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Fatigue Failure of Connections

Typical Precast Double Tee Garage

LEGEND:

|.  DOUBLE TEE BEAM
2. DECK CONMECTION
1A, SEALANT
1B. BACKER ROD
1.C. STEEL PLATE
2.0 STEEL CONMNECTION DOWEL

2.E. REINFORCIMNG STEEL
CASTa|NFPLACE WASH
COLUMN
SPAMNDREL BEAM
SHEAR VWALL
INVERTED T BEAM
COREBEL
STAIRJELEVATOR TOWER

el Al o



Fatigue Failure of Connections

Typlcal Connectlon Detalls
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SECTION

NOTES:

- POSITION FLAT BAR %" MIN. TO ¥4' MAX,
DOWN FROM TOP OF CONNECTO

- CONNECTING BAR MUST BE INSTALLED
REASONABLY FLAT AND PLACED WITH
SETTING TOOL.

- DO NOT OVERWELD CONNECTION.

% JOINT BETWEEN TEE COMPONENTS
MAY VARY IN THE FIELD
* (+1/5% -0") TYPICALLY

* (+) /' *s -0") AT RAMPS
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Diaphragm model
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Fatigue Failure of Connections

Deck Connection Forces - Chord




Fatigue Failure of Connections

Deck Connection Forces - Shear
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Deck Connection Forces - Gravity




Common Design Assumption...

S
/47,3
/ = 11,100 Ibs
—S

— |

\ ; A\ V*seismic
Bending in weld is hot considered
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Fatigue Failure of Connections

* Static shear strength using E70xx and allowable stress method



...How it Actually Works

\ )

* Static strength using E70xx and allowable stress method
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..the Real Problem
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Fatigue Failure of Connections

Deck Connection Forces — Fatigue Loading




...Fractured Field Welds Due to Fatigue
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Fatigue Failure of Connections

What is Fatigue?

Fatigue - The process by which a material
becomes weakened through cyclic loading

* Low Cycle Fatigue

— Plastic deformation

« High Cycle Fatigue

— Elastic deformation



Fatigue Failure of Connections

The Fatigue Process

Three Steps of Fatigue Failure:

1. Crack Initiation
2. Crack Propagation
3. Failure




Fatigue Failure of Connections

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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Fatigue Failure of Connections

...these are abrupt failures



Fatigue Failure of Connections

Fatigue — What to look for...

Crack initiation at root, propagation at throat,
and rupture at face
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Fatigue Failure of Connections

...and beach marks on weld fracture surface
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Fatigue Failure of Connections

...and beach marks on weld fracture surface

Aes 1eas.n.r7.~‘5 784 JSM=5318LVY




Fatigue Failure of Connections

..and beach marks on weld fracture surface




...and moving / leaking joints

Fatigue Failure of Connections




Designing for Fatigue

« Fatigue need not occur at high stress

« Main factors influencing fatigue are:

— Number of cycles (2 axles/car)

— The Stress Range
(stress fluctuation)

— Stress Category
(severity of stress concentration )

Fatigue Failure of Connections



Fatigue Failure of Connections

Number of Cycles

Per AISC 360:
Fatigue analysis required for = 20,000 cycles

=

)~

Example: 500 cars/day
X 2 axles X 2 = 2,000 cycles/day
X 365 days = 730,000 cycles/year

X 30 Years = 21.9 million cycles




Fatigue Failure of Connections

Stress Range

Per AISC and AWS Code (AWS D1.1)
Allowable stress for fatigue:

Allowable Stress Range (Fgg)

F<r = Tension + Compression Stresses

Y2 For

=

72 Fgr /



Fatigue Failure of Connections

S-N Curve

STRESS RANGE, Fep (ksi)

RANGE MAY BE TRUNCATED DEPENDENT UPON BASE MATERIAL F,
AND WHETHER RANGE IS TENSION TO TENSION OR COMPRESSION
TO TENSION. (MAXIMUM TENSILE STRESS MAY NOT BE GREATER ¢
THAN STRESS ALLOWED BY TABLE 2.3)
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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:

Table 2.5 (Continued)
Fatigue Stress Design Parameters (see 2.14.1

Threshold
Stress | Constant Fry Potential Crack
Description Category Cs ksi [MPa] Initiation Point

7.2 Base metal subject to longitudinal
stress at details attached by fillet or PJP
groove welds, with or without trans-
verse load on detail, when the detail
embodies a transition radius, R, with
weld termination ground smooth.

In weld termination
extending into member

R >2in [50 mm] D 22x10%| 7[48]

ilufle of Connections

Fatigue Ff




Fatigue Failure of Connections

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
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Fatigue Failure of Connections

What do the Experts Say?

Steel Construction Manual, American Institute of Steel
Construction(AlISC)

Appendix 3 Commentary

APPENDIX 3
DESIGN FOR FATIGUE

When the limit state of fatigue is a design consideration,
affected by the number of load applications, the magnitude
ity of the stress concentrations associated with particular
normally encountered in building design; however, when
great enough, fatigue is of concern and all provisions of

its severity is most significantly
of the stress range, and the sever-
details. Issues of fatigue are not
encountered and if the severity is
Appendix 3 must be satisfied.

3.1. GENERAL PROVISIONS

In general, members or connections subject to less than a few thousand cycles of
loading will not constitute a fatigue condition except possibly for cases involving full
reversal of loading and particularly sensitive categories of details. This is because the
applicable cyclic allowable stress ran; i

Extensive test programs using full-size speci , subs i hes stress
analysis, have confirmed the following general conclusions (Fisher et al., 1970;
Fisher et al._ 1974):
I (1) Stress range and notch severity are e o e arichloet 1
%

1) Stress range and notch severity are
the dominant stress variables for
welded details

= .v
region of the residual tensile stress, because the resid-
rack. For this reason, stress ranges that are completely

ig: for fatigue. For cases involving cydlic rever-
sal of stress, the calculated stress range must be taken as the sum of the compressive

Stress and the tensile stress caused by different directions or pattems of the applied
live load.

Specication for Stuctural Seel Bustdiags, Tune 22, 2010
RICAN INSTITUTE OF S TERL ConsTRUCTION
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What do the Experts Say?

Steel Construction Manual, American Institute of Steel
Construction(AlISC)

‘OTHER SPECIFICATION REQUIREMENTS AND DESIGN CONSIDERATIONS 8135

Part 8 - Design Consideration for Welds

tion of a weld loaded eccentrically normal 1o the plane of the faying surface is similar to that
discussed previously for welds loaded eccentrically in the plane of the faying surface.

OTHER SPECIFICATION REGUIREMENTS AND DESIGN One-Sided Fillet Welds

e folavig ar spocfcaion rivepents a1d e consdrions sy o When lateral deformation is not otherwise prevented, a severe notch can result at locations
) ) of one-sided welds. For the fillet-welded joint illustrated in Figure 8-8, the unwelded side

gﬁﬁ:&?ﬂﬂmﬁﬁﬂﬂiﬂifm&fﬁffﬁiﬂ?}ﬁmcmm has no strength in tension and a notch may form from the unwelded side. Using one fillet

AISC Specficaton Sectons A3 1¢ and Sepom AT G, B weld on each side will eliminate this condition. This is also true with partial-joint penetra-

Placement of Weld Groups tion groove welds.

For the required placement of weld groups at the ends of axially loaded members, see AISC

Specification Section 11.7. "
Welds in Combination with Bolts or Rivets P — ]
Far welds used in combination with bolts or rivets, see AISC Specification Section 11,8,

Fatigue
For applications involving fatigue, see AISC Specification Appendix 3,

One-Sided Fillet Welds

‘When lateral deformation is not otherwise prevented, a severe notch can result at locations
of one-sided welds. For the fillet-welded joint illusirated in Figure 8-8, the unwelded side
has no strength in tension and a notch may form from the unwelded side, Using one fillet
weld on each side will eliminate this condition, This is also true with partial-joint penetra

X Crack Initiation
tion groove welds. ———————— hY

Figure 8-8. Notch effect at one-sided weld.

Figure 8-8. Notch effect ar one-sided weld,

AMERICAN INSTITUTE OF STREL ConsTucTion, I




What do the Experts Say?

' Steel
' ' Structural Stainless
| Design Guide 27, .
itnﬁgrican Institute of Steel Construction (AISC)

onnections

Chapter 11 Fatigue

Fatigue

Consideration should be

2iven to metal LELTTTIeY

Avoid... Stress Concentrations
Eccentricities
Fillet Welds

”
. A T —— intermitient we
figuration and carefully choosing constructional details that
re fatigue resistant. The key to fatigye resistant design js
4 rational consideration of fatigue early in the design pro- "k; mm,‘l_ weld toe grindi
cess. A fatigue assessment performeq only after other design
eriteria have been say

100ve welds, fillet welds,
Iding, and backing strips

*  Arc strikes

| yp—trg

and shot and hammer pesning

; feoamprove the fatigue strensth of a joint, here s insur-
tisfied may result jn in inadequate or ficient data to quantify the possibje benefits for stainlass
» — costly structure. It is also mportant to consider the neads steel. It should also be noteq that the techniques are 41 labor-
of the fabricator and erector. I is therefore fecommended inensive and reqireth skl and expenenees s B
Hhat early consultations be held with thopy g point out areas
of the structure that are

Lor 10 achieve maximum benefit. They shouly not, e
Subjected to cyclic loading, stress special cases, be soo

xcept in
0 35 a design option,

AISC DESIGN GUIDE 27/ STRUCTURAL STAINLESS STEEL / 57

Fatigue Fa
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What do the Experts Say?

Design Manual for Structural Stainless Steel
The Steel Construction Institute
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Section 6.4.2 Fillet Welds

Section 8 Fatigue



Stress Category

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

A

\
Table 2.5 (Continued) \
Fatigue Stress Design Parameters (see 2.14.1

Threshold
Stress | Constant Fry Potential Crack
Description Category Cs ksi [MPa] Initiation Point

7.2 Base metal subject to longitudinal
stress at details attached by fillet or PJP
groove welds, with or without trans-
verse load on detail, when the detail
embodies a transition radius, R, with
weld termination ground smooth.

In weld termination
extending into member

R >2in [50 mm] D 22x10%| 7[48]

ilufle of Connections

Fatigue Ff



Strength Comparison

Allowable Load on Example:

- Seismic Strength

/ il . V=11,100 Ibs

Fatigue Failure of Connections

Static Strength (w/ 17 joint)

) | / Vs = 636 Ibs

Fatigue Strength

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 ?

RANGE MAY BE TRUNCATED DEPENDENT UPON BASE MATERIAL F,
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AND WHETHER RANGE IS TENSION TO TENSION OR COMPRESSION
TO TENSION. (MAXIMUM TENSILE STRESS MAY NOT BE GREATER ¢
THAN STRESS ALLOWED BY TABLE 2.3)
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How to Improve Fatigue Resiliency

Reduce Severity of Stress Concentration /
Decrease the Stress Range

« Larger Wels \ /

An

Fatigue Failure of Connections
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