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Effects of Residual Welding Stresses
on Fatigue Crack Growth Rate
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Change of Residual Stress
Due to Crack Propagation

Change of Residual Stress Distribution
Due to Crack Propagation
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Change of Residual Stress Distribution
Due to Crack Propagation

AK—da/dN Relationship (1)
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Equation 1
1 T Sresen da/ | [mm / cycle] = 6.54 x10*(AK[N /mm**]f " - 2.71x10°¢
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Estimation of Fatigue Crack Propagation Life, Np

AK—da/dN Relationship (2)

da/ | [mm/cycle] = 6.54x10™(AK[N /mm**]f"* ~2.71x10°°

Eguation-1
hl

da/ [mm/cycle] =3.82x10 *(AK[N /mm**]f ** ~9.37x10°¢
Equation 2

Penny-Shaped
Fatigue Crack _/
(Radius:a)

No Significant Differences
Between The Other Types
of Specimens

. K. Equation 2
da/ [mm/cycle] = 3.82x 10 (AK[N /mm**]f ™ ~9.37x10°*
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Estimation of Fatigue Crack Propagation Life, Np

Effects of Weld Defects on Fatigue Strengths
Longitudinal Welded Joints
Containing Blowholes
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Classification of Blowhole Sizes Fatigue Test Results
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Base on Radiographic Examination w0 Small Blowholes 5t specinen
T [ Ho Blowhole
o S A Small Blowhole
- ] X Medium Blowhole

M- @ Large Blowhole
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Large Blowholes b > 2mm

b: Blowhole Length
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Fatigue Cracks Originated From Blowholes

Radiograph

Fatigue Crack o = e
Propagation e B : |
from Blowholes Vi

ER-R-

{ ¢#mobpn

Effects of Weld Defects on Fatigue Strengths
Butt-Welded Joints

Containing Various Embedded Defects

Fracture Surfaces with Beach Marks

Fatigue Crack
Propagation Rate
from Blowholes

4 _ g x1072(AK )*°

dN

da_ 0.90x10(AK )*°
dN

Fatigue Crack Growth Rate dafdn (mmfeycle)

;LS =1.73x10(AK " ~8.34x10°*

Various Embedded Weld Defects

*Butt welded joint with V-groove

Lack of Fusion
(LOF)

Incomplete
(CR) Penetration (IP)

Crack

Slag Inclusion Blowhole

(sn (BH)
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JIS SM490A: 150 specimens Root gapi™  As-welded condition
JIS SM570Q: 27 specimens

Fatigue Test ‘ Fatigue Test Results
Evaluation : defect length “2c” is used.
Single defect Multi defects

m Testing machine " - (Xray)

— Capacity: 300 kN RS

| (REEURS Y4
m Testing conditions ; measured on |§
failure
— Constant amplitude
— Stress ratio R=0
— Maximum stress: X
100 - 350 MPa B Length 2c
WES 2805 Sp = 0.25 x min (c4,C,)
S<S;— 2c =2c; + 2¢c,+S
S > S, — cracks are isolated

Real Size
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Fatigue Test Result, CR Type Defect
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Fatigue Test Result, IP Type Defect

(SM490A) SM490A!
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Fatigue Test Result, LOF Type Defect

(SM490A)
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Types of Gusset Joints
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atigue Test Result, SI Type Defect

(SM490A)
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High Strength Steels
Fatigue Strength of Large-Size Gusset Joints
of 800MPa Class Steels

Specimens

In-Plane Gusset

Out-of-Plane Gussef | =




Welding Details of Specimens

In-Plane ., Out-of-Plane

—%g ~ Gusset é J& Gusset

Stress Distribution at the End of
the In-Plane Gussets

stress concentration(ox/on)
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Fatigue Test Results
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Fatigue Test Results
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Fatigue Crack in In-Plane Gusset Joints

Fatigue Strength:
Category B
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Fatigue Crack in In-Plane Gusset Joints
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Fatigue Crack in In-Plane Gusset Joints

Fatigue Strength:
Category C and D
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Fatigue Crack in Out-of-Plane Gusset Joints

The Unfused Part
| of the Root

Fatigue Strength:
Category C

Fatigue Strength:
Category A

60 —\ _backside
A'I

R=40 Ry A;

46 EE

Fatigue Crack in Out-of-Plane Gusset Joints

Fatigue Strength:
Category D
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Fatigue Crack in Out-of-Plane Gusset Joints

Fatigue Strength:
Category E

This Type was not used
in the Honshu-Shikoku Bridge
Project




Size Effects
Full Size Fatigue Tests of Truss Chords

Girder specimen at Lehigh University in the US

Full Size Fatigue Tests of Truss Chords

Minato Ohashi

The Corner Joints of Truss Chords

Outside: Partially Penetrated Groove Welds
Inside: Fillet Welds

Importance of Size Effects

Welded joint specimen
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4 Point Bending Tests




The Full Size Specimen of Truss Chords The Used Steels
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The Welding Condition of The Corner Joints Fatigue Cracks in The Corner Joints (4 Types)

Wieding
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Type 2 The Fatigue Crack Originated from
-Start Positions
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Type 4 Fatigue Cracks
Along the Fillet Weld-Beads

Crack from Root

— |~ Crack from Toe

Consideration of Size Effects

Change of Fatigue Design Code

Joint Type Sleeper pad Joint Type Out
Faligue strength Fatigue strength

Code Class | at2 million cycles (MPa) Code at 2 million cycles (MPa

Oldcodes0 | D | 120 Ol code 60 I

Currentcode 92| F | 65 Current code 92

S
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Joint Type ongitudinal welding Joint Type Cruciform weld
Fatigue strength Fatigue strength
Code at2 million cycles (MPa Code €155 | at 2 million cycles (Mpa)
Old code ‘60 150 Old code '60 D | 100
E

Current code ‘92 125 Current code ‘92 |

Joint Type -plane qusset (t=20mm)
Fatigue strength
at 2 million cycles (MPa)

Code

Old code 60
Current code 92 65

Type 3 Collective Fatigue Cracks
At the Roots of Fillet Welds

Compuisory Fractiure Plane
m\_?olledm\ Fatigue Crack

Web Plate

Fatigue Test Results
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