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Abstract 
There does not appear to have been any seismic guidelines despite the obvious seismic character 

of Afghanistan. The seismic measures that are being used seem to be of unknown heritage and 

perhaps of questionable value and hence this discussion paper is to offer a rationalization of 

seismic design options available to agencies. The focus is for the typical one storey mud/brick 

house currently in use by agencies and the guidance and recommendations are with this typology 

in mind.  

 

Figure 1: The “Typical” House 

  
 

Seismic Options 
There are two or maybe three seismic options available as follows: 

1) Earth mass walls: this is the commonly used approach. 

2) Frames: and in particular steel frames 

3) Diagonal braced frames: not generally used but may develop as cost savings approaches 

are sought. 

 

The counter intuitive aspect of seismic loads is that they change depending on both the material 

and the structural system used. No other loading has such characteristics. 

 

Seismic loads 
The seismic load is usually determined by the following generic relationship: 
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(refer to the Indian Standard IS 1893(2002) Criteria for Earthquake Resistant Design of 

Structures for a fuller commentary) 

 

Ah = Horizontal seismic design coefficient and this factor multiplied by the weight of the house 

will give the seismic design loads. 

Z = Seismic zone factor usually taken from maps provided in codes. However this has been 

altered to be the Peak Ground Accelerations provided by USGS
1
. These are the basis for the 

“maximum Considered Earthquake (MCE) and service life of the house. The factor of 2 in the 

denominator is included to reduce this to the Design Basis Earthquake (DBE). Refer to figure 2 
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below for values. Note that this has been taken for a 2% chance of exceedance in 50 years and it 

could be argued that given the service life of these houses and their serviceability requirements 

that 2% maybe conservative. 

I = Building use importance factor and for houses would be 1.0. Higher factors would be used for 

clinics and infrastructure buildings that would need to be maintained for the post seismic 

situation. Again it could be argued that this value could be lower and perhaps 0.8; but the large 

numbers of houses being constructed suggest that 1.0 is perhaps more appropriate. 

Sa/g = is average response acceleration and is shown in figure 4 below. It is determined by the 

natural period of a building (measured in seconds) and the ground conditions. However, for a 

single storey house such as shown in figure 1 above this factor would be 2.5 (times gravity or 

“g”). Note that this represents a huge load (refer to appendix A for the back ground material).  

R = is the response reduction factor or ductility and is determined by the material used and the 

structural system adopted. These are tabulated for the structural systems identified earlier. 

 

This seismic coefficient Ah multiplied by the weight of the building is the seismic load which is 

then distributed in an inverted triangular manner to represent the ground acceleration nature of the 

loading. This approach is already simplified which we can further simplify because of the single 

storey nature of house. This greatly reduces the mathematics and would mean that the seismic 

shear load at the base of the building (namely the top of the foundations) would be equal to the 

weight of the building times Ah. And that the over turning load (again at the base of the house) 

would be the weight to the roof plus half the height of the walls (as a lumped mass acting at the 

roof level) times the Ah factor. These constitute the seismic loads that the house would 

realistically need to resist.  

 

Zone Factors 
The zone factors seemingly vary throughout Afghanistan and seem to be a narrow band according 

to the USGS data. However, a wider zoning is suggested by the Atlas figure on the right. 

 

Figure 2: [Left] Zone Factor as a % of “g” [Right] seismic zoning from National Atlas of 

Afghanistan 1977. 

 

 

 

 

Theses suggest the following ground acceleration:  

1) very high hazard zone 4.0 to more than 4.8 m/sec
2  

(use say 5 m/sec
2 
)

 
 

2) high hazard zone 2.4 to 4.0 m/sec
2
 (use say 4 m/sec

2 
) 

3) moderate hazard zone 0.8 to 2.4 m/sec2 (use say 2.5 m/sec2 ) 

4) low hazard zone 0 to 0.8 m/sec
2 
(use say 1 m/sec

2 
) 



   

Average Response Acceleration 
Buildings respond dynamically to seismic shaking and the response is shown below in figure 3. 

As the natural period increases from 0.0 seconds the acceleration of the building dramatically 

increase to a plateau of 2.5 (times “g”) and from around .5 seconds (depending on the type of 

soil) that will decrease almost as rapidly. Unfortunately, the low rise houses we are concerned 

with place them on the plateau area. Hence, the average response acceleration is 2.5. This is a 

large load and is why houses worldwide and in particular the heavy Afghan houses are especially 

affected. However, on the other hand the large mass is required to keep warm and hence other 

design approaches need to be developed beyond what happens in other seismically active 

countries.  

  

Figure 3: Average response Acceleration vs. Building Natural Period (for 5% damping) 

 
 

Ductility 
Ductility is the ability to dissipate seismic energy by being extremely flexible and is largely a 

function of the material used and the type of structural system selected. It’s importance is that the 

higher the ductility, the lower the design seismic force. However, higher ductility requires stricter 

construction control and detailing (for joints and connections) whereas lower ductility systems are 

not as critical. No ductility would be 1, low or limited ductility 1-2, and high ductility 6-8 and the 

R (ductility) values based on IS 1893(2002) The Indian Earthquake Resistant Standard are as 

follows: 

 

1) Earth mass walls: this is the commonly used approach: R=1.5 

2) Frames: and in particular steel frames: R= 5 

3) Diagonal braced frames: not generally used but may develop as cost savings approaches 

are sought. R=4.0 



 

Ties and Diaphragms 
The discussion thus far has developed an approach to determine the seismic loads that a house 

would need to resist. However, to succeed the houses first needs orthogonal lateral resisting 

systems (namely in both an X and Y direction) and secondly needs a way to get the loads 

generated by the mass or weight of the building to those lateral resisting elements. In addition 

walls particularly if they are load bearing need to be propped for potential “face” loading 

(perpendicular to the direction of the wall). This requires ties and more often a diaphragm at roof 

level to transfer these loads. A corrugated roof would be a diaphragm and a timber ceiling would 

probably be one.   

 

Transitional Houses 
The loads used for the seismic weight determination should be for any future planned transition. 

For example if the walls are initially light weight with the intention of them being constructed of 

heavier material later than the seismic weight should be based on the heavier load. In a similar 

way if the house is supplied with a corrugated steel roof with the intention of it being a thick mud 

roof later that that should be included in the load calculation.  

 

Conclusion 
This then gives a procedure for readily determining seismic loads that a house will need to resist. 

It is interesting to note that nearly 9,000 people in Afghanistan died as a result of earthquakes 

between 1948 and 2006. This is higher than flooding or landslides and hence cannot (and should 

not) be put aside. But beyond the issue of compliance it also opens up the opportunity for 

innovation through the use of local materials and traditional practices as well as specific ductility 

approaches.   

   

 

  



Appendix A: The Peak Ground Acceleration. 
 The natural periods of vibration (measured in seconds) can be estimated from    

 

T = 0.09 x h/√d 

 

T= natural period of vibration in seconds 

h = building height 

d = building width along the direction of the earthquake shaking 

 

Hence, for a 3 storey building with a storey height of 3.5 metres and a base of 9 metres would 

have a period of around T= 0.3 sec and would experience a seismic acceleration of 2.5x PGA. In 

approximate terms each floor of a building represents 0.1 seconds of natural period. 

Consequently, t shelters would be in the 0.1 second range and like the worked example above 

would be subjected to 2.5x PGA and thus the building acceleration values included in table 1 

above. Hence, the t shelter significantly increases the seismic loading that arrives via the ground 

to it’s foundations. 

  

  



Appendix B: Recent earthquakes in Afghanistan. 
These records suggest that from 1948-2006 that approximately 9,000 people died as a result of 

earthquakes. This means that earthquakes cause more fatalities than flooding but as is often the 

case flooding impacts on more people.  

 
 


