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W oB O S B o B oge

Some Investigations on the Strength of Welded

Structures in Ship
Abstracts

§1. Introduction

Many special welded constructions, for instance ‘scallop’ in beam, have been presented
in ship structure since welding was adopted in ship construction.

While, although good transmission of stress and high efficiency of connection may be
anticipated in welded structure, stress concentrations apt to occur at discontinuity parts
and often form the weak points of ship.

Consequently, such construction methods are often used that make reduce the stiff-
ness at the end of structure, for instance, ‘snip’ and ‘soft toe’. But no investigation
has been employed on the strength of these methods.

From this point of view, in order to clarify the influence of these methods on the
strength of these structures, the following four tests were carried out, namely.

(1) Snip end
(2) Soft toe
(3) Scallop
(4) Corner hole

§2. Snip End

Snip is often adopted at the end of stiffener to eliminate the hard spot. Too great
snips, however, decrease the effectiveness of stiffener and proper amount must be chosen
not so as to remain any trouble on this structure.

By reason of this, experimental study of compressive strength of bottom shell plat-
ing provided with panel stiffeners was carried out to clarify the influence of snip on the
effectiveness of stiffener.

The following conclusions were obtained after some considerations.

(1) Greater compressive strength may be anticipated, providing the panel stiffener
on the battom shell plating of ship. If snip end construction is adopted, failure
proceeds more rapidly after exceeding ultimate load, although this load is even
high.

(2) The compressive strength of the structure decreases conspicuously if clearance
between panel stiffener and floor plate is made larger.

(3) Little influence is recognized about snip angles in the range of this test.
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(4) As a panel stiffener, flat bar is also as effective as an angle.
(5) Mode of collapse of bottom shell plating is that deflection of plate yields cont-
rary side each other between two continuous bays, and it appears like the letter i

§ 3. Soft Toe

Stress concentration factor and bending fatigue strength are investigated for four
kinds of bracket connection, namely hard spot, soft toe, reinforced with pad or diaphragm
plate. ‘

Fig. 3-1 and Fig. 3 - 2 indicate hard spot and a reinforced specimens, respectively.
The toe of bracket was softened by a drilled hole, 20 mm in diameter, at the distance p
from the end of bracket plate, as shown in Fig. 3-1, then the value of p was varied
with five conditions.

Appling static load 40kg on the point S in Fig. 3 -1, stress concentration factor is
obtained experimentally by electric strain gauges fastened on plate.

Bending fatigue load was applied similarly at the point F in Fig. 3-1 in Schenck’s
4.0 ton-m fatigue testing machine. Rate of propagation of fatigue cracks in specimen
was simultaneously measured.

The drilled hole in the toe of hard-spot connected bracket plate is effective in order
that stress concentration factor may be falled. By way of example, the stress concentra-
tion factor 2.04 in a hard spot specimen was falled to 1.58 by a drilled hole (20 mm @)
at the distance 20 mm from the end of bracket plate.

If the deflection come into more question than the load in a design of bracket
connection, the soft toe design will have the excellent effect on the bending fatigue
strength.

§4. Scallop

In recent welded ships, scalloped constructions are seen in any place; in beams,
frames, bulkhead stiffeners and so on. The influence of it on the strength of beam,
however, is not yet clarified and even the standard of design is not established. The
study reported herein is the test in order to investigate the influence of height and pitch
of scallop on the strength of stiffened plate.

Bending test was carried out with thirteen specimens, 2.5 m long and 0.8 m breadth,
consisted of plate and two welded beams varying height and pitch of scallop.

Test results are presented in Fig. 43, 4-5 and 4 - 7, and it can be concluded from
them that bending strength of scalloped girder falls gradually till the height of scallop is
as much as 40 % that of stiffener, but exceeding this limit, especially over 50 %, it falls
conspicuously, while, no great effect is presented untill a/l (a: length of unscalloped
part, 1: length of scallop) becomes 0.4, but passing this limit, the strength of girder
also falls suddenly.

§ 5. Corner Hole

Corner hole is usually bored at the intersection of girders or beams.
Tensile and bending test were carried out to examine the influence of such hole on
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the strength of this structure, intending to decide the adequate diameter of hole. From
the stress distribution and the value of stress concentration factor, the following results
were obtained.
(1) Tensile test
The maximum stress concentration is about twofold of mean stress independent of
the height of web, and about 30 mm R is adequate for minimizing the maxim‘um
stress around the hole.
(2) Bending test
In this case, maximum stress concentration factor at hole ranges 2.0 to 2.5. If
the height of web called D and radius of hole R, R should be 25~30mm when D/
R=3, 30~40 mm when D R=4, and free selection may be permitted when D/R is
more than 5.
(3) Test results have no great dlfference about the shape of hole ; circular shape and
elliptical shape.
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Diaphragm Type (code No.it)
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Fig. 3.2 Localized Details of Diaphragm and Pad Specimens

Table. 3.1 Dimensions and Classification of Specimens tested

Shape of Smp ) Soft Toe Numb B
Code He1%ht umber Classification -
of Snip ' ir;llp le Brgcket Hole Location of of of est
Speci- Height ! g in mm | Dia. Hole Method***
men in mm d egre o in mm in mm rSrPeer?l_ Specimen
(hs) () (hg) (e) (p)* ‘
1 30 105 20 5 condition** 8 S
2 20 45 170 | 20 | 1 condition 1 s
3 t 60 180 20 | 1 condition 1 Unreinforced S
4 20 5 condition 61 S and F
—_— 30 115 —- or
4 30 5 condition 5 S
——| 30
5 | 45 180 20 | 1 condition 1 Soft Toed S
6 | ‘ 60 180 | 20 | 1 condition 1 Specimen s
7 | 30 125 | 20 5 condition 8 S
|
8 40 45 180 20 1 condition 1 S
9 60 180 20 1 condition 1 S
10 7 Reinforced with Pad Plate | S and F
- 30 30 115
1 7  |Reinforced with Diaphragm| S and F

¥*

* ¥

* ¥ %

5 condition:

P: Distance between the center of hole and the end of bracket plate.

1 condition: p=
p =20, 30, 40, 60, 80 mm for static.

20 mm.

p=20, 30, 35, 40, 45 mm for fatigue.
S: Static Bending Test.
F: Bending Fatigue Test.
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AR HE 2 HehtoT, Fig 3.1 0 77 & » M TFi#ic 20 mm (No. 4 O 4 30 mm)
DOHEILEHE soft toe & LT, TOPILOMBEELFEROML 5B e, AL, 775y MigGH
2o AL R TORYE p g, HIREARCH L Tid p=20, 30, 40, 60, 80 &L, %%
=RERICHT LTk p=20, 30, 35, 40, 45 & L7z,

F7e, HILERC X 3WEBEH27H No. 4 ORI OH, MOFEME No. 4 LF—T LT,
HiiEEE 30mm & L CHBEEREITO, _

shE K- No. 10, No. 11 g#fiaigats o b O T No. 10 &7 7 7 v Stk ZHRIKCHIER L
7ob®, No. 11 &7 77 v FRIECHEINMRENLTTHIR LD DTH S,

LIk 12 FEORBITICH LTHMEC X 3 iFHRE1ToT, WHEIE LSRR E S, 4
LY AF e~k VX FHU L CEEA T B L T2,

—%, BRI No. 4, No. 10. No. 11 woWT 1T\, BIMI#EIC L 38 E, AR
K IGRAE O H iR BE ¢ a3 58 & Zi~<Tc,

§3. BRHERR

(a) & B F &

sRES L o B BT, FEEM L D 322mm, Ein Fig. 3.1 o S S i Ik 7.
WET 0, 20, 40, 65 kg OFEFWELL, +#—~ R 9.6 mm OBKIHHRET% Fig. 3-3 Ry
& MBCIE LAl Lz, BN h—Rs 0w 77 » b Ol Blzl Fig. 33
D 11 FHDE) OBHENET 2 EE, F—~oBEE3 X EwT EBET LS, TOBsE, En
¥~ SEOEHREZ ORI 524 1 EEH LSS dO2EMDIO Tkl 2 HAF MO fFfk 9.5
mm OEHE B\, 0T, HBikT 3 k5 CECHE Y — SROFET & WHTEX LS &
{, WHEREIR GIREROMEL VE(BIEFETH 3, )

PSS AERBRNH/E 1, 4, 40, 11 L, v 71+ - v &T37eHOBLEE» R\ T T
SEL7co SR5%%, No. 1, 4, 7 ORBNET 74 v FRIHE S O#ch oAl RO~ FiC
B2 X5 (Fig. 2-1 MEMTHRLALMEID B E $he, p ORS %, &£ 20, 30, 40, 60,
80 mm BTSN T IME L2,

BT 5 XA, BB 0T, FURROSHERL, ERTIROEXVIRALRAL
B\, FCLTHEICHILOTMICHEL, BHov—~Ftfi3X oYy P EZ Iy ML D AR
TISTTME ek L7,

=xE8) No. 2, 3, 5, 6, 8, 9 LTk p=20mm —5g& L, MILEE d=20mm O v 7 -
KA TR WL, B THILTAY vy FEANE L DCOWTRITMEEZITO/,

v 7 FMILOHERIC X3 5 ¥ #5310, MO~TkE No. 4 sfl—& L, LOEEDS 30 mm
LB T 4 &L, No. 4 L[Sk p & 55MEE2 TSNMELITO .,

L WS b RFFCEED L7,

(b) # B # H

KOS T A FEB 21T Fig. 3-3 O X 5Ch5, RBOBIEREROME (6/d)/(0:/d) &
e, (BL o, d Z&SOBAEE ZOSEEHESTCTOMYE 7, d F1IHOF~-FOBLO
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3D EhO—Af oK@ A O R TRl X b Ea8 RS, TRIBFERSHTHE, h
BOREBESEPRESTOMMIE 2R L, 2 TROREBHIFAOFEEGRTH S, Fhd¥ 2
<, BABTEPEAFND 75y FEE L OO LiIc AT w3, 48 L ZEERGABRRE N
10 A TlE ZHRI R IC IR KSR & 4 U T i,

Side elevation of Stress Concentration

o
Stress Concentration
factor

Y

Deflection for 40xg Loading

g 828R
§=—
a

-2

Arrangement ot Strain-6x—" Gauges

T G

s Foo —b 10
N e Leaa e

l. O e

100 ' 5 3 50—
T 5 g

e _ecf ech

}
l
—a Plan ot Stress Disf}-ibufion

b

|

| | 3
|

)

\
Stress Concentratil on'
e T

| |l7|
" e 7°
".6 * 3P o

The encircled gauge number indicates what is

4 2

fastened on reverse surface of specimen.
Fig. 3.8 Specimen Code No. 1 (without Soft Hole)
Snip Height 20mm, Snip Angle 30°

ST, BBRA L 4, 4, 4, 7Tl iy 7 rHLOMIE R 544, Bt p=20, 30, 40, 60, 80
mm EZ2 THES (0kg FFEICH LEEH L D 275 mm O SDHEDR) ESHEHD BAHEOZL
L WELZ, T-OHRE Fig. 3-4 CHPR T3, 4 OHCHLTHLEEZ 30mm 1L, g 20
mm¢ & L%, RhbiBohk X5 CIERCERZT CIHRAEY 7 - b D ERZEDT, xS
NERREIGA LR LBV, €~ FIRBODOTY 7 MLTMETT 57y MREADLD A Y v F &4
VARG EY 7+ T v Eis DEHFEBRNCEML TIT < 78, HEPREIKRECT Vs p OfE
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Hole Under Side
Only Cut

Strees Concenfraﬁo,(])——A

Detlection ©——&
mm
201.0f o o
N (e}
yay ‘ .
4 NSOH Hole released by
x \A, ‘ the underside cut
b with Soft Hole onlys /4\_ of N
2 X
1.0 o
'§ AST—O /"/o' > T e T
B S |
wE b
8 2
&S 4
0 1 ! 1 \ | : 1
—P— 80 30 40 80 80 mm
without Soft Hole with Soft Hole
Fig. 3.4 Stress ConcentrationTand¢Deflections vs. Distance between the
Center of Soft Hole and Bracket End Specimen Code No. 1.
C{ I
Soft Hole Under ha\| 30 45 60
, only cut
Stress ConcentrationF. O N 20|t 2 3
4 6
De tiection ® a 30 5
1407 8
Pad 10
m Diaphzam i |
2010 No. 4 without hole

rry LT
A T S S S S S S !

) I Y
o #

[HHHI\HHL[MML

Bl ®2 83 ®4 88 #E w7 T
—— Specimen Code Number ——=

Stress Cancentraton © Factor =

o]

o Deflection - in

Fig. 3.5 Summary Results of Static Test
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DIE—EER D,
AR 2FIC DT ORI EE 2 5 7 I R LD Fig. 3-5 ©b5, Eb, @ik
%Lk11#@%ﬁﬁﬁ@ﬁk%$mﬁkitfm%&%i@ﬂ%ﬁ@ﬁﬁm@ﬁﬁmmém1v5

2
B
mm u 3
Kewemem X '8
XTTTEmmm e =
1.0t o
= o]
€2 - 2 8-
] — A= —— =
S N — " —D— g X ?
o _/-—’ ) o ceXm cmmeemm X e cmm e X e
il A= 8 8- O
2 @
® L
e . .(.1-7 | 1 S
° 20 30 40 mm 20 30 40’
(1 (4) (7) (1) (4) (7).
Fig. 8.6 ks Vs. Deflection Fig. 3.7 hg Vs. Stress Concentration
Factor
S
' £
- 2, ]
1.0 3
g 5 -
= £2 8—-g— g
9 s A — B A e
- e pe— & 2
205 - & —B— S
&
£
L] L L m 1 A n
30 45 60 e 30 45 60
(n (2) (3) (t) {2) (3)
Fig. 3.8 a Vs. Deflection Fig. 3.9 a Vs. Stress Concentration
Factor '
b=
8
[V
mm 4
| &
) e o
101 ~exmmoes o g
h l':?— . ‘o
.S ' v g —— A\ ———— . —_— —
- —_—py A T =] SeeX mmem e e X o e
§ 0.5 P i.;l |
Yy 0
a £
n ) .
20 30 Y (&)
(4) (4) .
Fig. 3.10 Dia. of Soft Hole Fig. 3.11 Dia. of Soft Hole Vs.
Vs. Deflection Stress Concentration Factor
O Hole only (p=20) —— o Under cut (p=20) —-—
{0 Without Hole (p=80) — x Under cut (p=80) ------
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ERMULIBZDOTEIE Lcdk vy FLTH S,

T5r oy D A=y TEE OSIERR RO C RIETEE No. 1, No.4, No.7 oia,
2, 5, 8 OMlAEE, K3, 6, 9 DHAYICIOTHEBNSS, 1, 4, 7 DAY IC DOWT T 57
ELEDH Fig. 3-6, Fig. 3:7 TdH2, GG =y 7HE a=30°=const DIEST &35
a=45° 60° OHMATICONWTS, VhAER—OIEE,

hs B5—5ERBEED a Ik 3% Fig. 3-8, Fig. 3:9 TS T &3 X 5KEETEAE N
B, WESEDNL TS,

No. 4, No. 4 OFEBH 3AMO~FESFA—T, v 7 FHLOEROS 20 mm, 30 mm EZEDTW
255, FOEET Fig. 3:10, Fig. 311 0 k51X LTBBEVETZ 5,

v7Z rHLERE, By PRIMEL D 2 Y o P ERALTCHSHE:, TORAY v FOMBEICX
DISHEEBR, BHICHEE IITTHE SNCOWTHS2Y, No.d DRBRICOWT, ©~F
THEFT2LI5CA) » PEANK (FEID) D&, BICHOKFEHLEICEDOT2Y » FEANK
RN COWTHIBEREZITOTRZY, THOHESHEBN TWIREDE L HEDNEHOK,

P k0@ iR R LRSI RO M TS 3,

1. v7r  bvET3RBT 70y PRBCHILER XD TR, WHERSERABIRALEE

L%\,

2. 77r v FRIHEDOEILETAY v PEANSB E, Y7+ - b U EE DBERSHERRITR
L¥ohs, FRFCEABHEAT 2,

3. IoHhLETZr o FHIEESOME pET DL E, PRI S EEMIERNICHEZ 3
B3, BAMNERRZ pPOXAMETHAL, FNLULEE IS TITEA LR LE N,

4. F—2F 9.5 mm OBESEHRBIHC X 3 BABIERRIZ KK ICRT 1.9~2.0 C, v7
FeboIcX b 16 fLICEMENTVES, #—SEBOBEICEWEH ©HlETETRASHHE
PR O AERIEI L D Ed, ERCEEREL Y DRASEWSHERFELETTWS EHE L BN,
FEOTY 7 b+ - PRI BISHERBIMOBELARRI VEREWEE L DN S,

5. v 7 FMLOBEEC X 3EH~OHEIHAFWHON, HEEARET 3 EEMIM BT 55
ISHBEFREIMBEIH T VBMLLE N,

6. 7Zr v tDA=y TEX by RE2A=y THE o T X 38X, ABRAERES WD
b X523 7HAERDONE N,

7. v7rilcXxBv - ruk, HGR, ROMENHGC X SRR E RT3 &, NI
ROBFREE 3 7A A ERIERE & A LS5,

8. V7V HMLHEIFHE, TMAMAELCIZAY v F OIEOHERIEAEBEVD, T2 v
FEANTCL DO HAEMCENL TS,

§$4, E % ® B

(a) A B F &

B Schenck R D —ilir (4.0 ton-m) JEHRERM Cin B ZrCCHEBR EEEL, BY
FHRDSIRISHs Fig. 3-1 th F Gichhd X 5k iin B R Lic, Blh, MLBAO R
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WL TR OWIHEL T 52 Tk, TOWHBEARE —ECi 2T, BAES OB HME
BB TS —HREBOE F MR T R, EDOTTIO 7' 7 7y FEICETE TS BRISTI23 DD
DTnDB, T, PHEMND T~ A v 2R, WEEFIL LM L OWE—HRBERE ko7,
SERHE Table 3.1 1 No. 4, 10, 11 O3 Z ML, No. 4 OHLOENEA & kit x |
7co $iT, No. 4 3B ic 20mm¢ Oy 7 P HEE~FC 35X 5CkE, il p OREEE
& e, BINHERBRAEC XLoT, v 7 LR WIGARA CEa2¥ =) v tE v~ FiIcdEL T
777y T HIGED B PILHEE % 8ok,

v 7 FILOBERE 200mm —EEL, p & 20, 30, 35 40, 45 mm O 5LEHLLT, V7 FILO
NG O &l LT, HlIRBBERIT 2 Flid, FRBREOHIBR & 31 oo w E BB SREEY 13 #a O

FEMD Wi\ W TR & NS R E R e UFR L e Bds, HIBABEBRA ik Yy 7 LEHK
VT W,

(b) #® B # K

(1) ¥R OFANEL T ICRIFBRIL

WHARE AT O SFORRIT &b, EHEROEREESHECERDOTWS, b, HIHEHER
Hﬁ%A(V7rﬂkLhwdww)&aNa4my7r%z&b%ﬁ$H<V7r-rv%@ﬁ)
T, BEPSFEL THLELCHHRMHT 5 2T, KEKICHT 7x10° B, 2 35—FH_EiE
MR ERER F1Z. 8 X 10° [EfY, @ AliREABRAIE 1x10° EfIC SELICTEENTT 2, 27, BHADE
#B LB TR ARk s, BRBZSENHBOTT CERE AL TS, HiggTiRR

150} Edge of, plate

1 100} Bracket Side Surface 0/0/0/

<

o ; X _-X

5 /o’//xxmce

ﬁ 50

S

O

o | \ | i L [ 1

6. 6.1 8.2 8.3
IOQ N—

Fig. 83.12 Crack Propagation in Standard Fatigue Specimen
Specimen Code No. 4; k=30 mm a=30°
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-Crack Length —=

Crack Length———p=

R o - mm
‘40 : T ™77 f"ﬂ? Y T TOTE T T T (FTTTY] T TOT T TTT7T1] |4O
120} 120
(00} 100

sof 80

60 - 60
40} . 40
20} 20

3 6 7
x 10
e N —35 .
Load ' (kg) 119 84 84
Deflection (mm) 1.68 1.8 2.00 2.00
Fig. 3-13-1 Crack Propagation in Standard Specimens
(Specimen Code No. 4: ;=30 mm a=30)

mm , a X ~ mm
|4O LIS It | ¥ "‘ T L '—_ f T '40
120 120 -
100 100

80 80

60 60

40 40

20 20

3 579

x10° x10°
Load (kg) 93 93 106 116
Deflection (mm) 2.21 2.21 2.52 2.66

Fig. 3-13-2 Crack Propagation in Standard Specimens

(Specimen Code No. 4; h;=30

— 929 __

a=30°)



1D BIZUT CFRERED BT LT, DT, 3HEDREBRN O HIRIE % e 5700, a5l
DIEHEHRE LN E L B%s 20 mm & 5-D7e iuEsck LI % ie # 1 L,

BRHERBRA ROy 7 1 o F w BB O BEYE R -

Fig. 3.1 M ERICRLCH 53X 51c, BENLT 75 o FHuuOMB R I b 364 L, Moticn
DR ~ T R I U T4 iRl L 7o :

TR DI C 3517 5 BAR & MuE¥ - OBE % Fig. 3 - 12,, Fig. 3-13-1, Fig. 3-13-2
o Bhobd s X 5 LM TREMMAIUIIAA & FATICHER L, FEH B B
L0 b#) 30 mm BIEHCHITLT W3, CORBAIES DRE, MOREDBHECERT S b
DEBZ N3, AIb, FHE» R4 U 79 55 AN OV I I N i ., BET C 00k L7 ik
BT RNCIRASDOTIT o W AICIES < IC DN CHRB O BAMEIRBIEREE 2, BT ORI 2
DTRIBEICTHERMTT 5, Fig. 213 20 Mo bz X 51, BB ICHDIDT WSRO K & W
BIRHEIE S KE {, ZBEOBAEDEL/NE n,

THSRHBREABR A GRBRA S 10) O BIZMRIgREE: —

RHEOH L biIc X b, Fig. 3-2 O BEASAMESRS, b, ZHARARHE DU K s &
FHELIZSDE, 775y MEIMOBEERN D RAE L LD ED 2 YL SARY: RAL N TE (hyrall

TEBRAIR D & R L MO RIBRABC SRR DB A LA ERETH B85, Ty |
S b RS FEE L 2B AR S ZEIRR Y SRS L, TR A5 BERLIET LT S T E
WHSHERE L7,

ENLABRABR A GRBRAHRE 11 D @sSlzifkeg:—

BLUZ Fig. 3 -2 o<, MIARHIROMAEIMICAOT 3L, Z& L, BEASA: TO®R
BEWT LFEOZDICIL L TR O AE S, —HBZFA: L 58 A & FIRHC BELHSEIR U SE £ 1T 47 BT
L7z

(i) BARARC D 2R
WHRRCE 2 5HHE, FAVYAF—SE LT Fig. 3.1 Kb F ficswoilsE L, ¥R
REPGEL T~ 2 v b hOMEEHIL, COMBFLH RS MERE KD, CORw, L
WHELTZ 70y MEmMO TG, STIRh OB LR T &2 CY(R-FV. 3685 o NDVIE S
PECHEPIRET E ML T, BHrEBNEOBRERDTE VL, TOL 5 iC L CHE Ll
P, WREOBRK A Fig. 314, Fig. 315 TH 3, b, HHBENT X —5 — 2 LEa,
WETNEE> B, Fig. 3-15 T v 7 b - Py OMBEHECH 5, AL, Fig 3
16 Din<, HE—FEEHOBRICEWTIEY 7 + - b v Oh T RS 7 v,

4, ITFRBEOWEILNE L LT 2X10% 5x10° FlC 35 it B M RO ik O 6ist K % Fig. 3 - 14,
Fig.3-15 X VRV Ric¥2 & Fig. 3-16 483,

AT 2 5210 3 A O RIS IEWERIEDIEE 7 b, v 7 r e 3B A5 XA ThH 5, L
mhit, AL E 203 A, Bho WobhhI ey 7 - P OMEEL (Ebh, p=35
mm OV 7 b PEEHBRL D VEN TS, R, MK EY I - rysEITELTE
D, BRPFELELICELTY, TLCHTEIMTT 3 % TOMERITMOBORBA T L AE WL &
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o—-o0 de" O---0 40"""

Soft Toe Xx--X30 O&O——A4gs5
~ 0—~0 35
E -
g [3 |
= - |
§|—° ALt —
+ "‘-.-.-..: et T L T
g 2 KT ——r =
% )
(&)
o
o
~
! 1 1 1 1 PR S | [l 1 i 1 1 L1111
3 4 56789l6 2 3 45678-9'7
x10 xl0 Repeated Number x10
o——o Standard
E L3 X——X Pad
£ D----A  Diaphrom
5|, 0 e=e e ATy
E -2 | “*~-AA.-_ K=012
o i X m—— . K= 0I0
o
8 \
o K=0.24
15
S ! 1 . 1 1 n PR T T 4 1 1 1 1 i 1) 191
4 5 6 7 8891 2 3 4 5 €67 8891
x10% x 108 x107
Repeated Number
Fig. 3 - 14 Deflection-Number Curves
kg
200}
—OTT }
o T+ A ° einforced with Pad Plate
~~3 O OA ™ =e=%.,___ . _
100} ;\\\ : ﬁ&ﬂmrcw with_Dlaphram
o \sa‘ A —
80 ® -
- T Standard (Code No.4)
60 ST~ '
40
L. =% o T \P
O—-—0 Pad @———-8 30mm \P= 40mm
a 4 Daphram x .
20 { SEEEE @ Standard D__-__; :: ::::
(o] ; L1 vl 1 1 Lo 1o g 1 il
3 6 8 | 2 |
x10° 4 ¢ 8 x10°

Fig. 3.15 Load-Number Curves
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&
Deflection (mm)

. Deflection Constant 02s

(X4

16t [

’.5 [} A L 1 L A L 020—

0 30 35 40 45mm
D
laphram Pad Stondarf Soft Toe K i

130 0.5 -
izol  FTTTN
1oy aror

loop

sof .
( 80 © Diaphram Pad StondarZ0 30 35 40 46 mm
70 Sott Toe
60
so}
40t
30 ' . L L TR TR WY
Diaphram Pad Standard™® 20 > 40 4smm
' Soft Toe
Fig. 3.16 Comparison of Fatigue Strength
ERLTnB,
PR REIET S &,
1. ﬁ%%ﬂ®h%ﬁ£@@imﬁﬁﬁﬁmﬁkfﬁb,_EﬁMﬁ,ﬁﬁﬂmMsm0/7F-
Py OEE R B,

2. Hard spot RUrv 7+ « b vHRKNOBIEEL, REARSETLT BEEBANSCTHE
B\, SE45 BEREWTIE Al i B E AR O RIBBELASE O THBHENTT 5,
3. MENIHEERRN CEkVv T, BRRAER TOMRRESKE WRKE, SRFERITERD TR R

\ BETSE 2R 5,
. 4. EEdhigoER A RT KV 7 - Py BSEMVE(EhTEY, EHEE Lk hard spot
B DE LV,

5. ZI—EDOEE, EHHBEE p=35mm OV 7+ - + USRS TEIL, KIC ZEIRSEHE,
e hard spot B—BBEWEEREZRLTWSDS, HE—-ZDEAXTOMEME KEKCENT
HMENLE 7B, '

§5. &= & W W

Wl SRR RO W AR O T L A7 E L RO EFER 2185,

1. 737y rOrvicHiletha, By FRRE L VAALZTAY v Y EARNLE Y 7
FerUERSS, B—WEC X IEHMIEAL, BASIEPREHIT S,

2. VZFrYET3ROHOMILEE BLOME 73y bOR=y TESE, 2=y THE

— 95 —



EISTIEPRIC D 2 0BT T X B\,

3. YT v ETIEL LI BASFEA LI & LT, SIS EHENTT 3 2 T e @i s
AR LTI DBOREE B3 203, AT XAl R 1 AL A AR 0 C A ST T T
T3,

4 WEMCEWT, CCTEMbITRI Dir L ABMS BETH 3 L2 b3 BAICIE Y 7
Mo b Y OREHFICRDN B2, —HWEOHFSEMEL ) BEETH 2 LE 2 b3 B
VT E o YRS OCEWREY L b,

454 3 Scallop g ¥ © BF %

§1. % B @1 B

BUARHEAG 12 scallop R SIE (RIS T WSS, + ORI RIET 8 7 THICHIE 2
72 DX (D, BB AR SAsB\~, £ T T scallop L7cBhiEbt 00 7ol D il 8k B 3 H5,
Lo DATEH DR AR & Ll LT scallop OB &% & o FEh80 1 1€ BUF T 548 % PIR L e,
§2. RRARURRE

2.800x800x9 DRI 24D A5 7 F (150x75x10/6.5 | D—FHD 7 7+ F & Fof b D)
ERHEL, TOxF 77 scallop I, EOFEIT Fig. 4.1 R, £ KO i o8

R, WTRERNE, SRIEO SARDRBIT B IED, AF 13 AHE L,
& 1 2,500 (¢
/503 [ ¢ e | . ot 20 —

1— 7 U
TN T U

No. 1| | s be [ 189 10 e
h 5 s | % 60 j 5! 10| 35| 85| 35| 35| 35 35
IR T g o 1150 | 150 f 150 | 150 | 150 | 150 | 150 | 75| 200 | 250
B2 " ™Y | 75| 80| 50| 150 | 5| 7
NOTE ' Conti- | gy Tog”
: =T g Variable —» [ ““a” Variable >« [ Variable —’

Fig. 4 .1 Specimen

RABRIGERT 300 ton FEEMRABREIC X b » 4 2.5 m i CIEh i (plate MX D E) 1€ X B
AR 21T\, MR L0T, #ia, 257 FORENACEIOSHSAEMEL,

7t (1) R. Weck: Fatigue in Ship Structure, TINA July. 1953.
(2) RSB = nm v 7270k A O 1 KB, SRR AT SE, 4%, T-8 %
W29 &7 g,
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DEMEEARE ITOCRATHRERDIco WAREAT 7 FDREIIIES 4 VA5 — ST, 27057
EEHAHRTESHC X D 1.5 ton GOE EEHIN L7,
§3. ® B & 2
(1) — % 0 % 5%
A7 77 scallop FOMIEA, & DIRREEMITROEE D bIREEIIRS T 5
@) L& B0 Tl d OEHBTEFRBMOM S
@ AFFERENEZELE ST E,
NN AFT7F EWREDz Y REDOA,
©  ARBEFEO SR,
T ) EMTERASIRA T 200 R TH 245, —HEIC scallop LTI D DN BTBFIE, BOH
SLMMPETD Y, ZO7 »EEOMERBOMI ZIERIC ST\, b 55556 LI B4 DM EREE
FERED L BICHE B,

A (mm) I (mm?*) 5 (mm) 2z (mm3)
0 32,868,100 38.7 273,200
35 32,783,800 39.2 273,700
50 32,757,700 39.0 273,000
75 32. 470,900 37.9 268. 100
110 30,941, 400 34.7 249,500

=W =k=e—2 b, F=HKTFHXD Pz cO/BmS, Z=WHEL

BIL scallop OEEBSAFT 73 OEED 509, 73% Eix0Th ZOWAEkxfin 29, 9%
ICBER N, MIC—RICIZTOEEGER L TEFX 2 5 0,

RO @ ~F 7 FORENITIER T OROWEIAD 2 7 7 + OBEINCER T3 L DCH D, %
Fe—RICTD XD BEETRCORREFM U MROWE L T2 #2100 507T, BENEERDS
Tk, BORHELHBRTR TS, 2/cHEREN b RO BATE E © OREILE 2 1L
FT5E, I(—HLERBROIND, OEE (2), (3) OHEICR<S,

RO O AF7F EWMOz D FREIE, b LIESGHCHNBMSRTNE, #5777 2l EEmec
—HRORELTHD &, WEHIHUE (COKROBEEI HBA LELBCEL ) #FLoT £
T, RERETRAE—BCT 5, RUEBICEEAMERIETS b, KT scallop 25y, FOi
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