
EN380 Homework #10 Solution

Problems

1. A steel shaft (σUTS = 100 ksi) is loaded in a completely reversed loading cycle. How many load cycles

can the shaft undergo if:

(a) σmax = 95 ksi?

σmax
σUTS

=
95 ksi

100 ksi
= 0.95

σmax
σUTS

≥ 0.9⇒ Nfail ≤ 103

h

(b) σmax = 70 ksi?

σmax
σUTS

=
70 ksi

100 ksi
= 0.70

0.5 ≤ σmax
σUTS

≤ 0.9

⇒ Nfail lies in 103 and 106

As σmax is mid-way be-

tween 0.9 and 0.5 σUTS , so

Nfail should lie midway (on

a log scale) between 103 and

106.

Nfail = 104.5 = 31,622 cycles

(c) σmax = 40 ksi?

σmax
σUTS

=
40 ksi

100 ksi
= 0.40

σmax
σUTS

≤ 0.5⇒ Nfail =∞

2. A steel specimen has an ultimate tensile strength of 70 ksi. It is loaded at 63 ksi for 600 load cycles,

then 20 ksi for 10,000 load cycles, and finally 50 ksi for 5,000 load cycles. Will the structure fail or

survive all loading?

C =

k=3∑
i=1

ni
Ni
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k ni
σi

σUTS
Ni Ci = ni

ni

1 600 63 ksi
70 ksi = 0.9 103 600

1000 = 0.6

2 10,000 20 ksi
70 ksi = 0.286 ∞ 10,000

∞ = 0

3 5,000 50 ksi
70 ksi = 0.714 104.607 = 40,470 5,000

40,470 = 0.1235

C = 0.7235

C < 1 so fatigue failure is not expected and the structure should survive the loading.

3. An aluminum structure has an ultimate tensile strength of 90 ksi. At what stress do you expect the

structure to withstand an infinite number of cycles?

Aluiminum doesn’t have a non-zero endurance limit, σe′ ⇒ there is no stress low enough to attain an

infinite fatigue life.

4. List five reasons that make wood a good

engineering material.

• Easily fabricated

• Cheap / abundant

• Positively buoyant

• Energy absorbing

• Aesthetically pleasing

• Structural properties per unit weight (specific

properties) comparable with Aluminum and

Steel

5. List five drawbacks of wood as an engineering

material.

• Termites

• Marine Borers

• Rot

• Flammability!

• Imperfections (knots/warps)

• Aniosotropic - structural properties vary

greatly with direction (cross grain vs. with

the grain)
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6. What is the diffference between softwood and hardwood?

The major difference is the scale of the cellular structures. Hardwoods feature smaller cells than

softwoods and, as a result, are stronger/harder than softwoods.

7. Wood is anisotropic, meaning that its strength varies greatly with direction. In which direction is wood

strongest? (axial, tangential, or radial) Is wood stronger in tension or compression?

Axial strength is highest (by an order of manitude).

In tension (by a factor of ≈ 2).

8. List the five main components of concrete and indicate the approximate percent composition of each

component.

(a) Portland Cement (7− 15%)

(b) Water (14− 21%)

(c) Fine Aggregate (Sand) (24− 30%)

(d) Coarse Aggregate (31− 51%)

(e) Air (0.5− 8%)

9. In each of the following situations, choose the type of Portland Cement most suitable for the project.

(a) New dam construction for hydroelectric power on the Allegheny River. The dam is expected to

be a massive structure and will be constructed in the summer time, so the contractor desires to

reduce any negative effects caused by excessive heat at the construction site.

IV (Very Low Heat)

(b) Rapid construction of a temporary overpass in Fairbanks, Alaska due to deterioration of roadway.

The construction experienced delays at the project’s onset, so the contractor is worried that winter

will prevent project completion.

III (High Early Strength)

(c) Concrete for a project to improve sidewalk conditions in Annapolis. Strength is not a significant

concern and you do not expect soil or groundwater to significantly impact the project.

I (Ordinary)

(d) Soil retaining wall to prevent roadside erosion along Highway I-95. You expect the project to hold

back soil and, at times, groundwater during periods of heavy rain.

II (Moderate Sulfate Resistance)

(e) Seawall in Key West, Florida, to prevent flooding due to sea level rise and chronic storm events.

V (Sulfate Resistant)
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