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Effects of GW on BC of Soils:

• Effective unit weight of soils is used in BC equations to calculate 𝑞𝑢𝑙𝑡  in 

followings:

 For q

 For 0.5𝛾B𝑁𝛾

WT Seldom above Base

• WT is seldom above base of footing, because of construction problems.

•  q term to be adjusted for an effective surcharge value.

•  Computation of pressure at the GWT(𝑑𝑤𝛾𝑤𝑒𝑡)+pressure from the GWT to 

the footing base  using (𝑑𝑤𝛾′ ).

WT at Ground Surface

• Effective pressure is approximately one-half that with the water table at

or below the footing level, since the effective unit weight 𝛾′ is approximately 

one-half the saturated unit weight (𝜸′=
𝟏

𝟐
 𝜸𝒔𝒂𝒕).



WT Below Wedge Zone [depth approximately 0.5B tan(45 + 
∅

𝟐
)]:

• Water table effects can be ignored for computing the bearing capacity.

Water Table Within Wedge Zone:

•  some small difficulty may be obtained in computing the effective unit 

weight to use in the 0.5yB𝑁𝛾 term.

• In many cases this term can be ignored for a conservative solution. 

• In any case, if B is known, one can compute the average effective 

weight 𝜸𝒆 of the soil in the wedge zone as:

𝜸𝒆=(2H - 𝒅𝒘)
𝒅𝒘

𝑯𝟐 𝜸𝒘𝒆𝒕+
𝜸′

𝑯𝟐 (𝑯 − 𝒅𝒘)𝟐

Where, H=0.5B tan(45 +
∅

𝟐
)

 𝑑𝑤=depth to water table below base of footing



𝜸𝒘𝒆𝒕=wet unit weight of soil in depth 𝑑𝑤

 𝜸′=submerged unit weight below water table = 𝜸𝒔𝒂𝒕 - 𝜸𝒘.



Effects of GW on BC of Soils:

A square footing that is vertically and concentrically loaded is to be 

placed on a cohesionless soil as shown in following Fig. The soil and 

other data are as shown:

Required. What is the allowable bearing capacity using the Hansen 

equation and a SF=2.0?



Effects of GW on BC of Soils:

Step 1. Since the effective soil unit weight is required, let us find these values. 

Estimate that the "wet" soil has 𝑤𝑁 = 10% and 𝐺𝑠 = 2.68.

 𝜸𝒅=
𝜸𝒘𝒆𝒕

𝟏+𝒘
 = 

18.10

1+0.10
 =16.45 kN/𝑚3

 𝑽𝒔= 
𝜸𝒅

𝑮𝒔𝜸𝒘
= 

16.45

2.68𝑥90807
=0.626 𝑚3

 𝑽𝒗=V - 𝑽𝒔= 1-0.626= 0.374𝑚3

𝜸𝒔𝒂𝒕 = 16.45 + 0.374(9.807) = 20.12kN/𝒎𝟑

• From Fig. we obtain 𝒅𝒘 = 0.85 m and H = 0.5 tan(45° + (
∅

𝟐
) = 2.40 m. 

Substituting into equation:



Effects of GW on BC of Soils:

Check for ∅

𝑳

𝑩
= 

𝟐.𝟓

𝟐.𝟓
  ≤ 1 use ∅𝒑𝒔= ∅=35°

H = 0.5 tan(45° + (
∅

2
) =0.5B tan(45° + 

35

2
) = 2.40 m.

Substituting the values, we get

𝜸𝒆=(2H - 𝒅𝒘)
𝒅𝒘

𝑯𝟐 𝜸𝒘𝒆𝒕+ 
𝜸′

𝑯𝟐 (𝑯 − 𝒅𝒘)𝟐

    =(2x2.4-0.85)
0.85

2.42 18.10 + (2.4 − 0.85)2 20.12−9.807

2.42  =14.85kN/𝒎𝟑

Step-2: Obtain bearing-capacity factors for the Hansen equation using 

Tables 4-1 and 4-4. 



Table 4-1:

Hansen equation:

𝑞𝑢𝑙𝑡 = 𝑐𝑁𝐶𝑠𝑐𝑑𝑐𝑖𝑐𝑏𝑐𝑔𝑐+q𝑁𝑞𝑠𝑞𝑑𝑞𝑖𝑞𝑏𝑞𝑔𝑞+0.5𝛾𝐵′𝑁𝛾𝑠𝛾𝑑𝛾𝑖𝛾𝑏𝛾𝑔𝛾

Since, c=0;  ground is horizontal, base is not tilted, load is not inclined

 𝑐𝑁𝐶𝑠𝑐𝑑𝑐𝑖𝑐𝑏𝑐𝑔𝑐=0

 𝑖𝑖 = 𝑏𝑖 = 𝑔𝑖=1.0

𝒒𝒖𝒍𝒕 =q𝑵𝒒𝒔𝒒𝒅𝒒+0.5𝜸𝑩′𝑵𝜸𝒔𝜸𝒅𝜸

Table 4-4: For ∅=35°

By interpolation and rounding

𝑁𝑞=33

𝑁𝛾=34  2tan∅(1 − 𝑠𝑖𝑛∅)2=0.255



Effects of GW on BC of Soils:

Table: 4-5b  Shape and depth factors

 𝒔𝒒(𝑯)= 1 + 
𝑩′

𝑳𝒊 sin∅= 1+ 
𝟐.𝟓

𝟐.𝟓
sin35=1.57

 

 𝒅𝒒=1 + 2tan∅(1 − 𝑠𝑖𝑛∅)2k= 1+0.255x
𝑫

𝑩
=1+0.255 

𝟏.𝟏

𝟐.𝟓
=1.11

 𝑠𝛾=1- 0.4
𝟐.𝟓

𝟐.𝟓
=0.6≥ 0.6 ok 𝑑𝛾=1.0

𝑞𝑢𝑙𝑡 =q𝑁𝑞𝑠𝑞𝑑𝑞+0.5𝛾𝐵′𝑁𝛾𝑠𝛾𝑑𝛾

 =18.10(1.10)(33)(1.57)(1.11)+0.5(18.10)(2.5)(34)(0.6)(1.0)

 =1145+379=1524

𝑞𝑎=
𝟏𝟓𝟐𝟒

𝟐.𝟎
=762 kPa
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