
IAT-3-SOLUTION 

APPLIED GEOTECHNICAL ENGINEERING (18CV62) 

 

1.a.  

 

For C-Ф soils the undrained strength envelope shows both c and Ф values. The total stress 

analysis can be adopted. The procedure is follows 

1. Draw the slope to scale 

2. A trail slip circle such as AB with radius „r‟ is drawn from the center of rotation O. 

3. Divide the soil mass above the slip surface into convenient number of slices (more than 5 

is 

preferred) 

4. Determine the area of each slice A1, A2, -------, An; where A = width of the slice X mid 

height 

= b X Z 

5. Determine the total weight W including external load if any as 

W = ɣ b Z = ɣ A ; Where, ɣ = unit weight, b = width of slice, Z = height of slice. 

The reactions R1 and R2 on the sides of the slice are assumed equal and therefore do not have 

any effect on stability. 

6. The weight W of the slice is set –off at the base of the slice. The directions of its normal 

component „N‟ and the tangential component „T‟ are drawn to complete the vector triangle. 

N = W Cosδ, T= W Sinδ 

7. The values of N and T are scaled off for each of the slices. 

1.b.  

Given H =15m, C= 20 kPa, Sn = 0.06, Ɣ=18 kN/m3. 

 

𝐹𝑐 =
𝐶

𝐶𝑚
 

𝑆𝑛 =
𝐶𝑚

𝛾𝐻
 

𝐶𝑚 = 𝑆𝑛𝛾𝐻𝑐 

 



𝐶𝑚 = 0.06 × 18 × 15 = 16.2 𝑘𝑃𝑎 

𝑭𝒄 =
20

16.2
= 𝟏. 𝟐𝟑𝟒 

2.a.   

 

 
 

2.b.  

 
 



3.a. 

Soil slope failures are generally of five types: 

1. Translational Failure 

2. Rotational Failure 

3. Wedge Failure 

4. Compound Failure 

5. Miscellaneous failure 

Translational Failure 

 

• Translation failure occurs in the case of infinite slopes and here the failure surface is 

parallel to the slope surface. 

Rotational Failure 

• In the case of rotational failure, the failure occurs by rotation along a slip surface and 

the shape thus obtained in slip surface is curved. Failed surface moves outwards and 

downwards. 

• Rotational failure may occur in three different ways: 

1. Face failure or slope failure: It occurs when soil above the toe contains weak 

stratum. In this case the failure plane intersects the slope above toe. 

2. Toe failure: Toe failure is the most common failure in which failure plane passes 

through toe of slope. 

3. Base failure: Base failure occurs when there is a weak soil stratum under the toe and 

failure plane passes through base of slope. 

Wedge Failure 

• Wedge failure, also known as block failure or plane failure, generates a failure plane 

that is inclined. 

• This type of failure occurs when there are fissures, joints, or weak soil layers in slope, 

or when a slope is made of two different materials. 

Compound Failure 

• A Compound failure is a combination of translational slide and rotational slide. 



• In this case, the slip surface is curved at two ends like rotational slip surface and flat 

at central portion like in translational failure. 

Miscellaneous Failure 

• These occur in the form of spreads and flows may also occur. 

 

 

4.  

𝑘𝑎 =
(1−sin 30)

(1+sin 30)
=0.333 

𝛾𝑑 =
Gγw

1+e
 

𝛾𝑑 =
2.65×9.81

1+0.65
= 15.755 𝑘𝑁/𝑚3 

𝛾𝑠𝑢𝑏 =
(𝐺 − 1)γw

1+e
 

𝛾𝑠𝑢𝑏 =
(2.65 − 1)9.81

1+0.65
= 9.81 𝑘𝑁/𝑚3 

 𝑝𝑎1 = 𝑘𝑎 × 𝑞 

𝑝𝑎1 = 0.333 × 14 = 4.662 𝑘𝑁/𝑚2 

𝑝𝑎2 = 𝑘𝑎 × 𝛾𝑑 × 𝑑1 

𝑝𝑎2 = 0.333 × 15.755 × 3 = 15.597 𝑘𝑁/𝑚2 

𝑝𝑎3 = 𝑘𝑎 × 𝛾𝑑 × 𝑑1 

𝑝𝑎3 = 0.333 × 15.755 × 3 = 15.597 𝑘𝑁/𝑚2 

𝑝𝑎4 = [𝑘𝑎 × 𝛾𝑠𝑢𝑏 × 𝑑2] 

𝑝𝑎4 = [0.333 × 9.81 × 7] = 22.66 𝑘𝑁/𝑚2 

𝑝𝑎5 = [𝛾𝑤 × 𝑑2] 

𝑝𝑎5 = [9.81 × 7] = 68.67 𝑘𝑁/𝑚2 

Total pressure, 

𝑃1 = [𝑝𝑎1 × 𝐻] = 4.662 × 10 = 46.62 𝑘𝑁/𝑚 

𝑃2 = [
1

2
× 𝑝𝑎2 × 𝑑1] =

1

2
× 15.597 × 3 = 23.395 𝑘𝑁/𝑚 

𝑃3 = [𝑝𝑎3 × 𝑑2] = 15.597 × 7 = 109.179 𝑘𝑁/𝑚 



𝑃4 = [
1

2
× 𝑝𝑎4 × 𝑑2] =

1

2
× 22.66 × 7 = 79.31 𝑘𝑁/𝑚 

𝑃5 = [
1

2
× 𝑝𝑎5 × 𝑑2] =

1

2
× 68.67 × 7 = 240.345 𝑘𝑁/𝑚 

Total active pressure per unit length of the wall  𝑃 = 𝑃1 + 𝑃2 + 𝑃3 + 𝑃4 

𝑷 = 𝟒𝟗𝟖. 𝟖𝟒𝟗
𝒌𝑵

𝒎
𝑶𝑹 𝟓𝟎𝟏. 𝟎𝟖 𝒌𝑵/𝒎 

Taking moments about the base, 

𝑃 × 𝑍 = 𝑃1 (
𝐻

2
) + 𝑃2 (𝑑2 +

𝑑1

3
) + 𝑃3 (

𝑑2

2
) + 𝑃4 (

𝑑2

3
) + 𝑃5 (

𝑑2

3
) 

498.849 × 𝑍

= 46.62 (
10

2
) + 23.395 (7 +

3

3
) + 109.179 (

7

2
) + 79.31 (

7

3
)

+ 240.345 (
7

3
) 

𝒁 = 𝟑. 𝟏𝟎𝟑 𝒎 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝒃𝒂𝒔𝒆 

 

 

5.Permissible settlement: 

For a settlement of 40 mm, 

𝑞𝑛𝑠 = 55(𝑁 − 3) [
𝐵 + 0.3

2𝐵
]

2

𝑊𝛾𝑅𝑑 

 𝑊𝛾 =
1

2
[1 +

𝑍𝑤2

𝐵
] = 

1

2
[1 +

0

𝐵
] = 0.5 

𝑅𝑑 = [1 +
0.2𝐷𝑓

𝐵
] ≤ 1.2   

Assuming Rd = 1.2. 

𝒒𝒔 =
𝟏𝟐𝟎𝟎

𝑩𝟐
 

𝒒𝒔 = 𝒒𝒏𝒔 + 𝜸𝑫𝒇 

Equating both qs, 

1200

𝐵2
 = 55(𝑁 − 3) [

𝐵 + 0.3

2𝐵
]

2

𝑊𝛾𝑅𝑑 +  (𝛾𝐷𝑓) 

  

1200

𝐵2
 = 55(25 − 3) [

𝐵 + 0.3

2𝐵
]

2

× 0.5 × 1.2 +  (16 × 1.5) 



  

1200

𝐵2
 = 55(25 − 3) [

𝐵2 + 0.6𝐵 + 0.09

4𝐵2
]  × 0.5 × 1.2 +  24 

On solving we get, B=2.152 m 

Shear failure criterion: 

𝑞𝑠 =
𝑞𝑛𝑢

𝐹
+ 𝛾𝐷𝑓 

 

𝑞𝑠 =
0.33𝑁2𝐵𝑊𝛾 + (100 + 𝑁2) 𝐷𝑓𝑊𝑞

𝐹
+  𝛾𝐷𝑓 

 

1200

𝐵2
=

0.33 × 252 × 𝐵 × 0.5 + (100 + 252)  × 1.5 × 1

2
+ (16 × 1.5)  

 

𝑞𝑠 =
0.33 × 252 × 𝐵 × 0.5 + (100 + 252)  × 1.5 × 1

3
+ (16 × 1.5) 

On solving we get, B=1.37 m 

Provide a footing of width 2.152 m since settlement criterion is critical for the design. 


