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Abstract 

The Kasthamandap, the monumental pavilion built in the 7th century, collapsed during the 2015 Gorkha 

Earthquake. The three storied pavilion is constructed on a square plinth base of 18.73 m X 18.73 m. 

with large open space for halls in each story. The total height of the structure above plinth level is 16.3 

m. The structural system of the pavilion consists of four massive L-shaped brick masonry quoins at the 

corners of the ground floor along the second layer of the plan, and is extended to the first floor. The 

central core of the ground floor is formed with four numbers of massive structural wooden columns. 

These massive columns continue in the first floor with smaller sections. In the second floor, the square 

structural plan bounded by the four columns is supported by 24 additional wooden posts of smaller 

sections forming the structural system. The main objective of the study is to investigate the seismic 

vulnerability of the monumental structure and its sub-structure, and to determine the strengthening 

measures, if needed, to withstand the future earthquakes. The principal part of the study consists of the 

numerical modeling of the unreinforced brick masonry with the timber structures and determine the 

seismic capacity of the structure. The other parts of the research includes the testing of the sub soil, 

investigation for the adequacy of the existing foundation and testing of other materials. The results 

indicate that a robust structural system was present the structure of the Kasthamandap pavilion. The 

four brick quoins located at the four corners along the second layer of the plan are the main lateral load 

resisting elements in the structure. These unreinforced brick masonry quoins are subjected to high 

compressive and tensile stresses due to lateral loads during an earthquake. In order to make the brick 

quoins resist the induced tensile stresses during future large earthquakes, it is recommended to embed 

a number of vertical and horizontal timber posts inside the wall at the strategic locations.   
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1 Introduction 

The Kasthamandap, the monumental pavilion built in the 7th century, collapsed during the 2015 

Gorkha Earthquake. The collapse of Kasthamandap during the 2015 Gorkha earthquake 

witnessed the death of seven persons. Kasthamandap is located at Maru tole, ward no. 20 of 

Kathmandu district. A file photograph of the Kasthamandap before 2015 Gorkha earthquake is 

presented in Figure 1. 

The main objective of the study is to identify the structural and seismic features of the original 

Kasthamandap pavilion, to determine the seismic capacity of the original system and provide 
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recommendations for the restoration of the structure. The investigation for the adequacy of the 

existing foundation system and the identification of necessary repairs and maintenance 

measures, are other parts of the research.  The detail analysis is carried out for the purpose of 

restoration of the Kasthamandap using the original structural system, materials, technology and 

construction details. Additional structural elements are proposed and correspondingly details 

are planned to be added for making the structure resilient in future large earthquakes. 

 

 

Figure 1 File photograph of Kasthamandap (Manfred, 2011) 

 

1.1 History 

The history of the Kasthamandap dates back to 7th century A.D as per recent archaeological 

investigation carried out by Durham University (Coningham, Acharya, & Davis, 2015) . The 

earliest reference to the Kasthamandap is found in the manuscript “Nama sangiti” dated back 

to 11th century. Another manuscript named “Paramartha Namasangiti” dated back to 12th 

century A.D. also refers to the Kasthamadap. (Thapa, 1968). The Kasthamandap is the largest 

and the oldest Mandap (Pavilion) inside the Kathmandu Valley. The Kasthamandap has also 

been known as Maru Sattal since 16th century (Korn, 1996). There is a legend that the 

Kasthamandap was built out of the timber from a single tree and the leftover from the same 

tree was used to build Sikhamu Bahil and Sinha Sattal (Korn, 1996). 

1.2 Structural System 

The Kasthamandap is a three storied structure constructed on a square plinth base of 18.73 m 

X 18.73 m. All the three stories are having spaces for large open halls, set on top of one another. 

The total height of the structure above plinth level is 16.3 m. The first measured drawing of the 

Kasthamandap was prepared by Wolfgang Korn (Korn, 1996).” The plan, elevation and section 

of the Kasthamandap, extracted from the book are presented in figures 2 and 3. There are 

massive L-shaped brick masonry quoins at each of the four corners of the ground floor along 



 

the second layer of the plan, which extends to the first floor. The first layer (or core) of the 

ground floor is formed by four massive wooden posts. On these massive posts, another set of 

four smaller wooden posts exist on the first floor. In the second floor, a square with 24 posts 

form the structure (Korn, 1996). Additionally, there are four pavilions at the four corners of the 

structure. These pavilions may be the result of later additions. The drawings shows that the 

fourth layer in plan timber columns are of size 130 mm X 130 mm. The second row and third 

row timber columns are of size 220 mm X 220 mm. The first layer columns are of larger size 

of 370 mm X 370 mm (refer Fig.2). 

 

 

 

Figure 2 Ground floor plan of Kasthamandap with nomenclature (Korn, 1996) 

 

 



 

 

 

a. First floor plan b. Second floor plan 

 

 
c. Typical Section d. Front elevation 

 

Figure 3 Typical Drawings of Kashamandap (Korn, 1996) 

 

A typical traditional joinery detail is presented in Figure 4.  The typical detail shows a dressed 

natural stone (Ilohan) or a wooden threshold (Lakansin) supports the wooden post (Than). The 

Wooden bracket (Meth) transfers the load from the lintel (Nina) and the beams (Dhalin) to the 

posts. A long peg (Sa), extending from the post, passes through the bracket into the beam and 

holds the three structural elements in position (Korn, 1996). 



 

 

Figure 4 Traditional timber joinery (Korn, 1996) 

 

2 Methodology 

To understand the structural behavior and its performance in large earthquake, structural 

analysis has been carried out. The structural model is developed using the original details of 

the Kasthamandap.  

2.1 Numerical Modeling 

Structural analysis is carried out using the finite element based software SAP 2000 Version 

20.1.0. Full three dimensional finite element model is prepared for the purpose of the structural 

analysis. All the elements except the four pavilions at the four corners of the Kasthamandap 

have been considered in the structural model. Four- noded shell elements are used for 

modelling the masonry, timber floor and timber roofs. Frame elements are adopted to model 

the timber posts and timber beams. Masonry walls are modelled using macro-modelling 

approach. In macro-modeling, the masonry is considered as a homogenous material. For 

obtaining the global behavior of the masonry structure, this approach is the most feasible and 

logical choice (Asteris, 2014). 

The plinth level of the structure is considered as the superstructure-substructure interface. 

Therefore, the superstructure is modelled above the plinth. Structural supports are applied in 

the structure at the plinth. A simpler support system without consideration of soil/ foundation 

stiffness is used. Pinned support is used for both masonry wall and timber frame elements. To 

model the pinned behaviour of the timber posts, torsion, bending moments in both axes are 

released at post top and bottom ends. The three dimensional model of the Structure is shown 

in Figure 5. 



 

 

 
a)  3 dimensional FEM model b) Model showing the brick quoins and timber frame 

 

Figure 5 Finite element model of the Kasthamandap 

 

2.2 Material Properties 

The materials used in the buildings are primarily burnt clay bricks (Ma apa), mud mortar and 

timber beams/ joists. Compressive strength of mud mortar is assessed by taking it to be low 

strength mortar and determining the value as per IS 1905 (IS 1905, 1987). Masonry 

compressive strength of the unreinforced masonry is determined using empirical relation 

suggested by (Eurocode 6, 2005) and (Kaushik, Rai, & Jain, 2007). The empirical expression 

relating the brick unit, mortar and masonry compressive strengths as shown in following 

equation: 

𝑓′
𝑚

= 𝐾𝑓′
𝑏
𝛼 × 𝑓′

𝑗
𝛽

……………………………………(1)   

Where: 

   f’m = characteristic compressive strength of masonry, in N/mm2 

   K = constant 

   α, β = constants 

   f’b = mean compressive strength of the units, in N/mm2 

   f’j = compressive strength of the mortar, in N/mm2 

 

The Modulus of Elasticity (Em) is determined using empirical relation suggested by (FEMA 

306, 1998), which is as follows: 

Em = 550f  m
′ ……………………………………..(2) 

 

Timber properties for Sal wood as suggested by (NBC 112, 1994). The properties of masonry 

and timber used in the numerical model are given in Table 1. 

 



 

Table 1 Material properties used in numerical model 

Type Density 

(kN/m2) 

Permissible 

Compressive strength 

(N/mm2) 

Permissible 

Tensile Strength 

(N/mm2) 

Permissible 

Shear Strength 

(N/mm2) 

E 

(N/mm2) 

ν 

Masonry 19 -0.35 0 - 745 0.2 

Timber 8.5 -9.2 13.7 0.9 12000 0.3 

 

2.3 Loading 

Dead loads due to self-weight of walls and superimposed dead loads are calculated based on 

type of materials as per part I, IS 875 (IS 875, 1987). Live loads induced in the buildings is 

calculated based on functional use of floors as per part II, IS 875 (IS 875, 1987).  Earthquake 

Load is calculated as per NBC 105 (NBC 105, 1994). As per clause 8.1.7 and Table 8.1, an 

importance factor of 1 is chosen for the structure. Seismic Zoning factor of 1 has been chosen 

as per Clause 8.1.6 and figure 8.2. Structural performance factor of 3 is adopted. The Site is 

assumed as sub soil category of Type III (Soft Soil Sites). 

2.4 Analysis 

Linear static analysis using seismic coefficient method as per clause 10.1.1 of NBC 105 (NBC 

105, 1994) was carried out. Two structural models are created, one with full rigidity of timber 

joints and another without joint rigidity.  

The behaviour of timber joints of semi-rigid nature. It is neither fully rigid nor fully flexible. 

Studies of traditional joints carried out in Japanese traditional buildings shows that these timber 

joints have some degree of rigidity (Sakata, Yamazaki, & and Ohashi, 2012). The degree of 

joint rigidity cannot be ascertained readily. Therefore, to ascertain the effect of joint rigidity on 

overall performance of the structure, sensitivity analysis was carried out.  

3 Results 

3.1 Modal Analysis 

Modal analysis was carried out in order to understand the dynamic behaviour of the structure. 

A summary of the modal analysis is presented in Table 2.  

Table 2 Modal Analysis results 

Modes Period (Secs) UX UY  UX  UY 

1st Mode X-direction 0.543697 0.9451 0.0007 0.94507 0.00066 

1st Mode Y-direction  0.543692 0.0007 0.9451 0.94573 0.94578 

Torsional Mode 0.461403 1E-09 5E-13 0.94573 0.94578 

2nd Mode X-direction 0.417272 3E-05 1E-08 0.94576 0.94578 

2nd Mode Y-direction 0.413736 0.0047 2E-06 0.95042 0.94579 

Note: Here Ux and Uy denotes modal participation along X-direction and Y-direction respectively. 
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Figure 6 Mode shapes of Kasthamandap 

3.2 Drifts and displacements 

Table 3 shows the drift induced in the structure due to earthquake loading.  

Table 3 Drift induced in the structure due to earthquake loading 

Floor Displacement (mm) Floor height (mm) Drift (mm) 

Second 29.4 3600 0.0019 

First 22.59 4900 0.0009 

Ground 17.95 7600 0.0024 

 

3.3 In-plane stress in L-shaped Brick Masonry Quoins 

The compressive stress due to gravity load of 0.15 MPa only. Whereas, the tensile and 

compressive stress due to earthquake loading is 1.16 MPa and 1.35 MPa.   

  
a) Vertical stress due to gravity loading b) Vertical stress due to earthquake loading 

Figure 7 Vertical stress due to gravity and earthquake loading 

3.4 Axial Load in Timber posts 

As the lateral earthquake load is practically resisted by the L-shaped brick masonry quoins, 

timber posts are basically subjected to gravity loads only. Summary of the induced stress is 

presented in Table 4. 

 



 

Table 4 Axial stress in timber posts 

Post ID Axial Load, P (kN) Breadth, b (mm) Depth, D (mm)  = P/bD (N/mm2) 

First layer -235 350 350 -1.92 

Second layer -202 200 200 -5.1 

Third layer -14.5 200 200 -0.36 

Fourth layer -34.6 150 150 -1.55 

 

3.5 Flexural stress in timber beams 

Timber beams are also subjected to gravity loads only. Summary of the flexural stress in timber 

beams are tabulated in Table 5. 

Table 5 Bending stress in timber beams 

Beam ID Moment, M 

(Nmm) 

Breadth, b 

(mm) 

Depth, D 

(mm) 

Z (mm3)  = M/Z 

(N/mm2) 

First layer 17019009 350 350 7145833 2.38 

Second layer 234706 200 300 3000000 0.08 

Third layer 1319489 150 200 1000000 1.32 

Fourth layer 2521863 150 150 562500 4.48 

 

3.6 Stress in Timber Joints 

Even though, timber members resists minimal of earthquake forces, the joints needs to be 

checked for induced shear force. In other words, the Tenon (Sa) should be able to resist the 

induced shear force due to earthquake loading. The induced shear force in different joints are 

given in Table 6. 

Table 6 Shear stress in timber joinery 

Post ID Shear force, V (kN) Breadth, b (mm) Depth, D (mm) v (N/mm2) 

First layer 6.2 115 115 0.47 

Second layer 4.18 65 65 0.99 

Third layer 3.26 65 65 0.77 

Fourth layer 2.56 50 50 1.02 

 

3.7 Foundation bearing pressure 

The Foundation details of the Kasthamandap from the archaeological investigation shows that 

footing for perimeter timber frames and for inner L-shaped Brick quoins is a continuous strip 

footing of width 890 mm and 1160 mm respectively. The footing for the central wooden post 

is a pedestal of size 1050 mm (Coningham, Acharya, & Davis, 2015). Analysis of the 

foundation shows that the bearing pressure is around 172 KN/m2 for pedestal footing below 

the central post. The details of the bearing pressure calculation is tabulated in Table 7. 

 

 

 



 

Table 7 Foundation bearing pressure 

Foundation ID Axial load, P (kN) Length, L (mm) Breadth, B (mm) Bearing pressure 

(N/mm2) 

First layer 207.7 1100 1100 171.66 

Second layer 5638.6 - 1200 113.50 

Third layer 518.25 - 850 9.27 

Fourth layer 1115.3 - 850 17.54 

 

4 Discussion 

The sensitivity analysis showed that earthquake load is primarily resisted by the Brick Quoins 

regardless of the timber joint rigidity. Timber frame members are subjected to some degree of 

stresses due to earthquake loads in structural model with joint rigidity. This does not affect the 

overall structural performance of the structure. 

The modal analysis or eigenvalue analysis shows that the fundamental mode of vibration is in 

translational mode with more than 90% of effective modal mass participation. This shows that 

the structure is regular in both horizontal and vertical directions. Drift of the structure due to 

design earthquake loading is found to be within the limit of 0.005.  

Significant in-plane stresses are induced in Brick Quoins. Both tensile and compressive stress 

exceeds the permissible stress. All the timber posts have axial stresses within the permissible 

limits. Flexural stress of all the beam members are also found to be within the permissible 

limits. The size of Tenon of second and fourth row timber posts are not adequate to resist the 

induced shear force. 

The analysis result shows that the foundation of first layer, i.e., brick pedestal foundation for 

the central timber post are highly stressed than the rest of the foundation system. However, 

there is no evidence of differential settlement and distress in the foundation systems. This fact 

leads to the deduction that the existing foundation system has been able to resist the induced 

high bearing pressure. There has been no renovation and modification in foundation structure 

since its construction during 7th century as indicated in the archaeological investigation 

(Coningham, Acharya, & Davis, 2015). We may therefore conclude that the existing 

foundation is robust & strong enough and no modification and repair is needed to be carried 

out.  

5 Conclusion and Recommendation 

The four brick quoins present at the four corners of the second layer wall are the main lateral 

load resisting elements in the structure. These unreinforced brick masonry quoins are subjected 

to high compressive and tensile stresses due to lateral loads during an earthquake.  

In order to make the brick quoins resist the induced tensile stresses, it is recommended to embed 

a number of vertical and horizontal timber post inside the wall at the strategic locations (Figure 

8) 



 

 

Figure 8 Embedment of vertical and horizontal timber posts in brick masonry quoins 

The sizes of Tenon in timber posts needs to be increased to resist the induced shear force. The 

brick piers supporting the central columns are isolated and no ties are present to connect these 

brick piers. One brick thick cross walls abutting these piers are present. However, these cross 

walls are not bonded to the brick piers and added in later renovation (Coningham, Acharya, & 

Davis, 2015). The study of these details shows that these cross walls in fact partially acts as 

lateral supports to the brick pier foundations. A full lateral support is desirable from structural 

point of view, for which the cross wall thickness needs to be increased to at least ¾ width of 

the brick pier foundation width. 
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