




 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Geotechnical engineering  MR 

𝑆𝑡𝑟𝑒𝑠𝑠 =
𝑊𝑒𝑖𝑔ℎ𝑡

𝐴𝑟𝑒𝑎
= γ × ℎ  𝑼𝒏𝒊𝒕

𝑲𝑵

𝒎𝟐
 

 

G.S denote to Ground Surface     

W.T denote to Water Surface     

ℎ𝑤𝑎𝑡𝑒𝑟 

ℎ𝐺.𝑆𝑖𝑖
 

𝜎𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = Σ(𝛾𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 × ℎ𝐺.𝑆) 

 𝑓𝑜𝑟 − 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑆𝑜𝑖𝑙 𝛾𝑒𝑓𝑓𝑒 = (𝛾𝑆𝑎𝑡 − 𝛾𝑤). 

         −𝐵𝑢𝑙𝑘 𝑂𝑟 𝐷𝑟𝑦 𝑆𝑜𝑖𝑙 𝛾𝑒𝑓𝑓𝑒 = 𝛾𝐵𝑢𝑙𝑘 𝑂𝑟 𝛾𝐷𝑟𝑦.    

𝜎𝑡𝑜𝑡𝑎𝑙 = Σ(𝛾𝑡𝑜𝑡𝑎𝑙 × ℎ𝐺.𝑆) 

 𝑓𝑜𝑟 − 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑆𝑜𝑖𝑙 𝛾𝑡𝑜𝑡𝑎𝑙 = 𝛾𝑆𝑎𝑡 . 

         −𝐵𝑢𝑙𝑘 𝑂𝑟 𝐷𝑟𝑦 𝑆𝑜𝑖𝑙 𝛾𝑡𝑜𝑡𝑎𝑙 = 𝛾𝐵𝑢𝑙𝑘 𝑂𝑟 𝛾𝐷𝑟𝑦.    

𝑢 = 𝛾𝑤𝑎𝑡𝑒𝑟 × ℎ𝑤𝑎𝑡𝑒𝑟.   (𝜸𝒘𝒂𝒕𝒆𝒓 = 𝟗. 𝟖𝟏 𝑲𝑵/𝒎𝟐) 

𝜎𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑞 + 𝛴(𝛾𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 × ℎ𝐺.𝑆) 

𝜎𝑡𝑜𝑡𝑎𝑙 = 𝑞 + 𝛴(𝛾𝑡𝑜𝑡𝑎𝑙 × ℎ𝐺.𝑆) 

𝑢 = 𝛾𝑤𝑎𝑡𝑒𝑟 × ℎ𝑤𝑎𝑡𝑒𝑟 

 

ℎ𝑐 
𝑞 = 𝛾𝑞 × ℎ𝑐 

ℎ𝐺.𝑆𝑖
 

∆σ𝑧 =
3𝑃

2𝜋

𝑧3

𝐿5
=

3𝑃

2𝜋

𝑍3

(𝑟2 + 𝑧2)5/2
=

𝑃

𝑧2
𝐼1 𝒇𝒐𝒓 𝒑𝒐𝒊𝒏𝒕 𝒍𝒐𝒂𝒅. 

 

∆σ𝑧 =
2𝑞𝑧3

𝜋(𝑥2 + 𝑧2)2
=

2𝑞

𝜋𝑧[(𝑥/𝑧)2 + 1]2
 𝐟𝐨𝐫 𝐕𝐞𝐫𝐭𝐢𝐚𝐜𝐥 𝐬𝐭𝐫𝐞𝐬𝐬 𝐛𝐲 𝐯𝐞𝐫𝐭𝐢𝐜𝐚𝐥 𝐥𝐢𝐧𝐞  

 
∆σ𝑧 = ∆σ𝑧 =

2𝑞

𝜋

𝑥𝑧2

[𝑥2 + 𝑧2]2
 𝐟𝐨𝐫 𝐕𝐞𝐫𝐭𝐢𝐚𝐜𝐥 𝐬𝐭𝐫𝐞𝐬𝐬 𝐛𝐲 𝐡𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐢𝐥 𝐥𝐢𝐧𝐞  

 

𝑞 =  𝛾𝐻 

𝛾 =  𝑢𝑛𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑏𝑎𝑛𝑘𝑚𝑒𝑛𝑡  

 𝐻 = ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑏𝑎𝑛𝑘𝑚𝑒𝑛𝑡 

𝒒 𝒐𝒏𝒍𝒚 𝒂𝒅𝒅𝒆𝒅 𝒕𝒐 𝝈𝒆𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝒂𝒏𝒅 𝝈𝒕𝒐𝒕𝒂𝒍 

−𝒒 = 𝟎 (𝐈𝐦𝐦𝐞𝐝𝐢𝐚𝐭𝐞𝐥𝐲 ). 

−𝒒 = 𝒃𝒆 𝒄𝒐𝒏𝒔𝒊𝒅𝒆𝒓𝒆𝒅 (𝐌𝐚𝐧𝐲 𝐲𝐞𝐚𝐫𝐬 𝐚𝐟𝐭𝐞𝐫 𝐭𝐡𝐞 𝐟𝐢𝐥𝐥  ). 

 

 

 

 

 

α1 = (𝑡𝑎𝑛−1 (
𝛽1 + 𝛽2

𝑧
) − 𝑡𝑎𝑛−1 (

𝛽1

𝑧
)) ×

𝜋

180
 

α2 = 𝑡𝑎𝑛−1 (
𝛽1

𝑧
) ×

𝜋

180
 

 

 

∆σ𝑧 =
𝑞

𝜋
[(

𝛽1 + 𝛽2

𝛽2
) (𝛼1 + 𝛼2) −

𝛽1

𝛽2

(𝛼2)] 

𝛽1 𝛽2 

𝛼2 𝛼1 

𝛽2 

𝛼1 

𝐼1=

3

2𝜋

1

([
𝑟
𝑧
]
2

+ 1)
5/2

 𝒇𝒐𝒓 𝒑𝒐𝒊𝒏𝒕 𝒍𝒐𝒂𝒅. 

 

∆σ𝑧 =
𝑞𝛼1

𝜋
 α1 = 𝑡𝑎𝑛−1 (

𝛽2

𝑧
) ×

𝜋

180
 

 

 

∆𝜎𝑧 = 𝑞

[
 
 
 
 

1 −
1

[(
𝑅
𝑧)

2

+ 1]

3
2

]
 
 
 
 

𝐟𝐨𝐫 𝐕𝐞𝐫𝐭𝐢𝐜𝐚𝐥 𝐒𝐭𝐫𝐞𝐬𝐬 𝐛𝐞𝐥𝐨𝐰 𝐭𝐡𝐞 𝐂𝐞𝐧𝐭𝐞𝐫 𝐨𝐟 𝐚 𝐔𝐧𝐢𝐟𝐨𝐫𝐦𝐥𝐲 𝐋𝐨𝐚𝐝𝐞𝐝 𝐂𝐢𝐫𝐜𝐮𝐥𝐚𝐫 𝐀𝐫𝐞𝐚  

𝑚 =
𝐿 𝑜𝑟 𝐵

𝑧
 𝑛 =

𝐿 𝑜𝑟 𝐵

𝑧
 

∆σ𝑧 = 𝑞𝐼3 𝒇𝒐𝒓𝐕𝐞𝐫𝐭𝐢𝐜𝐚𝐥 𝐒𝐭𝐫𝐞𝐬𝐬 𝐂𝐚𝐮𝐬𝐞𝐝  

𝐛𝐲 𝐚 𝐑𝐞𝐜𝐭𝐚𝐧𝐠𝐮𝐥𝐚𝐫 𝐋𝐨𝐚𝐝𝐞𝐝 𝐀𝐫𝐞𝐚 

∆𝜎𝑧 =
𝑞 × 𝐵

(𝐵 + 𝑍)
 𝑺𝒕𝒓𝒊𝒑 𝒍𝒐𝒂𝒅 

∆𝜎𝑧 =
𝑞 × 𝐵2

(𝐵 + 𝑍) × (𝐵 + 𝑍)
 𝑺𝒒𝒖𝒂𝒓𝒆 𝒍𝒐𝒂𝒅 

∆𝜎𝑧 =
𝑞(𝐵 × 𝐿)

(𝐵 + 𝑧) × (𝐿 + 𝑧)
 𝑹𝒆𝒄𝒕𝒂𝒏𝒈𝒖𝒍𝒂𝒓 𝒍𝒐𝒂𝒅 

∆𝜎𝑧 =
𝑞 × 𝐷2

(𝐷 + 𝑧) × (𝐷 + 𝑧)
 𝑪𝒊𝒓𝒄𝒍𝒆 𝒍𝒐𝒂𝒅 

 

∆𝜎𝑧 = 𝑞 𝑺𝒖𝒓𝒄𝒉𝒂𝒓𝒈𝒆 𝒍𝒐𝒂𝒅 

𝐻 

𝑍 

𝑍 

𝐻 

Assume the soil above the surface of the water 

Dry Or Bulk Soil and below Saturated Soil.  



 

 

 

 

 

 

 

 

 

 

𝒗 = 𝑘𝑖 𝒂𝒕 𝒏𝒐𝒓𝒎𝒂𝒍 𝒄𝒐𝒏𝒅𝒕𝒊𝒐𝒏 𝑶𝒓 𝑫𝒂𝒓𝒄𝒚 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚  

𝑣𝑐𝑟 = 𝑘𝑖𝑐𝑟  𝒂𝒕 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝒄𝒐𝒏𝒅𝒕𝒊𝒐𝒏 

 

 

𝒊 =
∆ℎ

L
 

𝒊𝒄𝒓 =
𝛾/

𝛾𝑤
=

𝛾 − 𝛾𝑤

𝛾𝑤
=

𝐺𝑠 − 1

1 + 𝑒
 𝒂𝒕 𝝈𝒆𝒇𝒇 = 𝟎 

𝑞 = 𝑣𝐴 𝒂𝒕 𝒏𝒐𝒓𝒎𝒂𝒍 𝒄𝒐𝒏𝒅𝒕𝒊𝒐𝒏 

𝑞𝑐𝑟 = 𝑣𝑐𝑟𝐴 𝒂𝒕 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝒄𝒐𝒏𝒅𝒕𝒊𝒐𝒏 

 

𝑣 = 𝑘𝑖 (𝐃𝐢𝐬𝐜𝐡𝐚𝐫𝐠𝐞 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐎𝒓 𝑫𝒂𝒓𝒄𝒚 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚) 

𝑣𝑠 =
𝑣

n
=

𝑘𝑖

𝑛
 (𝐒𝐞𝐞𝐩𝐚𝐠𝐞 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲) 

 

 

𝑞 = 𝑣𝐴 𝒃𝒚 𝑨𝒓𝒆𝒂 𝒕𝒐𝒕𝒂𝒍 

𝑞 = 𝑣𝑠𝐴𝑣𝑜𝑖𝑑𝑒 𝒃𝒚 𝑨𝒓𝒆𝒂 𝑽𝒐𝒊𝒅𝒆 

 

 

𝑘 = 10−2𝐷10
2 𝑭𝒐𝒓 𝐂𝐥𝐞𝐚𝐧 𝐔𝐧𝐢𝐟𝐨𝐫𝐦 𝐬𝐚𝐧𝐝𝐬 (𝑯𝒂𝒛𝒂𝒏) 

𝑞 = 𝑘∆𝐻
𝑁𝑓

𝑁𝑑
 (

𝐒𝐞𝐞𝐩𝐚𝐠𝐞 𝐝𝐢𝐬𝐜𝐡𝐚𝐫𝐠𝐞 𝐨𝐫 𝐅𝐥𝐨𝐰 𝐫𝐚𝐭𝐞 

𝐈𝐧 𝐢𝐬𝐨𝐭𝐫𝐨𝐩𝐢𝐜 𝐬𝐨𝐢𝐥 
𝒎𝟑

𝒔𝒆𝒄
/𝒎 

) 

∆ℎ =
∆𝐻 = 𝐻1 − 𝐻2

𝑁𝑑
 (𝐇𝐞𝐚𝐝 𝐥𝐨𝐬𝐬 𝐨𝐫 𝐃𝐫𝐨𝐩 𝐡𝐞𝐚𝐝  𝐦) 

ℎ𝑖 = ∆𝐻 − 𝑁𝑑𝑖∆ℎ − 𝑧 ( 𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞 𝐡𝐞𝐚𝐝 𝒎) 

𝑢𝑖 = 𝛾𝑤ℎ𝑖 = 𝛾𝑤[∆𝐻 − 𝑁𝑑𝑖∆ℎ − 𝑧](𝐏𝐨𝐮𝐫 𝐩𝐫𝐞𝐬𝐬𝐮𝐫𝐞 𝐦) 

𝑝𝑤 =
(𝑢𝑖 + 𝑢𝑖𝑖)

2
× LDam(𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 𝒐𝒇 𝒘𝒂𝒕𝒆𝒓  

𝒐𝒓 𝒖𝒑𝒍𝒊𝒇𝒊𝒕 𝒇𝒐𝒓𝒄𝒆 𝐊𝐍/𝐦) 

𝐹. 𝑠 =
The weight of the dam

𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
 (𝐅𝐚𝐜𝐭𝐨𝐫 𝐨𝐟 𝐬𝐚𝐟𝐞𝐭𝐲  

𝐚𝐠𝐚𝐢𝐧𝐬𝐭 𝐔𝐩𝐥𝐢𝐟𝐭 𝐟𝐨𝐫𝐜𝐞) 𝑊𝑡. 𝐷𝑎𝑚 = 𝛾𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 × 𝐴𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 

𝐹. 𝑠 =
𝑖𝑐𝑟
𝑖𝑒𝑥𝑖𝑡

 (𝐅𝐚𝐜𝐭𝐨𝐫 𝐨𝐟 𝐬𝐚𝐟𝐞𝐭𝐲 𝐚𝐠𝐚𝐢𝐧𝐬𝐭 𝐩𝐢𝐩𝐢𝐧𝐠 𝐟𝐨𝐫𝐜𝐞) 

𝑖𝑒𝑥𝑖𝑡 =
∆ℎ

𝐿𝑒𝑥𝑖𝑡 𝑂𝑟 𝑚𝑖𝑛
  

𝑞 = 𝑘∆𝐻
𝑁𝑓

𝑁𝑑
= √𝑘𝑥 × 𝑘𝑧∆𝐻

𝑁𝑓

𝑁𝑑
(𝐀𝐧𝐢𝐬𝐨𝐭𝐫𝐨𝐩𝐢𝐜 𝐬𝐨𝐢𝐥)  

𝑘𝐻𝑒𝑞
=

𝐻1𝐾1 + 𝐻2𝐾2 + 𝐻3𝐾3

𝐻1 + 𝐻2 + 𝐻3
 

𝑘𝑉𝑒𝑞
=

𝐻1 + 𝐻2 + 𝐻3

(
𝐻1

𝐾1
) + (

𝐻2

𝐾2
) + (

𝐻3

𝐾3
)
 

 

𝐿 𝑒𝑥𝑖𝑡 𝑂𝑟 𝑚𝑖𝑛 

𝑘𝑥

𝜕2ℎ

𝜕𝑥2
+ 𝑘𝑧

𝜕2ℎ

𝜕𝑧2
= 0 (𝐋𝐚𝐩𝐥𝐚𝐜𝐞 𝐞𝐪𝐮𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐜𝐨𝐧𝐭𝐢𝐧𝐮𝐢𝐭𝐲)  

𝒌𝒙 = 𝒌𝒛  (𝐢𝐬𝐨𝐭𝐫𝐨𝐩𝐢𝐜 𝐬𝐨𝐢𝐥)  

 

 

 

𝑣𝑥 = 𝑘𝑥𝑖𝑥 = 𝑘𝑥

𝜕ℎ

𝜕𝑥
 

𝑣𝑧 = 𝑘𝑧𝑖𝑧 = 𝑘𝑧

𝜕ℎ

𝜕𝑧
 

𝑘 =  ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 

 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓  

𝑠𝑜𝑖𝑙(𝑐𝑚/𝑠𝑒𝑐) 

𝑨𝒕 𝒕 = 𝟎  ∆𝝈𝒛 =

∆𝒖 𝑶𝒓 𝒖𝒆  

𝐒𝐲𝐦𝐛𝐨𝐥𝐢𝐳𝐞𝐝 𝒖𝒊 

𝜎𝑡𝑜𝑡𝑎𝑙𝑓𝑖𝑛𝑎𝑙 = 𝜎𝑜 + ∆𝜎𝑧 

𝑢𝑓𝑖𝑛𝑎𝑙 = 𝑢𝑜 + ∆𝜎𝑧 

𝜎𝑒𝑓𝑓𝑒𝑓𝑖𝑛𝑎𝑙
` = 𝜎𝑜 − 𝑢𝑜 

 

𝑨𝒕 𝒕 = ∞  ∆𝒖 = 𝒖𝒆 = 𝟎 

 

𝜎𝑡𝑜𝑡𝑎𝑙𝑓𝑖𝑛𝑎𝑙 = 𝜎𝑜 + ∆𝜎𝑧 

𝑢𝑓𝑖𝑛𝑎𝑙 = 𝑢𝑜 

𝜎𝑒𝑓𝑓𝑒𝑓𝑖𝑛𝑎𝑙
` = 𝜎𝑜 + ∆𝜎𝑧 − 𝑢𝑜 

 

𝑂. 𝐶. 𝑅 =
 𝜎𝑃

`

 𝜎𝑜
`
   

             𝝈𝑷
` =  𝝈𝒐

`Normally Consolidation Clay (O.C.R) = 1- 

                   𝝈𝑷
` <  𝝈𝒐

`Under Consolidation Clay (O.C.R) < 1- 

                    𝝈𝑷
` >  𝝈𝒐

` Over Consolidation Clay (O.C.R) > 1- 

 

1. 𝑆𝑓 = 𝐻𝑂

∆𝑒

(1 + 𝑒0) 
 

𝑆𝑓 = 𝑚𝑣𝐻𝑂∆𝜎𝑧  

  

 

2. 𝑆𝑓 =
𝑐𝑐

(1 + 𝑒0) 
𝐻𝑂𝐿𝑜𝑔 (

𝜎𝑓
`

𝜎𝑜
`
)  

 𝜎𝑃
` <  𝜎𝑜

` <  𝜎𝑓
`      𝑂. 𝐶. 𝑅 ≤ 1  

 

 

 

3. 𝑆𝑓 =
𝑐𝑟

(1 + 𝑒0) 
𝐻𝑂𝐿𝑜𝑔 (

𝜎𝑓
`

𝜎𝑜
`
)  

 𝜎𝑜
` <  𝜎𝑓

` <  𝜎𝑃
`      𝑂. 𝐶. 𝑅 > 1 

 

 
4. 𝑆𝑓 =

𝑐𝑟

(1 + 𝑒0) 
𝐻𝑂𝐿𝑜𝑔 (

𝜎𝑃
`

𝜎𝑜
`
) +

𝑐𝑐

(1 + 𝑒0) 
𝐻𝑂𝐿𝑜𝑔 (

𝜎𝑓
`

𝜎𝑃
`
)  

 𝜎𝑜
` <  𝜎𝑃

` <  𝜎𝑓
`      𝑂. 𝐶. 𝑅 > 1 

 

 

𝑈𝑎𝑣𝑔 =
𝑆𝑐

𝑆𝑓
 

𝑈𝑧 = 1 −
𝑢𝑒

∆𝜎𝑧 = 𝑢𝑖
  

𝑡 = 0         𝑈𝑧 = 0  

 𝑡 = ∞      𝑈𝑧 = 1  

 

𝜕𝑢𝑒

𝜕𝑡
= 𝑐𝑣

𝜕2𝑢𝑒

𝜕𝑧2
 

𝑇𝑣 =
𝑐𝑣 𝑡

𝑑𝑟2
 

𝑼𝒂𝒗𝒈 = √
4𝑇𝑣

𝜋
 

0 ≤ 𝑇𝑣 ≤ 0.197 

𝑼𝒂𝒗𝒈 = 1 −
8

𝜋2
𝑒

−𝜋2𝑇𝑣
4  

𝑻𝒗 =
𝜋

4
𝑼𝒂𝒗𝒈

2
 

𝑻𝒗 = −0.933𝐿𝑜𝑔(1 − 𝑈) − 0.085 

𝑇𝑣 > 0.197 

𝑈 ≤ 0.60 

𝑈 > 0.60 

𝑲 = 𝒄𝒗𝒎𝒗𝜸𝒘 

𝑆𝑓 =
𝑐𝑟

(1 + 𝑒0) 
𝐻𝑂𝐿𝑜𝑔(

𝜎𝑓
`

𝜎𝑜
`
) = −𝑣𝑒  𝜎𝑜

` >  𝜎𝑓
` 

  

 

∆𝜎𝑧 =
1

6
(∆𝜎𝑧𝑡𝑜𝑝 + 4∆𝜎𝑧𝑚𝑖𝑑 + ∆𝜎𝑧𝑏𝑜𝑡𝑡𝑜𝑚) 

 𝜎𝑜
` = γ`ℎ                𝜎𝑓

` = 𝜎𝑜
` + ∆σ𝑧   

h: The distance from the surface of the 

soil in the middle of the clay layer. 

Ho :Thick layer clay   





𝜎 

∅ 

𝜏𝑚𝑎𝑥 

∅ 

𝒄 
𝜽 

𝝈𝟑 𝑹 𝑹 𝝈𝟏 

𝝈 𝒏𝒐𝒓𝒎𝒂𝒍 𝒔𝒕𝒓𝒆𝒔𝒔 

1 3  

2 

/ 
 𝜎 / − 𝜎 

𝑅𝑎𝑑𝑢𝑖𝑠 = 

1 3  

2 

/ 
 𝜎 / + 𝜎 

𝐶𝑒𝑛𝑡𝑒𝑟 = 

Direct shear test (Shear box test). 

Function of effective stress 

𝑁𝑜𝑟𝑚𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 

∆𝑡 
𝑆𝑙𝑜𝑝𝑒  = 𝐸𝑠 = = 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑜𝑓 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 

∆𝐷 Residual Or ultimate 

Peak 
𝑁𝑜𝑟𝑚𝑎𝑙 𝑓𝑜𝑟𝑐𝑒(𝜎) = 

𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 
Over Consolidated Clay 

Dense Sand 

Shear force(τ) = 
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑆ℎ𝑒𝑎𝑟 𝑓𝑜𝑟𝑐𝑒 

𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 
𝜏𝑓 

𝜏𝑓 
Loose Sand Or 

Normal Consolidated Clay 

15% 𝑺𝒉𝒆𝒂𝒓 𝑫𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 

Over Consolidated Clay Or Dense Sand 

Loose Sand 

𝑺𝒉𝒆𝒂𝒓 𝑫𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 Dense Sand 

Normal Consolidated Clay Or Loose Sand 

𝑺𝒉𝒆𝒂𝒓 𝑫𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 

Over Consolidated Clay peak C/ = O && ∅ = 𝟎 

Over Consolidated Clay Residual C/ = O 

𝜏 = 𝜎/ × 𝑡𝑎𝑛(∅/) + 𝐶/ 

1 3 2 
2 2 1 3 𝜎 = 𝜎 𝑡𝑎𝑛2 (45 + ) + 2𝐶 tan (45 + ) 

𝐶 𝑐𝑜𝑡(∅) +
 1 

(𝜎 + 𝜎 ) 

∅ ∅ 1 3 2 sin(∅) = 

1 
 

 1 
(𝜎 − 𝜎 ) 

1 
𝜎𝑓 = 

2 
(𝜎1 + 𝜎3) + 

2 
(𝜎1 − 𝜎3) cos(2𝜃) 

1 
𝜏𝑓 = 

2 
(𝜎1 − 𝜎3)sin(2𝜃) 

MR 

𝝉: 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑜𝑖𝑙 

𝑪: 𝑐𝑜ℎ𝑒𝑠𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

∅: 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

𝝈: 𝑡𝑜𝑡𝑎𝑙 𝑛𝑜𝑟𝑚𝑎𝑙 𝑠𝑡𝑟𝑒𝑠𝑠 

𝑜𝑛 𝑡ℎ𝑒 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑝𝑙𝑎𝑛𝑒 

Sandy Soil Or 

Normal Consolidated Clay  

 
 
 

Clayey Soil 

 ∅: 0    𝜏  = 𝐶 

 
 
 
 
 
 
 
 
 

 
𝝉𝒇 

 
 
 
 
 
 
 
 
 

𝝈𝒇 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝜏𝑓 = 𝐶 + 𝜎𝑓 × 𝑡𝑎𝑛(∅) 

𝜏 

𝑪 

𝜎 

𝜏 

  ∅  

𝜎 

 𝐶 𝑎𝑛𝑑 ∅ 𝑠ℎ𝑒𝑎𝑟 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟  

𝝈𝒗 𝑶𝒓 𝝈𝟏 
Failure plane 

Major principle plane 

Minor principle stress 

𝜶 
𝜽 𝝈𝒉 𝑶𝒓 𝝈𝟑 

Minor principle plane 

 
Major principle stress 𝟐 

∅ 
𝜽 = + 𝟒𝟓 

𝑪 = 𝑪/ 𝒂𝒏𝒅 ∅ = ∅/𝒂𝒏𝒅 𝝈 = 𝝈/ − 𝑼 = 𝝈/ − 𝟎 = 𝝈/ 

𝐶: 0 𝜏𝑓 = 𝑓 × 𝑡𝑎𝑛(∅) 
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𝑽
𝒐

𝒊𝒅
 𝒓

𝒂
𝒕𝒊

𝒐
 

𝝉 
𝒔𝒉

𝒆
𝒂

𝒓
 𝒔

𝒕𝒓
𝒆

𝒏
𝒈

𝒕𝒉
 

𝝉
 𝒔

𝒉
𝒆

𝒂
𝒓

 𝒔
𝒕𝒓

𝒆
𝒏

𝒈
𝒕𝒉

 



σ3
/ = σ3 − 𝑈𝑓 

σ3
/ = σ3 − 𝑈𝐶(0) 

𝜎1
/ = σ3 + ∆𝜎𝑑 − 𝑈𝑓 

𝑆 = 100% ∅ = 0 , 𝐶 = 𝐶𝑚𝑎𝑥 

− 𝜎 / 

) − 45) 
   1  (𝐼) 1  (𝐼𝐼) 

𝜎3
/

(𝐼)  
− 𝜎3

/
(𝐼𝐼) 

0.5 
𝜎 / 

∅ = 2 (𝑡𝑎𝑛−1 ( 

𝑷𝑰 𝒊𝒏 𝒑𝒆𝒓𝒄𝒆𝒏𝒕 = 0.11 + 0.0037𝑃𝐼 
 𝑆𝑈  

𝑃𝑂
/ 

 

Triaxle Test 

1. (CD) Or (S) Test. 
 

 

  

  
 
 

 

2. (CU) Or (R) Test. 

Function of effective stress 

Function of total stress 𝜏 = 𝜎 × 𝑡𝑎𝑛(∅) + 𝐶  

   
 

2. (UU) Or (Q) Test 

Function of total stress 𝜏 = 𝜎 × 𝑡𝑎𝑛(∅) + 𝐶  
 

 𝑆 < 100% ∅ > 0 , 𝐶 < 𝐶𝑚𝑎𝑥 

  
 

 Find C && ∅ 
Stage 1: Confinement Stage Stage 2: Shearing Stage 

 

Residual Or ultimate  
 

Over Consolidated Clay Or Dense Sand 

 
 
 

 
𝑨𝒙𝒊𝒂𝒍 𝑺𝒕𝒓𝒂𝒊𝒏 𝜺𝒂 

 

Normal Consolidated Clay Or Loose Sand 
 

 

 

𝑺𝒖 𝒇𝒐𝒓 𝑵𝑪 
 

 
 

 

Note for A Consolidated – Undrained triaxle test 

 
𝜏 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 

𝑞𝑢 
𝐶 = 

2 

SU = Undrained Shear Strength 

𝑆𝑢   =  𝑈𝑛𝑑𝑟𝑎𝑖𝑛𝑒𝑑 𝑆ℎ𝑒𝑎𝑟 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 
 

𝑃𝑜’  =   𝐼𝑛 𝑆𝑖𝑡𝑢 𝑜𝑣𝑒𝑟𝑏𝑢𝑟𝑑𝑒𝑛 𝑠𝑡𝑟𝑒𝑠𝑠 
 

𝑃𝐼 = 𝑝𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 

C 

 
 

𝜎3 = 0 

 
𝜎 𝑁𝑜𝑟𝑚𝑎𝑙 𝑆𝑡𝑟𝑒𝑠𝑠 

 

𝜎1 = 𝜎𝑓(𝑞𝑢) 

𝑂 
/ 𝑃 

𝑷𝑰 𝒊𝒏 𝒅𝒆𝒎𝒊𝒄𝒂𝒍 𝒂𝒏𝒅 > 𝟎. 𝟓 
 𝑆𝑈 1 

= 0.45(𝑃𝐼)2 

Find C/ && ∅/ && C && ∅ 

σ3
/ = σ3 − 𝑈𝑓 (0) σ3

/ = σ3 − 𝑈𝐶(0) 

Function of effective stress 

∆ℎ 
𝐴𝑥𝑖𝑎𝑙 𝑆𝑡𝑟𝑎𝑖𝑛 (𝜀𝑎) = 

ℎ
 

∆𝑉 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑆𝑡𝑟𝑎𝑖𝑛 (𝜀𝑉) = 

𝑉
 

Find C/ && ∅/ 

𝜏 = 𝜎/ × 𝑡𝑎𝑛(∅/) + 𝐶/ 

𝜎1
/ = σ3 + ∆𝜎𝑑 − 𝑈𝑓 (0) 

𝐴 = 
𝐴𝑂 

𝑓 (1 − 𝜀 ) 𝑎 

Peak 

∆𝜎𝑑 

∆𝜎 𝑑 

Stiff Clay 

Over Consolidated Clay 

Dense Sand 

Soft Clay 

Loose Sand Or 

Normal Consolidated Clay 

15% 
𝑨𝒙𝒊𝒂𝒍 𝑺𝒕𝒓𝒂𝒊𝒏 𝜺𝒂 

𝑨𝒙𝒊𝒂𝒍 𝑺𝒕𝒓𝒂𝒊𝒏 𝜺𝒂 

Over Consolidated Clay Or Dense Sand 

Normal Consolidated Clay Or Loose Sand 

𝑞𝑢 = 𝜎𝑓 = 
𝐴

 
𝑃𝑓 

𝑓 

𝑎 

𝐴𝑂 

(1 − 𝜀 ) 𝑓 𝐴 = 

∆ℎ 
(𝜀𝑎) = 

ℎ
 

𝐴 
𝜎1 

𝑜 

𝐴𝑓 

   

𝑵𝒐𝒓𝒎𝒂𝒍𝒍𝒚 𝒄𝒐𝒏𝒔𝒐𝒍𝒊𝒅𝒂𝒕𝒆𝒅 𝑪𝒍𝒂𝒚 
𝑃𝑂

/ (
 𝐶𝑢 )

 

𝑃𝑂
/ 

(𝑂. 𝐶. 𝑅)0.8 =
  𝑶𝒗𝒆𝒓 𝒄𝒐𝒏𝒔𝒐𝒍𝒊𝒅𝒂𝒕𝒆𝒅 𝑪𝒍𝒂𝒚  

(
 𝐶𝑢 )

 

 𝐶𝑢  
= (0.23 ± 0.04)(𝑂. 𝐶. 𝑅)0.5 

𝑃𝑂
/ 

∅ = O 

𝜎3 = 0 

σ3
/ = σ3 − 𝑈𝐶 

Uf = 

UC 

+∆u 

 
UC 

𝜎1
/ = σ3 + ∆𝜎𝑑 − 𝑈𝑓 σ3

/ = σ3 − 𝑈𝐶 

σ3
/ = σ3 − 𝑈𝐶(0) σ3

/ = σ3 − 𝑈𝑓 

𝜏 = 𝜎/ × 𝑡𝑎𝑛(∅/) + 𝐶/ 

 
UC = 0 

 
Uf  = 
∆u 

 
UC = 0 

 
Uf = 0 

σ3
/ = σ3 − 𝑈𝐶(0) 

∆
𝑢

 
𝝈

 𝑨
𝒙

𝒊𝒂
𝒍 

𝑺
𝒕𝒓

𝒆
𝒔𝒔
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