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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

* TS TR I
RS : iER1624E 6 H26H




36

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
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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
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Fig.19 Schematic reprentation of measuring
instruments

(d) HnEE

IEEY Y 7 7 v 7R EEnE I 1 EIRD S,
W OAESEONRE 28> 7z, £z, REORE
REER & 572, BEOEE M ORI b IEE
Yy 7y Pk LERYGF, 2OMBCBTBEAKF
T D HEE & 8l - 72,

(e) &

REEROARDOE S AADIEHEA MLV VT —Y

WEDBo, Fh, MERYAATHTOIENLH -
720

(2) EBERBLUEE
() RN
WA OMEMERL, FHYERRIC BV THBNY
BREBLIURVALBEEY L 2EBHETHS, I
NoDHBER P ERIEERRIC L > THHES ¥ L 2 5,
Z ORI BRI EBRER S EUL, BIRRELLE
L3 ThHot, (Fig.20, 21 L t*Photo 4)

(b) Z2ARFME

ZEAKET L, EROBRTIE, BVLAALH
BRI TH0~60msec, FEEBABRA TIZZN LD
£ <80~110mseck 7% v, FEREEDIE S 235960% % <
iﬁz’ﬁo T3,

(€) BINT N F—

Fig.22, 231z &\ViAABISAERER &5 & OF e fE RUSAER
BEIZ DOWT, FRAFNRIRT 2V F ——RA R
2F L HTRT, RMIZEL THRERER & i,
BEERRER (SSEMR) B & UBREEE (SS.Cih
B) b RLTHB, ThoDErHE&T 2 L, BINE
EFEROME I B ERBROME L V0% BES DI
Twb, 22T, BILEELRICARND LD ICER
LI PHEREOTE L £ 2 THNERDESEBIEL
720

I I TOBMRMERIINT 2 FHERERRO L D@
E 2Tz, BRE (HEHEET) ORAREv LK LD
BfRx

v=0, (1 ——7t-—) (34)
L wl EEME OVIEE
T : R

HRETHE, hREDOEAGZ

(57)



58

Crack -type model

Vs =7090m/sec 50
Ep=1l.22ton-m
E»=1300ton-m

Vs : Collision speed

E; : Collision energy of
carriage

: Energy absorbed b
B Eery ol

ST: Position of stiffener

Vs =8.058m/sec

TAI W) T
N7 g AN\
% 1 »
i w] ML
|
L1 EST[NO. 4 TEST NO.6 TEST . 3
STST# # = w|e wn = T

Vs =9.458m/sec

Ey =1l.241ton'm
E, =11.70ton-m
41

TEST[ N

Vs = 8.120m/sec

‘E; =10.25ton-m

E, = 812ton'm

E; =10.43ton'm
E,=10.40ton‘m
/i
/71,
|
il 1
EST [NO.2
Vs =10.048m/sec
E; = 10.69ton'm
Ea = 10.10ton°'m

Fig.20 Penetration of bow into ship-side model
(Crack type)

Buckling-type model

REGEE T 1]
{ 7 |
1l Vi 1
- £ $
1 |
[ [TEST NO. 5 TEST [NO.7 TE .
ST sT ST ST ST ST
—250—+ le—250—+ Jo— 250—
Side shell Side shell Breaking of side shell

Deformation of
stiffener Deck

Vs = 5.332m/sec
E; =634ton'm
Ea = 6.38ton'm

Deformation of
stiffener Deck

plate

Vs = 6.135m/sec
E; =652tn'm
Ea=672ton'm

ST sT
Vs = 7.328m/sec
E; =6.33ton'm
Ea=7.18ton-m

Fig.21 Penetration of bow into ship-side model
(Buckling type)

(58)




(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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