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A Study on the Strength of Ships

and Other Structures against Collision
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Kikuo AriTa

Abstract

The present paper describes the strength of ships and other structures against
collision. Four specific problems have been considered in this paper.

The investigations on collision problems were motivated by the necessity to
develop reliable protection systems for nuclear powered ships. Thus, the present
study examines first the energy absorption capability of such protective ship-side
structures through a series of model tests. It is demonstrated that there are two
fundamental types of failure in transversely framed side structures, which are
discriminated primarily by the amount of external load supported by membrane
tension prior to the rupture of side shell. The characteristic modes of energy
absorption pertaining to these failures are revealed. Some considerations on
typical protective structure arrangements are made from the viewpoint of the
energy—absorption schemes.

Then the investigation is performed into the crashworthiness of liquified natural
gas (L.N.G.) tankers and offshore storage tanks. The energy-absorption capabili-
ties of fundamental grillage type of double-hull models are studied, which are
relevant to the protection of those cargo tanks against ship collision. The structure
models are composed of an outer hull plating and an inner hull connected by flat
horizontal and vertical girders welded to form cubical cellular spaces. The energy
absorption efficiency, which is defined by the amount of absorbed energy per unit
volume of structure members, is discussed. The deformation modes of spherical
shell segments representing L.N.G. cargo tanks are also examined.The investiga-
tion thereon is concerned about a reasonable estimation of the maximum permis-
sible limit of bow penetration into the tank.

In an effort to generate information on the design of buffers for the collision
protection of both ship hulls and bridge piers, an experimental investigation has
been made into small idealized ship side and bow models which collide with a rigid
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bridge pier. The collision force and the hull deformation ave graphically presented
for a range of gross tonnage of coast-going ships. Subsequently, studies on the
energy-absorption schemes of several types of buffers for protection of bridge
piers are carried out through the experiments. The tests reveal that the composite
structures of steel shells which rigid polyurethane foam is filled in is a useful
candidate for buffer equipments. Design procedures are presented by referring to
the buffer equipments tentatively installed for a long span bridge.

The fourth collision problem is relevant to ship collisions with offshore
platforms. Two specific fields are discussed in this paper. The first concerns the
local energy absorption of steel tubular members of offshore structures, which is
related to the residual strength in damaged conditions. For this purpose, a series
of tests on tubular members is conducted and a semi-experimental equation is
developed to evaluate the local energy absorption capabilities. The amount of
energy is compared with the impact energy specified by DnV rule for mobile
offshore units. The second field concerns the strength of cantilever stiffened
cylindrical shells subjected to a transverse load at the free end. This is associated
with the collision strength of footing-type of buoyancy elements which will be
presumably used for large-scale offshore platforms. It is demonstrated that DnV
code makes a reasonable estimate of the collapse strength.
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Table 1 Scantlings of ship-side models
(Testseries 1)

( Test series 1)

Test NO.|o. Scontlings (mm) Tip radius
™~ Side mode Distance between | Thickness of | Thickness of ot bow model
decks Lp side shell ts | deck plate o R (mm)
=1 |St=1 too 2.3 1.6 15
I-2181-2 100 2.3 23 15
I-3|81-3 100 2.3 3.2 15
I-4|81-4 100 2.3 4.5 15
I-5|8I-5 200 2.3 3.2 15
I-6|SI-6 300 2.3 i.6 15
I=-7|S1-7 300 2.3 2.3 15
I-8|St-8 300 2.3 3.2 15
1-9|S1-9 300 2.3 4.5 15
I -10|SI-I0 400 2.3 3.2 15
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Table 2 Scantlings of ship-side models

( Test series 2 ~5)

(Test series 2~5)

i l
Test NO.| . Scontlings {mm) . .
TN Side model Stitfener spoce|Distonce between | Thickness of | Thickness of [ Tip rodius of bow Scartlings of shitfener
S decks Lo side shell ts | deck piate tp |model R (mm)
2-1 s2-1* 100 100 2.3 3.2 15.0 200 x 3.2
2-2| s2-2 200 100 2.3 3.2 15.0
2-3 | s2-3 300 100 2.3 3. 15.0
2-4| s2-4 100 200 2.3 3.2 15.0
2-5| s2-5 200 200 2.3 3.2 15.0
2-6 52-6 50 300 2.3 3.2 15.0
2-7 | S2~7 100 300 2.3 3.2 15.0
2-8 s2-8 150 300 2.3 3.2 15.0
2-9 s2-9 200 300 2.3 3.2 15.0
2-10| sz2-10 250 300 2.3 3.2 15.0
2 -1l S2-11 400 300 2.3 3.2 15.0
2-12 | S2-i2 200 400 2.3 3.2 15.0
3 -1 S2-~-6 50 300 2.3 3.2 15.0
3-2| S2-6 50 300 2.3 3.2 15.0 Slit in side shell
3-3| S2-13 50 300 - 3.2 15.0 Side shell foken off
3-4| S2-13 50 - 2.3 3.2 15.0 Only two deck piates
3-5 S2-10 250 300 2.3 3.2 15.0
3-6| S2-10 250 300 2.3 3.2 15.0 Slit in side shell
3-7| s2-14 250 300 bt 3.2 15.0 Side shet| token off
4-1 s2-~15 50 300 1.2 3.2 15.0
4-2)| S2-16 50 300 1.6 3.2 15.0
4-3 S2-6 50 300 2.3 3.2 15.0
4-41| S2-17 50 300 3.2 3.2 15.0
4-5 s2-18 50 300 4.0 3.2 15.0
4-6 §2-19 50 300 6.0 3.2 15.0
5-1 S2-6 50 300 2.3 3.2 0.25
§-2| s2-6 50 300 2.3 3.2 3.0
5-3| s2-6 50 300 2.3 3.2 15.0
5-4 S2-6 50 300 2.3 3.2 30.0
*
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Table 3 Fracture modes
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Deformation of ship-side model
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Table 4 Scantlings of ship-side models (Test series 6)

(Test series 6)

Test NO. | Side Scontlings {mm) Tip rodius of ) )
™ model | Stiffener spoce |Distonce between | Thickness of | Thickness of | bow model | Scantlings of stiffener
S decks Lp side shell fy | deck plate R (mm)
6-1 |8S3-1 25 150 1.2 1.6 3 13.6 x 1.6 mm
6-2 |S3-2 25 150 1.6 i.6 3 13.6x 16
6-3 [S3-3 25 150 2.3 1.6 3 13.6x 16
6-4 |S3-4 25 150 3.2 1.6 3 13.6x 1.6
6~5 |S3-5 75 450 2.3 6.0 15 60x60
6~6 |S3-6 75 450 4.0 6.0 15 60 x60
6-7 [S3-7 75 450 8.0 6.0 15 60 x6.0
20 A Ak
AL AL
. N \
\L A 20 T
\v/ (80) F 1 v h
A A RINEL ¥ HIDE
i\ -/V\t,-.mml ﬂ A T\
My k it !
15 - :
L] N | s Al
iV / __60) INATNG-1 (V2 model)
= / ‘I' I S [f -
b= Py ~TN6-2 = ¥ TN3-1
£ y (1 =1.6) 4
1ol— 1 a -
a -~/ : |_—1—1 Crack initiated
= TNE-3 =P !
3 N (VA< (tg=23) ?”’ 2 ('—
— 7 - 7 4 ’
S 1 \ 1] 7 2 Figures in parentheses
[ INe-1 1% are for TN3-|
) A TN6-2 —— { /
TN6-4 " TNG -3 -——-- /
5 (ts=32) pyme-4 —— siiLl
i Py H L N .
S S s TG (@ [FBreoking ofide el
‘ y Side shell ty Y Beaokint, ! -
l, 60 uﬁ _93 ———® Final rupture |
5 — s
{thickness : .6 mm) J
0 50 100 150 0 50 100 150
H (100) (200) (300)
Penetration w (mm) Penefration W (mm)

Fig.12 Load-penetration curves
(1/2model, TN6—1~TN6—4)

6 — 7 DMBIBSERNIZI/ 2B HL L T W B FHEOH
BERMDO Y —X E[ARETH 558, MEER DL
21z, TN6—1~TN6—4icxfL Tiz3.0™, TN
—5~TN6— 7L TiX15™ 2 A7z,

Fig12iz 1/ 2480 R KRR DA E—E A BihiR 2 R
¥+, AR>S, 1/2ERIz>nT, MROKREEKE L
T5E, EFBRYY —X 4 OFER L ERIC, B
BVLRAARE S BREMIIBITT2 I E8br s, IO
Z A3/ PERC OV T BRI TH - Tz,

WP OWTEZTAHD, HERERED 2
FICHAIL, RN ANLF — 3RO 3 RICHHAT

(52)

Fig.13 Load-penetration curves (Comparison
between 1/2model and 1model)
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Table 5 Test Conditions
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Test NO. | 2 3 4 5 6 7 8
Fracture type Crack | Crack | Crack | Crack |Buckling| Crack |Buckling [Buckling
Mass of carrioge  (ton) 278 | L8l 2.018 | 4.1048] 4.1048| 3.1231| 3.1231 | 20448
Collision speed (m/sec) 8120]10.048| 9.458| 7.090 | 5.332 | 8.058| 6.135 | 7.328
Collision energy of carriage
(including ratating energy)(?on -my 10.25 [10.69 | 1043 |11.22 |6.34 |11.24 | 6.52 |6.33
of wheel
Energy absorbed by ship side 82 |E 104 08 (6 BOJE cxg E U & e72 & 78
model [ Relation between ! - l ! o / i e
energy(E) and penetration (3) ] BemmS ®: 1908 212 99 2018 2063 2243
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Fig.19 Schematic reprentation of measuring
instruments
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(a) Test No.3 (Crack type)

(b) Test No.5 (Buckling type)

Photo 4 Fracture types of ship-side models
(Dynamic test)
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Fig.22 Absorbed energy-penetration curves
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Table 6 Scantlings of double-hull models (1)

Plate thickness

Tip radius
NO.| Test model |of bow | Outer | Inner [Horizonkl Verticol
R(mm) plate plote | girder | girder
mm fo t th 1y
NI |R6=10-10-1.0I0 6 1.0 1.0 1.0 1.0

NIB RI5=1.0-14040-10 | 15 10 0. | 1O 1.0

N2 |R6=16-6-16-16 6 1.6 1.6 1.6 16

N2ARIO=16-16-.6-16] 10 1.6 16 16 1.6

N2BRI5=16-16-16-16 | 15 1.6 16 1.6 1.6

N3 |R6:=1640-10-10 6 16 10 1.0 1.0

N4 IR6=23-10-.0-10 6 23 1.0 1O 1.0

N4gRIS=23-10-10-10| 15 23 1.0 10 10

NS [R6=10-10-16-16 6 10 L0 1.6 1.6

N6 |[R6:101023-23| 6 10 10 |23 |23

N7 |R6=32-1010410| 6 32 10 | 1O 1O
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o

Wor W We
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Fig.30 Pattern of load-penetration curve
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Fig.31 Deformation of loaded region
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Photo 8 Deformation of outer plate
(Model S—111, (i ))

Photo 9 Deformation of outer plate
(Model S—II1, (ii))

Photo 10 Ruptured outer plate (Model S—II)
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Table 8 Scantlings of spherical shells

i R t £ H {H
Test model | Material | A Rl bl el B /)

SPC-1 18.2 1,000 1.6 | 400 | 83.5 |0.209

Steel
SPC-2| “gaq; | 15.21,000| 2.3 | 400 | 835 [0.209

SPC-3 12.8 1,000 | 3.2 | 400 | 83.5 |0.209

AL - | Aluminum| 6.2 1,000 2.0 | 400 | 83.5 |0.209
5052-H34

AL-2 13.3 {1,000 | 3.0 | 400 | 83.5 |0.209

Photo11 Test setup
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(a) Transition from symmetry to three-lobed shape

(b) Four-lobed shape

(c) Enlarged four-lobed shape
Deformation patterns of spherical shell
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Fig.65 Deformation of spherical shell

EHFIOLWTRAERERE 0 77 AMARC:H
WTEHHE Uz, R L - ERIIEFHRY AV ER (o
L A h15) T, NEREOFRICERKG, a7
TIRERE EERMF L Lz, SFTERWESICHRREN
52 TiTo 7293, #DHSEIZ0.5mmT, X7 v 7K
180D £ TOFTE 1T - 7o MBI DIE1—E iR &
LTREE DS DIz w Ty 7 KE=21,000kg/
mm?, RIS oy =25kg/mm’D & Z % THERITHL
L, BRFREE2E=E/500L L7z, 7V IBIDBFE
1, #RE 2 mmiz DV T /714kg/mm?, & 3 mm
22Tt 720.8kg/mm?m & Z & CTHEAEBIL,
E=7,000kg/mm?, E;=E/25, R7 YV > Hwv=0.3L
720

HEEREFig62, 3R EMA Ty 7DELL

TXHITR L, BRBRMABSOFHICBV TER%
RYREOTHELEI A SN 558, HEIZERE FRC
Iz L THEEE S M LR L Tw <, EFE L ER

EWISPC— 3 BB L TR LENTTWE HD
OEMENTZHRHRIHIEL TS Enwz 3, Zh
o HDE, BETHS LSRR T ZMARD
HH GRBREOIEEE) chhid, SiiRERE
RETFNICE > THBOWE L MAROBRE 254
BETRDZIENTEDLLEbRS,

Fig.66i1c AUEZEDBED W D OSSR D
WTHBREREIC L 25HEBI2 R LTz, MOBRRIIH
BAEEICHEBO 7V IBEL, (BRTEZSN
BFESS A —FARELTHEL:,

A2=/12(1—v?) (£%/Rt) (75)

Fig.66TixA = 8 ~14D &P TEE £17\>, Mescall®
EDEBLNTL 2 MEREHBITER & &L TR
L7z,

—7, BBROEHEEERMARTEZ B2, £
BEEFPRICTHIL-WBER SR EREEDN
%, & Z TiiOliveira & Wierzbicki’™®iz % & - CH¥H
BRI 21T o 7z, FigbTORMRTRYT & 5 RERBOB M
BIfA, Bk nWEES o0 AEE CHET 5
EEznid

NEERT AV F — i

ABEiOMEER L

(81)



82

1.6 T T T T T T 7 T
1.4 .
t P s
.2 b—l—J Lo T
@ L2 :‘.\7'
2 2 20
o, 10 X= V2027 () 2 x
xlw Rt P
alk 2
~ 0.8} 0«,/0/ .
0.6 e 9 .
0.4F 57 .
L —— FEM
7 Mescall
==--= Mesco
0.2}
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Table 9 Scantlings of test models

Plate thickness of | Radius of
NO.| Test series ship-side model. |corner model

1s x fh x tw r
TR-|(Transverse system| 1.2 x 1.2 x |.6 450
TR-2 " 16 x 16 x23 R
TR-3 " 1.2 x 1.2 x 1.6 300
LG- 4|Longitudinal system | 16 x 16 x I.2 450
LG-5 " " 300

ts : thickness of side shell unit : mm

fp : thickness of deck
tw : thickness of fraome
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(a) Test setup

(b) Panel buckling
Photo 13 Test of bow model

(a) Transverse framing

(b) Longitudinal framing
Photo 14 Test of ship-side model
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Photo 15 Collapsed polyurethane
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Table 11 Scantlings of standard model ship
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Side collision of 500°T ship
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Side collision of 3,00087 ship
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6.2.1 BREBMEE ) URBRHX

SR, JISERO—RSE A RERE 2 —ED
Ba&3mizyly, oWk sEHK (RE25mm) (7
BCEE L, KBEBO~EIE, Table 3R+ X
SHEDELE st oth#D/t=38~95.3, Av¢ L
HEDE: Db ZL/D=4.92~8.44X L, HEDOTEHEH
KE R4 FHHOERI L LT, I ORBEE DR
DEREBEHBEBICRLV N TEEL, ZOFRICESET
A et » RUEBROBIR L 2 HEEZ< b
Z, 2 TEBOEREEE 2T~/ (Photo 17),
N4 TOBBEIC L 2ERBEH OV TR,
Thomas® (319, B#HIZFRED 4 AR O EER 21T
W, Figl123ie R T &3 RERE—F3h 3 Z L 2 Ritl
Lz, Thebb, BYRHESORRYLERICRES
N T 5 crumpling phase: Eifh 2 €— K, Z0k
HIFERIC L 0 84 T THROEEBELC2E 20T —
FIzBTL, 2L TRERICHBICESBESRL,
EEERIZ B LTI, 6. 18T TBRXEHHEH» S (1)~ (i)
DOEFE—-FEHFZL T3,

Table 13 Scantlings of test models

Specimen DiomDeter Thick:ess D /t L /D Yield g:,,ss
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(a) Test setup

(b) Defdrmation pattern (Model II)

Photo 17 Test model

(i) Crumpling phase

P

[
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(ii) Crumpling & Bending phase

N _——N
i) Structural collapse

Fig.123 Deformation modes of pipe (Ref (115))
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(Model I —1 P=60ton)
Photo 18 Local deformation (in the area of line
load)

Fig.127 Deformation mode
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Deformation of pipe on center line
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(a) Test setup

(b) Inside view

(¢) Buckle pattern

Photo 19 Test on model for buoyancy element
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