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Understanding the Stress-Strain Curve

1. Understanding the Stress-Strain Curve

The Uniaxial Tensile Test

Figure from [1]

Figure from [4]

Terminology

1 Proportionality Limit;

2 Elastic Limit;

3 Yield Point;

4 Ultimate Strength;

5 Fracture Point;

6 Elongation at Failure;

Ductile Fracture

Figure from [1]

Toughness, Resilience [5]
Strain Hardening [3]

Classifications

Brittle, Ductile

Non-dissipative: Elastic,
Hyper-elastic

Dissipative: Elastic-perfectly
plastic, Bi-linear
elastoplastic, etc.
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Understanding the Stress-Strain Curve Failure Mechanisms

1.1. Failure Mechanisms: Fracture
1. Understanding the Stress-Strain Curve

“Griffith Theory” of brittle
fracture

Theoretical fracture stress
∼ E

5
− E

30
(steel ∼ E

1000
)

Fracture occurs when
Estrain = Esurface

Crack propagates when
dEstrain

dL
=

dEsurface

dL

Ductile Fracture

Ductile Fracture [1]

Ductile vs Brittle Fracture [1]
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Understanding the Stress-Strain Curve Failure Mechanisms

1.1. Failure Mechanisms: Fatigue
1. Understanding the Stress-Strain Curve

..over 90% of mechanical failures are caused because of metal fatigue [6]...

Fatigue variables [3]

The S-n Diagram [3]

The De Havilland Comet [7]

A more recent example (2021 United Airlines
Boeing 777) [8]. [video]

Fatigue Crack Propagation: Beech
Marks

Figure from [9]
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Understanding the Stress-Strain Curve Failure Mechanisms

1.1. Failure Mechanisms: Creep
1. Understanding the Stress-Strain Curve

Constant stress applied over a
long time

High temperature
phenomenon (>∼ 30− 45% of
melting point)

Examples

Zinc Melts at ∼ 420◦ C
(Tcreep ∼ 145◦ C)

Lead Melts at ∼ 320◦ C
(Tcreep ∼ 114◦ C)

Tin Tcreep ∼ 80◦ C

Steel, AA Tcreep ∼ 400◦ C

Nickel Melts at ∼ 900◦ C

Super-Alloys

Creep curve [1]

Fundamentally related to grain
dislocation movement

Single crystal solutions:
Super-Alloys
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Materials Used in Aircrafts Metallic Alloys

2. Materials Used in Aircrafts
2.1. Metallic Alloys

Main Considerations

Strength-to-weight ratio

Stiffness

Toughness

Fatigue life

Thermal behavior (“Superalloys”)

Metallic Alloys/“Solutions”

Fe Alloys C, Ni, Co, Mo, Ti, Mn, Si,
S, P (C ↑, Ductility↓ )

Al Alloys Cu, Mg, Mn, Si, Fe, Zn,
Ni, Ti

Ti Alloys Al, V

Ni Superalloys Cr, Al

Stress strain curve of common metals [10]

Steel Alloys [1]

Aluminum Alloys [1]

Necessary Reading

Pages 353-359 in Megson [3].
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Introduction to Material Science Structure

3. Introduction to Material Science
3.1. Introduction to Material Science

Types of crystal structures in metals [11]

Crystal and Grain Structures [12].
“Polycrystallinity”

Dislocations and their “motion” under load

Figure from [11]
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Introduction to Material Science Phase Diagrams

3.2. Phase Diagrams
3. Introduction to Material Science

Mechanical properties are a direct consequence of microstructures, which are direct
consequences of thermal histories.

What is a phase diagram? [2]
The Copper-Nickel Phase
Diagram [2]

Equilibrium Cooling [2]Non-Equilibrium Cooling [2]

Mechanical Ramifications [2]
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Introduction to Material Science Phase Diagrams

3.2. Phase Diagrams: Eutectic Systems
3. Introduction to Material Science

The Lead-Tin System [2]

Solvus

Solidus

Liquidus

The Lead-Tin System [2]
Some Pictures [2]
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3.2. Phase Diagrams
3. Introduction to Material Science

The Iron Carbon System [2]The Al-Cu-Mg System (2024 AA) [13]
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