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Analysis on the Dynamic Respone of the Hull Structure due to
Slamming Impact*

—by Finite Elemeni Mcthod—

Bong-ki HonG**, Duk-hong Moon** and Dong-myung BAg***

In rough seas, actual behaviours of a ship may not be estimated by the linear strip theory,

because of Nonlinearities due to the hull shape, bottom slamming and bottom and/or bow-flare

slamming. In case of slamming, impulsive hydrodynamic pressure occurs on the fore body surface

of the ship, resulting hull vibration called whipping, by which the ship may suffer irom serious

structural damages and the impact pressure, depends critically on the relative velocity at re-entry.

In this paper, the Time history of impact force at each station, the longitudinal distribution of

impact force at critical time, the Time history of acceleration at F.P. and the Time history of

Bending moment at midship are illustrated. That is, authors analyzed Dynamic response of cont-

ainer ship to be subjected slamming impact force.

We

B L
i} 3702
: Heaved] g
: Pitch®] R
: A #iEE Potential(Head Sea)
S ETiRE

DY ETEREE

: 27572 Orbital Velocity
275 BT

A RiEE

DB RER

My : &8 207 MWER( =1 omb?)

Ny :

HEES 20 B =2 (2 sin(ed)

w2
exp(—x+2)})?)

2

P RETEY bl Mok
ARG A &£ Bme YiE
P KRS BE

: REEY BARER

s Stripfiie] BHEE

D REESEES] HE

tRETEY kT A Rk
A EE

A W

CEESERE

* o] BANE 1982¢E At TEd TV 948 ATFEHAE
*x 201] A ek 88 ; National Fisheries University of Busan

*¥% 201[ % 8Er  BusanNational University

— 117 —



ZHAL - ALK

2. T190H MRA L+ Ti6sH MEH L6 I
ste] £ AVRHE WEAA Afs Aden, RiE
2 0.08Gauss B bl A= zx, 2 BTFdAle e
ZAgg Hich

3. KFHHC] WMTE AW BATH #
sl mefige welxa:, gl BTAL Az
=, flEdsRe HEMAX Y (TS K
BB H)el —0.653ke] IS, WITH)X
0. 183l Jepiistsl el

X [
1. G.D. Dunlap and H. H. Shufeldt(1¢969):
Dutton’s Navigation and Piloting. United

— 116 —

2L QST

States Naval institude, 13G-175,

- TAAIEME - AR BTMERY. WXE,

44-350.

. EF(2(1980): PiIRELGEAL MI3CEEL, 118-133.
. F@R(1981):  FUEENAS 10 #gMAGL, 103-

125.

. Nye S. Spencer and Gearge F. Kucera(1973) :

Handbook of Mugentic Compass Adjustment
and Compensation. U.S. Navy Department
Bureau of Ships, Washington D.C, 7-13.

- EAR(1962) ¢ A BER = SR OMERERE

T R, BEUKEXRS KHMEREER),
15-45.



7= 70057 COS{@ol - XT) wrrrvnrremeeriianiinnienes 66X
V'=—w77°€“ sin(m,t+l€x’) ........................ (6)/
We=w- A A T R R LT (7)

a3, HEAERE oY BeEYne Rt
o=

@ —#m BEER(EEY BR)Y &JE

(i) *Eigtr 3H3re] Dynamic Swell-upsl] 2&
e ER

2. EFHEX

(1) FEHFEAD 10019

#NBLE fBsta, Timoshekof "WIHHE &
EfAq A Eeka, Fig 23 242 vl 471w 201
o £apfy, EEs R oG Bre &4 b X
22 Folxlet

z
3Wh aWs
U 23X 39X
—.il——‘— ' i l
1 : W
A": ) L \3x
ANE 3| :
-/Al?.f;’jv W
- ya, Vs y
0 A 3Ws
3

w:wb+w‘ ............................................. (8)

Jw owy dw,

Gr T b o s @
$=—2z 3;;[, =2 3% (w_ws) .................. (10)
=g, B -BERY HEX

i) 82
&= 634" 253 (w-—ws)\]
&y=&= s (11)
qw, |
Vaa="g5p |
Yey=7y:=0 J
= da, BihE TRV EE &4,
aus Fw,
Q= GA( +"‘W) ..................... as

T AR BNy EEET

a(w—ws) o{(w—w;)

M=_E1{- =2 by e } ...... (13)
2 Sth Fig.35) 28 fhye st €9 F
B R A,

a

%4.]‘1 m O;f— .................................... 14)

aM 53(w—w) _
P +Q=/ ShgE e (15)

oloz MELHHENE g vk
Ju a2 w, 2w .
Srlon( e G orom G 10

{EI( d(uozw,) .

P (w—w,)
atox )}

N (w—w,) fom
T TS

Wy &

o W"WS W

stlox | 3 ? Q*%%dx

( |- ) S
i

at b bt

Fig.3. Forces acting upon small beam element.

+GA, ( gx =+ ui?x) =J

M

(2) #if8el st 99

Fig. 1614, #BELAA »318 "ozl BFEAA
R T REREE V=—~{+10—uf+V.7} 5
=, 1 frEEEe FHslE Y AL 983 2
o}

i) gy ﬁﬁbﬁ Bkl 71l 3

F= (a: U )MHV=MH7-—UV

14
—UMH“aT ....................................... (18)

{8, My; Const.

i) BmERS @R st 2
M,

f:'m»="a—‘§‘V

{2, Mu(t)

i) EEBES:

FemMpyVeeee i (20)
iv) EAEBEEND:

Femp@A ceeeeeterii (21)

....................................... (19)



BRI - SUREEL - EHY

E: @ (Young %)
G: BYERERE

A4t 7 A

I ififkz e

% i

B B Bkl whelbdl MEe) MG
2 ogkEBol A, RV B Bt Affete ASdE
BEBHA A ERAA & WMER HIHR
feAh ZA Ak W T, BHERKY HAL TE
watd, K8 Mg —wot AENE BHEE A
oo Jolrbe MERREI Sl = FEARMMITl Bk
sg_r/}_ 1),3),7)

a8, o ERE BEhAMAE BEL BT
ZHEXDZ, HBEHEHES slamming R 3 el
Feiste FMEIREIQ) whippinge] A7 3, o]l
O mme HEBAS HEY e Joemegn
o5& EHAA MERET BT LB/ Aok

Slamminge] o3 Bzt SHBEHRS UBEN &
Fz 2y,0 oA @ERY & £330 B E
BhEe U3 meAE, HMER $& HEsd,
olm¥E i MEBEHS MITHA, old =HE M
s, ®eh %< HtEse HEt BmEsA
%v_—,} 4),17) :

A BT BWERY BEEDHHERASZ W
EBELS REMEE S kT %, MBS BE
SIS AM Bl o § MBS K&, WEAREES
et K49 Kzl AT & BEe #bste M
MERE KA o & #Mste 449 fEKel
w2 % HiEe 2K HmERS R A484,
WeE S 20% 5% 21F EiEel wis MEK Bkl 9
E 2R BMEES Frankd] C.F.M. 194 234
Rk =, HWERS SiEEoz 3H, WNEE
o} EEIES) WEge] DI WL v st HEA
st MEEHe] e ol MEEel MESL BE A
WA FEAT G BAst MEERNY RN
{bot M Zol Hie) WA %S Rtg ok

BRBRAAE ATeA g BRHME W
BV W HEH AL EH@std, FeH
BHEXCE YY £ WiEY MEMEES Y
BILot M BRI BRTIESNVES BEH
B B Sl e MRS ARERE 9894
%#fﬁ}'ﬁ p}. 9),10},11),14,)15)

EiR Bt

1. EER S

| FRREE)

o]

i Vs '\;/ T
h ~——Xx’
- Ut = —

Fig.1. Coordinate System.

* BN EEHARBDE FHE Uz #7

3t Mol o) ste] Heaved) Pitchul-o #mEsh,
Fig.19] 0-XYZ= ZHEZE BERE, o-2yye
#IEE fAKESL Midshipel [FES & BERE, o

xyze MEEED Gol HES £ EERE vebdsh
=R & EERY MERGRE RO, @9 22k

4

X=3"—Xg ]
y=y s )
z2=2"—2¢ J

X=(x+xg)cos §+ Ut cos 64 (z+26)sin §
Y=y 1 --+(2)
Z=(2425)+t—(x+x5)sin 8 J
- Fig. 1ell4] B9 Affe] 9¢ ZEHFERASN} HR
-
a?D 2P

axi Tz =0

3

-q)-—o Z==—00

e | (3)

=57 12=0

1 3

7==g ar =0

B tefhe FEe —XBHRSR ETEE B
o) HEId4e,

b=— g% ex*sin(wt - Kkx) C))

7t 3, ASEY HFERAS ZH5Ae kT
= && gt 2

n=10€%* cos{wl+£x) - et et (5)

Vo= —7owes* SIn(wl 4 Kx) «oovvvevvmemmmmmmmmininns (6)
BEL -2y BEREZ v g3 2ok

b=— g"° 57 SIN(@ X! <eoveeresrranranneenne @’

— 118 —



SRS e R By BESRT
HBRAE wRALE + A

. (fitat ‘d’
‘L {8(T—V)+8D+EW)dt =0 -evevenennnnn (39) <
1
fv=Mvvqu+Mur§r+cwq‘v+quv """""""" (40)
Fom MG MG, oveernemaeiaeeeeee s (41)
matrixf o g2 2,
AJVD AIP' q‘l’ CIIU O q‘v
) Gy 5y
Ay rr r qr
K, 0 Gy fo
e e T
T O I 0 I i P
7} =t
A= FREsty) A$-22, b Mg, #
B, Bfrdl Hfleles HE 8oz BEHAA Ad
3, gRoz o
Mw+ﬁw, Mw+1\?u,, g,
[M,VML M,, +M,, ) {q} 0 —
. Kk B t t+ At Time
+ :,va fw] { qv} + [ u;'*‘ vos *"] {q- } ' ) . o
‘o, C, g X,, k.’ lg Fig.5. Values of 8 for different types of variation
. of acc.
= {;; } ............................................. (43) Table 1. Principal Particulars of Ship
A4, *& wEHN AT mAelL EERSY f,z;i;") ol
wEREE dad 3ezz (G, Cax T84, D(m) 18.8
- T(m) 9.6
4. BEyHEXS B# A(ton) 38, 136.6
BEMBERS —BIEA AR s New- gﬁ g;i
mark’s BEEE fERst (R(44), (45)), Step-by- Ly(%Lys) —2.236
stepl 2 fEE Tt Cs 0.615
Ut+ 46 =i(t)+ () + {(A6)2/2ia(e) Cu 0.977
+ﬁ(At)2{l'i(t+ A;)_ﬁ(z)} ............ (44)
Wt A =0 () + AL{E(E) +#(E+ A} /2 eeen 45)

A #xel BAT B3 Fig.54) <4 B:ZI__% 3]
fm, A A EFESAEY 4 552 Ao

STERR % R

Fig. 62 241 {#F% Container-ship¥ IETm#
W& vieblx, Table 12 2 FWA4F eluyd],
HRASHAE < Fig. 731 2o} MEHE LS Fig. 149 q'.:
Flow-charte] 9j&F programo = ffa}q o}

EmHRBE(x=180°)F v o, HE/HE=1/30, ¥ Fig.6. Lines of Container-ship.

— 121 —



BRAEIL - 3U4EEL - B

vi) AR EE:

P Y R TR TIPS PRIPRIPPPPRIPPRR IS PP PRI (23)
webd], o MiEmel #Alste ¥ fie

Sa=Smt Fimpt Fod fot- fib fg oomvmeeesssensennenes (24)
=2

3. HREIZRO ofst FRX(E® 10D
R(16), IDH EHHEAEL 7 A3k, ¥R
uiA Y FHE AN FREHEEKE EEL
K@= AHH,

T=%‘ S f;‘z/zm(—aaf—)i’dx ........................... (25)
1 (L 3 (w—wy)\?
e
+GA, (%)2}43; ..................... 86

A71A, T, V& g 5 2 #RFIAAE
B, W R Sihel A% LT &4 8D, W
e 3hd,

_8_2 SV errerierenrrnrmraciieiisiensenrsoniarans @n

8D= o

Sw =SL/2 f:.Swdx....................................(28)
-L/z

2

chel BT EEEE Ad, TARL wh A
Ewsate 2t BIBERRS vt HlREIRS
wyos BHES BEBEREE SASE =z, 4
ol g7a,

Wy =W, Wy, erreverrronsrrnerneraensasacercutionnee 29
K@= F¥
We Wy W =Wyt Wpy - Wgeornnnensearersnonacananens €D

REDGA wi+uw= HERY FEHEe] 93 RERS
22 wel 74,
w=w,+w,=[N,]{¢,} +[N,]{q.*}
wb=w_ws=[Nbv]{Qv‘}‘i’[Nr]{qr}
714, [N1& FEiRk#, {0} —BIEES] Bi
E viehdoh

1Y, 1 0 0 0 0 0

1 1
x 0-— 1 0 4 0
N]= 3 3 -2 -3 -1

1,0 1 0 0 0 O
1 1
AT I B e B R
x? 0 0 0 0
x3 0 0 0 0
.......................................... (34)
T =
[N,] [11 [1 T ] eeeerreeesecenenaeas (35)
EEERN 1~
Z

T
\.
3
!,
|

=

a |

-1 -3 3
[

J
l !
.

Fig.4. Nodal point displacement.

=¥k, Fig.4¢]4
{g. }7={w/t, wd, 0/, wi, wJi, 85} - (36)
(@r )T =1{Zm, 0} cereererremmiamerinnniniannrniiennnn. 37
ola, X(35), (3N &AL &= 2. H, W
HHE-E 24 FE moded] #HHLoz =HAw
Bk,

w,:zm+9(x_~£2‘—) ................................. (38)
=

714, z2,& Heavel®, 0% PitchBolt},

REEEe A 84 HEE#H/T JSdez
=7 2ol EEEME (BAM HH(w,=0), st
BB A7) REHS w3y A BERNY 18
£ JE(w=022 3§}

BB #AE K@D~ KAztz, ®&
) Hamiltord] FEE #FEs11, B&3t 2ol #EH

— 120 —



o R B

Linear
=== Non-linear

theory
theary

Vsec?

2

e
oMo M,
X La L

\ -
\ Timeisec)

at F.P.
h/A=1/30, \/L=1.3)

. Time history of Acc.
(Fa=0.2,

164 auggir‘g

-24
-4
-6
15-

Hogging

\/ Timelsec)

Fig.13. Time history of B.M. at midship.
(Fa=0.2, B/A=1/30, A\/L=1.3)

=Y, BE/EE=1/50, HE/ME=1.3, F,=0.2
e o] HESY Time-historys} o] 399 8.8.3
BTl A1) Mot fMEES 44 Fig. 105} Fig. 11
o vepa o,

Fig.12 2 Fig. 131 F,=0.2, W&/ HE=1/30
BE/ME=1.39 25 a2 muire] sk
B B AMBhREAA Y TR LA =0 BN
BLE vhebile, BEER ERsle £ &2
4 a2l d BME Yo, BAEE
ol AA Moz MEEY Bl Jehde
S

¥ ]

L. EEHABR A Bow-flaredl RS MEE
®Bel WAl A R Aol An, ME EEEBRE
o] & REBIAM, FHRVE F AHEI BHA=EE A
o i fHEs e EROe A9E 29, EE
7t EotAd, Baste 4N Hingteh

fnBtel mhey FEEAIHT

2. Bow-flare 7l & fAe 7 9o = mzaﬁ&i
o] dejvix] @relx MmHRY FAT Hind «
el AdE] Z Wel IR

3. Deckwetness, THRE Pl BEERLT,
¥ % 3 =) Dynamic Swcil-up®] &2 H1§
gE AT 4R Wgin e

(START )
T YNPUT |:BLP, BRD,DR" ISP,
\—;‘ ROGY, RRCG,

_
(e ot ]

1
[FHTNHGD, ARZATIT SIGAMTITY €21

|
‘alJ
|

[Coetf.nf Motion Eq. ~[FuncTion namEa ]

Draft,Relative Vel., Acc, 2-D Added Macs "coffs‘
Immersed Secticnal Area  Catl,

CALL SiMp

P SMPLILE

[ Impuct Force per Unit Lenctn of each S.3.Cal. |

(ALL  SiMP

[Tsfui Impact Force and Moment ‘Zci._J

Time increment Step

r———————-l' CALL SiMP

i
Nen-tinear £2.Cal | Z[FUNCTION NAREZ]

rCoeffs,

Time History of Acc.

|

- |
Considering 1 Y
Impazt Force and !

Moment i

J

i

NQ Comparisen of o
and Last S’rep

!Yes
GED)

step >

Fig. 14 Flow chart.

e A7 ABAT Y g 2ge 34
FAR G AAFTedAd A4S =gy e



BeB L« O - HH

250)

200

150

100}

5Q

AP
Fig.7.

o FP

Weight curves.

E/ME=1.3, F.=0.29 =9 %8252 Time-hist-
orysl o] 342 S.S.3 Wil A9 kel HHEE
E £4% Fig. 83 Fig.9%) ez 9o+, S.S5.3

Eimel fEAsts WR0Y LS

e, Feleo]

Bo] MERERY F& ¢ 5 93, S.S.4, 5EHE

oA fEERge] =

vebde, mEla ola e

wEh e MEEES =7, rEke bR, A, K
MEES Bk T pEL v

83 < 10°(N-M}

~
o
L

e
(¥l

3 Timelsec)

Time history of impact force.
(Fr=0.2, h/A=1/30, »/L=1.3)

]

'
L REN
P

Zan

4006
002

_.
O N RS Mgae

Time{sec)

Oraft in Still Water

Draft in Wave

—-—— Relative Velotity

#ig. 11. Time history of draft and relative velocity

at S.S.3,
(Fu=0.2. h/A=1/50, A/L=1.3)

=

=

‘o

S $.5.3
- 5.5.%
5- ——— 3535
4
3.
2.
1_

, & I N

0 i 2 3 b 5 E Timelseq)

Fig.10. Time history of impact force.

-
ONF O P g
VN

=)

k=]

T

F(F,=0.2, h/A=1/50, A/L=1.3)

/sec
Zy\

2021 /S
21 ] / Time(sec)
44 , ———0ra?t in SHIl Water
-6- -L\ / Craft in Wave
;?): N - —.—Relctive Velccity

Fig.9. Time history of draft and relative
velocity at S.S.3.
(F=0.2, &/A=1/30, A/L=1.3)

— 122 —



