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Abstract— In world many hazards occur which may be 

natural or manmade. Earthquake is major natural hazard 

which causes loss of life and collapse of many structures. 

Non-engineered structures also referred as vernacular 

structures made of locally available materials, they can be 

more vulnerable to damage during earthquake, and hence we 

have tried to study this kind of structures. Vernacular housing 

varies with various factor such as locality, locally available 

material, temperature, region etc. In this study, focus is on the 

vernacular structure which are made from earth also known 

as earth rammed structure. The main purpose of this study is 

to understand the behaviour of vernacular structure (earth 

rammed) under seismic effect and dynamic loading. Paper 

presented shows one part of the study i.e. scaling and 

modelling. In this study two model was casted for the 

geometric scale of 1:3 of square shape. 
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I. INTRODUCTION 

Numerous study and research work is going on R.C.C and 

steel structures. In comparison to them very few research 

works had performed on the vernacular structure or non-

engineered structure. These structures are made from mostly 

locally available materials and they can be venerable during 

the earthquake. So, there is a need to study the dynamic 

behaviour of these types of structure to avoid fatal losses of 

both property and human kind. 

Vernacular structure is those structure which is 

made from local available material which itself depend upon 

various types of factors such as temperature, topography etc. 

As per the definition given by Wikipedia, “Vernacular 

architecture is an architectural style that is designed based on 

local needs, availability of construction materials and 

reflecting local traditions. At least originally, vernacular 

architecture did not use formally-schooled architects, but 

relied on the design skills and tradition of local builders”. 

Adobe blocks are air dried brick made from a 

puddled earth mix which contains a mixture of clay, sand and 

silt casted in a mould also known as mud block. Adobe bricks 

are a fireproof, durable yet biodegradable, non-toxic building 

material which provides sufficient thermal mass to buildings 

to ensure excellent thermal performance. Other benefits 

include low sound transmission levels through walls and a 

general feeling of solidity and security. The small Adobe 

units provide great flexibility in the design and construction 

of earth buildings. Adobe bricks can be easily cut for fitting 

and can be provided with holes for reinforcing and services. 

Rammed earth is simple to manufacture, non-

combustible, thermally massive, strong, and durable. 

However, structures such as walls can be laborious to 

construct of rammed earth without machinery, e. g., powered 

tampers, and they are susceptible to water damage if 

inadequately protected or maintained. One significant benefit 

of rammed earth is its high thermal mass: 

like brick or concrete, it can absorb heat during daytime and 

nocturnally release it.  It is formed in minutes by 

mechanically compacting properly prepared dirt. The 

compaction may be done manually with a hammer-like 

device, mechanically with a lever-operated brick-making 

press, or pneumatically with an air-driven tamping tool. 

Dynamic compaction using manual or power tampers not 

only compresses the soil, but it also vibrates the individual 

dirt particles, shifting them into the most tightly packed 

arrangement possible. When finished it is as strong as 

concrete. 

II. EXPERIMENTAL MODELLING OF EARTH RAMMED 

STRUCTURE 

A. Mix Proportion 

As soil contains 54.6 % of sand and it has clay content more 

than silt. The mix proportion for the soil can be explained 

from the following steps: 

 Take 10 kg of soil sample. 

 Add sand 25 % of 10 kg of soil sample, i.e 2.5 kg of sand 

is taken if soil sample is 10                 kg 

 Fix the percentage of cement that is to be added for 

stabilizing. In our case it was taken as 12 % of total 

weight. 

 Therefore, the amount of cement added would be: 

 Amount of cement added = 
total weight of sample X % of cement

(100 − % of cement)
 

Amount of cement added 

= 
(10+2.5) X 12

(100−12)
 

= 1.704 kg 

 Water to be added is 12-14% of total weight of the mix 

i.e. 10 kg (soil) + 2.5 kg (sand) + 1.704 kg (cement). 

B. Model Construction 

After finalising the mix proportion model was constructed 

using the same mix proportion. Prior to the material making, 

model was reduced scale to 1:3 scale. Formwork made of 

wood/ply was made with the desired scale. 

1) Formwork 

For formwork scaling was done with 1:3 scale. Original 

prototype is casted for 9-inch thickness wall so model 

dimension was 3 inches. Similarly, all the other dimensions 

were made according to this scale only. The reduced scale 

model dimensions and formwork are shown below: 
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(1) 

 
(2) 

 
(3) 

 
(4) 

Fig. 1: Sequential Diagrams of Model Formwork 

C. Material Preparation 

1) Step 1: The base material i.e. soil is rammed properly and 

was sieved from the sieve 2.36 mm. Material passing 

from the sieve size 2.36 mm was taken. 

2) Step 2: Natural sand was taken in consideration and it 

was sieved from the size 2.36 mm sieve and retained over 

75 microns sieve was considered. 

3) Step 3: All the material in desired quantity were taken 

together and material was dry mixed together till uniform 

color is not achieved. 

4) Step 4: Once the material is mixed suitable measured 

water is added till the soil becomes moist and required 

moisture content is achieved. 

 
Fig. 2: Ramming of Natural Soil 

 
Fig. 3: Sieving of Natural Soil 

 
Fig. 4: Dry mixing of Stabilizer + Soil + Sand 
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Fig. 5: Addition of Water as Moisture Content 

D. Model Casting 

1) Step 1:   After the formation of mix, formwork was 

placed and was braced together. 

2) Step 2: Once formwork is done, mixed material is poured 

between the formwork in layer of 5 to 6 cm. 

3) Step 3:  With the help of rammer of dimension 5.5-inch 

x 2.5 inch weighing 2 kg, loose layer of soil is compacted 

in a sequence with moderate effort. 

4) Step 4:  Once the layer is compacted sequence is repeated 

with another layer till all the layers is compacted and 

model is formed. 

 
Fig. 6: Placing of Formwork 

 
Fig. 7: Rammed Soil inside the Formwork 

E. Formwork Removal 

1) Step 1: After ramming the model, it was kept in the 

formwork for next 12 hours. 

2) Step 2: Formwork was removed and final model is 

formed 

 
(1) 

 
(2) 

Fig. 8: (i) and (ii) Removing of Formwork 

III. CONCLUSION 

 After following the sequence of task final earth rammed 

structure was formed. One can see various distinct layer 

in casted model. 

 The model prepared was kept for drying for next 24 

hours and curing will be done for next 28 days. 

 After the curing has been done model will be tested for 

shock loading and failure pattern will be observed. 

The distinct layer in final model casted is shown below: 

 
Fig. 9: Distinct Layer of Earth Rammed In the Model 
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Fig. 10: Isometric View of Model 

 
Fig. 11: Elevated View of Model 

 
Fig. 12: Top View of Model 
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