
JANBU & BJERRUM’S METHOD 

FOR ELASTIC SETTLEMENT UNDER UNDRAINED 

CONDITIONS 
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i  = Elastic or immediate settlement 

qn  = Net footing pressure  

B  = Width of footing 

Es = Elastic modulus of soil 

I1, I2 = Influence factors (from figures) 

 

For clays E = 300 to 500 Su 

         

Based on elastic theory, the immediate/elastic settlement of flexible surface footing may be written as 

For u=0.5, Janbu & Bjerrum the modify the above equation and adding I1 & I2 for If 
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Factors I1 & I2 for Janbu’s Method 



Settlement by Schmertmann’s Method  

C1 = Embedment factor or depth factor =  

C2 = Time or Creep factor = 1 + 0.2 log (t/0.1) 
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o Effective overburden pressure at footing depth 

base footingat  pressurecontact Net ' q

Schmertmaan (1970, 1978) developed settlement method for spread footings on granular soils 

The method is very useful when 

•CPT data along the depth of subsoil is available for evaluation of Es of subsoil. 

•Can be used with reasonable accuracy for other in-situ test data like SPT or others to give Es 

Iz  = Strain influence factor at depth z below the footing base 

Es = Modulus of elasticity of soil 

 

Es = 2.5~3.5 qc 

Es = 2.5qc (for axis symmetrical case, i.e., for square or circular footing 

Es = 3.5qc (for plane strain case, i.e., for strip footing, L/B>10) 

Es = 250~500 Su ; for NCC, generally Es = 300 Su  

          



Strain Influence Factor, Iz 
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vp effective overburden pressure 

at a depth of 0.5B (for square 

footing) and  

at depth B for strip footing 
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Example: The figure shows the results of CPT sounding at a site. The subsoil at the site consists of young 

NC sand with some inter-bedded silts. The GWT is at 2 m below the surface. A strip footing (2.5 mx30 m) is to 

be founded at 2 m depth below the surface and will be loaded with gross bearing pressure of  197 kPa. 

Compute the settlement of the footing. (i) soon after construction  (ii) after 5 years (iii) after 50 years of 

construction. 

Use  γ = 17 kN/m3 above W/T and γ = 20 kN/m3 below W/T  

         



Timoshinko & Goodier’s Method 
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(General Equation based on theory of elasticity) 

Timoshinko & Goodier (1951) modify the above equation as below: 

q = contact pressure 

B’ = least lateral footing dimension of contributing base area 

m = number of corners contributing to settlement,  

for corner  m = 1, for centre m = 4 

Es & u = elastic soil parameters 
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 For I1 & I2 see 

table 

IF=Depth factor,                      see figure 



Depth Factor, IF 







Example: A raft 33.5 m x 39.5 m in plan is founded at 3 m depth, the contact pressure on the mat 

and the soil profile is shown in the figure below. Estimate elastic settlement by Timoshinko and 

Goodier ‘s method. 

Sand Stone, Es= 500 MPa

silty Clay, Es= 42.5 MPa

silty Clay, Es= 60 MPa
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General Range of Es 



Poisson’s Ratio 


