, public buildings, and 

monuments. 

The floors of traditional buildings are typically made up of wooden joists placed 

perpendicular to the façade, covered with sleepers or planks joining them with adjacent joists. 

These joists rest on the outer-walls and sidewalls are were held in place by use of wooden 

pegs locally called ‘chuku’.These pegs with their flexibility, restrain the sliding off of the 

joists due to lateral motion (D'Ayala 2003), but they might not perform very well during 

strong shaking. 



 

Bijukchhen - 7 
 

The masonry buildings have load bearing walls of low tensile strength, and without 

adequate members to resist lateral forces, they get damaged by out-of-plane as well as in-

plane failure the walls. Though some traditional buildings with wooden frames can withstand 

smaller earthquakes, a major one like the Gorkha Earthquake can be damaging. Ageing of the 

mud-mortar constructions result in rising dampness, efflorescence, loss of surface material, 

and loss of mortar (D'Ayala 2004), and they increase the vulnerability of the structure. The 

walls with layers of sun-dried and fired bricks can delaminate resulting in complete collapse 

of the façade. In some buildings with fired brick and mud mortar, we observed that the mud 

mortar was not able to hold the bricks together after the earthquake. 

REINFORCED CONCRETE INFILL FRAME STRUCTURES 

Construction of Reinforced Concrete (RC) infill frame structures started after late 

1970s (Chaulagain et al. 2013) in Nepal. The reinforced concrete frame with unreinforced 

brick masonry infill has become the default construction technique for most buildings. These 

buildings, standing on isolated footings and reaching a height of typically 2-6 stories (6-18 

m), are designed as bare frame structures where masonry infilling is added later. Taller 

buildings have also started to appear in the Kathmandu skyline recently. Moreover, the 

traditional masonry structures are gradually being replaced by RC infill frame structures. 

Though, RC infill frame structures are better equipped than traditional load-bearing 

structures in enduring seismic movement, construction without proper engineering 

consultations have resulted in many buildings with questionable quality. One can see exposed 

RC columns and reinforcement bars on the top of many buildings as owners wait for a 

suitable time to build additional story, ultimately resulting in rusting of rebar. In some cases 

the stories are added to the existing buildings not designed for this condition. The RC infill 

frame buildings found in Nepal are either designed according to Mandatory Rules of Thumb 

(MRT) of Nepal Building Code (NBC 1994) and according to Indian Building Code or are 

either poorly designed without engineering supervision. A seismic vulnerability study carried 

out before the Gorkha earthquake concluded that the poorly designed RC infill frame 

buildings were highly vulnerable to earthquakes (Chaulagain et al. 2013). 

 



 

Bijukchhen - 8 
 

FIELD SURVEY 

The visual damage assessment around the stations helps to compare the direct 

relationship of strong-motion characteristic and the effect of earthquake. On May 6th and 7th, 

2015 we carried out the rapid visual damage assessments of buildings in an area inscribed by 

200 m radius from the seismic stations. A few buildings outside the 200 m radius were also 

considered at some of the sites. The comparison of damage status and strong-motion waves 

gives the relationship between site response and the situation of damage around the stations. 

Though this was the first damage assessment of buildings around earthquake stations in 

Nepal, similar studies were carried out in after 1994 Northridge Earthquake, USA (Applied 

Technology Council 2000),   2011 Christchurch Earthquake, New Zealand (Iizuka et al. 

2011), 2014 South Napa Earthquake, USA (Applied Technology Council 2015). 

We used the method of damage assessment as defined by European Macroseismic 

Scale 1998 (EMS98) (Grunthal 1998). The extent of damage was evaluated separately for 

masonry and RC infill frame structures. Except for few single-storied buildings made by 

cement blocks, almost all of the buildings we checked used fired bricks at least on the outer 

façade and cement mortar, and masonry buildings with mud mortar were found only around 

KTP. A building near THM had steel columns along with RC columns. Hence, for the 

present study, we classified the buildings into four categories: Load Bearing Masonry Mud 

mortar, Load Bearing Masonry Cement mortar, RC Infill Frame, and RC Steel Masonry. The 

buildings with lime mortar or ‘bajra’ are placed in the Load Bearing Masonry Cement mortar 

class as the strength of this mortar is considered more than ordinary mud mortar (Bonapace 

and Sestini 2003). 

EMS98 classifies the damages in masonry and RC structures separately by dividing 

the damage extent into grades numbering from 1 to 5: Grade 1 being ‘Negligible to slight 

damage’ and Grade 5 being ‘Destruction’. For the present study though, we slightly modified 

the classification grades (Table 1). We differentiated them into four classes: Not Damaged, 

Slightly Damaged, Moderately Damaged, and Heavily Damaged. The ‘Negligible to slight 

damage (Grade 1)’ and ‘Moderate damage (Grade 2)’ classification of EMS98 were named 

as ‘Slightly Damaged’ and ‘Moderately Damaged’ respectively. The ‘Substantial to heavy 

damage (Grade 3)’ and ‘Very heavy damage (Grade 4)’ classes were grouped as one: 

‘Heavily Damaged’. The ‘Destruction (Grade 5)’ classification was termed 'Completely 

Damaged', but we did not find instances of completely collapsed structures during the survey. 
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The age of building, use, location, number of floors, and surrounding topography were also 

noted during the study. 

 

 

Table 1. Damage grades used for the present study based on EMS98 for Load bearing masonry and 

RC infill frame buildings. 

 

Classification of damage grade (EMS98) Classification of damage 
grade 
 (Present Study) Masonry RC  

 

No Damage Not Damaged 

 

Grade 1: Negligible to 
slight damage Slightly Damaged 

 

Grade 2: Moderate 
damage Moderately Damaged 

 

Grade 3: Substantial 
to heavy damage 

Heavily Damaged 

 

Grade 4: Very heavy 
damage 

 

Grade 5: Destruction Completely Damaged 

 
 

KTP (KIRTIPUR MUNICIPALITY) 

The station KTP lies in Kirtipur, one of the oldest settlements in west Kathmandu 

Valley. It is installed on the ground floor of a four-story RC infill frame building of Kirtipur 

Municipality Office. It is a residential area and most of the buildings are built on a steep 

topography with walls touching adjacent buildings on both sides. Out of 174 buildings 

considered for the study, 18% were masonry structures with mud mortar (Figure 3a), out of 

which ~81% suffered no damage during the earthquake (Figure 3b). 

Though all RC infill frame buildings remained unscathed, one masonry mud-mortar 

building was heavily damaged. The three-story building built on a steep topography suffered 
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the collapse of the façade facing the slope (Figure 4a). Apart from this, instances of cracks in 

the inner walls (Figures 4b) were observed in few masonry buildings. We also found fallen 

roof tiles from some of these houses nevertheless, only less than 6% of total buildings 

suffered moderate to heavy damage during the earthquake. 

TVU (TRIBHUVAN UNIVERSITY) 

The station TVU is in the premises of the Tribhuvan University and is installed on the 

ground floor of a two-story RC infill frame building of the Central Department of Geology. 

There are only 19 buildings around it (Figures 5a) with none more than 2 stories tall. 

Statistically speaking, this site suffered the most damage (~10%) with slight damage 

observed in RC buildings as well (Figures 5a). A single story load bearing masonry cement 

mortar building built in late 1960s was heavily damaged. The walls and ceiling of the 

building collapsed making the building unsuitable for use (Figure 6a). Though most of the 

buildings around TVU are RC infill frame structures, slight damage like broken window 

panes and slight cracks on the ground floor was observed. There was damage to foundation 

and columns (Figure 6b) in some of the RC structures and a compound wall around one of 

the department buildings completely collapsed. 

PTN (PULCHOWK CAMPUS, PATAN) 

The majority of buildings inside the Institute of Engineering, Pulchowk Campus 

premises where PTN is installed, are predominantly load bearing masonry-cement mortar 

structures (Figure 7a). The station itself is set inside a single-story load bearing masonry 

cement mortar building. The buildings outside the campus premises are predominantly RC 

infill frame structures. Almost 9% of total buildings considered for the study, suffered 

moderate to heavy damage (Figure 7b). Two of the buildings that suffered damage were built 

with brick and lime mortar 'bajra'. One of them being used as office suffered cracks in the 

walls and was evacuated following the earthquake. Another one story lime mortar building 

was heavily damaged (Figure 8a). Some of the RC infill frame buildings in the study area 

suffered cracks on the outer walls and beams. We observed a multi-story RC infill frame 

building with shear cracks on the outer façade (Figure 8b). 

THM (UNIVERSITY GRANTS COMMISSION, SANOTHIMI) 

The station THM is installed in the ground floor of four-story RC infill frame building 

of University Grants Commission in Sano-thimi. As the area around THM is a relatively new 
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settlement, most of the buildings are RC structures but there are public buildings which are 

masonry structures (Figure 9a). This site suffered the least damage (Figure 9b) when 

compared to the other sites. A masonry school building suffered moderate damage and wall 

cracks (Figure 10a) were clearly visible. A few fallen tiles from the roof were also observed 

in another building of the same school. The compound walls around the school (Figure 10b) 

and around a government office collapsed after the earthquake. 

DISCUSSION 

The result of the damage assessment can be compared with the strong motion records 

at the respective stations. We calculated the acceleration response spectra of a single degree 

of freedom (SDOF) system with 5% damping ratio in average horizontal direction for all 

stations (Figure 11). The acceleration response spectra display high response in short periods 

in rock site KTP. On the other hand, the response is high in the long period range in case of 

the sediment sites as a result of the thick lake sediments. The Fourier spectra of the main 

shock (Figure 2) at KTP displays a predominance of short period waves. In the acceleration 

response spectra (Figure 11) we can see that the response of KTP in the periods shorter than 

1 s is comparatively higher. Moreover, the response at THM is the highest in periods longer 

than 3 s. The response in TVU has high peaks in the 0-1 s and 1-2 s ranges and another peak 

in periods longer than 3 s. The response of PTN is high in the 0-1 s and 1-2 s period ranges. 

In the 1-2 s period range, the response of TVU is the highest than those of other stations.  

The Nepal Building Code for seismic design of buildings (NBC-105) relates the 

seismic design coefficient as a function of basic seismic coefficient, seismic zone factor (Z), 

importance factor of buildings (I), and structural performance factor (K). The seismic zone 

factor in the NBC-105 is determined by the seismic zonation map of Kathmandu (NBC-105 

1995) based on the Probabilistic Seismic Hazard Assessment (PSHA). The seismic design 

coefficient for Type I soil (hard rock/stiff soil) and Type III soil (soft soil > 30 m depth) 

based on NBC-105 is much lower than the responses of the record (Figure 11). It is worth 

noting that the NBC-105 is in allowable stress design levels and the spectra shown in Figure 

11 assume the following values in the NBC-105 Equation 8.1: Z=1.0, I=1.0 and K=4.0.  On 

the other hand, when compared with the design requirement of Building Standard Law of 

Japan (Architectural Institute of Japan (AIJ) 1993) for the same soil types we find it is higher 

than the response of the earthquake. The Safety limit curve for engineering bedrock 
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according to Building Standard Law of Japan (MLIT 2000) is also higher than KTP response 

except for very short period. 

Though, there are slight damages to a few RC buildings around TVU and PTN, very 

few RC infill frame structures suffered moderate to heavy damage (Table 2). No RC infill 

frame structures suffered damages around KTP. Several load bearing masonry structure 

buildings suffered moderate to heavy damage in all the sites. The summary of the damage 

situation (Table 3) shows the damage ratio is high in TVU and PTN. The damage ratio is the 

percentage of moderate and heavily damaged buildings to total number of buildings studied 

around a station. We compared the Fragility Curve for load bearing masonry- cement mortar 

and RC infill frame structures of Nepal (JICA 2002) with the damage ratio (Figure 12). We 

also considered the fragility curve for moderate damage of load bearing masonry- cement 

mortar and RC infill frame structures (Chaulagain et al. 2016). The difference in values of 

fragility curves for the same type of buildings from two different research studies can be 

attributed to difference in method of fragility curve construction. We observed that though 

the damage ratio is higher in the masonry structures than in the RC infill frame structure, they 

remained under the respective curves meaning the damage was less than expected by these 

curves. Since, load bearing masonry mud mortar structures were found only in KTP, we 

could not compare their damage with other sites. 

 
Table 2. Damage of buildings according to type of construction 
 

Type of  
construction Site 

Damage Level 
Total Not 

Damaged 
Slightly 

Damaged 
Moderately 
Damaged 

Heavily 
Damaged 

       

Load 
Bearing 
Masonry 
Cement 
Mortar 

KTP 99 15 6 2 122 

TVU 4 1 1 1 7 

PTN 21 4 4 2 31 

THM 12 2 1 0 15 

Total 136 22 12 5 175 

       Load 
Bearing 
Masonry 

Mud Mortar 

KTP 26 4 1 1 32 

Total 26 4 1 1 32 

       
RC Infill KTP 20 0 0 0 20 
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Frame 
Structure 

TVU 3 9 0 0 12 

PTN 33 19 2 0 54 

THM 13 3 0 0 16 

Total 69 31 2 0 102 

       
RC Steel 
Masonry 

THM 1 0 0 0 1 

Total 1 0 0 0 1 
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A study in Japan (Sakai et al. 2004) proposed an earthquake intensity based on 

acceleration response between 1-2 s period (I*) to explain damage to infrastructures as it 

found that the JMA Instrumental Intensity could not explain the damage properly. We 

referred to this and found I* directly relates to heavy damages around the stations. We can 

see that this intensity is high for TVU (I*, Table 3) during the Gorkha Earthquake. It is worth 

noting that the response of TVU (Figure 11) is higher than those of other sites not only in 1-2 

s range but in broad range of 0.5-3 s. The damage of buildings may not be related to the 

predominant period of the building alone as most of the low rise and medium rise buildings 

in the Kathmandu Valley have a predominant period of 0.1-0.2 s (Parajuli and Kiyono 2015) 

but the response of TVU in the 0.1-0.2 s range is not the highest. The site TVU suffered the 

heaviest damage among the four stations and the parameter I* can directly be associated with 

the building damage. On the other hand, the he Housner Spectral Intensity (IH) (Housner 

1952) calculated from the pseudo-velocity spectrum over the 1-2 s period range, and it can be 

observed that even though IH for THM is the highest (38.00), the percentage of damaged 

buildings is lesser in THM than around other stations. Figure 13 shows the positive 

correlation between intensity I* and the number of Slightly Damaged (Ds), Moderately 

Damaged (Dm), and Heavily Damaged (Dh) building. The direct effect of site amplification 

can be clearly understood as the area around KTP suffered less damage despite having old 

masonry buildings whereas in the area around TVU, even comparatively new RC structures 

suffered damage. 

 
Table 3. Summary of damage situation around the stations 

 

Many buildings in different parts of the Kathmandu Valley, like Bhaktapur, Gongabu, 

Sitapila, and Ramkot suffered heavy damage (Figure 14) due to the Gorkha Earthquake. 

Site I*  
(1-2s) 

IH 
(1-
2s) 

PGA 
(cm/s2) Damage situation No of 

buildings  

Damage 
Ratio 
(%) 

KTP 4.28 16.80 241 Majority of buildings unharmed with 
less than 2% buildings heavily damaged 174 5.74 

TVU 5.54 34.14 238 
Cracks in RC infill frame building 
foundations, one load bearing masonry 
building completely collapsed 

19 10.52 

PTN 5.04 31.52 151 Few load bearing masonry and RC infill 
frame structures developed cracks 85 9.41 

THM 5.03 38.00 147 Very few damaged buildings except in 
an old school masonry building 32 3.13 
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Several buildings in Gongabu were tilted due to liquefaction and many RC buildings 

completely collapsed. A team of researchers (Angster et al. 2015) traced an extension of a 

localized lineament in an area lying south-west of THM and they attributed the origin of the 

lineament to geological condition and earthquake shaking. These worst-hit areas of 

Kathmandu unfortunately did not have seismic stations nearby so the assessment on those 

areas has not been carried out for the present study due to lack of strong-motion data to 

compare the damage. As basin topography and sediment in the Kathmandu Valley is very 

heterogeneous, the response of sites merely few hundred meters apart vary a lot, so 

generalizing the response might not produce accurate results. 

The high response of the earthquake in longer periods indicates the dominance of low 

frequency waves during the Gorkha Earthquake. The natural frequency of the low rise 

buildings are high and they do not resonate with the low frequency wave (Parajuli and 

Kiyono 2015). This might explain the relatively low damage that occurred in Kathmandu 

during this earthquake which is less catastrophic than previously anticipated (Hough 2015). 

Nevertheless, the low strength of load bearing masonry structures can be the cause of damage 

to vernacular structures in the valley. The earthquake, on the other hand, would have been 

more likely to seriously damage high-rise buildings and base isolated structures which have 

longer natural periods had there been any inside the valley. 

CONCLUSION 

As the latest devastating earthquake in the history of Nepal Himalaya, the Gorkha, 

Nepal Earthquake caused a lot of damage in terms of life and property in central Nepal. The 

earthquake occurred at a shallow depth in west Nepal and the rupture moved towards east. 

The ensuing aftershocks were concentrated in the eastern extremity of the rupture zone. This 

study compared the strong-motion characteristics and its relation to damage around seismic 

stations. Since, the fieldwork was carried out before the occurrence of the largest aftershock 

(Mw7.3), the damage recorded in the area is due to the main shock. The mainshock records 

have dominant long period waves and have high response in long periods. Acceleration 

response spectra show high response of sediment site TVU in the 1-2 s period range, and it 

can be directly related to the damage to structures around the site. This can be seen in 

contrast to the damage in KTP. Most of the old masonry structures built without proper 

engineering consideration in KTP survived the earthquake without substantial damage 

whereas masonry structure in TVU suffered damage, and even relatively new RC structures 
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were slightly damaged. Due to absence of high-rise and base isolated buildings in Kathmandu, 

the effect of high long period response of the earthquake could not be seen. The acceleration 

response spectra of the sites were much higher than seismic design coefficient prescribed by 

the Nepal Building Code which necessitates an update to the present building code to 

accommodate potential large earthquakes of this magnitude. On the other hand, the update of 

the code to include stringent measures raises the question of higher cost of construction. The 

local government can play an important role in raising awareness about seismic safety as well 

as minimizing the economic burden for house owners. For our further work we will use the 

earthquake records of the mainshock and aftershocks to prepare a 3-D sub-surface model of 

the Kathmandu Valley to understand the strong-motion characteristics of the heterogeneous 

valley sediment which will help in update of the building code.    
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FIGURES 

Figure 1. Location of strong motion accelerometers in Kathmandu Valley. Geology based on 

Engineering and Environment Geological Map of DMG, (Shrestha et al. 1998). Note the position of 

KTP on the rock site. Inset: Epicentre of Gorkha Earthquake and its focal mechanism. The red line is 

the extension of MFT (Lave and Avouac 2000) as exposed on the surface. 

 
Figure 2. Acceleration Fourier amplitude spectra and Spectral Ratio. The Spectral Ratio is the ratio of 

spectral amplitude of the sediment sites to that of the rock site. Notice the prominent peaks in low 

frequencies. The spectra in U-D component in all sites are very similar to each other. 

 
Figure 3. (a) Distribution of buildings according to construction type and, (b) damage suffered during 

earthquake around seismic station KTP. 

 

Figure 4. (a) Heavily Damaged building with a façade collapse and, (b) cracks in wall inside of a 

Slightly Damaged building around KTP. The inset shows the diagram of corresponding damage grade 

(EMS 98). 

 

Figure 5. (a) Distribution of buildings according to construction type and, (b) damage suffered during 

earthquake around seismic station TVU. 

 
Figure 6. (a) Heavily Damaged masonry building and, (b) damage to foundation of Moderately 

Damaged RC building around TVU. 

 
Figure 7. (a) Distribution of buildings according to construction type and, (b) damage suffered during 

earthquake around seismic station PTN. 

 

Figure 8. (a) Heavily Damaged masonry building with lime mortar and, (b) shear cracks developed in 

Moderately Damaged RC building around PTN. 

 

Figure 9. Distribution of buildings according to construction type and damage suffered during 

earthquake around seismic station THM. 

 
Figure 10. Damage around THM, (a) Moderately Damaged masonry building and corresponding 

damage classification according to EMS98 in inset and, (b) collapsed masonry compound wall. 
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Figure 11. Acceleration Response Spectra of the earthquake. Solid brown and yellow lines are design 

spectrum according to NBC-105 and dotted lines are according to AIJ-1993 and MLTI-2000. 

 
Figure 12. Comparison of fragility curve and damage ratio. The fragility curve for Load Bearing 

Masonry Cement mortar (MC) and Reinforced Concrete (RC) infill frame buildings are from JICA 

(2002) and Chaulagain et al. 2016. 

 

Figure 13. Correlation between earthquake Intensity (I*) and Damage ratio of Slightly Damaged (Ds), 

Moderately Damaged (Dm), and Heavily Damaged (Dh) buildings. 

 
Figure 141. Damage to building in other parts of the Kathmandu Valley (a) Damage to masonry 

structures in Bhaktapur, (b) Tilted and damaged RC infill frame building in Gongabu, (c) Damaged 

RC infill frame structure in Sitapaila and, (d) collapse of RC infill frame structure in Ramkot. 



 

Bijukchhen - 19 
 

REFERENCES 

Angster, S., Fielding, E. J., Wesnousky, S., Pierce, I., Chamlagain, D., Gautam, D., Upreti, B. 
N., Kumahara, Y. and Nakata, T., 2015. Field Reconnaissance after the 25 April 2015 
M 7.8 Gorkha Earthquake, Seismological Research Letters 86, 1506-1513. 

Applied Technology Council, 2000. ATC- 38 Database on the Performance of Structures 
near Strong- Motion Recordings: 1994 Northridge Earthquake, ATC, California, USA. 

Applied Technology Council, 2015. Performance of Buildings and Nonstructural 
Components in the 2014 South Napa Earthquake FEMA P-1024, ATC, Washington 
D.C., USA. 

Architectural Institute of Japan (AIJ), 1993. Earthquake motion and Ground Conditions: in 
commemoration of the 20th anniversary of the research subcommittee on earthquake 
ground motion, the Architectural Institute of Japan, AIJ, Tokyo. 

Avouac, J.-P., Meng, L., Wei, S., Wang, T. and Ampuero, J.-P., 2015. Lower edge of locked 
Main Himalayan Thrust unzipped by the 2015 Gorkha earthquake, Nature Geoscience 
10.1038/ngeo2518. 

Avouac, J. P., 2003. Mountain building, erosion, and the seismic cycle in the Nepal Himalaya, 
Advances in Geophysics 46, 1-80. 

Avouac, J. P., 2007. 6.09 - Dynamic Processes in Extensional and Compressional Settings – 
Mountain Building: From Earthquakes to Geological Deformation, in Treatise on 
Geophysics (Schubert, G., ed.). Elsevier, Amsterdam, 377-439. 

Beckh, M., 2006. Traditional construction techniques of the Newars at the Itum Baha 
monastry in Kathmandu, in Proceedings, Second International Congress on 
Construction History,  Exeter. 

Bijukchhen, S. M., Takai, N., Shigefuji, M., Ichiyanagi, M., Sasatani, T. and Sugimura, Y., 
2017. Estimation of 1-D velocity models beneath strong-motion observation sites in the 
Kathmandu Valley using strong-motion records from moderate-sized earthquakes, 
Earth, Planets and Space 69, 97. 

Bilham, R., 1995. Location and magnitude of the 1833 Nepal Earthquake and its relation to 
the rupture zones of contiguous great Himalayan earthquakes, Current Science 69, 101-
128. 

Bilham, R. and Wallace, K., 2005. Future Mw >8 earthquakes in the Himalaya: implications 
form the 26th Dec 2004 Mw = 9.0 earthquake on India's eastern plate margin, 
Geological Survey of India Special Publication 85, 1-14. 

Bilham, R., 2015. Mw = 7.8 earthquake central Nepal (25 April 2015), available at 
http://cires1.colorado.edu/~bilham/2015%20Nepal/Nepal_2015_earthquake.html (last 
accessed 16 June 2015). 

Bohara, R., 2015. Killer buildings were constructed thus (in Nepali), Himal Khabarpatrika 24, 
20-29. 

Bollinger, L., Sapkota, S. N., Tapponnier, P., Klinger, Y., Rizza, M., Van der Woerd, J., 
Tiwari, D. R., Pandey, R., Bitri, A. and Bes de Berc, S., 2014. Estimating the return 
times of great Himalayan earthquakes in eastern Nepal: Evidence from the Patu and 
Bardibas strands of the Main Frontal Thrust, Journal of Geophysical Research: Solid 
Earth 119, 7123-7163. 

Bonapace, C. and Sestini, V., 2003. Traditional materials and construction technologies used 
in the Kathmandu valley, UNESCO, France. 

http://cires1.colorado.edu/%7Ebilham/2015%20Nepal/Nepal_2015_earthquake.html


 

Bijukchhen - 20 
 

Boore, D. M., Stewart, J. P., Seyhan, E. and Atkinson, G. M., 2014. NGA-West2 Equations 
for Predicting PGA, PGV, and 5% Damped PSA for Shallow Crustal Earthquakes, 
Earthquake Spectra 30, 1057-1085. 

Chaulagain, H., Rodrigues, H., Jara, J., Spacone, E. and Varum, H., 2013. Seismic response 
of current RC buildings in Nepal: A comparative analysis of different 
design/construction, Engineering Structures 49, 284-294. 

Chaulagain, H., Rodrigues, H., Silva, V., Spacone, E. and Varum, H., 2016. Earthquake loss 
estimation for the Kathmandu Valley, Bulletin of Earthquake Engineering 14, 59-88. 

D'Ayala, D., 2003. Seismic vulnerability and strengthening of historic buildings, in Lalitpur, 
Nepal, University of Bath, UK. 

D'Ayala, D., 2004. Correlation of Fragility Curves for Vernacular Building Types: Houses in 
Lalitpur, Nepal and in Istanbul, Turkey, in Proceedings, 13th World Conference on 
Earthquake Engineering, 1-6 August, 2004, Vancouver, Canada. 

Denolle, M. A., Fan, W. and Shearer, P. M., 2015. Dynamics of the 2015 M7.8 Nepal 
Earthquake, Geophysical Research Letters 10.1002/2015gl065336. 

Dhakal, Y. P., Kubo, H., Suzuki, W., Kunugi, T., Aoi, S. and Fujiwara, H., 2016. Analysis of 
strong ground motions and site effects at Kantipath, Kathmandu, from 2015 Mw 7.8 
Gorkha, Nepal, earthquake and its aftershocks, Earth, Planets and Space 68. 

Dhital, M. R., 2015. Geology of the Nepal Himalaya - Regional Perspective of the Classic 
Collided Orogen, Springer International Publishing Switzerland, 498 pp. 

Dixit, A. M., 2004. Promoting Safer Building Construction in Nepal, in Proceedings, 13th 
World Conference on Earthquake Engineering, 1-6 August, 2004, Vancouver, Canada. 

Dixit, A. M., Yatabe, R., Dahal, R. K. and Bhandary, N. P., 2013. Initiatives for earthquake 
disaster risk management in the Kathmandu Valley, Natural Hazards 69, 631-654. 

Fan, W. and Shearer, P. M., 2015. Detailed rupture imaging of the 25 April 2015 Nepal 
earthquake using teleseismic P waves, Geophysical Research Letters 42. 

Feldl, N. and Bilham, R., 2006. Great Himalayan earthquakes and the Tibetan plateau, 
Nature 444, 165-170. 

Galetzka, J., Melgar, D., Genrich, J. F., Geng, J., Owen, S., Lindsey, E. O., Xu, X., Bock, Y., 
Avouac, J.-P., Adhikari, L. B., Upreti, B. N., Pratt-Sitaula, B., Bhattarai, T. N., Sitaula, 
B. P., Moore, A., Hudnut, K. W., Szeliga, W., Normandeau, J., Fend, M., Flouzat, M., 
Bollinger, L., Shrestha, P., Koirala, B., Gautam, U., Bhatterai, M., Gupta, R., Kandel, 
T., Timsina, C., Sapkota, S. N., Rajaure, S. and Maharjan, N., 2015. Slip pulse and 
resonance of Kathmandu basin during the 2015 Mw 7.8 Gorkha earthquake, Nepal 
imaged with geodesy, Science 10.1126/science.aac6383. 

Gansser, A., 1964. Geology of the Himalayas, Interscience, New York. 
Government of Nepal, 2015. Nepal Disaster Risk Reduction Portal, available at 

http://drrportal.gov.np/ (last accessed 29 May 2017). 
Grunthal, G., 1998. European Macroseismic Scale 1998, Centre Europèen de Géodynamique 

et de Séismologie, Luxembourg. 
Hough, S. E., 2015. Introduction to the Focus Section on the 2015 Gorkha, Nepal, 

Earthquake, Seismological Research Letters 86, 1502-1505. 
Housner, G. W., 1952. Spectrum Intensities of Strong-Motion Earthquakes, in Proceedings of 

the Symposium on Earthquake and Blast Effects on Structures ed.). Earthquake 
Engineering Research Institue, Los Angeles, California, 20-36. 

Ichiyanagi, M., Takai, N., Shigefuji, M., Bijukchhen, S., Sasatani, T., Rajaure, S., Dhital, M. 
R. and Takahashi, H., 2016. Aftershock activity of the 2015 Gorkha, Nepal, earthquake 
determined using the Kathmandu strong motion seismographic array, Earth, Planets 
and Space 68. 

http://drrportal.gov.np/


 

Bijukchhen - 21 
 

Iizuka, H., Sakai, Y. and Koketsu, K., 2011. Strong Ground Motions and Damage Conditions 
Associated with Seismic Stations in the February 2011 Christchurch, New Zealand, 
Earthquake, Seismological Research Letters 82, 875-881. 

JICA, 2002. The study of earthquake disaster mitigation in the Kathmandu valley, Kingdom 
of Nepal, Japan International Cooperation Agency and Ministry of Home Affairs Nepal, 
Kathmandu. 

Kobayashi, T., Morishita, Y. and Yarai, H., 2015. Detailed crustal deformation and fault 
rupture of the 2015 Gorkha earthquake, Nepal, revealed from ScanSAR-based 
interferograms of ALOS-2, Earth, Planets and Space 67, 1-13. 

Lave, J. and Avouac, J. P., 2000. Active folding of fluvial terraces across the Siwaliks Hills, 
Himalayas of central Nepal, Journal of Geophysical Research-Solid Earth 105, 5735-
5770. 

Le Fort, P., 1975. Himalayas: The collided range. Present knowledge of the continental arc, 
American Journal of Science 275-A, 1-44. 

Martin, S. S., Hough, S. E. and Hung, C., 2015. Ground Motions from the 2015 Mw 7.8 
Gorkha, Nepal, Earthquake Constrained by a Detailed Assessment of Macroseismic 
Data, Seismological Research Letters 86, 1524-1532. 

MLIT, 2000. Building Standard Law of Japan (Notification No. 1461 of Ministry of 
Construction, 2000), Japan. 

Moribayashi, S. and Maruo, Y., 1980. Basement topography of the Kathmandu valley, 
Nepal- An application of gravitational method of the survey of a tectonic basin in the 
Himalayas Journal of Japan Society of Engineering Geology 21, 30-37. 

Mugnier, J. L., Huyghe, P., Gajurel, A., Upreti, B. and Jouanne, F., 2011. Seismites in the 
Kathmandu basin and seismic hazard in central Himalaya, Tectonophysics 509, 33-49. 

Nakata, T., 1989. Active faults of the Himalaya of India and Nepal, Geological Society of 
America Special Papers 232, 243-264. 

NBC-105, 1995. Seismic design of buildings in Nepal NBC-105: 1994, Kathmandu. 
Okamura, M., Bhandary, N. P., Mori, S., Marasini, N. and Hazarika, H., 2015. Report on a 

reconnaissance survey of damage in Kathmandu caused by the 2015 Gorkha Nepal 
earthquake, Soils and Foundations 55, 1015-1029. 

Parajuli, R. R. and Kiyono, J., 2015. Ground Motion Characteristics of the 2015 Gorkha 
Earthquake, Survey of Damage to Stone Masonry Structures and Structural Field Tests, 
Frontiers in Built Environment 1. 

Patriat, P. and Achache, J., 1984. India-Eurasia collision chronology has implications for 
crustal shortening and driving mechanism of plates, Nature 311, 615-621. 

Paudyal, Y. R., Yatabe, R., Bhandary, N. P. and Dahal, R. K., 2013. Basement topography of 
the Kathmandu Basin using microtremor observation, Journal of Asian Earth Sciences 
62, 627-637. 

Pradhan, R., 2000. Seismicity and traditional buildings of Kathmandu valley, Nepal., in 
Proceedings, International Conference on the Seismic Performance of Traditional 
Buildings, 16-18 November, 2000, Istanbul, Turkey. 

Rajaure, S., Asimaki, D., Thompson, E. M., Hough, S., Martin, S., Ampuero, J. P., Dhital, M. 
R., Inbal, A., Takai, N., Shigefuji, M., Bijukchhen, S., Ichiyanagi, M., Sasatani, T. and 
Paudel, L., 2017. Characterizing the Kathmandu Valley sediment response through 
strong motion recordings of the 2015 Gorkha earthquake sequence, Tectonophysics 
714-715, 146-157. 

Sakai, H., 2001. Stratigraphic division and sedimentary facies of the Kathmandu Basin Group, 
central Nepal, Journal of Nepal Geological Society 25, 19-32. 



 

Bijukchhen - 22 
 

Sakai, Y., Kanno, T. and Koketsu, K., 2004. Proposal of instrumental seismic intensity scale 
from response spectra in various period ranges, Journal of Structural and Construction 
Engineering (Transaction of AIJ) 585, 71-76. 

Sapkota, S. N., Bollinger, L., Klinger, Y., Tapponnier, P., Gaudemer, Y. and Tiwari, D., 2013. 
Primary surface ruptures of the great Himalayan earthquakes in 1934 and 1255, Nature 
Geoscience 6, 71-76. 

Shrestha, O. M., Koirala, A., Karmacharya, S. L., Pradhananga, U. B., Pradhan, P. and 
Karmacharya, R., 1998. Engineering and environmental geological map of the 
Kathmandu valley, Department of Mines and Geology (1:50,000). 

Si, H. and Midorikawa, S., 1999. Attenuation relations for peak ground acceleration and 
velocity considering effects of fault type and site condition (in Japanese), Journal of 
Structural and Construction Engineering (Transaction of AIJ) 523, 63-70. 

Takai, N., Sawada, K., Shigefuji, M., Bijukchhen, S. M., Ichiyanagi, M., Sasatani, T., Dhakal, 
Y. P., Rajaure, S. and Dhital, M. R., 2015. Shallow underground structure of strong 
ground motion observation sites in the Kathmandu valley, Journal of Nepal Geological 
Society 48, 50. 

Takai, N., Shigefuji, M., Rajaure, S., Bijukchhen, S. M., Ichiyanagi, M., Dhital, M. R. and 
Sasatani, T., 2016. Strong Ground Motion in the Kathmandu Valley during the 2015 
Gorkha, Nepal, Earthquake, Earth, Planets and Space 68. 

USGS, 2015. Earthquake Hazards Program, available at http://earthquake.usgs.gov/ (last 
accessed 3rd March 2017). 

Wessel, P., Smith, W. H. F., Scharroo, R., Luis, J. and Wobbe, F., 2013. Generic Mapping 
Tools: Improved version released, EOS, Transactions American Geophysical Union 94, 
409-410. 

Yagi, Y. and Okuwaki, R., 2015. Integrated seismic source model of the 2015 Gorkha, Nepal, 
earthquake, Geophysical Research Letters 42, 6229-6235. 

Yeats, R., Nakata, T., Farah, A., Fort, M., Mirza, M., Pandey, M. and Stein, R., 1992. The 
Himalayan frontal fault system, Annales Tectonicae, Special Issue 6, 85-98. 

Yoshida, M. and Igarashi, Y., 1984. Neogene to Quaternary lacustrine sediments in the 
Kathmandu valley, Nepal, Journal of Nepal Geological Society 4, 73-100. 

 

 

http://earthquake.usgs.gov/





























	Bijukchhen_EqkSpctra_Final
	Subeg Bijukchhen,0Fa), Nobuo Takai,a) M.EERI, Michiko Shigefuji,1Fb) Masayoshi Ichiyanagi,2Fc) and Tsutomu Sasatania)
	Introduction
	Geological setting of Kathmandu
	Background of Present Study
	Strong Motion Characteristics
	Practice of Building Construction in the Kathmandu Valley
	Load Bearing Masonry Structures
	Reinforced Concrete INFILL Frame Structures

	Field survey
	KTP (kirtipur municipality)
	TVU (Tribhuvan university)
	PTN (Pulchowk campus, patan)
	THM (University grants commission, sanothimi)

	Discussion
	conclusion
	Acknowledgement
	Figures
	References

	Bijukchhen_Figure1
	Bijukchhen_Figure2
	Bijukchhen_Figure3
	Bijukchhen_Figure4
	Bijukchhen_Figure5
	Bijukchhen_Figure6
	Bijukchhen_Figure7
	Bijukchhen_Figure8
	Bijukchhen_Figure9
	Bijukchhen_Figure10
	Bijukchhen_Figure11
	Bijukchhen_Figure12
	Bijukchhen_Figure13
	Bijukchhen_Figure14

