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Strength
A stress state that the materials 
cannot sustain
Failure
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Stress path (stress state change)
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Stress path (stress state change)
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A stress state that the materials cannot sustain
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A stress state that the materials cannot sustain

Failure envelop
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3σ 1σ

nσ

nτ

(125,-43.3) (150,-50)

(175,-43.3)

(200,0)

(100,0)

何謂 Mohr-Coulomb failure criterion
Coulomb(1776) 提出剪力強度理論應用於粒狀材料

nfσ

nfσ

fτ

fτ
φστ tan⋅= nff

其精神為在某”特定”面上，其剪力強度與

與正向力成正比；即該面為 frictional bonds

Mohr (1882) 發現可以圓方程式表示材料

應力狀態(Mohr circle)，同時，發現材料

破壞時之摩爾圓將可為特定包絡線所包覆

其精神為在某特定 stress state，材料將破壞，實際上並未牽涉到破
壞面及破壞面上之剪力或正向力(Mohr envelop實際上為一曲線)
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若假設破壞準則符合摩爾庫倫破壞準則(直線破壞包絡線)
破壞面是哪一個?與水平面之夾角?

1σ

3σ
45+φ/2
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vσ

hσ

hσ

vσ

若假設破壞準則符合摩爾庫倫破壞準則(直線破壞包絡線)
破壞面是哪一個?與水平面之夾角?
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2
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觀察剪應變集中之面

兩面不相同，但一般相差不超過5°
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σ3 =   50kPa   σ1,f = 150kPa
σ3 = 150kPa   σ1,f = 450kPa
σ3 = 250kPa   σ1,f = 750kPa

α

p

q

HW5

Find:
Friction angle and
orientation of failure surface



1  Stress and infinitesimal strain

Topic 1   Stress 
Topic 2   Strain
Topic 3   Elastic constants
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 菲律賓海板塊與歐亞大陸板塊
聚合速率~8cm/year

1σ∆

3σ

3σ

nτ

nσ

Non-uniform
Displacement Field
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Change in Mechanical State
一個狀態到另一個狀態之變化

Displacement (position)

Strains (configuration)
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Displacement

t+1 years   S的位置改變了
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Displacement
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Displacement

思考：均勻位移場的意義為何？
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Displacement

剪力帶
非均勻位移場

Strain
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Displacement 非均勻位移場

1941-1954

Imperial Valley, California

Fix point
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Strains
1. 兩點間距離是不是改變了？
2. Configuration是不是改變了？

P Q長度變長了 (正向應變)
P Q與 P R 間夾角變小了 (剪應變)
ε = ( Pf Qf – Pi Qi ) / (Pi Qi )
γ = ∠ Qi Pi Ri - ∠ Qf Pf Rf

Ri, Rf
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 菲律賓海板塊與歐亞大陸板塊
聚合速率~8cm/year1σ∆

3σ

3σ

nτ

nσ
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What is strain
Totality of all changes in length of fibers of the material 
which pass through the point & changes in the angle 
between any pair of lines radiating from this point.

o

o
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ll −
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0n θθγ −=

l
loLinear strain

Shear strain θθo
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Two dimensional strain analysis

1σ

3σ
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Stress analysis

Strain analysis
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Two dimensional strain analysis
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Two dimensional strain analysis
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Two dimensional strain analysis
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Two dimensional strain analysis
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Two dimensional strain analysis
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Construct a Mohr circle for strain
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HW6

0015.0=yyε

0010yx .=ε

0010xy .−=ε

0025.0−=xxε
xxε

yyε

1. Plot Mohr’s circle for strains for 
this state.

2. Find the magnitudes and directions 
of the principal strains from the 
circle.

3. Find the maximum shear strain 
from the circle.
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Two dimensional strain analysis
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Two dimensional strain analysis
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Three dimensional strain analysis
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Three dimensional strain analysis
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