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Effect of Grooving on Static Strength of Fillet Welded Joint for Ship Structure
under Compressive Stress Condition applied by bending moment (2nd Report)

by Hisao Matsushita, Member Tatsuro Nakai, Member
Norio Yamamoto, Member

Summary

Corrosion of structural members of ships is one of the main problems for ship safety.

In this report effect of grooving on static strength of corroded fillet welded joints for ship structure is
investigated with experimental result and FEM analysis. Four points bending (4PB) test was conducted with
T-shape specimen (TSS) without bracket plate against lateral deflection of web plate and the test result was
compared with 4PB test result using a half size model specimen of hold frame of Cape-size bulk carrier (SMS).
It is mainly obtained that in case of grooving in compressive stress region applied by bending moment, at fillet
welded joint, maximum load occurs at lateral deflection of web plate and grooving width and grooving depth
effects maximum load. There is no precise difference between 4PB test result with TSS and that with SMS.
There is precise effect of inclined angle (20° ) on the maximum load and is a little effect of Face-shape on it.
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Fig. 1 Small Model Specimen (SMS) 2
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Fig. 2 T-Shape Specimen (TSS)
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Table 1 Dimensions of Groove and test results

TP No. [inclined FacelGroove IL lMax. Load |Ratio of ML. | pPrpax = Max. Load
Angle [oIw jr Wt/ [Pmax[Hem [Pmax [Hem | Hpm = Deflection
(mm %)  |(mm) (kN)  f(mm) at Pmax

1]B4-1 - - o] O] 6] O] 100] 4|Base 719 9.9] 1.000 |1.000
2[B4-2 |- — | 0.75] 15| 45] 25| 75] 3 633] 7.6| 0.880 |0.768
3[B4-3 | - — | 075 30| 45] 5] 75| 3|effect | 613] 5.2] 0.853 J0.525
4|Ba-4 |- - 15| 6] 3] 1] 50 2]of 684] 7.6] 0951 |0.768
5|B4-5 |- = 15| 15 3| 25| 50| 2|pw 553] 5] 0.769 |0.505
6|B4-6 |- - 15| 30] 3| 5 50 2 389] 4] 0.541 |0.404
7lB4-7 |- - 15| 60] 3] 10 50 2 291 3] 0.405 ]0.303
8|B4-4L [20° L 15| 6] 3| 1] 50| 2JEffect | 679 0.944

9|B4-5L |20° L 15[ 15] 3] 25] 50 2]of 502 0.698

_1_0_I_B4—4T | PO i 15| 6] 3] 1] 50] 2|Face 627 0872

11[B4-1ia |20 - o] o 6 o 100] 4] 579] 7] 0.805 [0.707
12[B4-2ja |20° — | o75] 15] 45| 25| 75| 3|effect | 568] 5.2]0.790 |0.525
13|B4—4ia_|20° - 15| 6] 3| 1] 50 2lof 581] 5.4] 0.808 |0.545
14|B4-6ia_|20° - 15] 30] 3] 5] 50] 2|inclined| 303] 23] 0.421 J0.232
15|B4-7ia |20° - 15] 60 3] 10] 50] 2]Aangle | 227] 3.1]0316 |0.313
16]B4-4Lia [20° L 15| 6] 3| 1| 50 2 576 0.801

17§B4-5Lia [20° L 15] 15] 3] 25/ 50] 2 505 0.702

18]B4-4Tia |20° T 15] 6] 3] 1| 50 2 632 0.879
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T OFEML100 UFEMLTS S/W Table 4 Effect of Face Shape
2 1 OFEML75S/W/F  AFEM L50 S/W/F ) )
é 09 MEPLISS/W  AEXP LS50 S/W Upper S|.de: Ratl.o of Max. and
En 08 ABP LS50 SW/F @ EXP EXP L33S/W LLower side: Ratio of Deflection at Max. Load
"< AFEM L50 S/W \\\liizi 0 ! 25
s 3 0.7 _ Face J
2 & 06 %—i > <3 Right | ©0.95 0.77
22 05 v — S No Face angle 1{ 0.77 0.51
% o 04 TN mea-ds Inclined 0.81
- NI~ ‘ 20° 0.55
° o3 \ A Right 0.94 0.7
= 02 L —— . One side |angle
o 0.1 w) Inclined 0.8 0.7
0 | 20°
01 23 456 7 8 9 1011 . [Rient 0.87
. . . Both side Jangle
Ratio of grooving width and thckness of M [irclined 0.88
web plate 20°

Fig. 9 Effect of grooving width on deflection
at max. load (Small Model Specimen )2

Table 3 Effect of inclined angle (20° )

Upper side: Ratio of Max. Load
Lower sidi Ratio of Deflection at Max. Load

W To of 1] 25] s 10
D (mm
0.81 /
0 (L4) 0.71
09]
0.75 (L3) 0.69] 7
0.85 7 0.78] 0.78
1.5 (L2) 071l / 0.58] 1.03
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ERHARE(20° YD EE% Table 3 IZR7 ., BREED
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BI(ADHFEOREZZTT. EABRBEOHEED
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Table 5 Mechanical Properties of Testes Steel

Young’s . .
. Yield Point Work
Thickness | Modulus (MPa) Hardeni
a arden
(un) E (GPa) reenime
Modulus
6 205. 8 404 E/85
19 205. 8 346 E/70
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Comp. ( Y- Direction)

l Fig.13 Perpendicular stress distribution at max. load
(Small Model Specimen, Web plate) 2
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Table 6 Test and FEM results of Long Model
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Fig.11 Perpendicular stress distribution
(T-Shape Specimen, Web plate)

Specimens

TP. | Dimension Test & FEM Results
No. SheillWeb Groove Test FEM

sT o Wl |Ir W/TJT/TO P(H, 60) : A |P(H, 60):B |A/B

(mm (kN) (kN)
Ba-oM | 19] 6] ol of 6 - | o] 330 1.00] 324] 1.00]1.02
B3-11M]_19] 6] 15] 1.25] 45| 2.5] 0.75] 320] 097 | 324] 100]0.99
B3-1am] 19 sl 15 15| 3l 25 os[ - | - 322] 099 -
Ba-2im| _19] 6] 15] 2| 2] 25]033] - - 317] 098] -
[B-izM] 18] 6| 20] 125|451 5| 0.75] 320] 007 ] 323} 1,00 098
|B3-8M 19 iso 15 :;' 5] os] - | - 321] 099] -
Fig.12 FEM Model of Small Model Specimen? Bami | 19| 6l30] o] o s[oss] - T - 1 ai3] 097

P(HL 60) : Load at HL=60mm
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Table 7 Summary of effect of grooving on static

strength fillet welded joint 2 ‘
VT RS AR RBIC S B BB = TITREBINE Ik

Stress Grooving at fillet welded joint - N e . .
condition Effect of shape of grooving _ |to ensure 75% of as-built DI 35 E) B R DRI RIS HRE R O wa
Depth of Grooving  |Width |strength ZOWT, #ELE, ERERIUTOROTH 5.
ensile Yes No  [Web thickness shouldbe | 1) gy mIpsiEMOBEE L™ = TICBBINERN H 215
Parallel shear|dependency on C larger than 75% of

BLRABOEEE R, BB,

OBRKFEIL. Yz TORERMENEER)TH S,
QEBRFEBERS. BR)IHSMIBRKRECEEER
F9, HlzE, BEERED ThBUEELEHE. B
HRENRERD 75% T W/Te<10, 50% T W/To<3"
EFREND, T 2IT W ITHERE, Told v = 7ORE.

(Weld bead) |O<1 : Web failure
Normal shear|>1 : Bead failure _
Bending 1.4 : Web failure
3>1.4 : Bead failure
Compressive Ves

by four points | (Lateral deflection)

bending test

as-built thickness.

Yes =1

WIT0 <10 for L75 (T75)
W/T0 < 3 for L50 (T50)
W/T0 < 1.5 for L33 (T33)

0= [Thickness of web plate (T) ]/[Total thickness of throat (2n)]
T0= Thickness of web plate with no grooving

T = Thickness of web plate at grooving

W = Grooving width, L=Length of leg of weld bead,

n = Thickness of throat

5. # %
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