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Problem 1 

 

Solution:  

For this question, we are asked to use 95 critical stress area method to validate this effective 

diameter 𝑑௘ of a nonrotating bar. 

The effective area is equal to the twice of the dark green area as shown in Figure below. 

 

The area of the sector is equal to  
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2 𝐴௦ ൌ cosିଵ ൬
0.475𝑑

0.5𝑑
൰ ൈ ሺ0.5𝑑ሻଶ ൌ 0.07939𝑑ଶ 

The area of the triangle is equal to  

𝐴௧ ൌ ඥሺ0.5𝑑ሻଶ െ ሺ0.475𝑑ሻଶ ൈ ሺ0.475𝑑ሻ ൌ 0.07416𝑑ଶ 

Therefore, the 95% effective area is equal to  

𝐴଴.ଽହఙ ൌ 2𝐴௦ െ 2𝐴௧ ൌ 2 ൈ 0.07939𝑑ଶ െ 2 ൈ 0.07416𝑑ଶ ൌ 0.01046𝑑ଶ 

Hence, we can get the equation below: 

0.01046𝑑ଶ ൌ
𝜋
4

ሾ𝑑௘
ଶ െ ሺ0.95𝑑௘ሻଶሿ 

𝑑௘ ൌ 0.370𝑑 

Problem 2 

 

Solution:  

a. For this question, we are asked to estimate the modified endurance limit for the shaft if 

the shaft is operating under room temperature.  

Surface Condition (machined):  

𝑘௔ ൌ 4.51 ൈ 395ି଴.ଶ଺ହ ൌ 0.9249 

Size Effect (𝑑 ൌ 50 mm): 

𝑘௕ ൌ ൬
𝑑

7.62
൰

ି଴.ଵ଴଻

ൌ ൬
50

7.62
൰

ି଴.ଵ଴଻

ൌ 0.8177 

Loading Effect (bending):  
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3 𝑘௖ ൌ 1 

Temperature Effect (room temperature): 

𝑘ௗ ൌ 1 

Reliability Effect (99%): 

𝑘௘ ൌ 0.814 

Therefore, the modified endurance limit is equal to  

𝑆௘ ൌ 𝑘௔𝑘௕𝑘௖𝑘ௗ𝑘௘𝑆௘
ᇱ ൌ 0.9249 ൈ 0.8177 ൈ 1 ൈ 1 ൈ 0.814 ൈ 200 MPa

ൌ 123.12 MPa 

b. For this question, we are asked to calculate the allowable bending moment using a 

safety factor of 5.0. Use a reliability of 99% and no thermal or miscellaneous effects. 

According to Figure A-15-16 (
௔

௧
ൌ 1, 

௥

௧
ൌ 0.1), the stress concentration factors is equal 

to  

𝐾௧ ൌ 5.5 

The original stress is equal to  

𝜎଴ ൌ
32𝑀
𝜋𝑑ଷ  

√𝑎 ൌ 0.246 െ 3.08 ൈ 10ିଷ𝑆௨௧ ൅ 1.51 ൈ 10ିହ𝑆௨௧
ଶ െ 2.67 ൈ 10ି଼𝑆௨௧

ଷ

ൌ 0.246 െ 3.08 ൈ 10ିଷ ൈ 57.29 ൅ 1.51 ൈ 10ିହ ൈ 57.29ଶ

െ 2.67 ൈ 10ି଼ ൈ 57.29ଷ ൌ 0.114 

⇒ 𝑎 ൌ 0.0130 

The fatigue stress concentration is equal to  

𝐾௙ ൌ 1 ൅
ሺ𝐾௧ െ 1ሻ

1 ൅ ට𝑎
𝑟

ൌ 1 ൅
ሺ5.5 െ 1ሻ

1 ൅ ට0.0130
0.2

ൌ 4.585 

Therefore,  
𝐹𝑆 ∙ 𝐾௙𝜎଴ ൑ 𝑆௘ 

𝐹𝑆 ∙ 𝐾௙
32𝑀
𝜋𝑑ଷ ൑ 𝑆௘ 

𝑀 ൑
𝜋𝑑ଷ𝑆௘

32𝐹𝑆 ∙ 𝐾௙
 

𝑀 ൑
𝜋 ൈ ሺ46 mmሻଷ ൈ ሺ123.12 MPaሻ

32 ൈ 5.0 ൈ 4.585
ൌ 51.32 N ∙ m 

Problem 3 

 

Solution:  
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4 For this question, we are asked to calculate endurance limits and modification factors of a non-

rotating rectangular cross section (width=40 mm, height=60 mm. The beam is subjected to 

fully-reversed bending moment. As in Question 02, use AISI 1020 steel with a reliability of 

99%, and no thermal or miscellaneous effects. 

Surface Condition (machined):  

𝑘௔ ൌ 4.51 ൈ 395ି଴.ଶ଺ହ ൌ 0.9249 

Size Effect (𝑏 ൌ 40 mm, ℎ ൌ 60 mm): 

𝑑௘ ൌ 0.808√ℎ𝑏 ൌ 0.808ඥሺ40 mmሻ ൈ ሺ60 mmሻ ൌ 39.58 mm 

𝑘௕ ൌ ൬
𝑑௘

7.62
൰

ି଴.ଵ଴଻

ൌ 0.8384 

Loading Effect (bending):  

𝑘௖ ൌ 1 

Temperature Effect (room temperature): 

𝑘ௗ ൌ 1 

Reliability Effect (99%): 

𝑘௘ ൌ 0.814 

Therefore, the modified endurance limit is equal to  

𝑆௘ ൌ 𝑘௔𝑘௕𝑘௖𝑘ௗ𝑘௘𝑆௘
ᇱ ൌ 0.9249 ൈ 0.8384 ൈ 1 ൈ 1 ൈ 0.814 ൈ 200 MPa ൌ 126.23 MPa 

 

 






