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CHAPTER 1

INTRODUCTION AND SCOPE OF THE WORK













CHAPTER 2

EARTHQUAKE-RESILIENT TRADITIONAL BUILDINGS 
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(a) No bracing (b) X-bracing 

  
(c) Mixed bracing (d) Mixed bracing 



  
(a) Primary and secondary beams (b) Primary and secondary beams 

 

(a) (b) 



 

  
(a) Roofing members (b) Queen post roof truss  



  
(a) Foundation on hard soil (b) Foundation on soft soil 

f f

  
(a) Bolting of plinth beam to foundation (b) Provision of anchor bolts in the 

foundation 



  
(a) Deterorated timber (b) Damaged infill walls 

Deteriorated Dhajji buildings in the study region 
 

 
(a) Burnt clay bricks 

 Influence of contemporary materials in Dhajji-Dewari buildings 



  
(a) Duzce earthquake, 1999 (Langenbach 

2020)  
(b) Kashmir earthquake, 2005 (Langenbach 

2007) 
 Past seismic performance of Dhajji-Dewari buildings  

















  
(a) Residential building (b) Residential-Commercial building 

 

  
(a) On flat ground (b) On flat ground 

Different siting of Taq buildings 



  
(a) Rectangular plan (b) Rectangular plan 

  
(c) Rectangular plan (d) Complex plan  

 Plan shapes in Taq buildings 

  
(a) Windows on two sides (b) Windows with jalli 

(c) Openings between Taq piers (d) Large openings 
 Openings in Taq buildings 



  
(a) Small Horizontal projections (b) Small horizontal projections 

  
(c) Small horizontal projections (d) Large horizontal projections 

Horizontal projections in Taq buildings 

(a) Gap between two buildings (b) Adjacent building 

  
(c) Gap between two buildings (d) Gap between two buildings 

 Gap between adjacent Taq buildings 



 
(a) Timber runners at story levels (b) Raised plinth 

  
(c) Timber runners with cross-piece (d) Discontinuous window lintel 



 
(a) A building with five Taq piers (b) Taq pier  

(c) Internal view of Taq piers (d) Unbonded butt joint 



  
(a) Dhajji-dewari at upper stories (b) Dhajji-dewari at upper stories 



g g

  
(a) Mud floor (b) Floor system 

  
(a) Floor system (b) Floor system 

  
(c) Floor system (d) Floor system 



  
(a) Gable roof with CGI sheets (b) Gable roof with CGI sheets 

  
(c) Roof system (d) Braces and queen posts 



  
(a) Stone foundation (b) Stone foundation 

  
(c) Plinth band on the stone foundation (d) Stone foundation 

Foundations in Taq buildings 

(a) Foundation on hard soil (b) Foundation on hard soil 
Typical sketches of foundations in Taq buildings 



 
(a) Cement plaster (b) Cement plaster 

(c) Modern bricks (d) Modern bricks & CGI sheets 

  
(a) Crack in walls (b) Crack in walls 

Visual conditions of Taq buildings 



2.5.8 











(a) On flat ground (b) On flat ground 

  
(c) On flat ground (d) On flat ground 

  
(e) On stilts (f) On stilts 

Figure 2.95: Siting of Assam-type buildings 



(a) Residential building (b) Residential building 

  
(c) Residential building (d) Residential building 

 
(e) Office building (f) Office building 



  
(a) Rectangular plan shape (b) Rectangular plan shape 

  
(c) L-plan shape (d) L-plan shape 

Figure 2.97: Plan shapes in Assam-type buildings 

  
(a) Single-story building (b) Single-story building 

  
(c) Single-story with attic space (d) Single-story with attic space 

Figure 2.98: Number of stories in Assam-type building 



  
(a) Small openings (b) Closely spaced openings 

  
(c) Uniformly distributed large openings (d) Large openings 



g y yp g

(a) Wall panels and reeds (b) Wall panels 

(c) Wall panels (d) Wall panels 



  
(a) Cement flooring (b) Floor system 

 



  
(a) Gable roof with Thatch (b) Gable roof with GI sheets 

  
(c) Hipped roof with GI sheets (d) A-frame with tie beam 

(Ikra reeds in Gable end) 

  
(e) King post truss with braces (e) King-post truss 



  
(a) Masonry foundation (b) Post-bolted to foundation 



  
(a) Plaster deterioration (b) Plaster deterioration 

  
(a) Foundation on hard soil (b) Foundation on soft soil 



  
(a) RC Columns  (b) Timber frame and bricks 











CHAPTER 3

EARTHQUAKE-VULNERABLE TRADITIONAL BUILDINGS 



  
(a) key Gompa Monastery view (b) key Gompa Monastery close view 



(a) Spiti valley (b) Leh 
Figure 3.3: Prevalence of low-rise rammed earth construction in Spiti valley and Leh 

  
(a) On flat ground (b) On flat ground 

  
(c) On the raised stone platform (d) Two foundation levels 

(e) Two foundation levels (f) On sloping ground 



(a) Rectangular plan (b) Rectangular plan 

  
(c) Rectangular plan (d) Setback building 

  
(e) Re-entrant corner (f) Re-entrant corner 



  
(a) Small openings (b) Small openings 

(c) Small openings (d) Moderate openings 

(e) Large openings (f) Large openings 



  
(a) Gap between buildings (b) Closely spaced buildings 

  
(a) Wall thickness @ 0.35 m (b) Wall thickness @ 0.40 m 



 

(a) Unstaggered wall joint (b) Use of ashlar and RC band for wall-to-wall 
connections 



(a) Earthen floor (b) Earthen floor 



  
(a) Bamboo and split timber elements (b) Bamboo and split timber elements 

(c) Bamboo and split timber elements (d) Bamboo girders  

  
(a) Flat roof with mud cover (b) Flat roof with mud cover 

  
(c) Flat roof with mud cover (d) Sloping roof with CGI sheets 



   
(a) Deteriorated building (b) Demolished building 

(a) 0.45m thick stone foundation (b) Stone foundation 

  
(a) Foundation on hard soil (b) Foundation on soft soil 



  
(a) Steel girders (b) Steel girders 

  
(c) Steel girders (d) RC band 













CHAPTER 4

STRUCTURAL CLASSIFICATION OF TRADITIONAL 
BUILDINGS 





 



g
Feature 

Category 
Sub Category Identifier 

Siting 

Building resting on the flat ground AA 
Building resting on the flat terrain-like ground created by filling stone BB 
Building resting on the sloping ground CC 
Building resting on the sloping ground with a retaining wall on the downhill 
side 

DD 

Building resting on the sloping ground with stilts EE 
Building resting in the deep vertical cut/steep slope FF 
Building resting in the deep vertical cut/steep slope with a retaining wall on 
the downhill side 

GG 

Building resting in the deep vertical cut/steep slope with stilts HH 
Building 
Height 

Up to 3 stories – Low-rise LR 
4 and 5 stories – Mid-rise MR 

Load-
bearing 
systems 

Timber frame TF 
Braced-timber frame with stone/brick masonry in mud mortar TB 
Rammed earthen wall RE 
Timber-laced stone/brick masonry TL 
Timber frame with timber-laced stone masonry TH 

Floor 
System 

Stone slates/stones covered with mud/earthen overlay FL1 
Stone slates covered with a mixture of mud and cow dung FL2 
Timber planks supported on timber/bamboo floor joists FL3 
Timber planks supported on timber/bamboo floor joists with an earthen 
overlay 

FL4 

Roof 
System 

 

Heavy-weight flat flexible roof supported on timber/bamboo floor joists RF1 
Sloping roof with heavy-weight sheeting without cross-bracings RF2 
Trussed roof with heavy-weight sheeting without cross-bracings RF3 
Sloping roof with light-weight sheeting without cross-bracings RF4 
Trussed roof with light-weight sheeting without cross-bracings RF5 

Foundation 
No foundation (Thola/posts directly rest on the ground/thick stones) FD1 
Strip footing made up of river or field stones FD2 

Light-weight sheeting: thin timber plank, Grass, Ikra, ACC, or GI sheets; Heavy-weight sheeting: thick timber 
plank, Stone slate. 



 



Category/sub-category of the feature Structural System 

KK
 

TH
 

D
D

 

TQ
 

A
T 

RE
 

Siting (Elevation shape) 
AA       
BB   × × × ×  
CC ×  × × ×  
DD     ×  
EE   × × ×  
FF ×  × × ×  
GG ×  × × ×  
HH ×  × ×  × 
Building heights       
LR        
MR    # # × × 
Load-bearing wall/frame systems 
KK   - - - - - 
TH -  - - - - 
DD - -  - - - 
TQ - - -  - - 
AT - - - -  - 
RE  - - - - -  
Floor systems 
FL1  *  * *  * *  * 
FL2  × * *  * × × 
FL3       × 
FL4      -  
Roof systems 
RF1  × × × × ×  
RF2    × × × × 
RF3    × × × × 
RF4   ×    × 
RF5       
Foundations 
FD1  ×  × × - × 
FD2        
KK – Kath-kunni, TH – Thathara, DD – Dhajji-Dewari, TQ – Taq, AT – Assam type, RE – Rammed earth;  - 
Observed, × - Not observed, - Not applicable, # Taq and Dhajji-Dewari are in combination, * Only seen at the 
ground floor level. 



CHAPTER 5

SEISMIC SAFETY MEASURES FOR TRADITIONAL
BUILDINGS
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