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EXPERIMENTAL RESEARCHES ON STRENGTH AND

FRACTURE OF SHIP STRUCTURES

Recent disasters of ships, especially ore carries, in heavy sea
suggested importance of detailed investigation on strength and fracture
of ship structures in relation to wave forces exerting on ships' hull,
and the 133th Committee started in 1971 to settle this problem from
the structural point of view. Serious wave pressure can be classi-
fied into two categories; impulsive wave pressure and oscillatory
wave pressure, Impulsive wave pressure may occur in the fore part of
ships frequently in heavy sea, and it may cause serious damages in the
side structures accompanied by fracturing. Oscillatory wave pressure,
together with static pressure, may give in wide ranges of ships' hull
though it is low compared with peak values of impulsive wave pressure;
it is because that it acts quasai-statically for a long duration.

a) Local strength under impulsive wave pressure

Peak pressure may become very high though duration is rather
short, and therefore, experiments for local strength under impulsive
wave pressure should be carried out with special installations,

By the use of three kinds of such installations, elastic-plastic
behaviors of stiffened or unstiffened plates under impulsive pressure
were thoroughly investigated in relation to occurrence of cracks,

As the results, it is clarified that cracks go through panels under

a certain condition,

b) Collapsing of side structures

Behaviors of side structures of ore carriers in full load

condition are closely related to ore cargo, and therefore, the



mechanical properties of ore and its behaviors in holds were
investigated experimentally in detail., Behaviors of side structures
subjected to quasi-static wave pressure can be investigated approximately
by the statical theory of elastic-plastic analysis. The collapsing
strength is closely related to buckling strength of struts and corner
parts of transverse rings, which was also studied experimentally.

c¢) Program developments

Special purpose computer programs were developed for local buck-
ling analysis, ultimate strength analysis for transverse rings, and
dynamic analysis of frame structures, Computed results by these
programs were compared with the above-mentioned experiments, which gives

a good agreement,
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@ z@zbbodiFe— 4~ S Mz (E10-:0)

HADEAOEDOM G A3 L3BCRTED VTHE,

XA 313 MEHEOHSE® LUIEOMEE

B~ WMEEIMERTLHER. LOFBOMRET L INThOMERD TLAT 2, B
TELEALE WREIKE TADLELZ L, A3 L4 EBROT L,

@® BEEIMERATAAMOBAES 1 (I4)
@ BWEEMEBT AUMOHMAES J (I4)
z .

]

BASLse BMETEOKRS
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B~® MAES. [OKHEKS (E10-0)
B~ HAFES. JOKTENRS (E10-0)
O~ FEHEXERTLHEC, BRBEB L BEROBABS IVt FhOBRERI £ L

AT B, MHEIMEALAWRSTIE, CAOLELZL, MA3LSEEROZE,

@ EHEXFHETIEROES (14)
@ HHESERATLIBERODAES. 1 (I4)
@~@ HAFES1OBRFHERS (E10-0)
@ BAELEATLERODAES J (14)
@D~ HMEESI OBHEKS (E10-0)
d® EHEIEHTLEROHAES. K (14)
@~Q) HABSKORHERS (E10-0)
@ EHELERTLIBEOHSES. M (I4)
Q3~03 WHABBMOSHERS (E10-0)
F

ASLS HEHEORS

2) BRHAHTeZ5 s
ETRZFalds P s A ACELE AT NABPHEREN 70 7 5 o TOFBERTHRAIA
A7 E, A —C XL T TERDOEEETTO0 AV 7Ty b - T—42d 1 8EHDLLDT 4

— A5 TEAT 5o

{a) Control Data
@® % OGCON &£ [FUIKEAT %o (A6)
@ WEMHRT , 70027, 7xHEHENT 50087 T 5o (I18)

(b) Macro Element E#Data
A70 275 4Tl Element D& E LT 350U Macro Element 2EHEL TH &
ZHET U M7, F%y Macro Element €179 T & 3K 50

® %**¥MACRE £ FILKEAT %, (A6)
@ Macro Element ¥ (18)
® Macro Element HS (I86)
® Macro Elemont ## 3% Element O (16)
@ Macro Element % T2 Element OFS (16)

(¢) List fEf{¥8/RData

® %%¥LGIN L2 ALIKEATS, BAT -5 X rOEREIERTAH, (A6)
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® **LOEL &2 FLWKELAT R, BRT—% ) 2 OEREETT 50 (AB)
@ *%¥LBOL &2 FLIKEAT 3;, ERAFRUFIVVHET— £ ) X P OERTIETT %,

(A6)
@ *xxLJOI &2 ALKRAT S, HAEME L VEESBD ) 2 b OEREIERT 50
(A6)
@ *xLSTR & 2B LIKECAT %o IEND Y 2 F DER T HERT 50 (AB)
® EHoY=+%T79 7, b+5Macro Element O¥ 0OBE 2TETY 7, b
' 3 5o CI4)
@ Y"=2rx2T7v b7, b T BMacro E'lementﬁ%’ (I6)

B x*xLMDO &£ (FILKHLAT D, BEEE=—VFOY X }OEREHERT 5, (A6 )
@® BBEz—F%T7 Y7, 3T AMacro Element O\ 0 OBEICIL £HKE

(I4)
@ 7vb7, b+ BMacro Element O&FS (186)
. {d Plotter MfEKIER Data
@8 *%PLME & £ BAILIKRLAT 3o BERDEIHDOIER 18R T %0 (AB)
©® EXHEX%TH#H{ Macro Element 0¥\ 0 ODHEICIL. 2E L, CId4)
@ X0OBACRLHABESTEIZN (I1)
D X0OBRCEBEBESEIL RV, (I1)
@ X00BAIKE. BRIk EE, (I1)
@ HIHOKEIDEHTTRDOEI DTS B, (I2)
= 1:A1
2 A2
= 3 .A3
4 LAY
11:B1
=12:B2
=13 :B3
=14.B4
® B~D PDTHERLEG >KBEOHNIHOKRE AL HEET 5, TNLNXFMOREIN YHE
ORITH B, R K LBAEM TH 5, (E6-0)
D~ ThEThEAELTH(REIRUER (E6.-0)
@~@ FThEnX@h. Y& Z#oEEMAmOBRETR S0 BIIETSH 5L,
HMA3lLeBEBOZ &, Z (E6-0)
. Y
¢
BIAB 16 fEETIERTSHM X
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@ BEAEHETH Macro Element S (I6)

® *x¥PLDI & 2<BLWKRAT B ERROEME I8RT 5o (A8)
B T %EH < Macro Element O 0 OB, &8 ¢#<{o (186)
& T %ZH#<{ Load Case HFS (I6)
@S~ wRICEL (AS6)
@ x%PLST &£ FLKRLAT R, IEHHADIERE 87T %0
@~@®@ akicEL . (I6)
@ =00DHAE EIEHN2 A %HH<

= 10BE, BMWENOSHHRDL < (11)

6) =10HEMembrane Stress T
&~ FdRcEL

@ EAELEHS N2 brArOoKkEE, Bfidm,  L< 2 IH0ME (E6-0)
& fERL LS (E6-0)
B~@ #dicEL ,

@ 5™ ERH < Macro Element S 0 OBEICEEEEHC (Ie6)

®@ *¥PLSX L£<FBLKILAT 2, 0x OFRBHOIER L FERT 20 (AS6)

@~ #iadicqE L

@ *xPLSY £ 2 BLIKLAT 2, 0y OEFHRADOEK L IETT o (AB8)

B~@ AR

@ *¥PLTX &2 ALKRAT L, TxyOEBEXOER £157-T %o (AS6)

@~ (09 sikicEL

@) **PLMO & &< FELIKEAT B, EHEE— FEO R EIETT 50 (A6)

® ERe—ro&S (16)

d9~@2) AdcEL

@ **xEND 4> 7, F—20%&b%RT, (A6)

A3l4 7o NTYMTF—5DHRA

{1) HEHEEEEAT 7' 75 &
T+ 7y bids Input Data BELK A TWase:E 502 HRE TS 20 Input Data’
% Arrange LA b D LEEERDO 2 DCKFIZ N b0
(a) Input Data % Arrange LR

Basic Data
Joint Data

Element Data

)
)
)
(4) Material Data
) Local Coordinate Data
) Load Data
) Internal Data
b) EBER
BREEHPORAT » 7THBRROIONBT Y M7 5 F AN Dy
(1) 2@EEERCHT2EH[ROEMREE

(2) EROBHBERCHT 5 HAILS
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(3) ILHEBOFHHBRILN
4) BEOFHRCHE L VBHRILDOHIE
Iy BEEEEOHBLIET LANEMARAT » 7TRENTEN KOIOHT Y P75 b
I b,
(6) EEJREHE
6) BE=E—V
M7 s 74
7\, - LAEBENE LTI RO DHHRET B 5o
(1) BRIEX
2 %= & A
(3) MIRBOEIEH~Z +rE
(4) HSMSHOSEERA
() ox~ Ty~ Txy OEBRK
(6) EBE=—VFX

—
0

A32 (I VRYUVI/OBRKRBERM 0 /7 LERRAE

PR Yy SRKEBE 70 S S AROWTHE A 7 e 7 Sl LU Input data OFE HITD

WTERHAT 5o '

BT EDN 2 FREEE R PIUHET AT ) ZALDW T 3.3 EBRO SR,

L EAH R RER
Xr7u S5 ATl ODORRHELCRORFHES
THEBE(L L FOMOFMEHESF KD B, D2 H—D
OBHRICEBLTHBT S L FORFHETOLHE
ZOMAENHBON T, & OEE S DOMEATR
HAINBEMAO—RQE LTEDTZENTE B0 K
CBRAMEBICOWT2EBET T . A BEO
BAMECHTMENABLN . TENDEMIKET 5
—DOONZ b fEEL D, (HAB21)RQEA
Y7o f EEILEREET B ER2 FALEMTE
FEIh EAARRMER(I8)E Xbas AT P T,
~NZ A PQAY UFBEVBANECET 2HHEMS

B
PAERIOSZDICKOL O REHERT , THE bh A3 21 HEAT,7

Z)O

(i) 0=0.A8=0L(0L QEBERETSH, BRYOe—FXT , 7OKEIERET o) & L
BERATQE LT

(il <2 rr fOEOHBICASKT s,

(i) (TROAFLNENT 4 —Y TAOFRC D L0 FOEHEL 74—V 71 ELIF6=0+a8
E LTI RS,

WM dLT>v74—vFrrbidasS=ns/2 &Ly TORKE, TUNMT <o

V) HMEDO@EE IELAS<ES (08 WEIHEMRMETS v B/ivioad stepDETRET Bo )
2o TOHDOILDPQ=10 f & LTRPERET %o
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2.

3.

AL T 2BRCETAEAMELKREL 2, TLELEBRLOW TV, E4«0BEORR
FIEDS LRAIDO IO BEMEYL LTORORAFEINS Omin F (F: UHEAN ) siRE S
Bo COTE TH—DOOHEHMNCH L—2OBEORRTENMLT AL Y ERFTEERD S
K9 KEBRDRLEIELZ BT 5o T T—DOHEXRET 5L, COXT , 7OMEHICH T
AHRBROOMES (i RERES )2 0min=0i<Inin(l+e) tHRTZ20E TOBE LR
RICELALDEDR Ly RORXT » 7O BT BAMEROBHMBELC DN TEEL 3 3FEE
BEOC £y

7a 5 a0 R

a2 7 a0OMain Flow (Z33. 22 VCH?"TI OREBEEZIDTH A, Froutine KDOWTHUT
BT EREE 3 B0
(1) Main Program

% Initial zero clear

* AMED load increment KWTAETE LAbE O RELLOEHKETRET 50

* MEERPER HRTELPrint out T 5,

¥ LITD%& Subroutine ¥ call +5o DATAR « DATAC « STIFFM . SOLVT .

FMINI . IDENT
(2) Subroutine DATAR

% Read and Print input data
(3} Subroutine DATAC

¥ Input data &~ REL T\ SHEARERKT HHICEL 50
(4) Subroutine STIFFM

% Element Stiffeness Matrices and load vectors % fF%¢

* AIE® load increment T failure L\ SEHFH ACHE T BFMET 5 LEOD 5

Substructure X L

* ESETEZ

* ARBEEL

* FORERTNSTEERICEL 5
(5) Subroutine SOLVT

% % Substructure DRARHEHRDStiffeness matrices and load vectors Z/EBGEC

B L D #HA% BH LT Substructure SALACHET HMEX WD,

* MEBERGTEEL CEGAXEH (G

% % Substructure DAREZHHET 50
() Subroutine FMINI

* SOLVTO#ER%ICAE D load increment THREL (PF HKO failure 2ELTEE

Rb ) KEOFHATRAELEILT 2EFRE RO 5
(7) Subroutine IDENT
* FMINIOHE&AR LD KEOHBETE Subs tructure OHNRBEIHBOL R, FLBEH
ET Bo

Progrom Input

(1) Principal Dimension cards (A 3.2 3%&8)
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START

Call .
C d R L S _.l Pnnfed
| ?r;;ut DATAR ) output ;

Call )
< DATAC IER; Index for matrices Sinqulaity
’ u: Total displacement
Initial zero AU ; displacement increment for
clear U=0 load increment

IERX0 Print
final load
1

Printed

| output
U=u+au
Print results

¢

b e e

:
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COLS Quantity Format

2—10 width of ship b (m) F
11~20 width of wing tank bw (&) F
21~30 depth of ship d (mn) F
31~40 height of upper strut dl (m) F
41~50 height of lower strut d2 (@) F
51~60 draft of ship df (mm) F

byr
—
ke
! R

b

B A3238 X+

(2) Scantling of section cards

A 3. 2 4()D 6 DO OFITEIC +F R THEZIRICIES

bf

Ty

't

) BMES (0) M I %

B A3 24 METE

Cols Quantity Format
2~10 depth of web dw () F
11~20 thickness of web tw (M) F
21~30 breadth of flange bf (@) F
31~40 thickness of flange tf (&m) ¥

(3) Plate thickness of ship hull cards
Ship hull @© plate thickness WCHE$T57—42, L.Bhd @D TEEI HEICEILT S
OHERTHL0ETEEMCES L 9BHICFHLL TAR B4
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A3 25
Cols Quantity Format
2~10 thickness of deck shell td (m) F
11~20 thickness of side shell tss (&) F
21~30 thickness of long. bhd tlb (%) F
31~40 thickness of bottom shell tb (@) F

(4) Scantling of corner connection card
Center traus.® bracket HZZTELALABLEOIHNERIN. long.bhd L HOHES
BEEINOEHE L. HUCERIN

Cols Quantity Format
2~10 radius of bottom bilge Rl (#) F
11~20 radius of deck bilge R2 (&) F
21~30 radius of strut base R3 (@)’ F
831~40 width of center bottom trans.bracket Bl ) F
41~50 width of center deck trans.bracket B2 (@) F
(5) Scantling of strut cards bhs
HAS826D8BOTETANDZ LATE B0 T - 1k
2 ODstrut KOWTHETALED D 1 strut _ﬂ .;§ iw
OHEE blank card E Ah T# <, § s kS
™ tug]) °
tU‘lU‘
——
BJA 3286
Cols Quantity Fomat
2~10 depth of vertical web dvw (@) F
11~20 thickness of vertical web tvw (@) F
21~30 breadth of horizontal flange bhf (M) F
31~40 thickness of horizontal flange thf (®) F
41~50 dep h of horizontal web dhw () F
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Cols Quantity Format
51~60 thickness of horizontal web thw (#m) F
61~170 breadth of vertical flange bvf (&) F
V4
71~80 thickness of vertical flange tv{ (#n) F
(6) Pannel division of corner card

I—F—HEAR 2NOERETALUIN B, o Tradial stiffening DPBELONTOETHEL
Bho KF—2E7—+—BEN DOBETHERT L2 ERTLOT EROstiffening

CEbEELEBMEHETT %0

Cols Quantity Format

2~5 Pannel division of deck bilge 1
(long.bhd side)

6~10 Pannel division of deck bilge I
(side shetl side)

11~15 Pannel division of bottom bilge I4
(long-bhd side)

16~20 Pannel division of bottom bilge I
(side shell side)

(1) Standard space card
L TR AhATHEILE > TEROAHRTEbNI 2y

Cols Quantity Format

2~10 trans. space (/) F

11~20 deck long.space (me) F

21~30 side long. space (mR) F

31~4.0 bot tom léng. space (M) F

{8) Phisical constants card

Cols Quantity Format

2~10 Yongs modulus (Kg/m?) F

11~20 transverse modulus Kg/m?)

21~30 yield stress of upper flange (Kg/m?) F

31~40 yield stress of bottom plate (Kg/@?) F

41~50 . yield stress of web plate (Kg/m?) F

(9) Geometrical condition cards
MA8 2706 DORTHEROMRTEL HTENTE by RADRAIBERERIZNLIS 2O
TRINER L ¥y
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LtHCHEEST i Ly A IO x FALUERERO L&
Ndec=(i—1)%3+1
y HRDEMNBEOL &
Nde=(i—1) %3 +2 o

Bl O L &
Nde=(i—1) %3+ 3

BIA S 27 ZHEH

% First card

Cols Quantity Format

2—5 number of constrains 1

¥ Second card
Constrain OFAT 8.2 70ONdcOFormat 16 15 TiLAT %o
10/ Load Condition cards
loading condition (A8 2 8 (LRFT & { dead load & variable load D2 AT H
2 A5 E0TEB, Dead load &:L'Cki(’f)@EO@i’—i“%EiZwC&ﬁifébﬁic‘_@ﬁ'ﬁdraﬂ
df it Principal Dimension card TBECEL Tnko .
variable load & LTHEIOZODF -2 -5 K252 4147, FTE%b5h%. hs,ht
RFOREETL 5 R JEE increment 3h BRFEEA> 7, b TEL K hs, ht O gL

WwHHTEL LT, hS
5)(: \_Pu_r
/ /
5] -
mAszs AFEH  E <

(1) dead (oad () variable (oad
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Cols Quantity Format

2—10 density of liquid in center tank Ofc F
11—-20 density of liquid in wing tank Ow F
2130 unit pressure height on side shell hs F
31—40 unit pressure height on bottom shell hb F

Ll E&EL 7#+a ( geometrical condition © second card 1L EKZZE &)
OH—FEHABETNIEEBICADL T EHTE B4

4. Program output .
Program@out put & LTREROIIZOHD 5,
(1) "input data
input data%*D %3 KR T 5,
(2) Interim results Displacement
% load increment B initial OREGLOEMNELY BRZBICKRTT 5o RIFICEERD
failure ORE%* buckling mode,plastic mode DIETHRIRT b,

backling mode =0 buckling L
=1
=2

plastic mode =0 Gt

(3) Interim results of stress resultants
% load increment i initial ZRELL D resul tantsOWMMBETEEBRE L 5,
(4) Number of Element which failed at this step
4[ED load increment THOLAZMBEAKZELABRZROES Y=,
(5) Number of Substructures stiffenes matrices of whick are singular
Substructure® Stiffeness matrices A singular&Z HYINAHEDNTTL AW Substructure
OFEF. ZDOSubstructure OBIERER EH 5,
(6) Load at this step
4[BD Load increment OfH. variable load 725 FOEICEL #03% 7R3, B load
condition card THEL & initial OEOIELTEL b b,y
{7) Final load
BAETE R EE6)CRL
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CEFTie 08 Imid = !w:a )
weiruf
ves wtient <
ase Neasy nLlux- = 1732049

® = @€ & & ¢ 5 o a s o
AN [LIVO N8 SEET]NNG
- 6 &4 &8 &4 w <+ & 0 & 4

el e {14 4 PEPT= ITHET3 S SAC: RakOTa Fale T-ifanisd
1 1793.92 [t N4 205,00 je,00
T 1M A 13,15 150,86 15.0%
b ] 2492 .99 11,60 ) 07 3?.¢N
LY 21 3 8eu] 1s.CQ 3 31,09
d 3204 .29 15,20 . 253 28,80
O TIIE. 1% 13.t8 I L i PN

@ & & 406 a9 8 s as s 2

@ PLATE THICRNESS NS Siis wiLle
6086000880 aw s

PECK oo 23,00 $1ng ewepy L, 28,40 AQwS, 8k o, 17,49 [R157.0 3P 23,09
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DECR STLGE L.9mp SI9E ., 3 CRC< DILGE S.SELL 310C .. §
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T
2 SIANCASG SPACES
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sse FLYSL Y11 AZEEN[ oo

LS
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N.E B8 s.n [IELN" Nse.v ani,te (TR N,V anr, T
1 -1 [ ] [ ] =0.984 =2.181 2 0,81 . =2.342 £.192
2 [ ] -] (-] 0. A%1 =2,382 .18 -n:n. =2.42% 2.118
2 [} [ (] Q124 =2,33¢ £.112 -ol.cy =3.a7% [ LY
[ 9 [ [} PLYL] =2,41° N TY] -“~-‘~ =301 0.1
L] (] [] f -3 At4 - 20 DINERY -q"--) =3 4G~ ©,08%
L 2 (] 9 =30 LACLTY Rl ol 22,548 9,937
S
? 3 [} '] =24282 =2, Galil "'T,L'" L3 PR | Lot
s [ (] g a0l IO N2 3 =2 al9 8.0
[ 1.0 @ =1, 022 ana30s 2ave7? : -1{01 =1.312 0,528
] 1 0 [} =l.s27 <1872 2.%%4 -11“1 =1.$29 2.12°
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