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1. Introduction 

2. Pengertian Tentang Tanah dan Batuan, Partikel Tanah

3. Analisis Ayakan dan Analysis Hydrometer

4. Hubungan Volume, Berat, Porositas, Kadar air, Kerapatan Relative Tanah

5. Konsistensi Tanah, Batas Plastis, Batas Cair

6. Klasifikasi tanah berdasarkan USDA, AASHTO, dan Unified

7. Tegangan Efektif dan penentuan tegangan bidang

Mid Term 

1. Konsep Tegangan, regangan, dan kekuatan tanah

2. Kekuatan geser tanah

3. Kompaksi

4. Permeabilitas dan rembesan

5. Aliran Air dalam tanah

6. Kestabilan lereng

7. Daya dukung tanah

Final Term

SYLLABUS

OBJECTIVE
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Hubungan Volume dan berat

Stresses in Soil

Source : Braja M Das, 2015; 
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Hubungan Volume dan berat

Shear Strength in Soil

Source : Braja M Das, 2015; 
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Failure in Surface

Shear Strength in Soil

Source : Braja M Das, 2015; 



6Prodi Teknik Pertambangan 9/5/2021 6

Slope failure

Types

Source : Braja M Das, 2015; 

Cruden and Varnes (1996) classied the 
slope failures into the following ve
major categories. They are

1. Fall. This is the detachment of soil 
and/or rock fragments that fall down a 
slope

2. Topple. This is a forward rotation of soil 
and/or rock mass about an axis below 
the center of gravity of mass being 
displaced 

3. Slide. This is the downward movement 
of a soil mass occurring on a surface of 
rupture

4. Spread. This is a form of slide by 
translation. It occurs by “sudden 
movement of water-bearing seams of 
sands or silts overlain by clays or loaded 
by silts”.

5. Flow. This is a downward movement of 
soil mass similar to a viscous fluid
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Slope failure

Concept of Safety – “Factor of Safety (FoS)”
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Slope failure

Simple case – Infinite Slope

Without Seepage

With SeepageWith Seepage
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Slope failure – Finite Slope

Plane - Culmann

The maximum height of the slope for 
which critical equilibrium occurs
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Circular – Failure Modes

Slope failure – Finite Slope

In general, nite slope failure occurs in one of the 
following modes : 

1. When the failure occurs in such a way that the 
surface of sliding intersects th slope at or 
above its toe, it is called a slope failure 

• The failure circle is referred to as a toe 
circle if it passes through the toe of the 
slope, 

• And as a slope circle if it passes above 
the toe of the slope. Under certain 
circumstances, a shallow slope failure can 
occur, 

2. When the failure occurs in such a way that the 
surface of sliding passes at some distance 
below the toe of the slope, it is called a base 
failure The failure circle in the case of base 
failure is called a midpoint circle.
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Circular – Types of Analysis

Slope failure – Finite Slope

1. Mass procedure: In this case, the mass of the 
soil above the surface of sliding is taken as a 
unit. This procedure is useful when the soil 
that forms the slope is assumed to be 
homogeneous, although this is not the case in 
most natural slopes.

2. Method of slices: In this procedure, the soil 
above the surface of sliding is divided into a 
number of vertical parallel slices. The stability 
of each slice is calculated separately. This is a 
versatile technique in which the 
nonhomogeneity of the soils and pore water 
pressure can be taken into consideration. It 
also accounts for the variation of the normal 
stress along the potential failure surface.

Mass Procedure

Method of Slices



12Prodi Teknik Pertambangan 9/5/2021 12

Analysis – Mass Procedure

Slope failure – Finite Slope - Circular

Types of analysis : 
• Mass Procedure—Slopes in Homogeneous Clay Soil with φ=0
• Slopes in Clay Soil with φ= 0; and cu Increasing with Depth
• Mass Procedure—Slopes in Homogeneous  c’ - φ’ Soil (Analysis of 

Michalowski (2002))

Contours of equal factors of safety: 
(a) slope 1 vertical to 0.5 horizontal; 
(b) slope 1 vertical to 0.75 horizontal

Michalowski’s analysis for stability of simple slopes
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Analysis – Slice Methods

Slope failure – Finite Slope - Circular

Types of analysis : 
• Ordinary Methods of Slices
• Bishop’s Simplified Method of Slices
• Bishop and Morgenstern solution
• Spencer’s solution
• Michalowski’s solution
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Slice Methods – Ordinary Methods of Slices

Slope failure – Finite Slope - Circular
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Slice Methods – Bishop’s Simplified Method of Slices

Slope failure – Finite Slope - Circular

In 1955, Bishop proposed a more rened solution to the 
ordinary method of slices.

In this method, the effect of forces on the sides of 
each slice are accounted for to some degree
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Slice Methods – Bishop and Morgenstern solution

Slope failure – Finite Slope - Circular

In this method, the effect of forces on the sides of 
each slice are accounted for to some degree
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Slice Methods – Spencer’s solution

Slope failure – Finite Slope - Circular

Bishop’s simplied method of slices described satisfies the 
equations of equilibrium with respect to the moment but 
not with respect to the forces

Spencer (1967) has provided a method to determine the 
factor of safety (F s) by taking into account the interslice 
forces
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Slice Methods – Spencer’s solution (Location Failure Circle)

Slope failure – Finite Slope - Circular

Bishop’s simplied method of slices described satisfies the 
equations of equilibrium with respect to the moment but 
not with respect to the forces

Spencer (1967) has provided a method to determine the 
factor of safety (F s) by taking into account the interslice 
forces
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Slice Methods – Michalowski’s solution

Slope failure – Finite Slope - Circular

Michalowski (2002) used the kinematic approach  to 
analyze slopes with steady-state seepage
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Slope failure

Tools

Source : Braja M Das, 2015; 
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Slope failure

Tools

Source : Braja M Das, 2015; 
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Slope failure

Tools

Source : Braja M Das, 2015; 
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Slope failure

Tools

Source : Braja M Das, 2015; 
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Slope failure

Tools

Source : Braja M Das, 2015; 


