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ERD of Foundations - Modules

1. Introduction
Shallow Foundations
Pile Foundations

. Well Foundations

SSI for Deep Foundations

Miscellaneous
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Miscellaneous




Module - 6: Topics

1. Raft Foundation — Numerical Examples

2. Shallow Foundations on Slopes




Chapter 2: Foundations on Slopes

* Background

* Static Bearing Capacity

* Seismic Bearing Capacity

e Codal provision
Numerical Examples




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.




Static Bearing Capacity

Meyerhof (1957)

Hansen (1970) and Vesic (1975)
Saran, Sud and Handa (1989)
Gemperline (1988)

Graham et al. (1988)




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
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Meyerhof (1957) - continue
The ultimate bearing capacity can be expressed as:
1

qu = cN.+qN, + E)/BN,, (1a)

The preceding relationship can also be expressed as
1

qu = CNg + EyBNyq (1b)

The factor N, depends on N.and N ; and the factor N, depends on N, and N ..

Thus instead of three factors, only two bearing capacity factors are used.
For purely cohesive soil (thatis, 9=0) q, = cN (1c)

For purely cohesionless soil (that is, c = 0) q, = %yBNyq (1d)

Stability Number N, = g

Where, H = height of the slope, ¢ = cohesion and y= unit weight of soil




Bearing capacity factors for strip foundation on face of slope
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Bearing capacity factors for strip foundation on top of slope
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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:

1
qu = N Ag + qNghdyp + EyBNyAyﬂ (2a)

Where, N, N, & N, are bearing capacity factors

Acﬁ, Aqﬂ & Ayﬂ are slope factors

Ny2,5—1 2
Aep = % (forg>0)and A, =1 — % (forg=0) (2b &)
Agp = Ayp=(1 - tanﬂ)2 (forf < 45°) (2d)

q =vDy




Solutions of Hansen and Vesic

For ¢ = 0 condition, Vesic (1975) pointed out that, with the absence of weight
due to the slope, the bearing capacity factor N, has a negative value and can

be given as:
N, = —-2Sinp (3)
Thus for ¢ = 0 condition, with N, =5.14 and Nq = 1, Eq. (2a) takes the form
2p

q, = ¢(5.14) (1 — m) +yDf(1 — tanP)* — yBSinB(1 — tanp)?

Or
qu = (5.14 — 2B)c + yD;(1 — tanB)* — yBSinB(1 — tanp)*




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

1
q, =CcN_,+ qu + EyBNy

Where, N, N, & N, are bearing capacity factors and the numerical values are
given in the Table (next slide)




Table: Bearing Capacity Factors Based on Saran, Seed, and Handa’s Analysis

Soil friction angle, ¢ (deg)
Factor

B b
B
(deg) 30 | 25 20

N, 50
40
30
20

=10

50
40
30
20
=10

50
40
30
20
=10

50
40
30
=20




Table: Bearing Capacity Factors Based on Saran, Seed, and Handa’s Analysis

Soil friction angle, ¢ (deg)

b Soil friction angle, ¢ (deg)
30 25 20

30 25 20
5.00

?:40 5.6l 427
7.40




Empirical Relationship Based on Centrifuge Testing

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

. . 1
continuous foundation can be expressed as: q,, = EyBNyq




Empirical Relationship Based on Centrifuge Testing

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

Nyq _ Dy
Noor [1 +0.65 (FM 1-0.8[1— (1 — tanB)?]

{1 0.33( tanB[ ”
— tanB

Where Nygr = the value of N for a reference continuous foundation at the
surface of level ground (that is, == 0 and b/B = )

The magnitude of Nqu can be glven by the following relationship

Nyqr = (100 1159¢-2. 386) (10034 OZIogB) (1b)

Where, ¢is in degrees and B is in inches.




Graham et al.’s theoretical values of N},cI

Graham et al. (1988) provided a ™ T ] .
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 h
for embedment (D{/B) and setback
(b/B) assumed for this analysis are
shown in Figures.
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Graham et al.’s theoretical values of N},cI
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