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On the Estimation of Non-Linear Dynamic Response of Ship Plating
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Summary

It is well known that ship platings near the bow suffer some damages caused by the water
impact pressure. In order to investigate this phenomenon, it is necessary to analyze the non-
linear dynamic response of ship platings.

This paper presents the methods for calculating the response of ship platings.

At first, the authors study the applicaton of the Mode Superposition Method to dynamic res-
ponse problems which are analyzed by F.E.M., and obtain a formula of direct numerical integ-
ration based on the calculus of variation and show its usefulness. Then, based on the above- ,
mentioned results, the authors study a simplified method to estimate the maximum response
approximately, using a linear system of a single degree of freedom equivalent to ship
plating.

The results obtained are as follows:

(1) The Mode Superposition Method presented here is useful for estimating the dynamic
response of ship platings from a viewpoint of time and accuracy in computation.

(2) The formula of numerical integration obtained in this paper is considered to be equi-
valent to Newmark’s S method when B=1/6, and takes as much time in computation as 8
method.

(3) The simplified method of estimating the maximum response has good accuracy for
practical use.

KR TR OBNIERMICE > BRESLE TR
SET, /—=rE—FEACBENERDE— VESE
LD LB HEXERA LT, FERMOGHEYR ST
B RE Lic, SLREHMBES BT, BRESR
B S GFHER L EE, ToBAMELHED . RITk

1 #

BEIBEBROBEERICYL D A5 $ v, EHER
KREFEENDEBRKEZZT TW5, ECBERTE
TR E RERKELZT 5700, SR SH L MEERN

il

FEETDH DML TWABY, = DIRF A2 M
THBRYEPT LD, BRAKEYST 5%
ORAFEIEE L BBHEATHMEE LTRSS BERH
Bo T DX 5 I ERHREMEY BRERETHEL B
A, RBUTIIR BN S 4t B L E 2 GERS
BRATHESHTED LT, Runge-Kutta g New-
mark @ B ¥EP 7p EOBRKBESEC X D IBEYEESR
DLFHEPBERCLRDY, = hbOHEIEBEY
PECHEXFEHTH 52, HBEENAEL D EHE
FEA I ) ERN TR kb, SDRDEE/ —
o E= R R GHERH EHLe Nt — VEE
HEEONERBS T B,

* e T3 () B0 B 5277

BOFERCESE, x1d 1 HHEEOEMRARETHRL
TRABEL RO LM EHEEYRE L, EHE+57
BEYHEHO >z 2R L,

2 /—RLE—-FERVLHESR

WIEARRDHEVELRCTER 51T 556 OBEILE
L/ —=e— FEC I VENTE 5, A2
DEBKEY T 5 ET B A A E RS s
BIEREREE 7t 508, T OBREDEEKET—BT %
NI GEERCIIWD OT, SR DIERIHIEE D iR
e, IRl _s 7 —<ie— VY B 25E%ho
A% AT,

2.1 #H B K

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

HRBEREC X0 -5 DEIERIEIEY B e
EEHERIKRD L 5ET 5,
MU+CU+F=P(t) (2.1)

AR DERFRFIRE O H B2V T 175
t=t, ¢ du=0, u=u, (2.6)
TREFVELTEN tpy IERRTELZ SN B,
n
un+1:uo+§1 Ay (2.7)

ok Usfis v, M ZBERY, Clips
751, F Q@RS PE) 4h,  RBEES % FEH
To M, C, F % U OB ETHIE, Tho 13HE
EDEETDEOTE DRTIEREMS HERE D,
W EBUNEERS L, <t<t,+dAt O R CER#ES R AU
LT (2.1) X% Taylor I BEIL, BkoM/NE
TEETIRRARD O,
A@Aﬁ+q¢04(%%qa+§%
=P(t,+4t)—F, (2.2)

IRIEEFEn X t=l, DEEOERELL, K,=
OF,JoU 1% t=t, D& X DORMEFFITH S, < F LD
WHARBEHRPE IR 0M,/0U 8 X0 0C,/0U 13T/ s
LEZONRLDT, KBTI RS OEPEET S,
(2.2) KExFCT L. <t<ip+4t OB AU
BROBZENTE S,

WL (2.2) R/ —=r=— FEPEHLCHHED
BARIED Do SRADBNREIT 5 & EOEFE~N 7 b
Ay (i=1,2,,5; s IROLHBEE) ©5%, EAE
DN NE DG g B2 B/, sXqg Ok X DLTF

Y=ly,, Yz ooy Yq] 2.3
ZIED, TheHuvT (2.2) RA0EUEY KD X 51K
ET 5o

15+K@AU

AU=Y- -du }

Au=[u,, uz--ugl’ @9

roe,
(2-2) T 0M,/0U, 0C,/oU % s L e Rie (2.4)
RERAL, Y oBEFF YT 2EMA06FT 54K
R P (R
mudutc,du+tk,du=p(t)—fr (2.5)

I,
m,=YTM,Y, ¢,=YTC,Y, k,= YTK, Y,
pt)=YTP(Q), fr=Y"F,

TelZU My, ¢ BLO ky 13 qXq DEFHGTICH

D, p BRIV fn XEBHE ¢ D7 bATH B, My,

Cny Ky DIEFHBEMI—BI 0 LBV, X TRk

DE—-FEEBETIE 2. 1) R @<L DI EY 51

KB L CELYBVED R T 5o feoT/ —<iE—

FEREHATOE, ma, ky AT, L

¢ DAL ETHTIBHREELLTCRY &2 %,

L LELDOEGHELZ RS e 570D bR LEHE

TMBET Do RETRRERD = — VEBEE A,

BNEBIO=— FEHVE2Y, (2.2) Re#EL BEAR

IS DRLETEZLEE Lty

(2.5) REROWIFALL:

FRRFIGERD = — VESHLFERC, (2.2 RXrE
BROBECHNT, BIREFER 2.5) RO FHE
BTt T b 2 EB IVERDEHRS I BFER
TS O THER S DEOREZIA 4t k&t h
DL EL T, FHENERN LY ERHETE 5,

2.2 AREHRZRCETCHEES

(2.5) REPERSTHHEE LTS, EHET LD
w5 BEEY, WEERESIUL CEEML RS
% Nigam OFEDY, 3o L OEBRERRC X 5 Rk~
NEZbIhD, AREEREC L AFEC OV E
THExDFERRALNT WAL, ABETIEFRL LR
HETIERTH L OFERZE T (2.5) ROFERES
it otz,

TTEERER

mﬁ-{—cit—l—ku:p(t) (2.8)
TROWEAGZHEDO S L TR Z EwEL S,
=0 TR\ u=n, w=i, (2.9)

WE, =t X t=t, KB \NTO & i DL ou %
E2T (2.8) XKeEETHE (2.10) e B,

t2 1. . 1
f 5<—— Tmu-+—ulku— pTu>dt
t 2 2

1

tz .
+f * il esudi=0 (2.10)
t1

(2.10) REHNT (2.8) ROELFLKDO L 5 LT
RDB, Fig.2.1 ©AT L 5 CREESE L, S8R

Fig. 2.1 Finit Elemente of Time

WEDPNZI VIR 1 DB LEB R DT B, t=ty & t=
ther DEOBERDIC T u(t) LV p(t) % (2.11)
RO &5 CERELT 2,
u=Nplp+Npilny;

P=Nupn+Npi1 P 1
T (2.11)
Prn=pD(n), Pns1=pns1) [
Np=(tns—1)[4t, Npyy=(t—1,) /4t

(2.11) X% (2.10) XERAT B L EEANELN D,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

=A
i

X 140 B

176 HAERES
hy e, Hhau, =1,
R iyt Rogglly, =1y

Z
mF%$+Z+%
by, = kgli +g%__ g (2.12)
rn=<%7l+ pg“ )At
rn+1=<% —{——’%)At

(2.12) XKEAVCTEFHALC D W CHET LK FERYIE
by, t=ty BIO t=ty, TOENM Uy BIO u, 5 %
NI OFBRELBL I EXNTE S, ZOFHERNIES
& b=ty TOHE Uy BRI 5, Thobd u, & U,
DM H LMD D EEZ LT ENTELDT, W
BRI CLE up 52 BRI Uy 52T, COHE
AL E®E2 5, FLTEOMETEREET
H—RTOMBETHDDT, EE~ MY v 7 AL LD
BERDDFELELD, Tihbb, (2.12) XD rpH
BHBEDORTYELTWADT, HERT2REEL
LCEfL v L EFR g&XE2 5, (229) REBIO
(2.12) KEXBRELTCEHE n LEA nt+l ORBEDOES
KD B L FERS OHBERIKRD X 51 b,
(1) %HA(E

uy=u,
s (5422)
(2) WX (n>1)
Uy =—hijhgu,+hilg,
Ins1=Pni1— (hor—hgshidhyy) 1y,

(2.13)

—hoshiigy
Z T
- Pn , 2p
Pri1= <-g7}‘ +_____3n+1 +——‘“p7é+2 >At

% (2.5) RICHEATS fo d IKD X S IeThid
I Tbb (2.6) REFBEFL T (2.13) RKBWT
u,=0, uy.,=du, +xx (2.5) K& (2. 8) ADHEL
BT O LI > TR B S,

(1) wihE
Uj=Uy,
g1=mlu.o+ <-%—1—+~I§—> At

(2) WX (n=1) ) (2.14)
Uy =Upt-duy, [

du,=hiig,
Gn+1 —_—1-?n+1—hzzhlegn

— ] 2
pnﬂz{%_n__!_ P?;rz+1_l_P7é+2

1
"'g(f-n‘!"fnﬂ)}dt

n
fn:?:jlkidui

s Ry, Ry 13 (2.12) RTHEZBR2D, Thbo
AT m, ¢, kK OfXHIT my, ¢, Ky HAVS
DHERB D,

EROFHELE B HERO Nigam OFEOFHERD H
AR 1R T, 18] 1 OofRE2E8BC UCHRHERE
DHEBHFIZETHERDI D TH D,

(1) (2.13) RKix B #ED B=1/6 DG 43 DIF
PEHLCLDEEMER > T 5,

(2) B ¥ET B=1/6 DBFHIL 4t ORI TINEEL R
BT D ERELTWADER LT, AFE TR
% (2.11) RO X S CEFEL LT 5 O TINEER 0
Liso T\ 5,

(3) BRILEOSEOBEERMLIE TS &, &5
BEOM/PEMES 4t #RTKED ETHE, (2.14)
AL B L ABE T, Nigam OFEOESEECS
EFEEN5G,

(4) FEEBREOHECH RS 4t R&PT
Ez2 584 BEOHEANIMART (A.2) RIvHEHE
Wins EBbRBN, AEKXId (2.14) RTvwTho
BACHLTL T EFHCLZ ERTE 5,

(2. 14) R 2EHEBRCESHERTH S, B
HENVPNIWEEROBACIL 3 HIAERCESEHE
ROFH, 2EHAERLYHCS LV FERES DR
Bo BEDLDICAFE I FOHFERYRLTE W,

2.3 FEfIRUEE

RIS OBIER S OS2 R T4, 1 HHRE
BHRONEC DX, 4t=1/40 (A HELHED 1/4) BX
O 4i=1/120 (L HEEID 1/12) OBALEE L TER
fR & B Utso FHERRY Fig.2.2 (a) wRd2s, 4t
=1/120 OHEAETHET L {—H L, ¥ Fig.2.2(b)
SIS R b2 RO ERRETH D, COBE LIS
fRE L —F T, fEo CARMERMERZLTHS &
Bhbhb,

W ) —=re— FEHCHBEEOFERE BT
Do, WEETE OB ERER OERAKEL ML S
RIBECONT, BUNETR YR E & KR
FERTRV, BRERRC X 5 —BEE (AHREYH
Ui\iER) Offs il Lic, @EKEDKE JILFD
BAMEA O ER T 5 BA I IR O msic S rEEa s

NI | -El ectronic Library Service



The Soci ety of Naval

Architects of Japan

xR A DEFEREIGE O EE I DT

177

P=00365in ZL.
£ =100 " b ) soiRaf ks
s g/ é /-‘\ °
| P=3$0sin Zet P (mm) = nRXME LT T
m=0/ ~dhr  ISF A—1000—— |
ot =Y —ms { FEIM-#R2A27% (120)
ik {Ab= Y120 o 10
BER -
hHp o $
77 et s ,
‘ ‘ 02 004 0oz O 2 4 6 F 0 (Y
\ B (Kg/mm) t(sec)
B (a) Small Deflection
,‘Z’=0.05$iraﬂ
(a> W » 4007 %) ﬂv:ﬂmﬁ'?miﬁ&;
(mm) ' 1L NRAIE LT .
ist o000’ ]
3% ks -
i ~ 4% % —HRAEE (
Crassz k=100 mddio _ 1o _;/_0 : {fégﬁwii% (,’nféf
u m=o.1 v ¥ DLE-F(97)
, sk
I_ Ask(at=i5): o ? /
03 1 AR — B R e Py
0.2 4 Fs (kg /mm?) t{sec)
1 (b) Large Deflection
0 [ NN S [T B S v — -t
o.1 o2
w0025 5L (kefmn?)
(mm) . 2) 2R Faks
HergE 5087 1 a RKHE &R,
(b) ~Rr o 00 5% (130)
Fig. 2.2 Results by the Numerical Integration 10
Method
TELIO 0L L, HERIMSESENEACT ’
X5V DEBA, EAERBHE I, B ——
. 004 002 0
NOHEIRECBE, PEVEE, BEOPEOSBS B Ry frmmt) ¢ (sec) (x107%)
RD SRRV DFEIRITW) D 395 B\ TE
(%ﬁﬁ 8 -i:?d:( ) B 3 DOBEC DU THE (c¢) Large Deflection
Z{Tlsolce TR B LAcBRIIBIWHE R 2 2R
LeRERTH Y, BUBMERHENT I 14 B 252,194 i ennsanae R Ievvon
? mm 1 KM eR+.
Wico FREHE~N2Z P DFEIL Sub-Space Iteration A 2o ’ AT
B LDy, BERSE (2 14)RE Ay T - JanR (10
Too EHESER% Fig.2.3 (a) 25 Fig.2.3 (d) kom 4 FEARIAL)

To ARXY, /—~re— Ve i e —ip s
WIDSDEHBHI KL TW5, & QEBAED
BTOETCREFCEL~FH LT %, AR/ —~rx
= FERACAFHECELUTHER L2 — FouT, 20
B DB ERERNS 50, KEHOBE 8OTH 5D,

TR INDDFHEFTIE, s - e FE s
B—RREC L DB 1/4~1/5 OBEERETH 5,

FEM -2 % FA(34Y

| B EIEEH35)

0y

.
002

0.151 a
R (454;;#)

! 1 1
z 4 é 8§ 10 /2 4 V23 .3/8
t(sec) {x/07)

(d) Large Deflection

Fig. 2.3 Elasto-Plastic Dynamic Response of Strips
Calculated by Various Methods
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