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𝜎 𝜀
𝑃𝑝

 



𝜎𝑖𝑗 =
𝐸𝑣

(1 + 𝑣)(1 − 2𝑣)
𝜀𝑣𝑜𝑙𝛿𝑖𝑗 +

𝐸

1 + 𝑣
𝜀𝑖𝑗 + 𝛼𝑃𝑝𝛿𝑖𝑗 +

𝐸

1 − 2𝑣
𝛼𝑇𝛥𝑇𝛿𝑖𝑗

𝐸 𝑣 𝛼 𝛼𝑇

𝛥𝑇

𝐸𝜀𝐻 =  𝛥𝜎𝐻 − 𝑣(𝜎ℎ + 𝜎𝑣) − (1 − 2𝑣)𝛼𝛥𝑃𝑝 − 𝐸𝛼𝑇𝛥𝑇

𝐸𝜀ℎ =  𝛥𝜎ℎ − 𝑣(𝜎𝐻 + 𝜎𝑣) − (1 − 2𝑣)𝛼𝛥𝑃𝑝 − 𝐸𝛼𝑇𝛥𝑇

𝐸𝜀𝑣 =  𝛥𝜎𝑣 − 𝑣(𝜎𝐻 + 𝜎ℎ) − (1 − 2𝑣)𝛼𝛥𝑃𝑝 − 𝐸𝛼𝑇𝛥𝑇

𝜀𝐻 =  𝜀ℎ = 0

𝛥𝜎𝐻 = 𝛥𝜎ℎ =
1 − 2𝑣

1 − 𝑣
𝛼𝛥𝑃𝑝 +

𝐻(1 − 2𝑣)(1 + 𝑣)

(1 − 𝑣)2
𝛼𝑇𝛥𝑇

𝜀𝑣 = −
1

𝐻
𝛼𝛥𝑃𝑝 −

(𝑣 + 1)

(1 − 𝑣)
𝛼𝑇𝛥𝑇

𝛥𝜎𝑣 = 0

𝐻 𝐻

𝐻 𝑣 𝐸

𝐻 =  
𝐸

(1 − 2𝑣)(1 + 𝑣)

𝛼𝑇

𝐻



𝐸

α𝑇

(𝛼𝑇) (𝐸)

𝛼𝑇 =
𝑎𝑇

𝐻

𝑎𝑇

𝛼𝑇

𝐻
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Δ𝜎𝑖𝑗 =
𝐸

(1 + 𝜈)
 [Δ𝜀𝑖𝑗 +

𝜈

1 − 2𝜈
Δ𝜀𝑘𝑘𝛿𝑖𝑗] − 𝛼Δ𝑃𝛿𝑖𝑗 −

𝐸

1 − 2𝜈
𝛼𝑇𝛥𝑇𝛿𝑖𝑗

𝜀�̅�𝑗 = (
𝜆1 0 0
0 0 0
0 0 𝜆3

) 

𝜆1,3 =
𝜀�̅�𝑧

2
 (1 ± √1 + Γ2)

± ∶  {
− 𝑓𝑜𝑟 𝜆1

+ 𝑓𝑜𝑟 𝜆3

Γ

𝜎1 

𝜎3

Δ𝜎1,3 =  
𝐸

(1 + 𝜈)
 [

1 ± (1 − 2ν)√1 + Γ2

2(1 − 2ν)
] 𝜀�̅�𝑧 − (𝛼Δ𝑃 +

𝐸

1 − 2𝜈
𝛼𝑇𝛥𝑇)

𝜀�̅�𝑧 =
1

𝐸

(1 + 𝜈)(1 − 2𝜈)

1 − 𝜈
𝛼Δ𝑃 +

1 + 𝜈

1 − 𝜈
𝛼𝑇Δ𝑇

 



𝛼Δ𝑃 +
𝐸

1 − 2𝜈
𝛼𝑇𝛥𝑇 =

𝜀�̅�𝑧𝐸(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)

𝜀�̅�𝑧

Δ𝜎1,3 =  
𝐸

(1 + 𝜈)
 [

1 ± (1 − 2ν)√1 + Γ2

2(1 − 2ν)
] 𝜀�̅�𝑧 −

𝜀�̅�𝑧𝐸(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)

Δ𝜎1,3 =  𝜀�̅�𝑧𝐸 {[
1 ± (1 − 2ν)√1 + Γ2

2(1 − 2ν)(1 + 𝜈)
]  −

(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)
}

Δ𝜏 =
1

2
 (Δ𝜎1 − Δ𝜎3)

Δ𝜎𝑛 =
1

2
 (Δ𝜎1 + Δ𝜎3)

Δ𝜏 =
1

2
 (𝜀�̅�𝑧𝐸 {[

1 − (1 − 2ν)√1 + Γ2

2(1 − 2ν)(1 + 𝜈)
]  −

(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)
}

− 𝜀�̅�𝑧𝐸 {[
1 + (1 − 2ν)√1 + Γ2

2(1 − 2ν)(1 + 𝜈)
] +

(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)
})

Δ𝜏 =
1

2
 (𝜀�̅�𝑧𝐸 [

1 − (1 − 2ν)√1 + Γ2

2(1 − 2ν)(1 + 𝜈)
] − 𝜀�̅�𝑧𝐸 [

1 + (1 − 2ν)√1 + Γ2

2(1 − 2ν)(1 + 𝜈)
])

Δ𝜏 = − 𝜀�̅�𝑧𝐸 
√1 + Γ2

2(1 + 𝜈)

Δ𝜏 = −√1 + Γ2𝛾𝐻𝜀�̅�𝑧

𝛾 =
1 − 2𝜈

2(1 − 𝜈)
 and 𝐻 =  

𝐸

(1 − 2𝑣)(1 + 𝑣)
 

Δ𝜎𝑛: 

Δ𝜎𝑛 =
1

2
 (𝜀�̅�𝑧𝐸 {[

1 − (1 − 2ν)√1 + Γ2

2(1 − 2ν)(1 + 𝜈)
]  −

(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)
}

+ 𝜀�̅�𝑧𝐸 {[
1 + (1 − 2ν)√1 + Γ2

2(1 − 2ν)(1 + 𝜈)
] −

(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)
})



 

Δ𝜎𝑛 =
1

2
 (𝜀�̅�𝑧𝐸 ([

2

2(1 − 2ν)(1 + 𝜈)
]  −

2(1 − 𝜈)

(1 − 2𝜈)(1 + 𝜈)
))

Δ𝜎𝑛 =  𝜀�̅�𝑧𝐸 ([
1

2(1 − 2ν)(1 + 𝜈)
]  −

2(1 − 𝜈)

2(1 − 2𝜈)(1 + 𝜈)
)

Δ𝜎𝑛 =  𝜀�̅�𝑧𝐸 (
−(1 − 2𝜈)

2(1 − 2𝜈)(1 + 𝜈)
)

Δ𝜎𝑛 = −
𝜀�̅�𝑧𝐸

2(1 + 𝜈)
 

Δ𝜎𝑛 =  −𝛾𝐻𝜀�̅�𝑧
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