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Answer: 
Given: 

 Plate Thickness, 𝑡 = 15ௗmm 
 Tensile Load, 𝑃 = 20ௗkN = 20,000ௗN 
 Width of the plate, 𝑤 = 25ௗmm 
 Hole diameters: 𝑑ଵ = 3ௗmm, 𝑑ଶ = 5ௗmm, 𝑑ଷ = 10ௗmm 

 
The formula for the nominal stress remains: 

𝜎௡௢௠ =
𝑃

(𝑤 − 𝑑)𝑡
 

 
The formula for the theoretical stress concentration factor 𝐾௧ for a finite plate in tension with a 
transverse hole is: 

𝐾௧ = 𝐶ଵ + 𝐶ଶ(
2𝑑

𝑤
) + 𝐶ଷ(

2𝑑

𝑤
)ଶ + 𝐶ସ(

2𝑑

𝑤
)ଷ 

 
For a ratio of 𝑑/𝑤 ≤ 0.7, common coefficients are 𝐶ଵ = 3.00, 𝐶ଶ = −3.39, 𝐶ଷ = 7.12, 𝐶ସ = −4.95. 
However, a simpler and widely used approximation is: 

𝐾௧ ≈ 3.00 − 3.14(
𝑑

𝑤
) + 3.67(

𝑑

𝑤
)ଶ − 1.53(

𝑑

𝑤
)ଷ 

 
We will use this formula. 
The maximum stress at the hole is: 

𝜎௠௔௫ = 𝐾௧ ⋅ 𝜎௡௢௠ 
 
 
Let's calculate for each hole. 

 
Step 1: Stress at 3 mm diameter hole 

 Hole diameter, 𝑑 = 3ௗmm 
 Ratio, 𝑑/𝑤 = 3/25 = 0.12 
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 Net width, 𝑤௡௘௧ = 𝑤 − 𝑑 = 25 − 3 = 22ௗmm 
1.1. Calculate Nominal Stress: 

𝜎௡௢௠,ଷ =
20000ௗN

(22ௗmm)(15ௗmm)
=
20000

330
≈ 60.61ௗN/mmଶௗ(MPa) 

 
1.2. Calculate Stress Concentration Factor 𝐾௧: 
Using the formula: 𝐾௧ ≈ 3.00 − 3.14(0.12) + 3.67(0.12)ଶ − 1.53(0.12)ଷ 

𝐾௧ ≈ 3.00 − 0.3768 + 3.67(0.0144) − 1.53(0.001728) 
𝐾௧ ≈ 3.00 − 0.3768 + 0.05285 − 0.00264 
𝐾௧ ≈ 2.673 

 
1.3. Calculate Maximum Stress: 

𝜎௠௔௫,ଷ = 𝐾௧ ⋅ 𝜎௡௢௠,ଷ = 2.673 × 60.61 ≈ 162.0ௗMPa 
 

 
Step 2: Stress at 5 mm diameter hole 

 Hole diameter, 𝑑 = 5ௗmm 
 Ratio, 𝑑/𝑤 = 5/25 = 0.2 
 Net width, 𝑤௡௘௧ = 25 − 5 = 20ௗmm 

2.1. Calculate Nominal Stress: 

𝜎௡௢௠,ହ =
20000

(20)(15)
=
20000

300
≈ 66.67ௗMPa 

 
2.2. Calculate Stress Concentration Factor 𝐾௧: 

𝐾௧ ≈ 3.00 − 3.14(0.2) + 3.67(0.2)ଶ − 1.53(0.2)ଷ 
𝐾௧ ≈ 3.00 − 0.628 + 3.67(0.04) − 1.53(0.008) 
𝐾௧ ≈ 3.00 − 0.628 + 0.1468 − 0.01224 
𝐾௧ ≈ 2.506 

 
2.3. Calculate Maximum Stress: 

𝜎௠௔௫,ହ = 2.506 × 66.67 ≈ 167.1ௗMPa 
 

 
Step 3: Stress at 10 mm diameter hole 

 Hole diameter, 𝑑 = 10ௗmm 
 Ratio, 𝑑/𝑤 = 10/25 = 0.4 
 Net width, 𝑤௡௘௧ = 25 − 10 = 15ௗmm 

3.1. Calculate Nominal Stress: 

𝜎௡௢௠,ଵ଴ =
20000

(15)(15)
=
20000

225
≈ 88.89ௗMPa 

 
3.2. Calculate Stress Concentration Factor 𝐾௧: 

𝐾௧ ≈ 3.00 − 3.14(0.4) + 3.67(0.4)ଶ − 1.53(0.4)ଷ 
𝐾௧ ≈ 3.00 − 1.256 + 3.67(0.16) − 1.53(0.064) 
𝐾௧ ≈ 3.00 − 1.256 + 0.5872 − 0.09792 
𝐾௧ ≈ 2.233 

 
3.3. Calculate Maximum Stress: 

𝜎௠௔௫,ଵ଴ = 2.233 × 88.89 ≈ 198.5ௗMPa 
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Corrected Final Answer for Question 1: 

Hole Diameter 
(mm) 

Nominal Stress 
(MPa) 

Stress Concentration 
Factor, 𝐾௧ 

Maximum Stress 
(MPa) 

3 60.61 2.67 162.0 

5 66.67 2.51 167.1 

10 88.89 2.23 198.5 

The stresses at the 3 mm, 5 mm, and 10 mm diameter holes are approximately 162.0 MPa, 167.1 
MPa, and 198.5 MPa respectively. 
 
 

  
 

 
 

  
 

 
 

 
 

 
 

Answer: 
Given: 

 Bending Moment, 𝑀 = 15ௗN-m = 15,000ௗN-mm 
 Theoretical Stress Concentration Factor, 𝐾௧ = 1.5 
 Ultimate Tensile Strength, 𝑆௨௧ = 200ௗN/mmଶ 
 From Fig. 6.2, the larger diameter 𝐷 = 1.25𝑑 

Assumption: For a brittle material under static loading, the stress concentration factor 𝐾௧ is fully 
applied. The failure criterion is the maximum normal stress theory. 

 
Step 1: Determine the diameter 𝑑 
The critical section for diameter calculation is the smaller diameter section, where the nominal 
bending stress is highest. The bending stress formula is: 

𝜎௡௢௠ =
𝑀 ⋅ 𝑐

𝐼
=
𝑀 ⋅ (𝑑/2)

𝜋𝑑ସ

64

=
32𝑀

𝜋𝑑ଷ
 

 
For a brittle material under static load, the design equation is: 

𝑆௨௧ = 𝐾௧ ⋅ 𝜎௡௢௠ 
 
Substitute the expression for 𝜎௡௢௠: 
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𝑆௨௧ = 𝐾௧ ⋅
32𝑀

𝜋𝑑ଷ
 

 
1.1. Solve for diameter 𝑑: 

200 = 1.5 ⋅
32 × 15000

𝜋𝑑ଷ
 

200 = 1.5 ⋅
480,000

𝜋𝑑ଷ
 

200 =
720,000

𝜋𝑑ଷ
 

𝜋𝑑ଷ =
720,000

200
= 3600 

𝑑ଷ =
3600

𝜋
≈ 1145.9 

𝑑 = √1145.9
య

≈ 10.48ௗmm 
 
We will take a standard value of 𝑑 = 10.5ௗmm. 

 
Step 2: Determine the magnitude of stress at the fillet 
The stress at the fillet is the maximum stress, which is 𝐾௧ times the nominal stress at the smaller 
diameter section. 
2.1. Calculate Nominal Bending Stress: 
Using 𝑑 = 10.5ௗmm 

𝜎௡௢௠ =
32𝑀

𝜋𝑑ଷ
=
32 × 15000

𝜋 × (10.5)ଷ
 

 
First, calculate 𝑑ଷ = 10.5ଷ = 1157.625 

𝜎௡௢௠ =
480,000

𝜋 × 1157.625
=
480,000

3636.0
≈ 132.0ௗMPa 

 
2.2. Calculate Maximum Stress at Fillet: 

𝜎௠௔௫ = 𝐾௧ ⋅ 𝜎௡௢௠ = 1.5 × 132.0 ≈ 198.0ௗMPa 
 

 
Step 3: Determine the Factor of Safety 
For a brittle material under static load, the Factor of Safety (FOS) is based on the ultimate strength 
and the maximum stress. 

FOS =
𝑆௨௧
𝜎௠௔௫

=
200

198.0
≈ 1.01 

 
 

Final Answer for Question 2: 
1. Diameter, 𝑑: ≈ 10.5ௗmm 
2. Stress at Fillet, 𝜎௠௔௫: ≈ 198.0ௗMPa 
3. Factor of Safety: ≈ 1.01 

 
 
 
 
 
 
 



 

5  

5 DESISTUDENTS.ME 

  
 

 
 

 
 

 
 

Answer: 
Given: 

 Load, 𝑃 = 5ௗkN = 5000ௗN 
 From Fig. 6.3 (Corrected): 

o Total Bearing Span = 250 mm 
o The fillet is located at a distance of 200 mm from each bearing. 
o Diameters at the fillet: 

 Larger diameter, 𝐷 = 60ௗmm 
 Smaller diameter, 𝑑 = 40ௗmm 

o Fillet radius, 𝑟 = 2ௗmm 
 

Step 1: Calculate the Bending Moment at the Fillet Section 
The shaft is simply supported with a central load. 

 Distance from bearing to load = 250/2 = 125ௗmm 
 The fillet is located 200 mm from the bearing. Since 200ௗmm > 125ௗmm, this means the 

fillet is located outside the bearing span, on the overhanging portion of the shaft. 
 Therefore, the bending moment at the fillet section is zero if the shaft ends at the bearing. 

However, typically in such problems, the fillet is within the span. Let's re-check the 
configuration. 

If the total distance between bearings is 250 mm, and the fillet is 200 mm from one bearing, it is 
within the span. The load is at the center (125 mm from each bearing). 
So, the bending moment at the fillet section (200 mm from left bearing) is: 

𝑀௙ = 𝑅஺ × 200 
 
First, find the reaction at A (𝑅஺): 
Since the load is central, 𝑅஺ = 𝑅஻ = 𝑃/2 = 2500ௗN 
Thus, 

𝑀௙ = 2500 × 200 = 500,000ௗN-mm 
 

 
Step 2: Calculate Nominal Bending Stress at the Smaller Diameter 
The nominal bending stress is calculated based on the smaller diameter 𝑑 = 40ௗmm: 

𝜎௡௢௠ =
32𝑀௙

𝜋𝑑ଷ
=
32 × 500,000

𝜋 × (40)ଷ
 

 
First, calculate 𝑑ଷ = 40ଷ = 64,000 
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𝜎௡௢௠ =
16,000,000

𝜋 × 64,000
=
16,000,000

201,061.9
≈ 79.58ௗN/mmଶௗ(MPa) 

 
 

Step 3: Determine the Stress Concentration Factor 𝐾௧ 
We have: 

 𝐷 = 60ௗmm 
 𝑑 = 40ௗmm 
 𝐷/𝑑 = 60/40 = 1.5 
 𝑟 = 2ௗmm 
 𝑟/𝑑 = 2/40 = 0.05 

Using standard stress concentration factor charts for a stepped shaft in bending: 
For 𝐷/𝑑 = 1.5 and 𝑟/𝑑 = 0.05, the value of 𝐾௧ is approximately 2.20. 

 
Step 4: Calculate the Maximum Bending Stress at the Fillet 

𝜎௠௔௫ = 𝐾௧ ⋅ 𝜎௡௢௠ = 2.20 × 79.58 ≈ 175.1ௗN/mmଶௗ(MPa) 
 

 
Final Answer for Question 3: 
The maximum bending stress at the fillet section is approximately 175.1 MPa. 
 
 

  
 

 
 

 
 

  
 

Answer: 
Given: 

 Tensile Load, 𝑃 = 20ௗkN = 20,000ௗN 
 Plate Thickness, 𝑡 = 10ௗmm 
 Ultimate Tensile Strength, 𝑆௨௧ = 350ௗN/mmଶ 
 Factor of Safety, FOS = 2.5 
 From Fig. 6.4: 

o Smaller Width, 𝑤 = 30ௗmm 
o Larger Width, 𝑊 = 45ௗmm 
o The fillet radius, 𝑟, is to be determined. 

Assumption: The material is brittle (cast iron), so the full theoretical stress concentration 
factor 𝐾௧ is applied. Failure occurs when 𝜎௠௔௫ ≥ 𝑆௨௧. 
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Step 1: Calculate the Allowable Maximum Stress 
The allowable maximum stress at the fillet is based on the ultimate strength and the factor of safety: 

𝜎௠௔௫,௔௟௟௢௪ =
𝑆௨௧

FOS
=
350

2.5
= 140ௗN/mmଶ 

 
 

Step 2: Calculate the Nominal Stress in the Smaller Section 
The nominal stress is calculated based on the smallest cross-section (width 𝑤 = 30ௗmm): 

𝜎௡௢௠ =
𝑃

𝑤 ⋅ 𝑡
=

20,000

30 × 10
=
20,000

300
= 66.67ௗN/mmଶ 

 
 

Step 3: Relate Maximum Stress to Nominal Stress and find 𝐾௧ 
The maximum stress is given by: 

𝜎௠௔௫ = 𝐾௧ ⋅ 𝜎௡௢௠ 
 
For a safe design, 𝜎௠௔௫ ≤ 𝜎௠௔௫,௔௟௟௢௪. We will use the equality to find the limiting 𝐾௧: 

𝐾௧ =
𝜎௠௔௫,௔௟௟௢௪

𝜎௡௢௠
=

140

66.67
≈ 2.10 

 
 

Step 4: Determine the Fillet Radius 𝑟 
We need to find the fillet radius 𝑟 that gives 𝐾௧ = 2.10 for a flat bar with a change in width under 
axial load. 
The parameters are: 

 𝑊 = 45ௗmm 
 𝑤 = 30ௗmm 

 
ௐ

௪
=

ସହ

ଷ଴
= 1.5 

We use standard stress concentration factor charts for a flat bar with shoulder fillets in axial tension. 
For 𝑊/𝑤 = 1.5, the stress concentration factor 𝐾௧ depends on the ratio 𝑟/𝑤. 
We need to find 𝑟/𝑤 such that 𝐾௧ ≈ 2.10. 
From standard charts: 

 For 𝑊/𝑤 = 1.5: 
o If 𝑟/𝑤 = 0.05, 𝐾௧ ≈ 2.35 
o If 𝑟/𝑤 = 0.10, 𝐾௧ ≈ 2.10 
o If 𝑟/𝑤 = 0.15, 𝐾௧ ≈ 1.95 

Thus, for 𝐾௧ = 2.10, we find 𝑟/𝑤 ≈ 0.10. 
Therefore: 

𝑟 = 0.10 × 𝑤 = 0.10 × 30 = 3.0ௗmm 
 

 
Final Answer for Question 4: 
The required fillet radius is 𝑟 ≈ 3.0ௗmm. 
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Answer: 
Given: 

 Shaft Diameter, 𝑑 = 25ௗmm 
 Ultimate Tensile Strength, 𝑆௨௧ = 600ௗN/mmଶ 
 Theoretical Stress Concentration Factor, 𝐾௧ = 2.1 
 Notch Sensitivity Factor, 𝑞 = 0.84 
 Loading: Reversed Bending 

 
Step 1: Calculate the Fatigue Stress Concentration Factor 𝐾௙ 
The fatigue stress concentration factor is given by: 

𝐾௙ = 1 + 𝑞(𝐾௧ − 1) 
 
Substituting the values: 

𝐾௙ = 1 + 0.84(2.1 − 1) = 1 + 0.84(1.1) = 1 + 0.924 = 1.924 
 

 
Step 2: Estimate the Endurance Limit of the Standard Specimen 𝑆௘

ᇱ  
For steel, the endurance limit of a rotating beam specimen can be estimated from the ultimate tensile 
strength: 

𝑆௘
ᇱ = 0.5 × 𝑆௨௧for𝑆௨௧ ≤ 1400ௗMPa 
𝑆௘
ᇱ = 0.5 × 600 = 300ௗN/mmଶ 

 
 

Step 3: Apply Marin Factors to find the Endurance Limit of the Shaft 𝑆௘ 
The actual endurance limit is modified by various Marin factors: 

𝑆௘ = 𝑘௔ ⋅ 𝑘௕ ⋅ 𝑘௖ ⋅ 𝑘ௗ ⋅ 𝑆௘
ᇱ  

 
3.1. Surface Finish Factor 𝑘௔ 
For forged surface finish: 

𝑘௔ = 𝑎 ⋅ 𝑆௨௧
௕  

 
From standard tables for forged finish: 
𝑎 = 0.55, 𝑏 = −0.233 

𝑘௔ = 0.55 × (600)ି଴.ଶଷଷ 
log(600) ≈ 2.778 ⇒ −0.233 × 2.778 ≈ −0.647 
600ି଴.ଶଷଷ = 10ି଴.଺ସ଻ ≈ 0.225 
𝑘௔ = 0.55 × 0.225 ≈ 0.724 

 
3.2. Size Factor 𝑘௕ 
For bending and torsion, for a diameter 𝑑 = 25ௗmm: 

𝑘௕ = 0.85(for 7.6ௗmm < 𝑑 ≤ 50ௗmm) 
 
3.3. Load Factor 𝑘௖ 
For reversed bending: 

𝑘௖ = 1 
 
3.4. Temperature Factor 𝑘ௗ 
No high temperature is mentioned, so: 

𝑘ௗ = 1 
 
3.5. Reliability Factor 
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No special reliability is mentioned, so standard 50% reliability is assumed, for which the factor is 1. 
Now, calculate the modified endurance limit without the notch: 

𝑆௘,௠௢ௗ௜௙௜௘ௗ = 𝑘௔ ⋅ 𝑘௕ ⋅ 𝑘௖ ⋅ 𝑘ௗ ⋅ 𝑆௘
ᇱ  

𝑆௘,௠௢ௗ௜௙௜௘ௗ = 0.724 × 0.85 × 1 × 1 × 300 

𝑆௘,௠௢ௗ௜௙௜௘ௗ = 0.724 × 0.85 × 300 = 0.6154 × 300 ≈ 184.6ௗN/mmଶ 
 

 
Step 4: Apply the Fatigue Stress Concentration Factor 
The endurance limit at the notch (the step in the shaft) is given by: 

𝑆௘,௡௢௧ =
𝑆௘,௠௢ௗ௜௙௜௘ௗ

𝐾௙
 

𝑆௘,௡௢௧௖ =
184.6

1.924
≈ 95.9ௗN/mmଶ 

 
 

Final Answer for Question 5: 
The endurance limit of the shaft at the fillet section under reversed bending is approximately 95.9 
MPa. 
 
 

           
 

       
 

  
 

 
 

Answer: 
Given: 

 Shaft Diameter, 𝑑 = 40ௗmm 
 Ultimate Tensile Strength, 𝑆௨௧ = 660ௗN/mmଶ 
 Surface Finish: Machined 
 Reliability: 99% 
 Theoretical Stress Concentration Factor, 𝐾௧ = 1.6 
 Notch Sensitivity Factor, 𝑞 = 0.9 
 We assume the loading is bending (most common for endurance limit calculation unless 

specified). 
 

Step 1: Calculate the Fatigue Stress Concentration Factor 𝐾௙ 
𝐾௙ = 1 + 𝑞(𝐾௧ − 1) 
𝐾௙ = 1 + 0.9(1.6 − 1) = 1 + 0.9(0.6) = 1 + 0.54 = 1.54 

 
 

Step 2: Estimate the Endurance Limit of the Standard Specimen 𝑆௘
ᇱ  

𝑆௘
ᇱ = 0.5 × 𝑆௨௧ 
𝑆௘
ᇱ = 0.5 × 660 = 330ௗN/mmଶ 

 
 

Step 3: Apply Marin Factors to find the Endurance Limit of the Shaft 𝑆௘ 
𝑆௘ = 𝑘௔ ⋅ 𝑘௕ ⋅ 𝑘௖ ⋅ 𝑘ௗ ⋅ 𝑆௘

ᇱ  
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3.1. Surface Finish Factor 𝑘௔ 
For machined surface finish: 
From standard tables: 𝑎 = 0.82, 𝑏 = −0.217 

𝑘௔ = 𝑎 ⋅ 𝑆௨௧
௕ = 0.82 × (660)ି଴.ଶଵ଻ 

log(660) ≈ 2.8195 ⇒ −0.217 × 2.8195 ≈ −0.612 
660ି଴.ଶଵ଻ = 10ି଴.଺ଵଶ ≈ 0.244 
𝑘௔ = 0.82 × 0.244 ≈ 0.200Wait, this is too low. Let’s recalculate carefully. 

 
Let me recalculate 𝑘௔ properly: 

𝑏 = −0.217 
𝑆௨௧
௕ = 660ି଴.ଶଵ଻ 

 
Using calculator logic: 

ln(660) ≈ 6.492Wait, no, that’s incorrect. ln(660) ≈ 6.492 is wrong. 
 
Let's compute correctly: 

ln(660) ≈ 6.492?No, ln(100) = 4.605, so ln(660) ≈ 6.492 is plausible. 
 
But 𝑏 × ln(𝑆௨௧) = −0.217 × 6.492 ≈ −1.408 
Then 𝑆௨௧

௕ = 𝑒ିଵ.ସ଴଼ ≈ 0.244 
So 𝑘௔ = 0.82 × 0.244 ≈ 0.200 — This is still very low. This suggests a possible error in the 
formula application. 
Let me verify with standard values. For 𝑆௨௧ = 660 MPa and machined surface, from standard 
charts, 𝑘௔ ≈ 0.76 − 0.78. Let's use the formula from reliable sources: 𝑘௔ = 4.51 × 𝑆௨௧

ି଴.ଶ଺ହ for Sut 
in MPa, for machined surface. 
Using 𝑘௔ = 4.51 × (660)ି଴.ଶ଺ହ 

660ି଴.ଶ଺ହ = 10ି଴.ଶ଺ହ×୪୭୥(଺଺଴) = 10ି଴.ଶ଺ହ×ଶ.଼ଵଽ = 10ି଴.଻ସ଻ ≈ 0.179 
𝑘௔ = 4.51 × 0.179 ≈ 0.807 

 
This is more reasonable. We'll use 𝑘௔ = 0.807. 
3.2. Size Factor 𝑘௕ 
For 𝑑 = 40ௗmm in bending: 

𝑘௕ = 0.85(for 7.6ௗmm < 𝑑 ≤ 50ௗmm) 
 
3.3. Load Factor 𝑘௖ 
For bending: 

𝑘௖ = 1 
 
3.4. Reliability Factor 𝑘ௗ 
For 99% reliability: 
From standard tables, 𝑘ௗ = 0.814 
Now, calculate the modified endurance limit without the notch: 

𝑆௘,௠௢ௗ௜௙௜௘ௗ = 𝑘௔ ⋅ 𝑘௕ ⋅ 𝑘௖ ⋅ 𝑘ௗ ⋅ 𝑆௘
ᇱ  

𝑆௘,௠௢ௗ௜௙௜௘ௗ = 0.807 × 0.85 × 1 × 0.814 × 330 
 
First, multiply the factors: 

0.807 × 0.85 = 0.68595 
0.68595 × 0.814 ≈ 0.558 
𝑆௘,௠௢ௗ௜௙௜௘ௗ = 0.558 × 330 ≈ 184.1ௗN/mmଶ 
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Step 4: Apply the Fatigue Stress Concentration Factor 
The endurance limit at the notch is: 

𝑆௘,௡௢௧௖ =
𝑆௘,௠௢ௗ௜௙௜௘ௗ

𝐾௙
 

𝑆௘,௡௢௧௖ =
184.1

1.54
≈ 119.5ௗN/mmଶ 

 
 

Final Answer for Question 6: 
The endurance limit of the shaft is approximately 119.5 MPa. 
 
 

         
 

 
 

        
 

 
 

 
 

 
 

 
 

Answer: 
Given: 

 Ultimate Tensile Strength, 𝑆௨௧ = 540ௗN/mmଶ 
 Yield Strength, 𝑆௬௧ = 320ௗN/mmଶ 
 Completely Reversed Load, 𝑃 = ±5ௗkN = ±5000ௗN 
 Beam Type: Cantilever (Length from fixed end to load = 100 mm, as per Fig. 6.5) 
 Notch Sensitivity Factor, 𝑞 = 0.9 
 Surface Finish: Machined 
 Reliability: 50% 
 Factor of Safety (FOS), 𝑁 = 2 
 From Fig. 6.5: 

o Larger Diameter, 𝐷 = 1.5𝑑 
o Smaller Diameter, 𝑑 (to be found) 
o Fillet Radius, 𝑟 = 0.1𝑑 
o Distance from fixed end to load = 100 mm 

 
Part (i): Endurance Limit at the Fillet Section 
Step 1: Estimate Standard Endurance Limit 𝑆௘

ᇱ  
𝑆௘
ᇱ = 0.5 × 𝑆௨௧ = 0.5 × 540 = 270ௗN/mmଶ 

 
Step 2: Apply Marin Factors 
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𝑆௘,௠௢ௗ௜௙௜௘ௗ = 𝑘௔ ⋅ 𝑘௕ ⋅ 𝑘௖ ⋅ 𝑘ௗ ⋅ 𝑆௘
ᇱ  

 
 Surface Finish Factor 𝑘௔: For machined finish, use 𝑘௔ = 4.51 × 𝑆௨௧

ି଴.ଶ଺ହ 
𝑘௔ = 4.51 × (540)ି଴.ଶ଺ହ 
540ି଴.ଶ଺ହ = 10ି଴.ଶ଺ହ×୪୭୥(ହସ଴) = 10ି଴.ଶ଺ହ×ଶ.଻ଷଶ = 10ି଴.଻ଶସ ≈ 0.189 
𝑘௔ = 4.51 × 0.189 ≈ 0.852 

 
 Size Factor 𝑘௕: For bending, and diameter 𝑑 is unknown. We will assume 𝑘௕ =

0.85 initially (for a diameter between 7.6 and 50 mm), and check later. 
 Load Factor 𝑘௖: For bending, 𝑘௖ = 1 
 Reliability Factor 𝑘ௗ: For 50% reliability, 𝑘ௗ = 1 

So, initial modified endurance limit (without notch, and assuming 𝑘௕ = 0.85): 
𝑆௘,௠௢ௗ௜௙௜௘ௗ = 0.852 × 0.85 × 1 × 1 × 270 ≈ 195.5ௗN/mmଶ 

 
Step 3: Find Theoretical Stress Concentration Factor 𝐾௧ 
We have: 

 𝐷/𝑑 = 1.5 
 𝑟/𝑑 = 0.1 

From standard charts for a stepped shaft in bending, for 𝐷/𝑑 = 1.5 and 𝑟/𝑑 = 0.1, 𝐾௧ ≈ 1.72. 
Step 4: Find Fatigue Stress Concentration Factor 𝐾௙ 

𝐾௙ = 1 + 𝑞(𝐾௧ − 1) = 1 + 0.9(1.72 − 1) = 1 + 0.9(0.72) = 1 + 0.648 = 1.648 
 
Step 5: Endurance Limit at the Fillet Section 𝑆௘,௡௢  

𝑆௘,௡௢௧௖ =
𝑆௘,௠௢ௗ௜௙௜௘ௗ

𝐾௙
=
195.5

1.648
≈ 118.6ௗN/mmଶ 

 
Answer for Part (i): The endurance limit at the fillet section is approximately 118.6 MPa. 

 
Part (ii): Diameter 𝒅 of the Beam for Infinite Life 
Step 1: Calculate the Alternating Bending Stress 𝜎௔ 
The maximum bending moment is at the fixed end (the fillet section is at the change in diameter, 
which is likely very close to the fixed end). 

 Bending Moment, 𝑀 = 𝑃 × 𝐿 = 5000 × 100 = 500,000ௗN-mm 

 Section Modulus at the smaller diameter, 𝑍 =
గௗయ

ଷଶ
 

 Nominal Alternating Stress, 𝜎௡௢௠,௔ =
ெ

௓
=

ଷଶ

గௗయ
=

ଷଶ×ହ଴଴,଴଴଴

గௗయ
=

ଵ଺,଴଴଴,଴଴଴

గௗయ
 

The actual alternating stress at the notch is: 

𝜎௔ = 𝐾௙ ⋅ 𝜎௡௢௠,௔ = 1.648 ×
16,000,000

𝜋𝑑ଷ
=
26,368,000

𝜋𝑑ଷ
ௗN/mmଶ 

 
Step 2: Use the Fatigue Criterion for Infinite Life 
For infinite life under completely reversed stress, the following must hold: 

𝜎௔ ≤
𝑆௘,௡௢
𝑁

 

 
Where 𝑁 = 2 is the factor of safety. 

26,368,000

𝜋𝑑ଷ
≤
118.6

2
= 59.3 

26,368,000

𝜋𝑑ଷ
≤ 59.3 
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𝑑ଷ ≥
26,368,000

𝜋 × 59.3
=
26,368,000

186.25
≈ 141,560 

𝑑 ≥ ඥ141,560
య

≈ 52.1ௗmm 
 
Our initial assumption for 𝑘௕ was for 𝑑 ≤ 50ௗmm. Our calculated 𝑑 ≈ 52.1ௗmm is slightly larger. 
For 𝑑 > 50ௗmm and 𝑑 ≤ 200ௗmm, 𝑘௕ = 0.75. 
Let's iterate using 𝑘௕ = 0.75. 
Iteration: 

 New 𝑆௘,௠௢ௗ௜௙௜௘ௗ = 0.852 × 0.75 × 1 × 1 × 270 ≈ 172.5ௗMPa 

 New 𝑆௘,௡௢௧௖ =
ଵ଻ଶ.ହ

ଵ.଺ସ଼
≈ 104.7ௗMPa 

 Allowable 𝜎௔ =
ଵ଴ସ.଻

ଶ
= 52.35ௗMPa 

 
ଶ଺,ଷ଺଼,଴଴଴

గௗయ
≤ 52.35 

 𝑑ଷ ≥
ଶ଺,ଷ଺଼,଴଴଴

గ×ହଶ.ଷହ
=

ଶ଺,ଷ଺଼,଴଴଴

ଵ଺ସ.ସହ
≈ 160,320 

 𝑑 ≥ √160,320
య ≈ 54.3ௗmm 

This value is still in the range for 𝑘௕ = 0.75, so no further iteration is needed. 
Answer for Part (ii): The required diameter 𝑑 for infinite life is approximately 54.3 mm. A 
standard value of 55 mm would be chosen. 

 
Final Answers for Question 7: 
(i) Endurance limit at the fillet section: ≈ 118.6 MPa (based on initial 𝑘௕) 
(ii) Diameter 𝑑 of the beam for infinite life: ≈ 55 mm 
 
 

        
 

  
 

 
 

      
 

 
 

Answer: 
Given: 

 Ultimate Tensile Strength, 𝑆௨௧ = 620ௗMPa 
 Yield Strength, 𝑆௬௧ = 380ௗMPa 
 Torsional Moment varies from 𝑇௠௜௡ = −200ௗN-m to 𝑇௠௔௫ = +400ௗN-m 
 Surface Finish: Ground 
 Reliability: 90% 
 Factor of Safety, 𝑁 = 2 
 Stress Concentration: Neglected (𝐾௙ = 1) 
 Failure Theory: Distortion-Energy Theory 

 
Step 1: Calculate the Mean and Amplitude of the Torque 

𝑇௠ =
𝑇௠௔௫ + 𝑇௠௜௡

2
=
400 + (−200)

2
=
200

2
= 100ௗN-m = 100,000ௗN-mm 

𝑇௔ =
𝑇௠௔௫ − 𝑇௠௜௡

2
=
400 − (−200)

2
=
600

2
= 300ௗN-m = 300,000ௗN-mm 
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Step 2: Calculate the Mean and Amplitude of the Torsional Shear Stress 
For a solid circular shaft, the shear stress due to torsion is: 

𝜏 =
16𝑇

𝜋𝑑ଷ
 

 
Therefore: 

𝜏௠ =
16𝑇௠
𝜋𝑑ଷ

=
16 × 100,000

𝜋𝑑ଷ
=
1,600,000

𝜋𝑑ଷ
 

𝜏௔ =
16𝑇௔
𝜋𝑑ଷ

=
16 × 300,000

𝜋𝑑ଷ
=
4,800,000

𝜋𝑑ଷ
 

 
 

Step 3: Estimate the Endurance Limit 
3.1 Standard Endurance Limit: 

𝑆௘
ᇱ = 0.5 × 𝑆௨௧ = 0.5 × 620 = 310ௗMPa 

 
3.2 Marin Factors: 

 Surface Finish Factor 𝑘௔: For ground surface, 𝑘௔ = 1.0 (or very close). We'll use 𝑘௔ = 1.0. 
 Size Factor 𝑘௕: For torsion, the size factor is the same as for bending. We'll assume 𝑘௕ =

0.85 initially (for 𝑑 ≤ 50ௗmm), and iterate if needed. 
 Load Factor 𝑘௖: For torsional load, 𝑘௖ = 0.577 (for ductile materials under von Mises 

criterion). 
 Reliability Factor 𝑘ௗ: For 90% reliability, 𝑘ௗ = 0.897. 

3.3 Modified Endurance Limit: 
𝑆௘ = 𝑘௔ ⋅ 𝑘௕ ⋅ 𝑘௖ ⋅ 𝑘ௗ ⋅ 𝑆௘

ᇱ  
𝑆௘ = 1.0 × 0.85 × 0.577 × 0.897 × 310 

 
First, multiply the factors: 

0.85 × 0.577 = 0.49045 
0.49045 × 0.897 ≈ 0.439 
𝑆௘ = 0.439 × 310 ≈ 136.1ௗMPa 

 
 

Step 4: Apply the Distortion-Energy Theory for Fatigue 
For combined stress with only torsional shear (no bending or axial load), the von Mises equivalent 
stress is: 

𝜎௔
ᇱ = √3 ⋅ 𝜏௔and𝜎௠

ᇱ = √3 ⋅ 𝜏௠ 
 
The Soderberg line equation (conservative, uses 𝑆௬௧) under the distortion-energy theory is: 

𝜎௔
ᇱ

𝑆௘/𝑁
+

𝜎௠
ᇱ

𝑆௬௧/𝑁
≤ 1 

 
Substitute 𝜎௔

ᇱ  and 𝜎௠
ᇱ : 

√3 ⋅ 𝜏௔
𝑆௘/𝑁

+
√3 ⋅ 𝜏௠
𝑆௬௧/𝑁

≤ 1 

√3𝑁(
𝜏௔
𝑆௘
+
𝜏௠
𝑆௬௧

) ≤ 1 

𝜏௔
𝑆௘
+
𝜏௠
𝑆௬௧

≤
1

√3𝑁
 

 
Substitute 𝜏௔ and 𝜏௠: 
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1

𝑆௘
⋅
4,800,000

𝜋𝑑ଷ
+

1

𝑆௬௧
⋅
1,600,000

𝜋𝑑ଷ
≤

1

√3 × 2
 

1

𝜋𝑑ଷ
(
4,800,000

136.1
+
1,600,000

380
) ≤

1

3.464
 

 
Calculate the terms inside the parentheses: 

4,800,000

136.1
≈ 35,260 

1,600,000

380
≈ 4,211 

 
Sum: 35,260 + 4,211 = 39,471 
So: 

39,471

𝜋𝑑ଷ
≤ 0.2887 

𝑑ଷ ≥
39,471

𝜋 × 0.2887
=
39,471

0.9067
≈ 43,530 

𝑑 ≥ ඥ43,530
య

≈ 35.2ௗmm 
 
Our initial assumption for 𝑘௕ = 0.85 was for 𝑑 ≤ 50ௗmm. Our calculated 𝑑 ≈ 35.2ௗmm falls in this 
range, so no iteration is needed. 

 
Final Answer for Question 8: 
The required shaft diameter for infinite life is approximately 35.2 mm. A standard value of 36 
mm would be chosen. 
 
 

   
 

  
 

 
 

            
 

 
 

Answer: 
Given: 

 Shaft Diameter, 𝑑 = 15ௗmm 
 Torsional Shear Stress: 𝜏௠௜௡ = 0, 𝜏௠௔௫ = 35ௗMPa 
 Axial Stress: 𝜎௔௫௜௔௟,௠௜௡ = −15ௗMPa, 𝜎௔௫௜௔௟,௠௔௫ = 30ௗMPa 
 Stresses are in phase (same frequency) 
 Ultimate Tensile Strength, 𝑆௨௧ = 540ௗMPa 
 Yield Strength, 𝑆௬௧ = 400ௗMPa 
 Corrected Endurance Limit, 𝑆௘ = 200ௗMPa 

 
Step 1: Calculate Mean and Amplitude Stresses 
For Torsional Shear Stress: 

𝜏௠ =
𝜏௠௔௫ + 𝜏௠௜௡

2
=
35 + 0

2
= 17.5ௗMPa 
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𝜏௔ =
𝜏௠௔௫ − 𝜏௠௜௡

2
=
35 − 0

2
= 17.5ௗMPa 

 
For Axial Stress: 

𝜎௠,௔௫௜௔௟ =
𝜎௔௫௜௔௟,௠௔௫ + 𝜎௔௫௜௔௟,௠௜௡

2
=
30 + (−15)

2
= 7.5ௗMPa 

𝜎௔,௔௫௜௔௟ =
𝜎௔௫௜௔௟,௠௔௫ − 𝜎௔௫௜௔௟,௠௜௡

2
=
30 − (−15)

2
= 22.5ௗMPa 

 
 

Step 2: Calculate Equivalent Mean and Amplitude Stresses using von Mises Criterion 
Since both stresses act simultaneously, we find the equivalent von Mises stress for the 
mean and amplitude components separately. 
The von Mises stress for combined axial and torsional stress is: 

𝜎ᇱ = ට𝜎௫
ଶ + 3𝜏௫௬

ଶ  

 
where 𝜎௫ is the axial stress. 
Thus: 

 Equivalent Mean Stress: 

𝜎௠
ᇱ = ට(𝜎௠,௔௫௜௔௟)

ଶ + 3(𝜏௠)
ଶ = ඥ(7.5)ଶ + 3(17.5)ଶ 

= √56.25 + 3 × 306.25 = √56.25 + 918.75 = √975 ≈ 31.22ௗMPa 
 

 Equivalent Amplitude Stress: 

𝜎௔
ᇱ = ට(𝜎௔,௔௫௜௔௟)

ଶ + 3(𝜏௔)
ଶ = ඥ(22.5)ଶ + 3(17.5)ଶ 

= √506.25 + 918.75 = √1425 ≈ 37.75ௗMPa 
 

 
Step 3: Determine the Factor of Safety using the Soderberg Criterion 
The Soderberg line equation is: 

𝜎௔
ᇱ

𝑆௘
+
𝜎௠
ᇱ

𝑆௬௧
=
1

𝑁
 

 
where 𝑁 is the factor of safety. 
Substitute the values: 

37.75

200
+
31.22

400
=
1

𝑁
 

0.18875 + 0.07805 =
1

𝑁
 

0.2668 =
1

𝑁
 

𝑁 =
1

0.2668
≈ 3.75 

 
 

Final Answer for Question 9: 
The factor of safety for the shaft is approximately 3.75. 
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Answer: 

 
Given: 

 Ultimate Tensile Strength, 𝑆௨௧ = 700ௗMPa 
 Yield Strength, 𝑆௬௧ = 400ௗMPa 
 Corrected Endurance Limit, 𝑆௘ = 220ௗMPa 
 Bending Stress: 𝜎௕,௠ = 60ௗMPa, 𝜎௕,௔ = 80ௗMPa 
 Torsional Stress: 𝜏௠ = 70ௗMPa, 𝜏௔ = 35ௗMPa 

 
Step 1: Calculate Equivalent Mean and Amplitude Stresses using von Mises Criterion 
The von Mises stress for combined bending (normal stress) and torsion (shear stress) is: 

𝜎ᇱ = ට𝜎௫
ଶ + 3𝜏௫௬

ଶ  

1.1 Equivalent Mean Stress: 

𝜎௠
ᇱ = ට(𝜎௕,௠)

ଶ + 3(𝜏௠)
ଶ = ඥ(60)ଶ + 3(70)ଶ 

= √3600 + 3 × 4900 = √3600 + 14700 = √18300 ≈ 135.28ௗMPa 
1.2 Equivalent Amplitude Stress: 

𝜎௔
ᇱ = ට(𝜎௕,௔)

ଶ + 3(𝜏௔)
ଶ = ඥ(80)ଶ + 3(35)ଶ 

= √6400 + 3 × 1225 = √6400 + 3675 = √10075 ≈ 100.37ௗMPa 
 

Step 2: Determine the Factor of Safety 
We will use the Soderberg criterion for conservative design: 

𝜎௔
ᇱ

𝑆௘
+
𝜎௠
ᇱ

𝑆௬௧
=
1

𝑁
 

where 𝑁 is the factor of safety. 
Substitute the values: 

100.37

220
+
135.28

400
=
1

𝑁
 

0.4562 + 0.3382 =
1

𝑁
 

0.7944 =
1

𝑁
 

𝑁 =
1

0.7944
≈ 1.26 

 
Final Answer for Question 10: 
The factor of safety for the steel bar is approximately 1.26 
 
 

****************
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