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Preface
This summary of the materials course is much shorter than any others that I’ve written because
this is just the equations from each chapter, The content itself can be found everywhere but
for the purposes of the exam, you will need to know all of these equations. Best of luck. As
always you can find the most up to date version of this summary on my website: alanrh.com

Alan Hanrahan
Delft, January 19, 2021

ii



Contents
Preface ii

1 Elastic Stiffness, and Weight 1

2 Stiffness­Limited Design 2

3 Beyond Elasticity 4

4 Strength­Limited Design 5

5 Fracture and Fracture Toughness 7

6 Cyclic Loading and Fatigue Failure 8

7 Fracture­ and Fatigue­Limited Design 9

8 Materials and Heat 10

9 Diffusion and Creep 11

10 Durability 12





1
Elastic Stiffness, and Weight

This a list of all of the equations you should know for the exam. Yes, there are a lot of them.
This might not even be the list of the equations you need to know, but for the 2021 exam these
are what you need to know:

𝜎 = 𝐹
𝐴 (1.1)

Stress is force per unit area.

𝜏 = 𝐹𝑠
𝐴 (1.2)

Shear force.

𝜀 = 𝛿𝐿
𝐿0

(1.3)

Strain is percentage change in length

tan 𝛾 = 𝑤
𝐿0
≈ 𝛾 (1.4)

Shear strain, 𝑤 being the distance sheared

Δ = 𝛿𝑉
𝑉 (1.5)

𝜎 = 𝐸𝜀 (1.6)

𝜏 = 𝐺𝛾 (1.7)

𝑝 = 𝑘Δ (1.8)

𝜈 = −𝜀𝑡𝜀 (1.9)

Poisson’s ratio of transverse to longitudinal strain

𝐺 = 𝐸
2(1 + 𝜈) (1.10)

𝐾 = 𝐸
3(1 − 2𝜈) (1.11)

𝜀1 =
𝜎1
𝐸 , 𝜀2 = 𝜀3 = −𝜈𝜀1 =

𝜈𝜎
𝐸 (1.12)
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2 1. Elastic Stiffness, and Weight

𝜀1 =
1
𝐸 (𝜎1 − 𝜈𝜎2 − 𝜈𝜎3) (1.13)

𝜎1
𝜀1
= 𝐸
(1 − 𝜈2) (1.14)

For a cube confined by two walls.

𝑑𝑊 = 𝐹 ⋅ 𝑑𝐿
𝐴 ⋅ 𝐿 = 𝜎𝑑𝜀 (1.15)

𝑊 = ∫
𝜎∗

0
𝜎𝑑𝜀 = ∫

𝜎∗

0

𝜎𝑑𝜎
𝐸 = 1

2
(𝜎∗)2
𝐸 (1.16)

The work done per unit volume as the stress is raised from zero to a final value 𝜎∗ is the area
under the stress–strain curve.

𝜀𝑇 = 𝛼Δ𝑇 (1.17)

Thermal strain is a linear relationship

𝑆 = 𝐹
𝛿 (1.18)

𝜎 = 𝑆
𝑎0
𝜀 (1.19)

𝐸 = 𝑆
𝑎0

(1.20)

𝜌 = 𝑓𝜌𝐴 + (1 − 𝑓) 𝜌𝐵 (1.21)

𝜌 = 𝑓𝜌𝑟 + (1 − 𝑓) 𝜌𝑚 (1.22)

𝐸𝑈 = 𝑓𝐸𝑟 + (1 − 𝑓)𝐸𝑚 (1.23)

𝐸𝐿 =
𝐸𝑚𝐸𝑟

𝑓𝐸𝑚 + (1 − 𝑓)𝐸𝑟
(1.24)

𝜌
𝜌𝑠
= 3( 𝑡𝐿)

2
(1.25)

𝐸
𝐸𝑠
= ( 𝜌𝜌𝑠

)
2

(1.26)

𝑓 = 𝑣
𝜆 (1.27)

𝑣1 = √
𝐸
𝜌 (1.28)
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𝑣𝐵 = √
𝐸(1 − 𝜈)

(1 − 𝜈 − 2𝜈2)𝜌 (1.29)

𝑣||
𝑣�
= √

𝐸||
𝐸�

(1.30)

𝑍 = √𝜌𝐸 (1.31)

𝑅 = (𝑍2 − 𝑍1𝑍2 + 𝑍1
)
2

(1.32)

𝑇 = 1 − 𝑅 = 4𝑍1𝑍2
(𝑍2 + 𝑍1)2

(1.33)

𝐼 ∝ √ 𝐸𝜌3 (1.34)



2
Stiffness­Limited Design

𝛿 = 𝐿0𝐹
𝐴𝐸 (2.1)

𝑆 = 𝐹
𝛿 =

𝐴𝐸
𝐿0

(2.2)

𝜅 = 𝑑2𝑢
𝑑𝑥2 =

1
𝑅 (2.3)

𝜎
𝛾 =

𝑀
𝐼 = 𝐸𝜅 = 𝐸

𝑑2𝑢
𝑑𝑥2 (2.4)

𝐼 = ∫
section

𝑦2𝑏(𝑦) 𝑑𝑦 (2.5)

𝑆 = 𝐹
𝛿 =

𝐶1𝐸𝐼
𝐿3 (2.6)

𝑡𝑎𝑢
𝑟 = 𝑇

𝐾 (2.7)

𝐽 = ∫
section

2𝜋𝑟3 𝑑𝑟 (2.8)

𝑡𝑎𝑢
𝑟 = 𝑇

𝐾 =
𝐺𝜃
𝐿 (2.9)

𝐹crit =
𝑛2𝜋2𝐸𝐼
𝐿2 (2.10)

Minimising weight, light, stiff, tie­rod

𝑚 = 𝐴𝐿0𝜌

𝑆∗ = 𝐴𝐸
𝐿0

𝑚 = 𝑆∗𝐿20 (
𝜌
𝐸)

⟹ (𝜌𝐸)min

𝑀𝑡 =
𝐸
𝜌 (2.11)
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3

Minimising weight, light, stiff, panel

𝑚 = 𝐴𝐿𝜌 = 𝑏ℎ𝐿𝜌

𝑆∗ = 𝐶1𝐸𝐼
𝐿3

𝐼 = 𝑏ℎ3
12

𝑚 = (12𝑆
∗

𝐶1𝑏
)
1
3
(𝑏𝐿2) ( 𝜌

𝐸
1
3
)

𝑀𝑝 =
𝐸
1
3

𝜌 (2.12)

Minimising weight, light, stiff, beam

𝑚 = 𝐴𝐿𝜌 = 𝑏2𝐿𝜌

𝑆∗ = 𝐶1𝐸𝐼
𝐿3

𝐼 = 𝑏4
12 =

𝐴2
12

𝑚 = (12𝑆
∗𝐿3
𝐶1

)
1
2
(𝐿) ( 𝜌

𝐸
1
2
)

𝑀𝑏 =
𝐸
1
2

𝜌 (2.13)

Φ = 𝐼
𝐼square

(2.14)

log(𝐸) = 3 log(𝜌) + log(𝐶) (2.15)



3
Beyond Elasticity

𝜀𝑝𝑙 = 𝜀𝑡𝑜𝑡 −
𝜎
𝐸 (3.1)

𝑊𝑝𝑙 = ∫
𝜀𝑓

0
𝜎 𝑑𝜀𝑝𝑙 (3.2)

𝐻 = 𝐹
𝐴 (3.3)

𝜎𝑡 =
𝐹
𝐴 (3.4)

Volume = 𝐴0𝐿0 = 𝐴𝐿 (3.5)

𝜎𝑛 =
𝐹
𝐴0
= 𝐹
𝐴 (

𝐿0
𝐿 ) (3.6)

𝜀𝑛 =
𝛿𝐿
𝐿 = (𝐿 − 𝐿0𝐿) ) = ( 𝐿𝐿0

) − 1 (3.7)

𝜎𝑡 = 𝜎𝑛(1 + 𝜀𝑛) (3.8)

𝜀𝑡 = ∫
𝐿

𝐿0

𝑑𝐿
𝐿 = ln( 𝐿𝐿0

) = ln (1 + 𝜀𝑛) (3.9)

𝜏 = 𝛼𝐺𝑏𝐿 (3.10)

𝜏𝑠𝑠 = 𝛼𝐺𝑐
1
2 (3.11)

𝜏𝑝𝑝𝑡 =
2𝑇
𝑏𝐿 =

𝐺𝑏
𝐿 (3.12)

𝜏𝑤ℎ = 𝛼
𝐺𝑏
𝐿 = 𝛼𝐺𝑏√𝜌𝑑 (3.13)

𝜏𝑔𝑏 =
𝑘𝑝
√𝐷

(3.14)

𝜏𝑦 = 𝜏𝑖 + 𝜏𝑠𝑠 + 𝜏𝑝𝑝𝑡 + 𝜏𝑤ℎ + 𝜏𝑔𝑏 (3.15)
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4
Strength­Limited Design
𝜎
𝑦 =

𝑀
𝐼 = 𝐸𝜅 (4.1)

𝜎𝑚𝑎𝑥 =
𝑀𝑦𝑚
𝐼 = 𝑀

𝑍𝑒
(4.2)

𝑀𝑓 = ∫
section

𝑏(𝑦)|𝑦|𝜎𝑦 𝑑𝑦 = 𝑍𝑝𝜎𝑦 (4.3)

𝐾𝑠𝑐 =
𝜎𝑚𝑎𝑥
𝜎𝑛𝑜𝑚

= 1 + 𝛼 ( 𝑐𝜌𝑠𝑐
)
1
2

(4.4)

Minimising weight; light, strong, tie rod

𝑚 = 𝐴𝐿𝜌
𝐹
𝐴 ≤ 𝜎𝑦

𝑚 ≥ 𝐹𝐿 ( 𝜌𝜎𝑦
)

𝑀𝑡 =
𝜎𝑦
𝜌 (4.5)

Minimising weight; light, strong, panel

𝑚 = 𝐴𝐿𝜌 = 𝑏ℎ𝐿𝜌

𝑀 ≤ 𝑍𝑒𝜎𝑦 =
𝐼
𝑦𝑚
𝜎𝑦 =

𝑏ℎ2
6 𝜎𝑦

𝑚 = 𝑏𝐿𝜌 ( 6𝑀𝑏𝜎𝑦
)
1
2

𝑀𝑝 =
𝜎
1
2𝑦
𝜌 (4.6)

Minimising weight; light, strong, panel

𝑚 = 𝐴𝐿𝜌 = 𝑏2𝐿𝜌

𝐹𝑓 = 𝐶2
𝑍𝜎𝑓
𝐿
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6 4. Strength­Limited Design

𝑚 = (
6√𝛼𝐹𝑓
𝐶2𝐿2

)
2
3
𝐿3 [ 𝜌

𝜎
2
3𝑦

]

𝑀𝑏 =
𝜎
2
3𝑦
𝜌 (4.7)



5
Fracture and Fracture Toughness

𝜎local = 𝜎 (1 + 𝑌√
𝜋𝑐
2𝜋𝑟) (5.1)

𝜎local = 𝑌
𝜎√𝜋𝑐
√2𝜋𝑟

(5.2)

𝐾1 = 𝑌𝜎√𝜋𝑐 (5.3)

𝐾1𝑐 = 𝐾1 = 𝑌𝜎∗√𝜋𝑐 ≈ 𝜎∗√𝜋𝑐 (5.4)

𝐺 ≥ 2𝛾 (5.5)

𝐾1𝑐 = √𝐸𝐺𝑐 (5.6)

𝑟𝑦 = 2(
𝜎2𝜋𝑐
2𝜎2𝑦

) = 𝐾21
𝜋𝜎2𝑦

(5.7)

𝜎𝑓 =
𝐾1𝑐
√𝜋𝑐

(5.8)

𝑐crit =
𝐾21𝑐
𝜋𝜎2𝑦

(5.9)
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6
Cyclic Loading and Fatigue Failure

𝜎𝑎 =
Δ𝜎
2 =

𝜎max−𝜎min

2 (6.1)

𝜎𝑚 =
𝜎max+𝜎min

2 (6.2)

𝑅 = 𝜎min
𝜎max

(6.3)

Δ𝜎𝑁𝑏𝑓 = 𝐶1 (6.4)

Δ𝜀 = Δ𝜎
𝐸 = 𝐶1/𝐸

𝑁𝑏𝑓
(6.5)

Δ𝜎𝜎𝑚 = Δ𝜎𝜎0 (1 −
𝜎𝑚
𝜎𝑡𝑠
) (6.6)

𝑛

∑
𝑖=1

𝑁𝑖
𝑁𝑓,𝑖

= 1 (6.7)

Δ𝐾 = 𝐾𝑚𝑎𝑥 − 𝐾𝑚𝑖𝑛 = Δ𝜎√𝜋𝑐 (6.8)

𝑑𝑐
𝑑𝑁 = 𝐴Δ𝐾𝑚 (6.9)
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7
Fracture­ and Fatigue­Limited Design

𝑀1 = 𝐾1𝑐 (7.1)

𝑈𝑒 =
1
2𝜎𝜀 =

1
2
𝜎2
𝐸

𝑈max
𝑒 ∝ 𝑌2

2𝜋𝑐 (
𝐾21𝑐
𝐸 )

𝑀2 =
𝐾21𝑐
𝐸 = 𝐺𝑐 (7.2)

𝜀 = 𝐶
√𝜋𝑐max

𝐾1𝑐
𝐸

𝑀3 =
𝐾1𝑐
𝐸 (7.3)
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8
Materials and Heat

𝛼 = 1
𝐿
𝑑𝐿
𝑑𝑇 (8.1)

𝑞 = −𝜆𝑑𝑇𝑑𝑥 = 𝜆
(𝑇1 − 𝑇2
𝑥 (8.2)

𝑎 = 𝜆
𝐶𝑝

(8.3)

𝜌𝐶𝑝 ≈ 3 × 106 [𝐽𝑚−3𝐾] (8.4)

𝛼 ≈ 1.6 × 10−3
𝐸 (8.5)

𝜎 = 𝐸
(1 − 𝜈)𝛼Δ𝑇 (8.6)
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9
Diffusion and Creep

𝑃 ≈ 𝑃0 (1 + 𝛽
𝑇
𝑇𝑚
) (9.1)

̇𝜀 = 𝜎
3𝜂 (9.2)

̇𝜀𝑠𝑠 = 𝐵𝜎𝑛 (9.3)

̇𝜀𝑠𝑠 = 𝐶𝑒−
𝑄𝑐
𝑅𝑇 (9.4)

̇𝜀𝑠𝑠 = ̇𝜀0 (
𝜎
𝜎0
)
𝑛
𝑒−

𝑄𝑐
𝑅𝑇 (9.5)

𝐽 = −𝐷𝑑𝑐𝑑𝑥 (9.6)

𝐷 = 𝐷0𝑒−
𝑄𝑑
𝑅𝑇 (9.7)

̇𝜀𝑠𝑠 = 𝐴𝜎𝑛𝑒−
𝑄𝑐
𝑅𝑇 (9.8)
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10
Durability

𝑥M+ 𝑦O = M𝑥O𝑦 + energy (10.1)

𝑑(Δ𝑚)
𝑑𝑡 ⇒ Δ𝑚 = 𝑘𝑙𝑡 (10.2)

𝑑(Δ𝑚)
𝑑𝑡 ∝ 1

Δ𝑚 ⇒ Δ𝑚 = 𝑘𝑝𝑡 (10.3)

𝑘𝑝 ∝ 𝐷0𝐶0𝑒−
𝑄𝑑
𝑅𝑇 (10.4)

𝑝𝐻 = − log10[H
+] (10.5)

Fe → Fe2+ + 2e− (10.6)

Cu2+ + 2e− → Cu (10.7)

H2O+O+ 2e− ↔ 2OH− (10.8)

12


	Preface
	Elastic Stiffness, and Weight
	Stiffness-Limited Design
	Beyond Elasticity
	Strength-Limited Design
	Fracture and Fracture Toughness
	Cyclic Loading and Fatigue Failure
	Fracture- and Fatigue-Limited Design
	Materials and Heat
	Diffusion and Creep
	Durability

