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Typical Precast Double Tee Garage 
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Typical Connection Details 
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Diaphragm model
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Deck Connection Forces - Chord
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Deck Connection Forces - Shear
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Deck Connection Forces - Gravity
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Common Design Assumption…

V*seismic

= 11,100 lbs
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* Static shear strength using E70xx and allowable stress method

Bending in weld is not considered  



…How it Actually Works

V*

= 656 lbs

94% weaker  than commonly assumed
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* Static strength using E70xx and allowable stress method

<< Vseismic



…the Real Problem
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Deck Connection Forces – Fatigue Loading
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…Fractured Field Welds Due to Fatigue
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What is Fatigue?

Fatigue  - The process by which a material 

becomes weakened through cyclic loading 

• Low Cycle Fatigue 

• High Cycle Fatigue
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− Plastic deformation 

− Elastic deformation 



The Fatigue Process

Three Steps of Fatigue Failure:

1. Crack Initiation

2. Crack Propagation   

3. Failure
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Fatigue – What to look for…

Fractured surface is straight and uniform 

within the crack propagation zone
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Fatigue – What not to look for…

Fractured surface jagged and wandering 
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...these are abrupt failures



Fatigue – What to look for…

Crack initiation at root, propagation at throat, 

and rupture at face
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…and beach marks on weld fracture surface
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…and beach marks on weld fracture surface
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…and beach marks on weld fracture surface
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…and moving / leaking joints
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Designing for Fatigue

• Fatigue need not occur at high stress

• Main factors influencing fatigue are:

– Number of cycles (2 axles/car) 

– Stress Category  

(severity of stress concentration ) 

– The Stress Range 

(stress fluctuation)
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Number of Cycles

X 2 axles X 2  = 2,000 cycles/day

Example: 500 cars/day

X 365 days = 730,000 cycles/year

X 30 Years = 21.9 million cycles 

Per AISC 360:

Fatigue analysis required for ≥ 20,000 cycles
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Stress Range

Per AISC and AWS Code (AWS D1.1)

Allowable stress for fatigue: 

Allowable Stress Range (FSR)

Tension + Compression Stresses

= +FSR

½ FSR

½ FSR

FSR =
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S-N Curve

AWS D1.1 Figure 2.11 Allowable Stress Range for Cyclically Applied 

Load (Fatigue) in Nontubular Connections
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Stress Category

AISC 360 Table A3.1 <or> AWS D1.1 Code Table 2.5

Stress Category:

Shear on throat of continuous 

or intermittent longitudinal or 

transverse fillet welds
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What do the Experts Say?

AWS D1.6, Structural Welding Code – Stainless Steel 

American Welding Society (AWS)

Section 2, Part A 2.2.2 – Bending 

Stresses

“…Corner and T-Joints that are to 

be subjected to bending about an 

axis parallel to the joint shall have 

their welds arranged to avoid 

concentration of tensile stress at 

the root of any weld.”   
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What do the Experts Say?

Steel Construction Manual, American Institute of Steel 

Construction(AISC)

Appendix 3 Commentary

1) Stress range and notch severity are 

the dominant stress variables for 

welded details
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What do the Experts Say?

Steel Construction Manual, American Institute of Steel 

Construction(AISC)

Part 8 - Design Consideration for Welds 
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What do the Experts Say?

Steel Design Guide 27, Structural Stainless Steel 

American Institute of Steel Construction (AISC)

Chapter 11 Fatigue
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Avoid… Stress Concentrations

Eccentricities

Fillet Welds



What do the Experts Say?

Design Manual for Structural Stainless Steel 

The Steel Construction Institute

• Section 6.4.2 Fillet Welds

“A fillet weld should not be used in 

situations which produce a bending 

moment about the longitudinal axis 

of the weld if this causes tension in 

the root of the weld”

• Section 8 Fatigue

Avoid… Stress Concentrations

Eccentricities

Fillet Welds
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Stress Category

AISC 360 Table A3.1 <or> AWS D1.1 Code Table 2.5

Stress Category:
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Strength Comparison

Allowable Load on Example:

Static Strength (w/ 1” joint)

VS = 636 lbs

Fatigue Strength

Seismic Strength

V = 11,100 lbs

None
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How to Improve Fatigue Resiliency

Main factors influencing fatigue are:

• Number of cycles

• Severity of stress concentration

• The Stress Range
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How to Improve Fatigue Resiliency

Reducing the Number of Cycles

• Reroute traffic ? 
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How to Improve Fatigue Resiliency

Reduce Severity of Stress Concentration / 

Decrease the Stress Range

• Larger welds

• Smaller joint widths

• Reconfigure connection

• Reinforce connection

Effective Weld Throat =   5/16R

And…           

• More connections
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