
EN380 Workshop #5 Solution
Fracture, Creep, and Crack Growth

Creep

Creep can also cause component failure through virtual strain. In a pre-tensioned member with a constrained

length, internal plastic deformation leads to relaxation of the stress in the member, and therefore, the holding

force that the member is exerting.

1. [5 pts] You are to analyze the closure bolts for the stainless steel (316L) chemical reactor vessel shown

below (left). To avoid galvanic corrosion once in contact with the vessel, the bolts are also to be made

of 316L. Throughout the design life, the 28 closure bolts must provide a minimum combined force of

750,000 lbf to maintain an adequate seal for the central closure head. If the bolts are initially torqued

to a stress, σ0, of 55 ksi, what is the service life of the bolts if you apply a factor of safety of 1.5 to

the allowable strain (ε) of the bolts? The creep performance of 316L at the application temperature

(1,100◦C) is shown below (right).

Ftotal = 750,000 lbf E316L = 2.75× 107 psi DBolt = 1.75 in σ0 = 55 ksi F.S.∆ε = 1.5

(a) [2 pts] What is the minimum required final stress (σf ) in each bolt? Note: Do not apply F.S.∆ε

yet.

28 bolts, Dbolt = 1.75 in, Ftotal = 750,000 lbf

σfinal =
Ftotal

Abolt ·#bolts
=

750,000 lbf

28 bolts · π·(1.75 in)2

4

= 11.136 ksi
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(b) [2 pts] What is the allowable change in the strain of each bolt,
[
in
in

]
, over the service life? (Use

E316L and the σ0 − σf ). Apply the F.S.∆ε to find your answer (this should reduce the allowable

∆ε).

∆εallow =
∆εfinal
F.S.∆ε

=
∆σ

E316L · F.S.∆ε
=

σ0 − σfinal
E316L · F.S.∆ε

=
(55 ksi− 11.136 ksi) · 103 psi

ksi

2.75× 107 psi · 1.5

∆εallow = 1.06× 10−3 in

in

(c) [1 pt] What is the allowable service life of the bolts based on this allowable change in strain?

Express your answer in [yr].

Enter the plot above with the ∆εallow calculated from part (c) to find Service Life = 6× 107 sec

S.L. = 6× 107 sec · 1

365 day
yr · 24 hr

day · 3600 sec
hr

= 1.903 yr
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Fracture

2. [2 pts] The below images depict two samples failed during tensile testing.

(a) [0.5 pt] Which figure, left or right, depicts a brittle fracture? right as flat fracture surface is

evident.

(b) [0.5pt] If both tests are performed on the same material (composition, microstructure, processing,

etc.), which figure, left or right, depicts a test performed at higher (vice lower) temperature?

left as T ↑ leads to more ductile fracture behavior (classic cup and cone geometry).

(c) [1pt]Qualitatively sketch and label your prediction for each material’s (both left and right) stress-

strain performance.
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3. [3pts] What is the largest total length (l) internal through crack, in [in], that a thick plate of aluminum

alloy 7178− T651 can support at:

KIC, 7178−T651 = 21 ksi
√
in σY, 7178−T651 = 82.7 ksi

Y = 1.0 (interior crack) KIC = Y σ0

√
π · a⇒ a =

(
KIC

Y ·σ0

)2

π

(a) [1.5 pts] an applied stress of 3
4 of the yield strength?

σ0 =
3

4
· σy =

3

4
· 82.7 ksi = 62.025 ksi

a =

(
21 ksi

√
in

1.0·62.025 ksi

)2

π
= 3.64× 10−2 in

l = 2a (interior crack) = 2 · 3.64× 10−2 in = 0.073 in

(b) [1.5 pts] an applied stress of 1
2 of the yield strength?

σ0 =
1

2
· σy =

1

2
· 82.7 ksi = 41.35 ksi

a =

(
21 ksi

√
in

1.0·41.35 ksi

)2

π
= 8.21× 10−2 in

l = 2a (interior crack) = 2 · 8.21× 10−2 in = 0.164 in

XC [1 pt] More Creep! The figure below demonstrates the creep performance of one material under

two different loading temperatures: 1,250◦C and 1,450◦C. Label these two curves with their appli-

cation temperature. As temperature becomes more elevated, material deformation due to creep is

accelerated.
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