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FORMULAE – LECTURE 6 

Critical State Concept 

Specific volume 𝑣𝑣 = 1 + 𝑒𝑒 

Over-consolidation ratio 𝑂𝑂𝑂𝑂𝑂𝑂 =
𝑝𝑝0′

𝑝𝑝′
 

Normal compression line 
(NCL) in 𝑣𝑣 − ln(𝑝𝑝′) plane 𝑣𝑣 = 𝑁𝑁 − 𝜆𝜆 ⋅ ln (𝑝𝑝′) 

Unloading-reloading line 
(URL) in 𝑣𝑣 − ln(𝑝𝑝′) plane 𝑣𝑣 = 𝑣𝑣𝑘𝑘 − 𝜅𝜅 ⋅ ln (𝑝𝑝′) 

Critical state line (CSL) in 
𝑞𝑞 − 𝑝𝑝′ plane 𝑞𝑞 = 𝑀𝑀 ⋅ 𝑝𝑝′ 

CSL in 𝑣𝑣 − ln(𝑝𝑝′) plane 𝑣𝑣 = Γ − 𝜆𝜆 ⋅ ln (𝑝𝑝′) 

Peak shear strength 
envelope in 𝑞𝑞 − 𝑝𝑝′ plane 𝑞𝑞 = 𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑀𝑀𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ⋅ 𝑝𝑝′ 

Peak shear strength 
envelope in 𝜏𝜏 − 𝜎𝜎𝑛𝑛′  plane 𝜏𝜏 = 𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝′ + 𝜎𝜎𝑛𝑛′ ⋅ tan�𝜑𝜑𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝′ � 

Peak shear strength angle 𝜑𝜑𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝′ = sin−1 �
3 ⋅ 𝑀𝑀𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

6 + 𝑀𝑀𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
� 

Peak intercept cohesion 𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝′ =
𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑀𝑀𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

⋅ tan�𝜑𝜑𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝′ � 

CSL in 𝜏𝜏 − 𝜎𝜎𝑛𝑛′  plane 𝜏𝜏 = 𝜎𝜎𝑛𝑛′ ⋅ tan(𝜑𝜑𝑐𝑐𝑐𝑐′ ) 

Critical shear strength 
angle 𝜑𝜑𝑐𝑐𝑐𝑐′ = sin−1 �

3 ⋅ 𝑀𝑀
6 + 𝑀𝑀

� 

 
 


