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2. Shallow Foundations
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Miscellaneous
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Module - 6



1. Raft Foundation – Numerical Examples

2. Shallow Foundations on Slopes
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Chapter 2: Foundations on Slopes 

• Background

• Static Bearing Capacity

• Seismic Bearing Capacity

• Codal provision

• Numerical Examples
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Background

 In hilly areas, most of the construction is on slopes. This require

foundations to be placed on slopes.

 Even assuming that the slope is stable, when foundations are

constructed on slopes, its bearing capacity reduces.

 This reduction is mostly on account of change in the values of

dimensionless bearing capacity factors which reduces significantly as

the slope angle increases.

 Further, these factors reduces as seismic acceleration increases.
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Static Bearing Capacity

• Meyerhof (1957)

• Hansen (1970) and Vesic (1975)

• Saran, Sud and Handa (1989)

• Gemperline (1988)

• Graham et al. (1988)
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Meyerhof (1957)
Meyerhof (1957) proposed a theoretical solution to determine the ultimate
bearing capacity of a shallow foundation located on the face and top of a
slope.
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Nature of plastic zone under a rough 
continuous foundation on the face of a slope

Continuous foundation on top of the slope



Meyerhof (1957) - continue
The ultimate bearing capacity can be expressed as:

𝒒𝒖 = 𝒄𝑵𝒄 + 𝒒𝑵𝒒 +
𝟏

𝟐
𝜸𝑩𝑵𝜸 (1a)

The preceding relationship can also be expressed as

𝒒𝒖 = 𝒄𝑵𝒄𝒒 +
𝟏

𝟐
𝜸𝑩𝑵𝜸𝒒 (1b)

The factor 𝑵𝒄𝒒 depends on 𝑵𝒄 and 𝑵𝒒; and the factor 𝑵𝜸𝒒 depends on 𝑵𝜸 and 𝑵𝒒.

Thus instead of three factors, only two bearing capacity factors are used.

For purely cohesive soil (that is, f = 0)   𝒒𝒖 = 𝒄𝑵𝒄𝒒 (1c)

For purely cohesionless soil (that is, c = 0) 𝒒𝒖 =
𝟏

𝟐
𝜸𝑩𝑵𝜸𝒒 (1d)

Stability Number 𝑵𝒔 =
𝜸𝑯

𝒄
Where, H = height of the slope, c = cohesion and 𝜸= unit weight of soil
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Bearing capacity factors for strip foundation on face of slope
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(f = 0) (f > 0) 



Bearing capacity factors for strip foundation on top of slope
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(f = 0) (f > 0) 



Solutions of Hansen and Vesic
Hansen (1970) proposed the following relationship for the ultimate bearing
capacity of a continuous foundation at the edge of slope:

𝒒𝒖 = 𝒄𝑵𝒄𝝀𝒄𝜷 + 𝒒𝑵𝒒𝝀𝒒𝜷 +
𝟏

𝟐
𝜸𝑩𝑵𝜸𝝀𝜸𝜷 (2a)

Where, 𝑵𝒄, 𝑵𝒒 &𝑵𝜸are bearing capacity factors 

𝝀𝒄𝜷, 𝝀𝒒𝜷 & 𝝀𝜸𝜷 are slope factors 

𝝀𝒄𝜷 =
𝑵𝒒𝝀𝒒𝜷−𝟏

𝑵𝒒−𝟏
(forf> 𝟎) and 𝝀𝒄𝜷 = 𝟏 −

𝟐𝜷

𝛑+𝟐
(forf= 𝟎)   (2b & c)

𝝀𝒒𝜷 = 𝝀𝜸𝜷 = (𝟏 − 𝒕𝒂𝒏𝜷)𝟐 (for𝜷 < 𝟒𝟓⁰) (2d)

𝒒 = 𝜸𝑫𝒇
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Solutions of Hansen and Vesic
For f = 0 condition, Vesic (1975) pointed out that, with the absence of weight
due to the slope, the bearing capacity factor 𝑵𝜸 has a negative value and can

be given as:

𝑵𝜸 = −𝟐𝑺𝒊𝒏𝜷 (3)

Thus for f = 0 condition, with 𝑵𝒄 = 5.14 and Nq = 1, Eq. (2a) takes the form

𝒒𝒖 = 𝒄 𝟓. 𝟏𝟒 𝟏 −
𝟐𝜷

𝟓. 𝟏𝟒
+ 𝜸𝑫𝒇 𝟏 − 𝒕𝒂𝒏𝜷 𝟐 − 𝜸𝑩𝑺𝒊𝒏𝜷 𝟏 − 𝒕𝒂𝒏𝜷 𝟐

Or
𝒒𝒖 = 𝟓. 𝟏𝟒 − 𝟐𝜷 𝒄 + 𝜸𝑫𝒇 𝟏 − 𝒕𝒂𝒏𝜷 𝟐 − 𝜸𝑩𝑺𝒊𝒏𝜷 𝟏 − 𝒕𝒂𝒏𝜷 𝟐
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Solution by Limit Equilibrium and Limit Analysis

Saran, Sud, and Handa (1989) provided a solution to determine the ultimate
bearing capacity of shallow continuous foundations on the top of a slope using
the limit equilibrium and limit analysis approach. According to this theory, for a
strip foundation

𝒒𝒖 = 𝒄𝑵𝒄 + 𝒒𝑵𝒒 +
𝟏

𝟐
𝜸𝑩𝑵𝜸

Where, 𝑵𝒄, 𝑵𝒒 &𝑵𝜸are bearing capacity factors and the numerical values are 

given in the Table (next slide)
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Table: Bearing Capacity Factors Based on Saran, Seed, and Handa’s Analysis
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Table: Bearing Capacity Factors Based on Saran, Seed, and Handa’s Analysis



Gemperline (1988) reported the results of 215 centrifuge tests on continuous
foundations located at the top of a slope of cohesionless sand. Based on these
215 tests, Gemperline proposed that the ultimate bearing capacity of a

continuous foundation can be expressed as: 𝒒𝒖 =
𝟏

𝟐
𝜸𝑩𝑵𝜸𝒒
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Empirical Relationship Based on Centrifuge Testing



Shields et al (1990) normalized the Ngq values proposed by Gemperline (1988) in
the following form:

𝑵g𝒒

𝑵g𝒒𝑹
= 𝟏 + 𝟎. 𝟔𝟓

𝑫𝒇

𝑩
𝟏 − 𝟎. 𝟖 𝟏 − (𝟏 − 𝐭𝐚𝐧𝛃)𝟐

𝟐

𝟐 +
𝒃
𝑩

𝟐

𝐭𝐚𝐧𝛃

𝟏 − 𝟎. 𝟑𝟑
𝑫𝒇

𝑩
𝒕𝒂𝒏𝛃

𝟐

𝟐+
𝒃

𝑩

𝟐
𝐭𝐚𝐧𝛃

(1a)

Where 𝑵g𝒒𝑹 = the value of 𝑵g𝒒 for a reference continuous foundation at the

surface of level ground (that is,
𝑫𝒇

𝑩
= 0 and b/B = ∞)

The magnitude of 𝑵g𝒒𝑹 can be given by the following relationship

𝑵g𝒒𝑹 = 𝟏𝟎𝟎.𝟏𝟏𝟓𝟗f−𝟐.𝟑𝟖𝟔 𝟏𝟎𝟎.𝟑𝟒−𝟎.𝟐𝒍𝒐𝒈𝑩 (1b)

Where, f is in degrees and B is in inches.
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Empirical Relationship Based on Centrifuge Testing
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Graham et al.’s theoretical values of 𝑵𝜸q

At embedment ratio (Df /B = 0)

Graham et al. (1988) provided a

solution for the bearing capacity factor

for a shallow continuous foundation on

the top of a slope in granular soil

based on the method of stress

characteristics.

The failure zones in the granular soil

for embedment (Df/B) and setback

(b/B) assumed for this analysis are

shown in Figures.
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Graham et al.’s theoretical values of 𝑵𝜸q

At embedment ratio (Df /B = 1)
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