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Abstract
Kathmandu Valley comprises of numerous tiered temples ranging from single-tiered to the multi-tiered.
The 2015 Gorkha earthquake and the following aftershocks caused damages to many temples; the
damages ranging from minor to few fully collapsed state. This paper focuses on Nepal’s tallest temple
the Nyatapola, square-shaped in the plan and the Bhairavnath temple, rectangular-shape in the plan representing the tiered temples with more than three tiers of the Kathmandu Valley. The paper
investigates the employed indigenous construction technology, materials, structural and seismic
performance of these temples. The paper also deliberates on the condition/ level of damage suffered by
these temples during the 2015 earthquake; presents the existing condition and the ongoing
reconstruction/ renovation works and interventions introduced following the recommendations of the
structural, architectural and conservation experts.
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Introduction
Nepal is a culturally diversified and rich country in art and architecture. The Kathmandu
Valley, in particular, has numerous temples of different styles/ types - shikhara, dome, and
tiered temples. The tiered temples also vary from a single-tiered to five-tiered temples with its
distinctive features. All the temples of the Kathmandu Valley constructed in the medieval
period are based on the structural system of unreinforced brick masonry in mud mortar and
wood. The tiered temples consist of various parts and elements performing the structural and
decorative functions, and these elements are located at various strategic levels and places.
These main components include the masonry walls as the principal structural system, and the
wooden posts, wooden beams at floor and roof levels, and cornices connected with different
types of joints. These structures are constructed with the indigenous construction technology,
materials, and ideas, best available during the time of the construction with the locally available
materials and skills.
The historical and monumental structures of the Kathmandu Valley encountered substantial
damage during the 2015 Gorkha earthquake. Many temples and monuments are partially
damaged and some are completely collapsed. These monuments are in the stage of
reconstruction and renovation. Documentation and assessment of these structures from an
architectural, structural, and seismic point of view have become an important part to safeguard
these structures of heritages value from the possible earthquakes in the future. This paper
focuses on the construction technology and rehabilitation of Bhairavanath temple and
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Nyatapola temple, representing the multi-tiered temples of the Kathmandu Valley, after the
damages by the 2015 Gorkha Earthquake.

Construction Technology of the multi-tiered temples
1. Masonry walls
The tiered temples of the Kathmandu Valley are of
single to multi-tiered temples, with the structural system
based on the unreinforced brick masonry of considerable
wall thickness, with wooden members and joineries, and
with considerable plinth height sometimes and with the
wall system with box type configuration. The wall
thickness of the multi-tiered temples is thicker in the
lower levels with gradual reduction along with the upper
levels. The masonry wall consists of mainly two kinds
of bricks. The external façade is built up of a trapezoidalshaped brick locally known as dachi apa, whose
trapezoidal cross-section as shown in Figure 2. The
purpose of the conical shape of the brick is to prevent
the penetration of rainwater inside the wall. The internal
wall is built with the stronger rectangular brick, ma apa,
and the middle portion of the wall is filled by brickbats.
In the traditional masonry system, mud is used as
mortar. Generally, grey clay and yellow clay with
lustrous capability are employed for the construction of
masonry walls in the temples. The mortar as a binding
material inside the massive walls has a very large
influence on the structural strength and resistance
Figure 1: Wall system of multi-tiered temples of Nepal
of the temple (Shakya , et al. 2012).
Source: (Korn 1977)

Types of bricks used in the wall
Figure 2: Wall section showing different types of bricks used
Source: (Bhaktapur Reconstruction Committee, 2019)

Most of the temples dedicated to Bhimsen and Bhairav are raised in the rectangular base rather
than in a square base. The Bhimsen temples of Kathmandu, Patan, and Bhaktapur, Bagh
Bhairav of Kirtipur are some of the examples of the rectangular base temples. Bhairavnath
temple is a rectangular shaped temple located at Taumadhi Square in Bhaktapur, dedicated to
the god Bhairav. It has thicker walls in the first three floors up to the first roof and diminishing
wall thickness in the upper floors extending to the following roofs with the temple standing on
a low plinth only towards east. The detail cross-section of the masonry wall of the temple is
shown in figure 2 showing the uses of different types of bricks used in the masonry. A central
wall runs from the ground floor to the fifth floor as shown in figure 4. The wooden joists and
the floor runs horizontally resting on the wall plates on the walls on every floor.

Figure 3: Ground floor plan of
Bhairavnath temple

Figure 4: East- West section of
Bhairavnath temple

Apart from the rectangular based tiered temples, square-based temples are also are prevalent
in the Kathmandu Valley. The Maju Dega of Kathmandu, Char Narayan temple, and
Kumbheshwor temples of Patan, Nyatapola of Bhaktapur are few prominent examples of
square based temples. Nyatapola temple is dedicated to the tantric goddess Siddhilaxmi,
standing on five high plinths supporting the overall weight of the superstructure of the temple.
It is a temple with a square room that is open on all four sides and
encircled by collonade. The wall thickness varies from 2.67m in the
ground floor to 0.55 mm at the topmost level. From the observations
of other such temples and as described in the general concept of such
a category temple by (Weisner 1978), the temple contains a core
which extends to two floors enclosing cella and the empty
compartment above. Around the core, there may or may not be a
closed circumambulatory path (pradakshinapatha) depending upon
the position of the deity in the cella, so that the wall of the core forms
the inner wall of the pradakshinapatha and in the upper storey forms
the outer wall of the temple. A similar case is in the Nyatapola Figure 3: Open floor system in
Nyatapola temple
temple where the deity of Siddhilaxmi is placed on the northern side

with an inner wall of the ground floor- thus forming an outer wall in the upper storey and
exterior wall with the colonnade of 270x270 mm wooden posts (see figure 7). The first floor
formed by the connection of either side of inner walls by joist can be accessed through the
ground floor. There does not exist any flooring in the upper levels which form void from the
first floor to pinnacle as shown in figure 5.
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Figure 6: Schematic section of a
three storied temple
Source: (Weisner 1978)

Figure 7: North- South section of Nyatapola temple

2. Joinery system
Another peculiar feature of the tiered temple is the use of the timber as the construction
material. Timbers are used for the structural elements like post(tham), beams(nina), cornices,
joists, rafters, and others with proper joints
designated for different purposes like
connections of different elements. The
different components are assembled using
special joints for each element which
avoids the fixing devices made from
materials other than wood (Bonapace and
Sestini 2003). The wooden joinery is one of
the special characteristics of the tiered
temples which are supposed to prevent
from the seismic loads due to the flexibility
of the structure. Different varieties of wood
like Gwaichasi (Schima Wallichi), Salla
(Pinus
Roxburghi),
Utis
(Alnus
Nepalensis), Sal (Shorea Robustus), etc are
Figure 9: Wall section
Figure 8: Beam, post
details of Nyatapola temple
connection
used in the construction works. However
hardwood species like Sal and Source: (Bonapace and Sestini, 2003) Source: (Gutschow, 2011 AD)

Gwaichasi which are good in strength, termite resistance are suitable for construction of loadbearing structural elements like beams, columns, bands, and framing of openings. They do not
require any particular treatment for protection from termites as well as weathering.
The use of different kinds of joinery system can be seen in Bhairavnath and Nyatapola temple
which are shown in figure 10. The joinery system are different for corners, posts, elongation of
eaves board, cornices, posts and other members. The common joints that are being used in the
Newar Construction technology are double notched joint; dovetail joint (dhukur puchhre sah)
used to tie up to inner and outer wall plate; tabling/scrift joint (chaku sah) used for ridge, purlin
(challu), joists, beam joints; dog matching joint (khicha gachhi sah) for beam joints, mortise
and tenon joints for posts and meth, etc. The extensive use of wooden pegs(chukuls)can be seen
in the Newar construction technology.

Double dovetail joint

Half lap joint (Bagah sah)

Half lap joint (Mutha sah)

Tabling joint (Chaku sah)

Miter joint (kun sah)

Halved joint

Wooden pegs (chukuls)

Figure 4: Different types of joints used in Bhairabnath and Nyatapola temple

3. Roof system
The roofing system in the temple gives the tiered
temples as a distinguishing architectural characteristic
with a steep roof pitch and large overhanging eaves
supported by rafters. The number of tiers in the temple
may vary from a single tier to many tiers. This paper
focuses on the temples more than two tiers. The role of
the roofing system is to protect the temple from rain and
extreme exposure to the sun, which may damage the
walls, wooden elements with the decay and deterioration.
The roof consists of different layer of 25 mm thick
planking, a layer of mud bed and followed by roof tiles/
jhingati (previously not used but used today for the
penetration of rainwater from the layers of jhingati and
mud) on the top over the rafter (see figure 13 and 14). The
sloped roofs are supported by fan rafters (as shown in
figure 11) that start from the corners in a radial
arrangement. The dead load of overhanging roofs is

Figure 5: Roof construction system in Nepal
Source: (Bonapace and Sestini, 2003)

supported by the rafters and transfers to wall plates and purlins. Also, inclined struts hold the
roof by transferring loads from purlin to wall section but there is no rigid connection in between
strut with purlin and main masonry wall of the temple (Shakya , et al. 2012). The roof
construction system of the tiered temples is shown in fig.

Figure 12: Roof section of Bhairavnath temple

Figure 63: Laying out
jhingati in roof of
Bhairavnath temple

Figure 7: Roof section details

The Bhairavnath temple consists of three-tiered among which the lower two-tiered are laid by
jhingati in different layers as described above and the topmost roof is mounted by gilded brass
sheets in the northern, eastern and southern side
while the western roof is gilded by gold plated
sheets. The top roof system consists of wooden
battens in two layers, on top of which the brass
and gold plated sheets are fixed with the
overlapping (as shown in figure 15). Due to the
overlapping of two sheets prevent the rainwater
penetrating inside the roof and do not let the
Figure 8: Double layer battens in top roof of
decay of the wooden members below.
Bhairavnath temple
The Nyatapola temple is a five-tiered temple
with all the five roofs laid by jhingati tiles. The word Nyatapola consists of two words - ‘Nyata’
meaning five and ‘Pola’ means storey in Newari language which means a monument with five
storeys. It is the only temple named after the structure of the temple rather than the deity
residing inside (P. L. Shrestha 2076).
Size and Proportion
Almost all the temples of the traditional system in Nepal are loadbearing structures with similar construction technology and the
common material. According to different research done by
researchers, there are certain design rules and the concepts for the
construction of the temple. (Korn 1977) studies the shape, size, and
location of the cella generally determine the design of the
Figure 16: Ground floor plan of
superstructure. In this paper, the size, shape, and proportion of the
Nyatapola Temple
temples will be discussed. Generally, the square-shaped temple Source: Technical committee, Khwopa
Engineering College

has a single pinnacle whereas the rectangular-shaped temple has more than one pinnacle in an
odd number to maintain visually balance and symmetry.
The square-shaped plan temple is based on Vastupurush mandala4. The large square of
Vastupurush mandala is divided into 81 smaller squares (Tiwari 2009). Each small square
becomes one module for the construction of square-shaped temples. The size of large square
Vastupurush mandala is equal to the width of collonaded in case of square plan temple. The
design module for Maju Dega with the three-storied temple which is square in plan is 9
followed by the width of 6 modules in the first storey and 3 modules in top storey. In this type
of temple, the reduction in the size of the successive width of each story is determined by
reducing the width by three modules. The height of the temple should be twice or thrice the
width of the temple (Dangol 2011). The ratio of the width of the temple and the height of the
temple from the topmost plinth level to the pinnacle is 1:2 in the case of Maju Dega. Similarly,
the design module for the five-storied temple is 15 which is marked at the base of the temple
which is equal to the width of the temple. The reduction in successive wall width of each storey
from bottom to top is reduced by 3 modules in 5:4:3:2:1 ratio.
As mentioned above, the height of temple should be twice or thrice the width of temple i.e 26.9
m which is thrice the width of temple in case of Nyatapola. From the measurement, the existing
height of temple is 25.41 m which is nearly equals to the calculated value. The slight error
might be errors in past renovations The width of colonnade of Nyatapola temple is 8.93m and
the height from the topmost plinth to the pinnacle is 25.41m which is in the ratio of 1:3. Besides,
the width of bottom plinth is 22.46m and its ratio with the width of colonnade is 5:2. The ratio
of the bottom roof to the width of the colonnade is 5:3 where the bottom roof sizes 15.60m
(Tiwari 2009). This proportion becomes accurate in the case of Maju Dega located at
Kathmandu Durbar square which is square in plan with multi plinths. Thus, we can see that
there is an application of design concepts in the construction of plinth, the length of the wall,
the length of the roof, the height of the temple.
Table 1: Table showing proportion of Nyatapola temple

Base Existing
Length (m)
B1

8.93

Module Actual
design measurement
as per module
15
-

Error
(m)

B2

6.80

12

7.14

-0.34

B3
B4

4.85
3.37

9
6

5.36
3.57

-0.51
-0.20

B5

1.87

3

1.78

0.09

B5
B4
B3
B2

B1

Figure 17: North- South section of Nyatapola temple
Source: Technical committee, Khwopa
Engineering College

4
Vastupurush mandala is one of such mandala which forms an integral part of vastu shastra- the ancient hindu
canons of architecture and town planning

(S. S. Shrestha n.d.) studies on Baghbhairav temple of Kirtipur, which is a three tiered temple
with rectangular shaped plan, identified that the three roof sizes (top, middle and bottom) are
proportional to 4:5:6 and three core walls (top, middle and collonade) exhibit 3:4:5
proportionately. Similarly, in case of Bhairavnath temple of Bhaktapur, which is geometrically
similar to Baghbhairav temple, the proportion in elevation in
width of temple can be seen from the measurement. The three
roof sizes (top, middle, bottom) are in the proportion of 4:5:6
and three core walls (top, middle, bottom) are in the
proportion of 3:4:5.
Table 2: Bhairavnath temple showing proportion

length of roof
sizes(m)
Top

Proportion Length of
three core
walls(m)
12.38
4
Top
7.50

Proportion

3

Middle 15.62

5

Middle 10.09

4

Bottom 18.42

6

Bottom 12.61

5

Figure 18: West elevation of
Bhairavnath temple

2015 April Earthquake damages and the Rehabilitation after the earthquake
Nepal was struck by a 7.6 magnitude earthquake on 25th April 2015, with the epicenter in
Gorkha district at 80 km northwest of Kathmandu and south of the China border, with a focal

Figure 9: Damage of top
roof
of
Nyatapola
temple
by
1934
earthquake

Figure 17: Damages
in Nyatapola temple by
2015 earthquake

Figure 18: Bhairavnath temple
collapsed in 1934 earthquake
Source: (Gutschow, 2011)

Figure 19: Damages in
Bhairavnath temple by 2015
earthquake

Source: (Amatya 2007)

depth of 15 km. 57 districts were majorly affected with 14 districts severely affected in Gorkha
earthquake as declared by MOHA. The earthquake has caused extensive damages in houses,
temples, palaces, and other monuments. Many temples and monuments including Vatshala
temple, Nyatapola temple, Kedarnath temple, Siddhi Laxmi temple, Tri Bikram Narayan
temple, Fasi Dega, Bhairavnath temple along with other temples in the Kathmandu valley have
been partially or totally affected. Bhairavnath and Nyatapola temple of Taumadhi Square of
Bhaktapur are among the main temples of Bhaktapur, which are partially affected in the 2015

April earthquake. Bhairavnath temple was totally collapsed in the 1934 earthquake and damage
in the roof was seen in the earthquake 2015 while the Nyatapola temple was partially destroyed
with the collapse of only top roof in the 1934 earthquake and torsional drift of the top roof in
the recent earthquake but still standing strong against many earthquakes in last 318 years. The
following Figures from 16-19 show the damages in both temples in 1934 and 2015
earthquake.Following the damages in the 2015 earthquake, different studies were carried out
by different institutions. Bhaktapur municipality organised workshops for the discussions on
the renovation/reconstruction ideas with the experts of archaeologists, historians, architects,
structural engineers, administration, security officers, and other experts related to the
reconstruction procedure. After the discussions in the forum, a technical committee was formed
to study and assess the damages. This committee prepared a report to carry out the
conservation/ renovation/ reconstruction works for the temple. The committee works on the
documentation, photographic evidence, and preparation of a technical document regarding the
condition assessment of the temple.
The condition assessment of Bhairavnath temple showed the damages in the top storey
including the masonry walls, inclined windows, displacement of joints and tilting of posts in
the top storey, vertical cracks due to short lintel band, disrupted wall plates, out of plane cracks
due to lack of thorough bands/ horizontal bands, separation of wall and timber frames due to
local wall settlement, crushed wall plates due to failure of walls, separation of wall and timber
frame due to local settlement of wall, the decay of timber posts and joists in the ground floor
due to dampness. The upright posts were displaced from its original position and were also in
tilted condition. The joints between the posts and beams were also displaced even 18 mm
moved upwards and 34mm in a latitudinal direction as shown in figures below (Condition
Assessment of Bhairavnath temple after the 2015 Gorkha Earthquake, 2019)

20. 1: cracks

20. 2: Decay of
wood

20. 1: wall plate
crushed

20. 4: Tilting of posts

Figure 10: Damages in Bhairavnath temple after 2015 earthquake

The renovation and reconstruction of the top floor started under the user committee from 18th
September, 2018 with an estimated budget of NRS 1,47,36,745.17. The arrangements of
bamboo scaffolding started from 3rd October in the temple. Since the top floor and roof was
severely damaged by the earthquake, the dismantling of the top part was first initiated from 3rd
January, 2019. With the dismantling of the top roof and floor, walls were rebuilt with the
addition of bracing in the vertical timber posts in the walls. Moreover, the wooden pegs/chukuls
which were not sufficient previously in the existing condition of the temple were also added

and strengthen as shown in figure 21 below. The reconstruction and renovation of the temple
ended in total cost of NRS 56,61,278.

Figure 11: Different steps of Reconstruction/ Renovation in Bhairavnath temple after 2015 earthquake

The condition assessment of Nyatapola temple and the studies by different researchers showed
severe damages in the non-uniformly distributed pattern due to torsion. The top floor has been
much more affected by the earthquake. Lidar and ambient vibration characterized the current
structural conditions. Lidar data showed an observable torsional drift of all storey levels. It
revealed a permanent clockwise torsional drift after the April 2015 earthquake and the
aftershocks. Estimated residual torsional drifts consistently increase with height to a maximum
value of 3.25º in top roof and 0.85º in the second roof from the top, 0.29º and 0.15º in third and
fourth roof relative to base level cross-section (just above the plinth) as shown in figure 22, 23.
The researchers focused on the torsional drift of the structure due to the recent earthquake rather
than due to construction. Significant visible damage at base level can also be seen with cracks
greater than 3cm in width. The temple structure has numerous large shear diagonal cracks (up
to 20 mm wide) above door openings and adjacent piers at the base wall. Base wall of north,
East, south walls have been seen as severely damaged (in descending order) and northern wall
moreover seems most severely affected one. Similarly, the interior walls have also extensive
cracks near timber elements and walls (Wood, Mohammadi, et al. n.d.) (Wood, Mohammad,
et al. 2017). The condition assessment showed diagonal cracks (of even up to 840 mm in the
northern wall) in the wall of all sides in the openings due to stress concentration at openings
due to shearing and width of crack ranging from 4-31 mm. Vertical cracks are seen in interior
walls of the ground floor due to in-plane and out plane bending failure. The western wall is
more effected where diagonal cracks due to stress concentration at openings and separation of
wall and timber frames are seen. The first floor of the temple also has diagonal cracks due to
shearing in all sides and vertical cracks in the southern and western walls. A similar case is in

the second floor, third floor, and diagonal cracks are seen in the walls of the third floor.
Damages in the temple are shown in Figures 24 and 25.

Figure 132: Aerial image taken from the top showing
roof arrangement in each storey

Figure 133: Torsional drift of the roofs of
Nyatapola temple
Source: (Wood, et al.)

Figure 144: Cracks in Nyatapola temple after 2015 earthquake

The reconstruction works started from 12th March 2020 and still ongoing with a budget estimate
of NRS 65,13,358.27. It started with the installation of bamboo scaffolding, dismantling of the
top floor, and roof as suggested by the experts as per condition assessment. Dismantling of the
top roof showed the decay of the wooden posts inserted in the top floor. They were replaced
with the new ones in the ongoing reconstruction of the top floor. Damaged struts and other
wooden members were replaced with new ones. Yellow clay with lustrous properties is being
used in the masonry walls as the mortar. The different phases of dismantling, reconstruction
are shown in the figures below;

Figure 16: Damages and cracks in Nyatapola temple after 2015 earthquake

Figure 15: Different phases of reconstruction/ renovation works in Nyatapola temple

Structural aspects of the multi-tiered temples
At the time of the construction of the tiered temples, the period is characterized by the lack of
sophisticated construction materials, formal codes of practices, and qualified architects and
engineers. The materials of construction available at that time were limited to the burnt clay
bricks, earth, stone, timber, and some metals. The artisans and craftsmen were the only men
power for design and construction to materialize the concept developed based on
royal/religious planning. The artisans and craftsmen were trained for traditions from generation
to generation, learning by mistake was the beginning of the training. The principal construction
materials were limited to bricks in mud mortar and timber. As is known, the unreinforced brick
masonry is very weak in tension and hence has limited resistance to earthquakes. The mud
mortar used to be the only material for binding the bricks in the masonry and cannot be
compared with the cement mortar as of today. However, the best type of mud mortar used to
be produced from the earth from the best location and depth with the raw material. The earth
for the mud mortar shall contain clay content not more than 20% for right strength and less
shrinkage, this part might not be known but they knew that the right kind of earth for the
purpose used to be identified from the location from where the earth used to be obtained.
The tiered temples, as well as the prominent types of the historical and monumental structures,
have the height and span characteristics limited to lower values, and for such values, the
unreinforced brick masonry in mud mortar was adequate to withstand even the earthquake
forces provided seismic detailing is adopted like seismic bands at strategic locations. The
seismic ties in the form of timber ring bands at the floor level, lintel levels are examples for
that. The seismic reinforcement in the form of vertical and horizontal ties in the temples and
palaces are very good detailing for earthquake resistance. The connections of the level or tier
with the masonry walls with the help of timber keys (wedges or shear locks) are the best form
of detailing for the box action of the masonry structural system to withstand the horizontal
seismic forces in orthogonal directions.
The gradual reduction of sizes of the structure along the vertical direction of the tiered temples
confirms the adoption of the pyramidal theory for the load path of the gravity load. Apart from
seismic ties in the form of ring beams at strategic locations the smaller sizes of the openings in
the brick masonry walls are to reduce the action of the seismic forces. The adoption of the
double frames for the door and window openings in the walls is to provide the in-plane shear
strength against the seismic forces during the earthquake.
The provision of high plinths in the tiered temples like in Nyatapola temple has saved the
temple from seismic forces reducing the amplification of the local soil during earthquakes. This
is the reason for the limited damage in the fifth tier of the temple during the Bihar Nepal
earthquake of 1934, whereas the Bhairavnath temple with a small plinth height located in the
same Taumadhi square temple was collapsed to the ground.
The damages observed following the earthquake of 2015 are due mainly due to ageing of
materials, deterioration of the materials of construction, and the lack of proper regular
maintenance of the structures. Due to the reasons, the earthquake resistance of the structures
get substantially diminished and hence the damages even leading to the collapse. The brick
masonry in mud mortar and timber, subjected to the adverse effect of the environment like dry

rot and wet rot, which if not taken care of in time leads to serious damage. This situation can
be clarified by the situation of structures like Kasthamandap which was least affected by the
Nepal Bihar Earthquake of 1934, which was a much larger earthquake than the one in 2015,
which made the pavilion of Kasthamandap collapsed. The 55 Windowed Palace of Bhaktapur
Durbar Square and the Degu Taleju Palace of Patan Durbar Square both were found to be least
damaged in the earthquake of 2015 whereas during the earthquake of 1934 both the palaces
were badly damaged.

Conclusion
The tiered temples in Nepal have their indigenous construction technology with the locally
available materials and pyramidical theory for load path of gravity load as studied by different
researchers. Different elements of the tiered temples have their own role to serve for the
structural stability as well as the beautification of the temple. Plinths, thick walls, gradual
reduction of the size of the structure in the upper structure, joinery system are the major factors
that play an important role for the stability and seismic part of the structure. The records of the
previous earthquakes have shown the damages in temples are due to ageing, lack of proper
regular maintenance, and deterioration of construction materials. Thus, it needs regular
monitoring and maintenance works for the better seismic performance of the structure. Besides,
this paper also focuses on the documentation of the existing conditions and study of the possible
causes of damages so that it would be useful for future reference.
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