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Detection of Defects in Welded Joint of a Structural Steel and Prediction of
Fatigue and Corrosion Fatigue Lives for the Joints Containing Those Defects

Takao AOKY, Keishi NARKANO, Hiroaki FUKRUHARA, Akira OKADA,

Shigeo KoBavasui, Katumi KiMURA and Mickio INAGAKI

Synopsis:

The sizes of planar defects in the butt welded joints of a high tensile steel were measured by ultrasonic
testing with a point focussed angle probe, and the results were related to the fatigue and corrosion fatigue
life predictions for the joints containing those defects. Surface and buried lack of penetration, and pear—
shaped bead hot crack were artificially made in the welded joints by the control of gas metal arc welding
conditions. The fatigue and corrosion fatigue life curves for the defective specimens were predicted by
fracture mechanics technique using the fatigue crack growth data of weld metal measured in air and those of
base metal in saltwater reported previously. Reasonably close agreement between the predicted and ob-
served values was obtained for both the cases in fatigue and corrosion fatigue, and hence it was concluded
that sufficiently accurate fatigue and corrosion fatigue life predictions would be possible provided the defect

shape was detected with the accuracy of about +1 mm as was done in this study.
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Table 1. Chemical composition and mechanical
properties of SM 50B steel, 20 mm in thickness.

(a) Chemical composition of steel used. (wt %)

C Si Mn P S

0.14 0.34 1.32 0.018 0. 007

(b) Mechanical properties of steel used.

Yield strength Tensile strength Elongation
(MN/m?) (MN/m?) (%)
355 500 30
60"

Shielding gas
o Ar 25;1/min+CO, 5;i/min
(a) /@
In first layer
Rh=2.4.8 Welding current 260 A

Welding speed 40 cm/min
Wire diameter .2 mm

Over second layer
Welding current 390 A
Welding speed 30 cm/min
Wire diameter 1.6 mm

Each layer

Shielding gas
Ar 25:1/min+ CO, 5;1/min

Welding current 320A
Welding speed 40 cm/min

Wire diameter 1.6 mm

6,4
> = In first layer
o Shielding gas
(c)/ « €O, 25;i/min

Welding current 470 A

Welding speed 32.5 cm/min

Coated electrode Wire diameter 1.6 mm

arc welding In second layer

Shielding gas

Ar 15;1/min +CO, 15 ;1/min
Welding curent 365 A
Welding speed 35 cm/min

Wire digmeter 1.6 mm

(a) surface lack of penetration (b) buried lack of
penetration (c¢) hot crack

Fig. 1. Manufacturing of test material of welded
Jjoints containing various defects.

POINT FOCUSSED
ANGLE PROBE

FOCUSSED BEAM

FLAw-{((G®))) \~SCATTERING WAVE

WELD

Fig. 2. Measurement of size of defect in weld by
point focussed angle probe.

Table 2. Ultrasonic testing condition.

Transducer P.F.AP.*(5Z10S50A45)
Flaw detector UDF-305D

Couplant Spindle oil

UT method Flaw tip echo method
Reference block ¢ 3 side drill hole test block

*Point focussed angle probe.
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Differential beam path
distance _method

| O 5Z10S50A45
| & SZJOX 10A45

Error in estimation {mm)

L Usual _method

L & 5ZI0XI0A45
(Calibrated with STB-Al)

a b c de f g h i j

wp b1 A1
2468I0l£\,12I4I6I820

Depth of side holes (mm)

(O) Point focussed angle probe (/) (4) Angle probe
Fig. 3. Comparison of performance for estimat-
ing the depths of side drill holes with three
ultrasonic angle beam testing methods.
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Fig. 4. Measured result of size of hot crack and
lack of penetration.
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Fig. 5. Fatigue crack growth rates in air as a
function of 4K for base metal.
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Fig. 6. Fatigue crack growth rates in air as a
function of 4K for welded metal.
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Fig. 7. Threshold stress 1ntens1ty range in air of
welded joints containing various defects.
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|
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Fig. 8. Predicted and observed fatigue lives in
air of specimens containing surface lack of
penetration.
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Fig. 9. Predicted and observed fatigue lives of
specimens containing buried lack of penetration
and hot crack.
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Fig. 10. Schematic illustration of corrosion
fatigue crack growth rates in saltwater based
on the data of Vosikovskyll).
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Fig. 11. Predicted and observed corrosion fatigue
lives in saltwater at free corrosion potential.
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Fig. 12. Predicted and observed corrosion fatigue
lives in saltwater at a cathodic protection poten-
tial of —1050 mV (SCE).
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Fig. 13. Effect of error in measuring defect size
on the estimation of threshold stress range, Jo;y
and fatigue life, N; for specimens containing sur-
face lack of penetration.
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Fig. 14. Sensitivity indexes of defect size for
fatigue life as a fuction of stress range.
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gEs LEbhA. L, SHoF-22HTh
HEMC TS IEECTHIETSH Y, FEROES,
FHm TR T 5 BRE RN OBE I B/ NI ok
Ezxbh3.

5. &

(1) BEERABRC LA XRBAE BT, RERF
AT YAV Y - A BREELTHE LIBE, Bi
RELERE I OREY +1 mm OEECRE ¢ .

(2) BHROBEEBHORSTHHES AEY &R
BERET, SREFPICEVT m/cycle, MN-m-%2
BT T,

(BH#1)

i

da/dN=4.81x 10-13(4K)3-6
(B4 R) da/dN=5.41x 10-12(4K)21
D TEIN. Tl FEREESUBERFORY
KRB, JKin=5~6 MN.-m-¥2 pRE—DfENE LR
fo.
(3) WK EUEESFORKIFESFHL,
AP cALRE Y 5 +lmm BEO KEETRIED
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BHiEhic/le b, TOERCTFRITE S - L2+ KW
WHREE L 7.

(4) RECHERREESUHEERTORAR Y HH
i, BRERTZD, BEHREETTEZo0 XUNE
REFEEL T, kKb LRBCHGY FHTE 2.

(5) EFHFaLEFROFHECRIFTRIMEREEE
DEBEA, BEFBRIVEFHFEGOH K EI DL
i, EHFGCHT B RENEOREEIEL, k&
T do WHKREEL fehotchs, BREE, By
BEMET T do KR IRTE L 1.
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