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ABSTRACT-After the October 2005 Kashmir earthquake over 100,000 homes were reconstructed using the indigenous 
construction method of dhajji dewari There is limited research to validate the performance of dhajji dewari construction. A better 

understanding of the structural behaviour of  dhajji dewari buildings is needed as a first step towards providing confidence in this 

technology, and to identify those aspects which are critical to the reliable performance of the building system.Seismic analysis has 

been carried out to understand the structural behaviour of a typical dhajji dewari house, similar to those built after the 2005 

Pakistan earthquake. This work sought to establish whether the building type could be modeled analytically and in so doing 

determine how a representative houseperforms when subjected to large earthquake loads. Hence, to establish what the critical 

engineering details are to help ensure reliable seismic performance and identify measures that might enhance 

performance.Analytical results have been benchmarked against physical tests from the University of Peshawar.The timber 

elements, masonry infill pieces roof mortise and tenon as well as scarf joints have been explicitly modeled Nailed connections 

have been idealised as discrete elements, and parallel analyses undertaken to reflect joints with and without nails. Both ‘pushover’ 

and ‘response history’ analyses of a whole house model were carried out to establish overall performance. The analysis showed 

that it is possible to model the behaviour of traditional dhajji dewari buildings, and that this form of construction can safely 
withstand forces associated with earthquakes in high seismic regionswhen built properlyPotential weaknesses and further research 

areas are identified This is an important step towards developing evidence based construction guidelines and training materialfor 

dhajji dewari. 

 

 

Index terms-  Vernacular, Assessment, Performance, Dhajji Dewari, Analysis 

INTRODUCTION--   The term dhajji Dewar is thought to be derived from a Persian word meaning “patchwork quilt wall” and 

is  a  traditional  building  type  found  in  the  western  Himalayas.  It is a straight forward construction technology that can be 

easily built using local materials; timber and masonry infill with mud mortar. University degrees in engineering rarely touch upon 

such forms of construction and research into dhajji dewari buildings is  minimal.  Design guides are  limited  and  where there is 

guidance it is based  on anecdotal findings, common sense principles and rules of thumb. Although valuable, these have not been 

properly validated through rigorous engineering testing and analysis. Buildings of similar construction are found in Britain, France, 

Germany, Central America, South America, Turkey, Portugal and Italy. They are known  as  ”half-timber”,  “colombage”,  

“Fachwerk”,  “taquezal or bahareque”, “hımış” and  “Gaiola” respectively. This form of construction is also referred to as 
“brick nogged timber frame construction” in India and an off-shoot of the French “colombage” exists in Port-au Prince’s 

Gingerbread district, Haiti, where it was subjected to the otherwise devastating 2010 Haiti earthquake. 

This research project applied state of the art engineering analysis to a typical dhajji dewari house, similar to those built after the 

2005 Kashmir earthquake to establish whether the building type could be accurately modelled and in so doing, determine its 

theoretical performance when subjected to large earthquake loads. If this construction typology can be shown to possess 

earthquake resistance then it merits detailed engineering  investigation  to  produce  a  construction  guide.  This  would  allow 

engineers  to  offer  this construction type as a credible alternative to modern expensive and technologically complicated modern  

 

 

 

 

 

 

 

 

 

 

 

 

 

construction methods, such as reinforced concrete or steel framed construction. 
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   STRUCTURAL ANALYIS MODEL DISCRIPTION 
 

A dhajji dewari house of the type now commonly being constructed in kashmir after the 2005  earthquake was chosen for detailed 

non linear dynamic time history analysis  
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A detailed LS-DYNA computer model was created. The timber frame and the masonry blocks were modelled as solid elements with 

contact surfaces between all members to account for frictional behaviour. The light weight roof system was idealised as beam and 

shell elements. Nailed connections were modelled as discrete elements with non-linear material properties.   The flexible mud 

mortar was not explicitly modelled. The masonry infill was assumed to be incompressible and the timber was modelled as an 

elastic material.  The roof did not include horizontal diaphragm bracing as typically this is not a design feature of  these buildings. 

 

 
 

 
 
 

 

 

 

 

 

Intermediate posts and horizontal beam ends are nailed. Main posts have mortise and tenon joints. 

 

The wall components the building system have been categorised to help facilitate clear communication of the various components 

as shown. 
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FULL BUILDING RESPONSE HISTORY ANALYSIS 

 

The building response was governed by the earthquake time histories that had been derived accounting for near source factors for 

which results are presented. The building was analysed twice, once with nailed connections between the primary timber members 

and once without nails. Graphical representation of the building performance  and Figure 2 after the response history analyses. 

 

  

 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

There is a distinct difference between the performance of the models with and without nails, largely resulting from out of plane 

failure of the short walls in the case without nails.  In these locations, failure is initiated when infill at the top of the wall is 

dislodged. The infill is only able to fall out when the timber pieces confining the infill pulls away from the rest of the frame because 

of the out of plane inertia force exerted on the timber by the infill. Nailed connections help keep the timber frame together which 

enables greater levels of confinement to be maintained on the infill material. Hence greater overall structural stability is ensured. 

Close ups of the performance of the model without nails are shown in  

Peak forces were found to be lower in the model without nails. The structure without nails is more flexible and therefore has a 

longer period of vibration therefore attracting lower accelerations from the earthquake records as well as having a lower strength 
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capacity. The model with nailed connections survives the earthquake with only minor local damage as shown in Figure 8 because it 

is able to maintain the infill confinement. 

 

 

 

 

  FULL BUILDING STATIC PUSH OVER ANALYSIS 

 

Two quasi-static nonlinear pushover tests have been conducted in the long and short directions for the entire building with 

nails. In each case, the pushover was carried out by pushing one end of the top ring beam at a constant rate horizontally and at the 

same time recording the foundation forces to generate characteristic  force-displacement  curves  for  the building  as shown 

below.The buildings were displaced by over 1.0m over the building height at a constant rate until they collapsed, seen by the 

drop off in the lateral resistance of the building, as shown in The imposed lateral drift level is very high and is more than would be 

expected from the largest earthquake specified in the Uniform Building Code 1997 (UBC97, Zone 4 peak ground displacement at a 

building period of 1 second is approximately 200 mm).  

  

    BENCH MARK TEST 

 
 After completion of the whole building model we became aware that physical testing of a dhajji dewari wall panels had been 

undertaken at the University of Engineering and Technology (UET) Peshawar, the results of which were kindly made available to 

Arup to benchmark our analytical model. The whole building model was cut down to a wall panel of similar overall dimensions as 

those of the model used in the UET Peshawar tests. The loading regime used by UET was reproduced and lumped mass 

elements were added at the top of the main vertical posts to reproduce the 200kg masses applied to the wall pane . 

The horizontal base reaction was measured at the base of the wall panel in the LS-DYNA model and was plotted against the applied 

displacement profile to produce hysteresis curves. These were overlaid with the physical tests results as shown in The comparisons 

showed that the LS-DYNA analysis model is able to reasonably predict the overall behavior and deformation mechanism of the 

dhajji dewari frame made of timber, stone, mud and a few nails Given that these models were conducted without prior knowledge of 
each other’s work the level correlation is considered good. The LS-DYNA model is not identical in terms of layout or the amount of 

nailing compared to the UET Peshawar test model. The UET test is initially stronger (by up to 50%) to start with. Post yielding,the 

UET Peshawar test results and the analytical LS-DYNA model hysteresis curves are more closely matched. The stability of the 

system is better defined by the post elastic behaviour where there is broad agreement.These benchmarking results provided valuable 

support to increase our confidence in the analysis results obtained under the whole building analysis. 

 

 
 

 SENSITIVITY ANALYSIS 

 

The results of the full building and benchmarking encouraged us to start undertaking sensitivity analyses. We have explored the 

effects of a) increased levels of overburden as shown in Figure 4, b) shortening of the diagonal braces as shown in Figure 5 and c) 

removal of the discrete nails from the wall panel analysis model. 

 

 

4.6KN/m                            9.2KN/m                          18.3K 
N/m 
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Overburden was applied as a line load acting vertically downwards on the top timber beam. The sub frame was subjected to the same 

cyclic displacements as before. This allows us to examine the resistance of the frames with higher levels of compression acting on 

them, as would be expected in a multi-storey building. In this instance the overburden acted as additional pre compression on the 

dhajji dewari walls. Increasing overburden levels were found to increase the resistance offered by the masonry due to increased 

friction capacity of the assembly as shown in Figure 18. Because the timber is modelled using elastic material properties, failure of 

the timber sections and thus loss of load carrying capacity of the sections is not explicitly captured in the current analysis model. 

 

 

 

 
 

 

shows that whether or not the braces are engaged has a modest impact on the hysteretic behaviour of the structural assembly. 

Not having the braces fully engaged was found to reduce the amount of pinching in the hysteresis loops and thereby increase the levels 

of absorbed energy. The combination of shorter braces with increasing levels of overburden show reduced pinching of the hysteresis 

loops as illustrated in.However, the maximum resisted load builds up slower compared to the case where only the overburden was 

increased, but at the larger overburden weights, the resistance was still increasing, rather than decreasing, when the maximum 

displacement of the testin was reached. which should be read together, show how the energy absorbed by the wall panel was affected 

by the various sensitivity runs. Comparison of the work done within the hysteresis loops shows that for overburden levels of 4.6kN/m 

and 9.2kN/m greater amounts of energy are absorbed when the braces are not as tightly engaged (83% vs. 49% and 168% vs. 116% - 

normalised against the model with no overburden). However, this pattern is not repeated for the highest considered overburden level 

(178% vs. 199%). The 25mm brace shortening increased the absorbed energy by 20% and an overburden of 4.6KN/m increase the 

absorbed energy by 49% compared to the original model. When combined these two features increased the energy absorption capacity 

of the system by 83% which is modestly more than the sum of the individual runs. At an overburden level of 9.2KN/m the absorbed 

energy increased it by 116% compared to the original model. When the 25mm brace shortening and 9.2KN/m of overburden 

were combined, the absorbed energy of the system increased by 168%. This is considerably more that the linear sum of the two and 
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suggests that allowing the frame to move in a stable manner benefits the energy absorption of the system at this level of overburden. 

At a level of 18.3KN/m the 25mm brace shortening increased the energy absorption capacity of the assembly by 20% and the increase 

in overburden by 199% when assessed in isolation. When combined these two features increased the energy absorption capacity of the 

system by 178%. This is less than the linear sum of the two and suggests that at this level of overburden the system has struggled to 

maintain the same level of stable hysteretic behaviour. Further work is necessary to confirm the observed behaviour and ideally it will 

result in an optimum configuration of brace length (or no braces as the case may be and the best amount of pre compression to the 

timber and masonrassembly
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CONCLUSION 

 

• If we are to create communities that are both sustainable and resilient, it is necessary to adopt construction technologies that 

make best use of available resources and are safe. Dhajji dewari offers hope to this cause by using durable renewable or 

recycled materials that are likely to be locally available. 

  

• This research shows that it is a form of construction that can offer significant seismic resistance. If damaged dhajji 

dewari can be repaired relatively easily because the materials are readily available. 

 

• This  research  is  an  important  step  in  understanding  the  behaviour  of  dhajji  dewari  structures  and generating wider 

acceptance of this building system amongst the general public, donors and government. 

 

• Having created a validated analytical model, further analyses can be undertaken to test the performance of many critical 

elements of the house. Further investment and research is needed, ultimately leading to An evidence based earthquake 

engineering building standard and construction guidelines for new dhajji dewari buildings, 

   

• An evidence based earthquake engineering building standard and construction guidelines for repairing and retro-fitting 

existing dhajji dewari buildings.  Training materials aimed at self-builders, contractors, university students, architects and 

engineers and governments in a number of different regions in the world 
 
 
 

REFERENCES 

[1].Dr. Ali Qaiser and his team, UET Peshawar,private communications. 

           Grant D. N., Greening P. D., Taylor  M. L., and Ghosh, B. (2008). 

        [2]. USDA(2006) Human Health and Ecological Risk Assessment for Borax,  

        Final Report  US Department of Agriculture, Forest Service, Arlington, USA 

 

[3]. UN Habitat Pakistan: http://www.unhabitat.org.pk/newweb/Publications.htm, with all material published by UN Habitat and 

ERRA for the reconstruction after recent earthquakes in Pakistan 

 

          [4].Other sources .. internet, Google and Wikipedia 

  

 


