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ABSTRACT: The work aims to study the fatigue assessment of the welded joints made of high strength steel and treated by
high frequency mechanical impact (HFMI) with the structural stress approach and notch stress approach. Based on the research
for the nominal stress approach, the HFMI treated test data from four types of welded joint were analyzed by the structural stress
approach and notch stress approach. Then the characteristic FAT values for the relevant stress system were statistically pro-
posed. The applicability of proposed FAT values was checked by comparing the values with the relative test data series of
welded joints. The characteristic FAT values for the structural stress system and notch stress system was proposed. S-N curve of
FAT classes and m=5 varying with the material strength was adopted. The proposed FAT values were in good agreement with
the fatigue data for every type of welded joint. For the welded joints treated by HFMI, their fatigue strengths are statistically
varying with the material strength. Thus a characteristic FAT value varying along with the material strength should be taken.

The excellent properties of high strength steel treated by high frequency mechanical impact can be used fully by the analysis re-
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sults without reducing the safety.
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Fig.4 Decomposition of notch stress
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Fig.6 Cross section model and effective radius of fatigue to
calculate the effective notch stress

-«

3 HFMI &40 3 rY I 55 1 4l

3.1 EREHEES HFMI B FE/ES
AR

B X AN [R] 98 B S MR, MARE G SR Pl 4R T
DU DL KR 34 Sk 225 HEMIL I A B A4 98 55 3
Bl , WA 1o X PUREOR xRS | T Bk
JEARE T MY ) Ak . 3k 23 4,
BT 222 MR R

KT SIIN T

1) MR H32 4 3k 00 B0 A J IR R RE S 1L R 235~
1100 MPa, v 82 4l A (K58 B 4K( f, <355 MPa ),
140 NEHE =R AN (f, > 355 MPa)

2) AVHEERAI ) FUN ) e 520, AH R H
WCHER Tt R=0 WG . B T M4+ -4k 4 5k
R=0 Fl R=0.25, HAMHEHER) R=0.1,

3) $ 57 MR 2R AR ¢ #AE 5~20 mm Z [A]
WAL 25 mm, AUIFEITEEBEIE,

Zoid HEMI K85 A B 403k | O 97 80Uk
JEFUVAAS A F AR T I O, X RISy S-N £k
BERAEH m 225 . Yildirim! “F Weich 45 58 52
IR LA AT, A HRAE S-N 2R AR SR 4L
W m=5 JEHATREERER, X bbk IW BB 19 57 i
FEB A2 B 2 7). R AE T T A4 55 Ge 34 it
o, BE m=5,



LIEYE I R B SCANAE R AR i o A B ) R e e S 9 55 R R TS - 45 -

&1 HFMI IR F YRR LR 55 i R H R
Tab.1 Fatigue test data for the welded jointstreated by HFMI

Type Data set f,/MPa t/mm K Ky R Loading Treatment n
Q235B 235 8 1.201 1.871 0.1 Tension UP 13

16Mn 390 8 1.201 1.871 0.1 Tension UP 6

SS800 700 8 1.201 1.871 0.1 Tension UP 10

Butt joint S355 355 5 1.191 1.693 0.1 Tension HFMI 14
S690 690 5 1.191 1.693 0.1 Tension HFMI 10

S960 960 5 1.191 1.693 0.1 Tension HFMI 7

1100 QC 1100 6 1.196 1.760 0.1 Tension UP 14

Gal-S355 355 6 1.061 1.782 0.1 Bend UIT 13

Gal-S700 700 5 1.052 1.716 0.1 Bend UIT 12

Stat-420 420 20 1.083 2.793 0.1 Bend UIT 8

T-joint S355 355 5 1.052 1.716 0.1 Tension HFMI 12
S690 690 5 1.052 1.716 0.1 Tension HFMI 8

S960 960 5 1.052 1.716 0.1 Tension HFMI 11

Domex700 700 6 1.061 1.782 0.1 Bend UIT 10

Kud-260 260 20 1.381 3.102 0 Tension UP 9

Cruciform joint Q235B 235 8 1.172 1.792 0.25 Bend UP 6
16Mn 390 8 1.365 2.377 0.1 Tension UP 5

Q235B 235 8 1.493 2.692 0.1 Tension UP 7

16Mn 390 8 1.493 2.692 0.1 Tension UP 6

Longitudinal SS800 700 8 1.493 2.692 0.1 Tension UP 8
joint S355 355 5 1.489 2.554 0.1 Tension HFMI 12
S690 690 5 1.489 2.554 0.1 Tension HFMI 10

S960 960 5 1.489 2.554 0.1 Tension HFMI 11
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Fig.7 Collected fatigue test data for each joint type in the nominal stress system: a)butt joint; b)T-joint; c)cruciform joint; d)longitudinal joint
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Tab.2 FAT classes proposed by Yildirim for the HFMI treated jointsin the nominal stress system

Jf,/MPa Longitudinal joint ~ Cruciform and T-joint Butt joint
As weld, m=3 Allf, 71 80 90
. £, =355 90 100 112
Hammer and peening, m=3
355<f, 100 112 125
235 < f,<355 112 125 140
355 <f,<550 125 140 160
HFMI treated, m=5 550 <f£,<750 140 160 180
750 < £,<950 160 180
950 <f, 180
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Fig.8 Collected fatigue data for all welded joints
in the structural stress system
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Tab.3 Characteristic FAT classes for
the welded joints under different treating
statusin the structural stress system

fy/MPa Load-carrying I\i:(;lrlr)llci)sg
As weld, m=3 All £, 90 100
Hammer and £, =355 112 125
peening, m=3  355<f, 125 140
£, =355 160
HFMI treated, 355 <£,<550 180
m=5 550 <f,<750 200
750 < £,<950 225
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Fig.9 Collected fatigue data for each joint type in the structural stress system:
a)butt joint; b)T-joint; c)cruciform joint; d)longitudinal joint
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Fig.11 Collected fatigue data for each joint type in the notch stress system: a) butt joint; b) T-joint; ¢) cruciform joint; d)longitudinal joint
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Tab.5 Characterigtic FAT classes (m=5) proposed by the statistical analysisfor the structural stress system and the notch stress system

Yield strength f,/MPa Structural stress system Notch stress system
£, =355 160 320
355 < f,<550 180 360
550 <f£,<750 200 400

750 < £,<<950 225 450
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Tab.6 Satistical results for each stress system

Results Nominal stress  Structural Notch stress
system stress system system
Aosge,/MPa 248 302 522
Aoy 70,/MPa 142 186 322
SD of g C 0.606 0.530 0.526
T, 2.04 1.87 1.86
1Ty 35.7 22.8 22.4
4 g
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