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Experimental Investigations on the Fatigue Strength of the Submarine
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Abstract

Submarine and deep sea diving structures are generally designed based on their ultimate
strength. Fatigue strength at welded joint must be also taken into account because working
stress is increased due to the increasing of diving depth and using high yield steel. The
pressure hulls of submarine are subjected to fluctuating compressive loading. But in
addition to the calculated stresses, high residual tensile stresses at welded part have to be
considered. The state of stress level of pressure hull is tensile at surface and compressive
at deep diving depth. This paper presents the results of an experimental investigation on
the crack initiation and growth at the weld toe of T welded joints of HY=100 steel plate
under constant amplitude loading. It is also investigated the phenomenon of the fatigue
failure and test methods. Fatigue tests have been using real scaled local structural models
of full penetration T-welded joint, which is a part of the cylindrical shell structures
reinforced by ring stiffeners. Several load ratios under constant amplitude loading are
considered in the tests. Crack initiation and growth characteristics are examined based on
the beach marks of the cracked section of the test specimens. A design stress-life curve
including the design formula is suggested according to tested data.
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(7)

Model |
Model | R (ﬁFC’;) Cmean (MPe) <L\I1'53) (’31'602) (l\lwfo)
S-1 -1.0 485 0 110 430 715
S-2 -1.0 485 0 46 245 667
S-3 -0.5 362 61 230 880 1,176
S-4 -0.5 362 61 630 1,364 | 2,247
S-5 0.0 242 121 456 2,190 | 2,995

Table 3 Test condition and results for

Model Il
Model | R (I\A/Ig;) O mean (MPa) (’x\lic;;) (Ij;c;g) (i\lmfo)
M1 | 20| 717 | -110 36 | 67 | 602
M2 | -15 | 597 60 59 | 102 | 59%
M3 | -10 | 478 0 154 | 475 | 903
M4 | -10 | 478 0 100 | 310 | 725
M5 |10 | 478 0 us | 339 | es8
me |17 A8 O | 220 | 2400 | 3558
M7 | 04 | 334 72 312 | 900 | 1435
M-8 | -04 | 334 72 225 | 650 | 1,056
M9 | 00 | 239 | 120 | 940 | 1,710 | 2,607
M-10 | 00 | 239 | 120 | 678 | 1267 | 1,988
M-11 | 02 | 191 | 143 | 980 | 1915 | 3517
M12 | 02 | 191 | 143 | 1128 | 2300 | 3975
mas | 0% o 1 43| 210 | eos
M-14 | 05 | 19 | 179 | 435 | 6900 | 11940
M-15 | 05 | 119 | 179 | 9,286 | 15820 | 19507

Journal of SNAK, Vol. 47, No. 1, February 2010

Has gAML IRATO HE AN o

3.3 NEZI

MZAES 8510 Jol IRAES +35H01
NEREo SHELE Ret@AdA HIWGHA
Ch AE22o 88 £2L0A 4mm ZO{A 2
NZ2RE SHESAHOIN@Cmm 2tA2=2 5 JHel
HEE HOIRNE AB2Y ZR0f 202t 1 JHH =
ot SESAE Pop)| flof 2AE S &
SHOINZEEH 40mm 2AHOZ AHOIXE ANER
Yol R0 3 HE RAGHACL ANE229 A
2 20184822 FYo2=2H

A

+
Load direction

Top

z —
T ====Cpgl
I = == /=
350 300 250 200 150 100 50

50 100 150 200 250300 350
100 .

~ Bottom
FEM-Top X0
FEM-bottom b

Measured-Tap

Measured-Sottom

+4+0O®

Fig. 10 Comparison of stresses between
experiment and FEA

2 g

OIZAIEES MTS AtSl T2 25 €& ot=E)
ANS5H0 SEHIE -2 ~ <9 HNAN L&

5t=(constant amplitude loading)22 3J| &
M 1~5Hz FIt+2 &SIALCE.

I

&l
—

I 2= (Fracture fatigue life, N,)2 &4
=% (Crack initiation life, N,;, £= N,, )2 &
Y& = (Crack propagation life, Np)_o.l go
2 Fodlh 2 HF0NMEN,E E8aE 20|
b 8mm 2dy=S W, N,,E HHIZ 200t
80mm ZMIAMS M, £ Zltf @ZA010t o

-



o
o
m

A=, HHHE

o, =

Otr

SHel 67%0 C=EotUS M=E ZloHA

Fig. 11 2 M-9AIE22o mMEtHS Ll‘El‘lLH =
OICt. ZY XM HIXIOIA(Beach mark)E AlAl
ot Eolotdd ESJERN U= 0Ik Ié._* =
A AIESIRILH 2Z2 4F HHLSES 4HEH
Step A HAHINIM=E 220l &H ZROUA SAl Ct
YHOZ YMOIRN 2Eo| SEdle He S
JHEE & It UL Step B SAH0MA= Step A
OlA st FHE0| 88GIH M2 ™A &
Z XNMEZEIL WeldlCh Step C SHOMAME &
N2 S™E 20| SHEESZ 2 SEHIE It
X0 H&GHH OHELH Step D SHAHINA 22| Tf
=0 2HUH AlEdE S=otAUCH

Fig. 11 Crack shape development (Model M—9)

Fig. 12
H 210ICh.

£ M-10 ot M-15 2| HIXIOIZE LtE

(b) Model M-15
Fig. 12 Beach marks

73

4, IZ £AA =0 €85 Hl

41 HAHA &&

Ol&2 LIZAIE ZUERH H& A
Iz A2 HMerstth dAAal2 AD Merkblatt
S2(1998)2 mZ&HAE IJIxE=R
2.3%(Mean—2SD)E J

D2 AD-S2 /\*E(1998)

oEsE

22)| HHES A N2LHRH0R FA2I|U
o HASEZSH ADE LTSI S0l B0
UG DIYMES WY 2O 0.01% I
&8 J|ZE0R NRATES HIIECL =2 o7
ZV2LE GIESY YAS HAGE DRLT
XAl AQ)D 2Lt
1
. 11 |3
Ao-a,,°w=1.51-f{m} ~124 )
N
—————————— N <5.2x10°f;
1
.10 |3
Aaa,,ow=1.12ofd{%} ~29

—————————— N >5.2x10*f;

log(N)-2

CIJIM, f, = F, 43

4.2 SHAS2 Hluw

2 AR0AM Hetole L2 2 =2 AgZ
et BlwotRAoM Fig. 13 Bt ZCH ODIM, AIE
ot 2= le, N, &fEHol CHst AN t, Ol
25mm, 40mm & [HOIC}.

&
o
3
>
]

3 =28 M472 M13 201048 23



3l
I
0
<
0

2=

74

and

N =3x10*
255
302

AD-S2
=2x10*
292
368
382

AO_&"OW (MPa)
N

present,

by
=10*
368
502
514

Franitza(t, <25mm)
N

Table 4 Comparison of allowable stress

obtained
AD-S2
Franitza
Present

1EHOT

1.E+06

N

1E+0G
No. of Cycles

L LU

1.E404

26mm under Ni-2
40mm under NI

- Present formula(t=40mm)

| L1

t1=40mm under Ni-2

— Present formula{t=25mm)

Mz - B0mm Crack Lenglh
= tl=25mm under Nf

a

1E+3

10

1000

(BdW)abuBY 550115

3l
ok
00

ok

M
fall

13 S—-N curves using by present design

Fig.
formula

AL

13

il
41

21t

=

!

100
<F
K0

U

b

= HF0A

tHO ALS &

[¢]

HHE <

TR

o

o0

FOLH OO Franitza(1997) 2t

&

b

=

25mm 2

RUCEH.
oz 2HAZ2H A

o
=
(u5]
700
iy

=

2+

—

[—

Table 4

=

AR0A HAl

olc. =2

A

i0)
E

o
Al

0lo
00

R SH
oo

L2 SH0l HHE 2EHOIA

=l

ot= 222 AIgElth

d|

x
ay

w
~ =
m
K
U
U
_H,m
o &
__%o_wM
Cdh st
Dwx_u@m
38+ < D
T
suws
= <A
AU =m0
=
RE=< 2 1
=1 o H

iioJ

12

- = SF0A KAl

{LHOIl A

HOW Atel D&t Hlw

—
[—

Z 1
AL
\"\ Ly

A

b

=]
=)

2l

o

=

+ E
—— Franitza
—Present
—= AD-52

A

=W
1000

A
=

[T

(edW)ebuey ssalg

st 20

F

[t}

S

JUIA Franiza(1997)2 &XAl01 <
3 LIEFSLCH

A
e

1 E+07

1.E+06
February 2010

1,

1.E+045
No. of Cycles
14 Comparison of fatigue design curves

1.E+04

1.E+03
Fig.

10
Journal of SNAK, Vol. 47, No.



o
o
in
i
H
T
P
=
Ofor

& 1 2 &

e AD Merkblatt S2, 1998, Analysis for
cyclic loading.

e Dunham, F.W., 1964, "Fatigue Testing of
Large—-Scale Models of Submarine Structural
Details", New England Section, SNAME.

e Franitza S., 1997, Fatigue Examinations of
Specimens Made of HY-100, IKL Report 101-
299/80/1041-02-00-00.

e HDW, 2001, KSS-II Design Lectures, Hull
Structure Design, A.2 Design Guideline for Hull
Structure — Fatigue Strength, Kiel, Germany.

e Kilpatrick,
Characteristics

Subjected

Advances in

75

.M., 1986, The  Fatigue
of  Submarine  Structures
to External Pressure Cycling,

Marine  Structure,  ARE,
Dunfermline, Scotland.

pN|

it

=
4 &

<®E MW E >

473 M13 20108 28



