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AGENDA
 What is fatigue?

o Examples of steel subjected to fatigue
 What triggers fatigue design?

o Illustration of the “Stress Range” concept
o Explanation of the “Threshold Stress” term

 Allowable stress range equation (A-3-1) from AISC
o Overview of Fatigue Design Parameter tables

 Considerations for bolted / welded connections
 6 Worked Questions
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Safety Moment



Structural Steel Erection

▪ Use of proper fall protection 
equipment is mandated by OSHA

▪ Recent changes in OSHA 
regulations regarding fall 
protection

▪ When on site, if you see 
something, say something
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What is fatigue ?



What is fatigue?

▪ Applies to members and connections subject to 
high-cycle loading that induce sufficient stresses to 
initiate cracking and progressive failure from service 
live loads.

▪ Addressed in Appendix 3 of AISC 360-16 
“Specification for Structural Steel Buildings” (and 
Commentary).



What is fatigue?

▪ What about dead load, wind loads, seismic loads?
 Dead load is not cyclic ’ always present

 Wind load is cyclic but not usually strong enough to initiate cracking

 Seismic design events are very infrequent

▪ Does this work for LRFD design or only ASD?
 This is a service load stress check 
 Treat similar to deflection checks
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Examples of Steel Subjected to Fatigue



Examples of Steel Subjected to Fatigue

▪ Manufacturing sector with highly cyclic live loading:
 Bridge Cranes, Crane Runways, Monorails, Manufacturing Equip.

▪ Transportation sector:
 Steel Bridges



Bridge Crane



Bridge Crane



Lifting Eye



Lifting Eye



Lifting Eye (Video)






Steel Bridges
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What Triggers Design for Fatigue (per AISC) ?



AISC Answer:

Steel members and connections subject to high-
cycle loading within the elastic range of stresses of 
frequency and magnitude sufficient to initiate 
cracking and progressive failure
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What triggers fatigue design?
But….

 If the number of lifetime live load cycles < 20,000

 fatigue consideration is not required

 If the live load stress range is less than the threshold stress, FTH

 no fatigue evaluation required

 If the stress range is in full compression 

 no fatigue evaluation required

 Note that the provisions of Appendix 3 apply only to structures subject to temperatures less than 300°F.



Some Perspective on Load Cycles

What does 20,000 live load cycles look like?

Design life of 25 years, crane is heavily loaded 1x per day x 5 days a week

= 6,500 cycles (fatigue check not required)

Design life of 25 years, crane is heavily loaded 3x per day x 5 days a week

= 19,500 cycles (fatigue check not technically required, < 20,000 cyles)

Design life of 50 years, crane is heavily loaded 15x per shift x 2 shifts x 5 days a week

= 390,000 cycles (fatigue check required!!)



Stress Range
 For elements in complete compression or tension under cyclic loading or 

shear applied in single direction:

» Stress Range = (Tmax or Cmax or Vmax) – 0

 For elements that see both tension & compression or shear in opposing 
directions, the stress range is the absolute value of the difference of the 
extreme values (using negative for one and positive for the other):

» Stress Range = |Tmax – Cmax| or |Vmax, +ve – Vmax,-ve|
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Threshold Stress

The Threshold Stress (FTH) or threshold allowable 
stress range is the stress level below which fatigue 
design does not need to be considered.

 From Table A-3.1 (shown later), threshold stress varies 
for each type of component/connection and varies 
from 24 ksi → 2.6 ksi



Put it another way:

“Threshold allowable stress range is 
the maximum stress range for 
indefinite design life.”

23



-6

-4

-2

0

2

4

6

8
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Allowable stress range equation



Allowable Stress Range
0.167

*Updated in 
AISC 360-16



Allowable Stress Range
0.167

*Updated in 
AISC 360-16



Allowable Stress Range
0.167



Fatigue Design Parameter Tables
 See Table A-3.1 starting on page 16.1-196  * 

(8 sections over 10 pages + accompanying diagrams)

 Section 1 – Plain material away from any welding

 Section 2 – Connected material in mechanically fastened joints

 Section 3 – Welded joints joining components of built-up members

 Section 4 – Longitudinal filled welded end connections

 Section 5 – Welded joints transverse to direction of stress

 Section 6 – Base metal at welded transverse member connections

 Section 7 – Base metal at short attachments

 Section 8 - Miscellaneous
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Bolts and Threaded Parts



Bolts and Threaded Parts
 Section 3.4:

For mechanically fastened connections loaded in shear, use Section 2 of Table A-
3.1

For bolts (or anchor rods), the maximum range of tensile stress from axial load + 
moment + prying action shall follow equation A-3-1 and use    Cf and FTH from 
Stress Category G, Case 8.5

› Use net tensile area from applied axial load, moment, and prying action



Bolts and Threaded Parts
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Welded Components



Welded Components

Welds frequently feature in fatigue design

4 out of 8 sections of Table A-3.1 have “weld” in the title and 
the misc. section has 4 weld sub-sections



Fatigue Design Parameter Tables (Review)
 See Table A-3.1 starting on page 16.1-196  * 

(8 sections over 10 pages + accompanying diagrams)

 Section 1 – Plain material away from any welding

 Section 2 – Connected material in mechanically fastened joints

 Section 3 – Welded joints joining components of built-up members

 Section 4 – Longitudinal filled welded end connections

 Section 5 – Welded joints transverse to direction of stress

 Section 6 – Base metal at welded transverse member connections

 Section 7 – Base metal at short (welded) attachments 

 Section 8 – Miscellaneous (4 out of 5 sub-categories are welded connections)



Welded Components
Good design practice for weld design is to remain below the threshold stress in the 

weld and in the connected parts near the weld

“EOR shall provide complete 
details including weld sizes or shall 
specify the planned cycle life and 
max. range of moments, shears 
and reactions for the connections.”
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Worked Questions (6)
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Question 1:
A component will be cyclically loaded 5 times per day, every day, for 10 years.  Design for 
fatigue is required, true or false? (Why / Why not?)

nSR = 5 x 365 x 10 = 18,250

TRUE FALSE

Fatigue consideration not required

?



What triggers fatigue design? (Review)
 But….

If the number of lifetime live load cycles < 20,000,

fatigue consideration is not required

If the live load stress range is less than the threshold stress, FTH, no fatigue 
evaluation is needed

Stress ranges that are full in compression require

no fatigue evaluation
 Note that the provisions of Appendix 3 apply only to structures subject to temperatures less than 300°F.
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Question 2:
A compression-only column will be cyclically loaded 5 times per day for 25 years.  Design for 
fatigue is required, true of false?    
Why / Why not?

nSR = 5 x 365 x 25 = 45,625

TRUE FALSE

Fatigue consideration not required

?



What triggers fatigue design? (Review)
 But….

If the number of lifetime live load cycles < 20,000,

fatigue consideration is not required

If the live load stress range is less than the threshold stress, FTH, no fatigue 
evaluation is needed

Stress ranges that are full in compression require

no fatigue evaluation
 Note that the provisions of Appendix 3 apply only to structures subject to temperatures less than 300°F.
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Question 3:
The threshold stress for a steel component is 16 ksi with 50,000 cycles of loading over its 
lifetime.  The stress of the component fluctuates between 5 ksi in compression and 14 ksi in 
tension.  Design for fatigue is required, true or false? Why / why not?

1: nSR =50,000
2: Actual stress range = difference between 14 ksi (tension) and 5 ksi (compression).

TRUE FALSE

True, number of cycles > 20,000 and 
stress range (19 ksi) > threshold 
stress range (= 16 ksi)

?
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Question 4:

For the previous question, what is the allowable design stress range according to equation 
A-3-1 assuming the component is plain material in Stress Category B?

?
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Question 4:

For the previous question, what is the allowable design stress range according to equation 
A-3-1 assuming the component is plain material in Stress Category B?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf

?
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Question 4:

For the previous question, what is the allowable design stress range according to equation 
A-3-1 assuming the component is plain material in Stress Category B?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf = 12

?
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Question 4:

For the previous question, what is the allowable design stress range according to equation 
A-3-1 assuming the component is plain material in Stress Category B?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf = 12
2: Recall that N = 50,000 (from previous question)
FSR = (Cf / N)0.333 = 62 ksi (!!)…note the small “N”

?
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Question 4:

For the previous question, what is the allowable design stress range according to equation 
A-3-1 assuming the component is plain material in Stress Category B?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf = 12
2: Recall that nSR = 50,000 (from previous question)

→ FSR = 1000 x (Cf / nSR)0.333 = 62 ksi (!!)…note the small “nSR”

*Note that the maximum permitted stress due to peak cyclic loads is 0.66 Fy

?
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Question 5:

What is the design stress range for a ¾” dia. A325 bolt that is loaded 300,000 times cyclically?  
The bolt takes up to 5 kips in tension (3 kips from direct tension and 2 kips from moment)

Is the bolt OK?

?



Bolts and Threaded Parts (Review)
Cf FTH
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Question 5:

What is the design stress range for a ¾” dia. A325 bolt that is loaded 300,000 times cyclically?  
The bolt takes up to 5 kips in tension (3 kips from direct tension and 2 kips from moment)

Is the bolt OK?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf = 0.39, FTH = 7 ksi, nSR = 300,000

?



56

Question 5:

What is the design stress range for a ¾” dia. A325 bolt that is loaded 300,000 times cyclically?  
The bolt takes up to 5 kips in tension (3 kips from direct tension and 2 kips from moment)

Is the bolt OK?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf = 0.39, FTH = 7 ksi, nSR = 300,000
2: FSR = 1000 x (Cf / nSR)0.333 = 10.9 ksi

?
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Question 5:

What is the design stress range for a ¾” dia. A325 bolt that is loaded 300,000 times cyclically?  
The bolt takes up to 5 kips in tension (3 kips from direct tension and 2 kips from moment)

Is the bolt OK?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf = 0.39, FTH = 7 ksi, nSR = 300,000
2: FSR = 1000 x (Cf / N)0.333 = 10.9 ksi
3: Actual bolt stress range = 5 kips / Abolt = 11.3 ksi

?
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Question 5:

What is the design stress range for a ¾” dia. A325 bolt that is loaded 300,000 times cyclically?  
The bolt takes up to 5 kips in tension (3 kips from direct tension and 2 kips from moment)

Is the bolt OK?

Recall that FSR = 1000 x (Cf / nSR)0.333

1: Look up Constant, Cf = 0.39, FTH = 7 ksi, nSR = 300,000
2: FSR = 1000 x (Cf / N)0.333 = 10.9 ksi
3: Actual bolt stress range = 5 kips / Abolt = 11.3 ksi

→ Since actual stress = 11.3 ksi > FSR BOLT NOT OK !

?
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Question 6:

A diagonal brace on a piece of equipment experiences 1 ksi in compression and 2 ksi in tension.  
It is loaded approximately 5 times per minute, 24 hours per day, 7 days per week.  The desired 
minimum design life is 10 years (nSR = 26,280,000).  

The brace (2L 6x4x7/8”) is longitudinally welded in an end connection to a gusset plate.  
What is the allowable stress range?  Is the member sufficient at this connection?

?
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Question 6:

1:  Stress range = 3ksi, nSR = 26,280,000, longitudinally welded brace 2L 6x4x7/8”:

?
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Question 6:

1:  Stress range = 3ksi, nSR = 26,280,000, longitudinally welded brace 2L 6x4x7/8”.
2:  FSR = 1000 x (Cf / nSR)0.333 where Cf = 1.1 or 0.39 depending on “t”

(…what was member thickness??)
since t > 0.5 in, Cf = 0.39 and FTH = 2.6 ksi
→ FSR = 2.47 ksi but since less than FTH, FSR = 2.6 ksi

?



62

Question 6:

1:  Stress range = 3ksi, nSR = 26,280,000, longitudinally welded brace 2L 6x4x7/8”.
2:  FSR = 1000 x (Cf / nSR)0.333 where Cf = 1.1 or 0.39 depending on “t”

(…what was member thickness??)
since t > 0.5 in, Cf = 0.39 and FTH = 2.6 ksi
→ FSR = 2.47 ksi but since less than FTH, FSR = 2.6 ksi

Is the brace adequately sized?

→  NO!  Since actual stress range = 3 ksi > FSR = 2.6 ksi

?
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ADDITIONAL RESOURCES
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ADDITIONAL RESOURCES
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REVIEW
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REVIEW

 What is fatigue and where does it typically occur?
 What triggers fatigue design?

o Illustration of the “Stress Range” concept
o Explanation of the “Threshold Stress” term

 Allowable stress range equation (A-3-1) from AISC
o Overview of Fatigue Design Parameter tables

 Considerations for bolted / welded connections
 Example questions
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QUESTIONS AND DISCUSSION
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