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A Study on Improvement of Fatigue Performance by Shot Blasted Surface Treatment

by Toshihiro Fujii, Member Koichi Okada, Member
Jun-ichi Deguchi, Member Koji Gotoh,  Member
Summary

Recently, the strength of the hull structure including fatigue strength has seen significant improvement because of application of
IACS CSR (Common Structural Rules). Various methods which can increase the fatigue strength at welded joints are suggested, since
the damage morphology on the recently welded structures was observed to be primarily fatigue failure. In Shipbuilding industry,
smoothening of the welding bead toe by grinding is the method that is customarily adopted to improve the fatigue performance.
Recently, many peening treatment methods at the welding bead has also been proposed. These peening processes produce a
compressive residual stress field near the peening location. In addition, the peening process smoothes the toe shape of the weld bead
and reduces stress concentration. In case of generating compressive residual stress by impact, the same effect could be expected by

shot blasting, which is the steel surface preparation for painting.

In this study, the condition of the residual stress generated at welding toe by shot blasting was investigated, and then from results
of the fatigue test, the increase in fatigue strength due to residual stress is verified. In addition, referring to the S-N curve based on the
fatigue test results, the effect of the fatigue strength improvement effect due to blasting on the fatigue design of the hull structure was
investigated, and the possibility of hull weight reduction was confirmed.
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Table 1 Mechanical properties of applied materials.
(T-shaped joint)
Yield Tensile . Charpy
(TGmiiiZ) strength strength EIO]EO%?UOH energy at
[N/mm?] [N/mm?] ° 0°C[J]
aﬁiﬁh) 293 442 31 -
oab 33 463 27 -
§836 1 an 530 22 192
b0 | 383 520 25 244
Table 2 Mechanical properties of applied materials.
(Butt welded joint)
Yield Tensile . Charpy
(TGMEiiZ) strength strength Elor[lsa;tmn energy at
[N/mm?] [N/mm?] ’ 0°C [J]
RS I E 449 28 -
(a0 452 567 21 184

1000

3200

Fig.1 T-shaped joint.




Table 3 Welding conditions for manufacturing T-shaped joint.

Position and type of joint:  Flat position, fillet welding

CO2 Arc welding with automatic

Welding method: welding carriage

. . PL-22 (wire dia. 1.4mm ippon
Welding wire Steel &(Sumikin Welding )CO(.I,\ILIE.)
Current: 280 A
Voltage: 32V
Travel speed: 35 cm / min

100~ - (S i = 5200 e 250 T e300 e e 3505 0w 40N 0 0 d SO o s 50

Fig.3 Welded joint and specimen configuration used.

Table 7 Welding conditions for manufacturing butt welded joint.

The number of weld pass: 1

Position and type of joint:  Flat position, butt welding

Welding method: MAG (CO2) welding with automatic
. . welding carriage
Table 4 Shot Blast specification (one side welding with backing plate)
Steel Grid: SB HYVALUE GRIT G-7HV Welding wire PL-22 (wire dia. 1.4mm) (Nippon Steel
(Sintokogio,Ltd.) & Sumikin Welding Co., Ltd.)
1 3 . 0, 0,
Steel Grid size: 0.5mm (50%) / 0.7 mm (50%) Weld. Pass No. Cuient Vol\t/age Trave} Speed
Average amount speed: 10 kg/min (A) \%) (cm/min)
Distance to welding bead: abt. 20 cm 4 1 220 26 20
Blast shooting area abt. 28cm? ( circle abt. 6cm across) 2 280 30 35
Travel speed: 3~5 cm/sec 3 280 30 30
Target surface roughness Sa2.5 4 260 30 25

Table 5 Welding toe radius

Measurement Welding toe radius [mm]
Treatment 3
number Ave. Max. Min.
as Weld 6 0.53 0.86 0.36
Blasting 6 0.47 0.53 0.39
Peening 4 1.03 1.52 0.77

Table 6 Fatigue test specimens taken from the T-shaped joint.

ID Name Treatment Steel grade Bas.e Plate

Thickness
1 M15W-T As welded KA 15 mm
2 M15B-T Blasting KA 15 mm
3 MI15P-T Peening KA 15 mm
4 HISW-T As welded KA36 15 mm
5 HI15B-T Blasting KA36 15 mm
6 H15P-T Peening KA36 15 mm
7 M25W-T As welded KA 25 mm
8 M25B-T Blasting KA 25 mm
9 M25P-T Peening KA 25 mm
10 H25W-T As welded KA36 25 mm
11 H25B-T Blasting KA36 25 mm
12 H25P-T Peening KA36 25 mm

40°

Max. 3mm

|

M /I\ Max. 3mm
GAP=4mm

Fig.2 Welding bevel configuration.

Table 8 Fatigue test specimens taken from the butt welded joint.

ID Name Treatment Steel grade
1 M15W-B As welded KA
2 M15B-B Blasting KA
3 M15P-B Peening KA
4 H15W-B As welded KA36
5 H15B-B Blasting KA36
6 H15P-B Peening KA36
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Fig.4 Measurement position of fillet weld specimens.
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Fig.5 Specimen to measure residual stress and fatigue strength.
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(a) Specimen M15W-T, as welded, KA, 15 mm.
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(b) Specimen M15B-T, Blasted, KA, 15 mm.
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(c) Specimen M15P-T, Peening, KA, 15 mm.
Fig. 6 Examples of measured residual stress distribution.
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Fig. 7 Fatigue test specimen used (unit in mm).
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Fig. 8 Examples of broken specimen of fillet welding

Fig.9 An example of broken specimen of butt welding
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(a) Base Plate thickness 15mm, KA, KA36
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(b) Base Plate thickness 25mm, KA, KA36
Fig. 10 S-N curves of fillet welding specimens.
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(a) Base Plate thickness 15mm, KA
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(b) Base Plate thickness 15mm, KA36
Fig. 11 S-N curves of butt welded specimens.
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Fig.13 Fatigue test results of fillet welding specimens with base
plate thickness 15mm plotted on CSR S-N curves in-air

environment.



Fig. 13 (% 2T 2 &, BHE £ R TRBRERIC A~
57T A MU AT U7 R1E, CSR OfEHERE S-N
BMECBWTCD =T L CH—TREOEND D Z LIV
BT&ED. F£72Fig13 ()15 KA36 MIZB W T HRIEED
ENRHDHZ ENbnd. B—= U JUE A i LU 75 RIE
7T A MUREE T LIRERIVEIZ 1 T2 7 O
FEOENDHD Z L EHER L.

1,000 -
f
z —--B
3 —
& J—
& D
”
% o MISW
P
& A MISB
“ o MIsP

10

1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08

N
(a) KA
1,000

f
z -.-B
=]
T 100 ---¢
@
El —0D
1
= e HISW
A
Z A HISB
@ o HISP

10

1.00E+04 1. ODEHJS L DDE+06 1.00E+07 1.00E+03
N

(b) KA36

Fig.14 Fatigue test results of butt welding specimens with base
plate thickness 15mm plotted on CSR S-N curves in-air

environment.
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Table 9 Principal particular and fatigue reference location of

evaluated ship.

Type of ships: Bulk carrier, 99,000DWT
Principal

) ) 245m (L) x 43m (B) x 18.5m (D)
dimensions:
Evaluation

reference of fatigue No.l ~No.3 Hold
strength:

(1) Longitudinal attached on the bottom
plate

X\

Evaluation member (2) Cross points between inner bottom and

hopper tank / lower stool

and location:

4.2.1 BHHFRDOLE

MR T > 1%, Table 9 PUS R RIS KEN TR EATICE
WTHE LT NER EAR v /—F 7 EFEAY — L&D
RAHBIT Fig.16 1274 O~OOEFTIC Tt L 7=,

Table 10 & Table 11 D F7FM DL, CH—7 %M
WCES AT O LS FHEMPH 2 f5~4 EFEm L LT
WHZENDLND.

S o N

LA

Fig.16 Fatigue evaluation position for the cross points on the inner

bottom.

Table 10 Fatigue life comparison for bottom longitudinal stiff.
D curve C curve
(year) (year)

Stiffener Size

Face 350 x 15
Web 200 x 22 25.3 70.1
(KA36)

Table 11 Fatigue life comparison for the cross point on inner

bottom.
Position Plate thickness D curve C curve
(mm) (year) (year)
O) 23.5 25.1 65.3
&) 255 255 68.5
® 25.5 32.6 96.7
@ 30.5 26.5 7.5
® 23.0 55.4 198.7
® 23.0 119.1 520.7
@ 23.0 28.3 81.1

* Plate material: KA36
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Table 12 Comparison of bottom longitudinal scantling due to
difference of applied S-N curves for fatigue strength.

Hold No. D curve C curve Weight
Stiffener size Fatigue Stiffener size Fatigue impact
life life (ton)
F:350x 15 F:350x 11
2 253 50.8 284
W:200 x 22 W:125x 16
F:420x 15 F:350x 11
3 25.1 426 479
W:200 x 22 W:125x 19
F:350x 11 F:350x 11
4 25.7 425 471
W:200x 19 W:125x 19

(Note)
* Plate material: KA36
e F: Face, W: Web
e Unit in stiffener size and fatigue life are mm and year,
respectively.



Table 13 Comparison of Inner bottom scantling due to
difference of applied S-N curves for fatigue strength.
Hold No. D curve C curve Weight
Plate Fatigue Plate Fatigue impact
thickness life thickness life (ton)
1 23.5 25.1 23.0 62.0 1.3
2 25.5 25.5 23.0 52.5 5.8
3 25.5 32.6 23.0 96.7 6.2
4 30.5 26.5 23.0 38.4 38.1
5 23.0 55.4 23.0 198.7 0
6 23.0 119.1 23.0 520.7 0
7 23.0 28.3 23.0 81.1 0
(Note)

* Plate material: KA36
* Unit in inner bottom plate thickness and fatigue life are mm
and year, respectively.
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