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Brittle Crack Arrest Technique for Large Container Ships Using Fillet
Welding
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Abstract:

The effect of fillet weld metal toughness and steel plate thickness on the long brittle crack arrest condition in a
hatch side coaming of container ships was investigated. If a Tee joint composed of a hatch side coaming and a
strength deck is constructed by fillet welding without a groove, long brittle cracks could be arrested in the fillet weld
metal part by appropriately adjusting the fillet weld metal toughness according to the steel plate thickness. In addition,
in the actual construction of the fillet Tee joint, even if a clearance (gap) was generated between the strength deck

and the hatch side coaming, and an additional leg length was required, long brittle cracks could be arrested by

optimizing the fillet weld metal toughness according to the fillet weld leg length.
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Fig. 1 Brittle crack propagation assumed in this research
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Fig. 2 Effect of structural discontinuity on brittle crack
propagation/arrest behavior in Tee joint
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Fig. 3 Results of ultra-large construction model tests
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Table 1 Welding conditions of Tee joints

Tee joint

Partial penetration, Fillet welding

4 layers, 7 passes
[each side]

3 layers, 6 passes
EH steel plate  Leach side]
~—

S| 600r 75 I/ N 60, 75
Geometry of groove w g N ar or 80
—l ~ .
200125 Cra?&;}l{nnxi p))lalc
Leg length Partial penetration: 5 mm,  Fillet welding: 16 mm
Welding method GMAW GMAW GMAW
(Shielding gas) (6-8%N2+CO2) (100%CO2) (100%CO2)
Wire for welding WMa [¢1.2 mm] WMb [¢1.2 mm] WMc [¢1.2 mm]
Preheating 130~150°C None None
Welding Horizontal Horizontal Horizontal
position /Flush fillet welding | /Flush fillet welding | /Flush fillet welding
Welding 300A-33V-30 cpm, | 300A-33V-30 cpm,
condition 300A-33V-34.cpm | 5304 34V-28 cpm | 320A-34V-28 cpm
vTrs” of weld metal +4°C -30°C -62°C

*1: Charpy fracture appearance transition temperature obtained by toughness level

survey tests using butt welding
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Table 2 Test conditions and results of ultra-large construction model tests

Test -10°C
temperature
Applied stress 257 N/mm’
- i : A side B side
Crack running EH gteel plate EH steel plate - -
Test No. plate thickness thickness width Tee joint / Arrest or Tee joint / Arrest or
[UD] [(HSC] Wi (mm) Wire for propagate at Wire for propagate at
ty (mm) ty (mm) welding WM welding WM
Test 1 75 75 300 Partial/ WMa | Propagate Fillet/ WMa Propagate
Test 2 60 60 300 Fillet/ WMc Arrest Fillet/ WMb Arrest
Test 3 75 75 300 Fillet / WMc Arrest Fillet / WMb Propagate
Test 4 60 60 120 Fillet / WMa Propagate Fillet / WMb Arrest
Test 5 75 80 115 Fillet / WMb Propagate Fillet / WMa Propagate
Test 6 60 60 120 Fillet / WMa Propagate | Partial/ WMd | Propagate
tU o 2
- I |
- : 2 ° :
A-side < | i |— B-side B s T === L = -1
: ; ! | (@ Applied stress ;
i Crack-running EGW ! Specimert | o @ Applied s I
! ., I | @ Impact load [
| <« plate (UD) N\ / sls \\? !
Auxiliary | || Fillet welding or aF ! 3
plate H* i | partial penetration { | | | | | Ll /—NJd_.1__. 4__1______-_____4__4___3“ | cé
i EH steel AN B
W : /_f:l_plale (HSON\ ' i S i
A n s B g I Y ev——— ! H i
W + \ T | | 1000 |
i | 10 000 | Unit :
g Unwelded i ] e
i =
i 2 e =1 = .
; Auxiliary ° 5 BAREEETIVEERTE
, < plateU > Fig. 5 Dimension of ultra-large construction model tests
-
* Auxiliary plate H is installed only if Wy, is long (mm)
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Fig.4 Dimension of ultra-large construction model test
specimens
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Fig. 6 Fracture surface of ultra-large construction model test
specimen [Test 4 (HSC = 60 mmt, UD = 60 mmt) ]
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Table 3 Summary of the fillet weld metal toughness and
ultra-large construction model test results in
fillet Tee joint structure

Tee joint Fillet Wéiding
(Leg length = 16 mm)
Applied stress 257 N/mm’
Test temperature -10°C
Wire for welding WMa WMb WMc
vTrs (°C) +4 -30 -62
vE.20c (J) 19 82 135
HSC =60 mm | UD = 60 mm | Propagate | Arrest -
HSC =60 mm | UD = 60 mm | Propagate | Arrest | Arrest
HSC =75mm | UD = 75 mm | Propagate | Propagate | Arrest
HSC =80 mm | UD =75 mm | Propagate | Propagate -
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Fig. 7 Relationship between crack-running plate thickness and
vTrs of fillet weld metal and long brittle crack
propagation/arrest [leg length: 16 mm, applied stress:
257 N/mm’, test temperature: -10°C]
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Table 4 Welding conditions of Tee joints with gap

Tee joint Fillet welding
3-5 layers, 65
Cachudy Bl | 510 Gap)
Geometry of P ~
groove Crackrunning plate 1]
75
(Unit : mm)
Target leg length
19, 21, 24 mm (5, 7.5, 10 mm
(Gap) ( :
Welding method GMAW (Shielding gas: 100%CO2)
Welding position Horizontal fillet welding
Welding condition 200-290A, 27-32V, 21-68 cpm
Wire for weldin WMI WM2 WM3 WM4
& (@1.2mm)|(¢ 1.2 mm)|(¢ 1.2 mm)|(¢ 1.2 mm)
Heat input*l
(kJ/om) 20 | 10 | 20 | 10 | 20 | 10 10
vTrs' of weld
metal (“C) -38 | -41 | -52| -58 | -67 | -91 <-80

* 1: Toughness level survey test results using butt welding

JFE £ No. 46 (2020 4 8 H)
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Table 5 Test conditions of ultra-large construction model tests

Test 10°C
temperature
Applied stress 243 N/mm’
Crack- EH steel ofate Tee joint [Fillet weld structure]
running plate reet b EH steel plate A side B side
Test No. thickness ﬂEIIgl;Ig]SS width Target leg length Target leg length
[(UD] W (mm) £ct '°8 =ng Wire for get ‘eg leng Wire for
tr (mm) [Gap] . [Gap] .

tu (mm) (mm) welding (mm) welding
Test 7 75 65 122 19 [5] WM1 19 [5] WM3
Test 8 75 65 122 24 [10] WMI1 24 [10] WM2
Test 9 75 65 122 21.5 [7.5] WM3 24 [10] WM4

&6 GapfJ THFBEDEAIMSEE T IVERERE LD

Table 6 Summary of ultra-large structural model test results in fillet Tee joint structure with gap

Tee joint Fillet welding (HSC = 65 mm, UD = 75 mm)
Applied stress 243 N/mm’
Test temperature -10°C
Wire for welding WMI1 WM2 WM3 WM4
vIrs (°C) -38~-41 -52~-58 -67~-91 <-80
Target leg length = 19 mm Arrest B Arrest B
(Actual leg length = 19.5-20.0 mm) [Test 7] [Test 7]
Target leg length = 21.5 mm B B Arrest B
(Actual leg length = 23.0 mm) [Test 9]
Target leg length = 24 mm Propagate Propagate . Arrest
(Actual leg length = 24.5-26.0 mm) [Test 8] [Test 8] [Test 9]

TR L 74 B RIAH T O > v v e —3BRIC & D RS L
720 BIRHESIBIBD S v v — B ERIRE vTrs 13, AR
AEA10~20 kJ/cm DT, —38~—41°C [WM1], —52
~—58°C [WM2] & U—67~—91°C [WM3] T&H -7,
WM4 O vTrs 13, AZA 10 kJ/cm O T—80°C & &K T
H-o72,
TARBEIE e 3 2RBEMROBAE 24 2, Al
ABHIPR-C, FF31k (Bl 65MF) o RTIRE T 7 vikbk
REAFRIL T, &5 ISR RT, BT, S1HICFH
U5, EH36 RO R AFFAIS T 243 N/mm’ IZHS
LIRS L CHAML 72,
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Fig. 8 Fracture surface of ultra-large construction model test
specimen [Test 9]
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Fig. 9 Relationship between leg length and vTrs of fillet weld
metal and long brittle crack propagation/arrest [UD
thickness: 75 mm, applied stress: 243 N/mm? (*: 257
N/mm?), test temperature: ~10°C]
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