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1 Soil Characteristics Relevant to Earthmoving   
 

1.1 Moisture Content 
1.2 Swell 
1.3 Shrinkage 
1.4 Angle of Repose 

1.4.1 Spoil Banks - triangular 
1.4.2 Spoil Piles - conical 

 

1.1 Moisture Content (%) 
 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =  
𝑀𝑜𝑖𝑠𝑡 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡

𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡
 × 100 

 
Example: Find the moisture content of a soil sample when the moist (wet) weight of 
the sample is 54kg and the weight after oven drying is 45kg. 

 
 

1.2 Swell (%) 
 

𝑆𝑤𝑒𝑙𝑙 (%) = (
𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑃𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒)

𝐿𝑜𝑜𝑠𝑒 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑃𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒)
− 1) × 100 

 
Example: Find the swelling of a soil when it is 1500kg/m3 in density in its natural state and 
the density when it is excavated is 1200kg/m3. 
 
 

1.3 Shrinkage (%) 
 

𝑆ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 (%) =  (1 −
𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑃𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒)

𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑃𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒)
) × 100 

 



 
 

Academic Year 2018/2019  Prepared By: Dr Keerthi Ranasinghe 

Page 2 of 3 

 

Example: Find the shrinkage of a soil that is 1500kg/m3 in its natural state and 2000kg/m3 
when compacted.  

 
 

1.4 Angle of Repose (R) 
 
This is angle the sides of a heap (Bank, Pile) of soil naturally form with the horizontal 
when the excavated soil is dumped. The angle of repose varies with the characteristics 
of the soil, particularly the moisture content and the cohesion.  
 
Most common value for angle of repose 

Material Angle of Repose (R - degrees) 

Clay 35 

Common Earth, dry 32 

Common Earth, moist 37 

Gravel 35 

Sand, dry 25 

Sand, moist 37 
  Source: Nunnally, S.W. (2007) 

 

1.4.1 Triangular Spoil Banks 
 
If the length (L) of the soil heap is longer than the base width (B) of the heap, then it is called 
a bank. And the volumes (V) are calculated with simple trigonometry as follows. 
 

𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑇𝑟𝑖𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝐴𝑟𝑒𝑎 × 𝐿𝑒𝑛𝑔𝑡ℎ 
 

𝑇𝑟𝑖𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝐴𝑟𝑒𝑎 =  
1

2
× 𝐵𝑎𝑠𝑒 𝑊𝑖𝑑𝑡ℎ ×

1

2
× 𝐵𝑎𝑠𝑒 𝑊𝑖𝑑𝑡ℎ × tan 𝑅  

 
Usually, the volume of the soil required to be dumped is known. Then the above can be 
reorganised as follows; 
 

𝐵𝑎𝑠𝑒 𝑊𝑖𝑑𝑡ℎ =  √
4 × 𝑉

𝐿 × tan 𝑅
 

 

𝐻𝑒𝑖𝑔ℎ𝑡 =  
1

2
× 𝐵 × tan 𝑅 

 
Example: Find the base width and the height of a triangular soil bank containing 75m3 of 
excavated soil which has undergone 25% swelling. The angle of repose for the soil is 37 
degrees. 
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1.4.2 Conical Spoil Piles 
 
If the soil is dumped from a fixed point a conical pile will result. And the volumes (V) are 
calculated with simple trigonometry using the base diameter (D) as follows. 
 

𝑉𝑜𝑙𝑢𝑚𝑒 =
1

3
× 𝐵𝑎𝑠𝑒 𝐴𝑟𝑒𝑎 × 𝐻𝑒𝑖𝑔ℎ𝑡 

𝐵𝑎𝑠𝑒 𝐴𝑟𝑒𝑎 =  𝜋
𝐷2

4
 

 
 
Usually, the volume of the soil required to be dumped is known. Then the above can be 
reorganised as follows; 
 

𝐵𝑎𝑠𝑒 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =  (
7.64 × 𝑉

tan 𝑅
)

1
3⁄

 

 

𝐻𝑒𝑖𝑔ℎ𝑡 =  
1

2
× 𝐷 × tan 𝑅 

 
Example: Find the base diameter and the height of a conical soil pile containing 75m3 of 
excavated soil which has undergone 12% swelling. The angle of repose for the soil is 32 
degrees. 
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