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What are P and A?

What are δ and L?
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Catalog
of

Chap.1

Normal Stresses and Strain 
正向應力與應變 

Mechanical Properties of Materials
材料變形性質

Elasticity and Plasticity
彈性與塑性 

Hooke’s Law and Poisson’s Ratio
線彈性變形性質

Shearing and Bearing Stress
剪應力與軸承應力

Allowable Stress
安全係數下的應力

材料行為從線彈性至
降伏應變、應變硬化、
頸縮 ( 受壓 ) 。

( 受拉 ) 會產生挫屈。
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Ultimate stress

Linear 
region

Perfect 
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yielding

Strain 
hardeni

ng

Necking 

O

Typical stress-strain relations for structural steel (not in scale)
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Mechanical
Properties
of Materials E the slope

Modulus of elasticity 
Young’s modulus

last point of linearity

beyond this→
permanent deformation

maximum 
engineering stress

材料行為從線彈性

至降伏應變、

應變硬化、頸縮。

structural behavior rather 

than material behavior
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Experimental Data Processing
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• Conduct experiment

• Record σ and ε
• Plot σ vs. ε

 
0 0

8.5E-06 154.1775

1.55E-05 295.2619

0.000023 427.9961

3.05E-05 598.0055

0.000038 719.8512

4.25E-05 831.543

0.00005 989.0605

5.55E-05 1118.121

0.000063 1265.551

6.95E-05 1429.215
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Mechanical
Properties
of Materials 

材料行為從線彈性

至降伏應變、

應變硬化、頸縮。
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Proportional limit

46000 psi

The point where the curve deviate from the linear path.
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Mechanical
Properties
of Materials 

定義 Proportional limit

線彈性區域的最大應力
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0.002

60000

Draw a line parallel to the linear part but offset by 0.002

The intersection with σ-ε curve gives the yield stress
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Mechanical
Properties
of Materials 

定義降伏應力。

不一定每一種材料都
有降伏平台。
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Structural steel  (in scale, yielding strain ~0.002)
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D

E

0.002
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Stress-strain diagram for other materials

其他不同材料的

受力行為
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Stress-strain diagram for other materials





A

0.002 offset

Aluminum alloy
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Mechanical
Properties
of Materials 

其他不同材料的

受力行為

鋁材沒有明顯的降伏平台
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Soft rubber

Hard rubber

0.1 or 10%

An elastic material

Rubber
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Mechanical
Properties
of Materials 

Stress-strain diagram for other materials

其他不同材料的

受力行為
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proportional limit

fracture stress

Brittle materials (e.g. pencil lead, cast iron, concrete, glass)
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Mechanical
Properties
of Materials 

其他不同材料的

受力行為
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• Ductile materials→ steel, aluminum, cooper
      proportional limits are very close to those in tension
      Initial (linear) regions of their stress-strain diagrams are about the same

• After yielding begins → different behavior 
• No Necking, instead, it bulges (even buckles)

Stress-strain curves in compression
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Mechanical
Properties
of Materials 

受壓受力行為與受拉不同

受拉頸縮相對於受壓挫屈
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