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INTRODUCTION

This report is Volume II of a two—volume report prepared under Ship
Structure Committee Project SR—237, “Critical Evaluation of Low—
Energy Collision—Damage Theories and Design Methodologies”.

The material contained herein is the result of one of the tasks of
the project which called for conducting a literature search and review
of documents relevant to low—energy collision damage. The various
data resources used were identified ; the state-of- the-art in ship
collision research was summarized ; an annotated bibliography of the
key documents was prepared and a list of references which are con-
sidered to be relevant to the problem was developed .

Volume I contains the actual assessment of the various low.energy
collision-damage theories and design methodologies along with rec-
ommendations for their use and future research.

0 LITERATURE SEARCH AND REVIEW

A search of the pertinent U. S. and foreign literature resulted in
the development of a bibliography of 428 citations. Copies of 192
documents were obtained for review and possible use as data sources
for  the study in question. The methods used in the search have
included :

• R e f e r e n c e  c i t a t ions  in t echn ica l  papers and repor ts
• Manual search of indexes including

— C .overnment R&D Report Index
— MRIS Index
— Engineering Index
— Ocean ic Index

• Computerized search using NTIS, Lockheed DIALOG and ASDMS
(Advanced Ship Data Management) Sys tems

Over ha l f  the c i t a t i o n s  represent  var ious  papers on structural analy—
sis , p last ic analys is, lim it analysis , etc. which have been referred
to in the various literature on ship structural problems. It became
quite evident from the collected references that there is an abundance
of literature on analytical methods for treating structural components
in the plastic range , however , the li tera ture on the syn thesis of these
methods to ana lyze the overall ship structure is much more limited .
Only a few doc uments deal with the problem of low-energy collisions.

To suggest the availability of inforination,a breakdown on the documen ts
collec ted is g iven below :

1
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NUMBER OF DOCUMENTS
DOCUMENT TOPIC CITATIONS HELD

Structural analysis , theory and experiment 220 93
C o l l i s i o n s, research and design 73 31
C o l l i sions , low—energy analysis 6 6
Collisions , statistics 26 23
Collisions , model tests 18 5
Collisions , vehicles 10 0
Ship Structures , gener a l 43 13
Ship Structures , ice strengthening, t ee br eakers 13 8
Shi p Structures , slamming loads 15 11

~lisce11aneous 4 2
Total 428 192

2.1 SUMMARY OF PAST ANI) CURRENT WORK IN SHIP COLLISION RESEARCH

Recent ly Professor Jones (34) wr llte a survey paper on the colli-
sion proteetion of ships. Excerp ts of this paper are included as
part of this summary followed by an update of such a survey based
on recent and on—going work being conducted by the Marit~ me Admin-
istration in cooperation with the f’ermari Government.

“
~hiuv .irt ic les hav e been p u b l i s h e d  over t he  past  decade  on v a r i o u s
. ispe c t s  of a u t o m o b i l e , train and bus collisions , and some of these
( e . g .  (55)) have d e m o n s t r a t e d  d e a r ly  the  i m p o r t a n t  c o n t r i b u t i o n s
which structural plasticit y can make to developments in this area .
However , the comp lexity of an automobile or train collision , whi ch
involves many non—linear effects (e.g. large strains , strain—rate
sensitive material behavior , etc.), is a serious obstacle to the
further development of both theoretical and numerical procedures
(58). Moreover, the response of ,i structure which is subjected to
dynamic loads can be quite different to the behavior when the
loads are app lied statica lly , as observed in experimental investi-
gations which have been reported in References (33) and (42) on
the longitud ina l impact of m o t o r  dO;ldhes . Thus , the full- scale
testing of automobiles and even aircraft (e.g. (60)) has played an
i m p o r t a n t  r o l e  in the prediction and improvement of crashworthiness
characteristi cs (.~7, e t e ) .  This  is somet,mes a very  expensive  and
t ime—consuming procedure , a s i t u a t i o n  t h a t  has r e su l t ed  in recent
studies on the feasibilit y of seale—model experiments (31 , 32) wh ich
are attractive he ause a systematic variation of the relevant param-
eters can be undertaken. However , caution must be exercised when
scaling the experimental results up to full size , a l though Holmes
and Sliter (32) did obtain encourag ing agreement between the experi-
mental behavior of scaled models and full—sized vehicles. Duffey
(18) has shown that the Influence of material strain—rate sensi-
tivity cannot he~ proper1y scaled when a model and a prototype are
constructed of iden ti ,i l materi als. Further theoretical objections
may well be encountered when attempting to correlate the response
t i f  models and protot ypes which involve fracture.

2
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“Lee and Wierzbicki (41) are currently utilizing Martin ’s theo rems
in dynamic  p l a s t i c i t y  in order to o b t .I  in  hou n ds  on the response
of certain components in au tomobi les . These simp le methods  appear
pr omis ing f or the prel iminary design of bumpers , d oors and internal
energy absorb ing devices , etc.

“The foregoing comments are intended to provide a very brief over-
view of the many experimental and theoretical investigations which
have been conducted into the crashworthiness of various land-based
veh icles .

“The ship collision problem is more complicated than the automobile
c o l l i s i o n  p rob lem fo r  a number of reasons , not  l eas t  of which is
the enormous amount of kinetic energy possessed by some ships on
the high seas. Thus , the majority of investigations which have been
published in this area were conducted on experimental models. The
limitations on scaling referred to in a previous section acutely
app ly when scaling up the experimental results on models in order
to predict the behavior of full—sized ships due in part to hydro—
dynamic interactions which strongly affect the end result.

“Akita and Kitamura ( 3 ) observed that the how structure of a strik-
ing ship plays a very important role during a collision between two
ships. The inc l uded stem angle , rake and framing of a bow clearly
are important , but the ratio between the strength of the how of a
striking ship and the strength of the side of a struck ship has a
majo r  i n f l u e n c e  on the  p a r t i t i o n  of ene rgy  e x c h a n ge  b e t w e e n  the  two
sh ip s .  G e n e r a l l y  s p e a k i n g ,  a s t i f f  how ( e . g .  i c e b r e a k e r)  would
absorb very  l i t t l e  energy so tha t most  of the  k l n & t i t  energy lost
d u r i n g  impac t  m u s t  he absorbed by t he  side of the struck ship. On
t h e  o ther  hand , a weak how may absorb  most of t h e  k i n e t i c  energy
lost  d u r i n g  a c o l l i s i o n  l e a v i n g  t h e  s ide of t h e  s t r u c k  sh ip  essen-
t i a l l y  undamaged . Incidentall y, Cheung has suggested a design for
a soft bow in Reference (14).

“D e s p i t e  the  g r e a t  dea l  of care and a t t e n t  ion that authors have
devo ted  to t h e  e x p e r i m e n t a l  work  pe r fo rmed  in  Ital y (10 ,63), Western
Germany ( 6 7  to 85 ) ,  U n i t e d  Kingdom (96) , a nd J a p a n  ( 1 — 3 , 5—7 ) ,  i t
was n e v e r t h e l e s s  necessa ry  to make  compromise s .  Some e x p e r i m e n t s
have  been c o n d u c t e d  s t a t i c a l l y ,  or w i t h  r i g i d  bows , w h i l e  o the r s
have u t i l i z e d  a primitive structure for t h e  s i d e  of a st r u c k  sh ip .
As f a r as ‘~e know , a 11 e x p e r i m e n t a l  investig ations have examined
t h e  symmetrical case in which the striking ship impacts at right
angles in the central region between two adjacent transverse bulk—
heads in the mid—shi p section. Incidentall y , Ak it i , et al (8) use
theoretic al arguments to show that this case is more severe than
either eccentric or oblique collisions. However , this is not always
true because McDermott , et al (46) have shown that less energy is
absorbed before hull rupture when a vessel strikes near t he  t rans-
verse  b u l k h e a d  of an oil t a n k e r .  A n o t h e r  a spec t  w h i c h  has not
received too much a t t e n t i o n  is the i n f l u e n c e  of added mass. M ln orsky
(48) assumed t h a t  t he  v i r t u a l  increase in  mass of  t h e  s t r u c k  sh ip
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due to entrained water ~as 0.4 times the mass of the struck ship,
since previous s tudies  on the t ransverse v ibra t ions  of hul ls  in
deep water  indicated that  the  li quid added mass was approximately
t h i s  value . In f a c t , the theore t i ca l  resu l t s  which are presented
In Figure  1 of R e f e r e n c e  (48) show tha t  the  k ine t i c  energy lost
dur ing  a col l is ion is r e l a t i v e l y  insens i t ive  to the ac tual value
of the v i r t u a l mass. The la rges t  d i sc repancy  according to M inorsk y ’ s
theory occurs when the mass of the s t r i k i n g  ship is larger than
the mass of the  struck ship. For examp le , when the ma~ s of the
s t r i k ing  ship  is double  the  mass of the  s t ruck  ship ,  then the kin-
etic energy lost during a collision when the added mass is neglected
is two—thirds of the value when the added mass equals the mass of
the struck ship. The theoretical results for the amount of added
mass recommended by Minorsky lie about mid—way between these two
calculations . More recently, Akita , et al ( 2 ) conducted some
experimental tests on a ship model and obtained good agreement
with a simple theoretical approach which predicts the added mass
during a right—angled collision. It turns out that the added mass
of the model is about 40 percent of its mass when the duration of
impact is short. However , the actual value of added mass depend s
on the duration of impact and on the functional form of the external
force, in order to provide some guidelines on how short the dura-
tion of a typ ical collision must be in order that an added mass of
40 percent of the mass of a struck ship is appropriate , it would
be worthwhile to conduct some additiona l tests and to prop erly scale
them up to typical full—sized ships .

“The protective structural arrangements which have been examined in
all the studies on nuclear powered ships , oil tankers and the single
study on a L.N.1 . (liquifi ed natural gas) carrier (12) are similar
and utilize either the normal structural designs for these vessels
or a slight , modification which includes additional decks specific--
a l l y  designed to absorb the kinetic energy lost during a collision.
However , it is clear that th? design requirements for these various
ships are different. Cle arly , th e h,~.w of a striking ship must not
be allowed to p e n e t r a t e  the containment vessel of a nuclear-powered
ship. Presumably a similar de s i gn r e q u i r e m e n t  w o u l d  be used for a
LN C c a r r i e r , except  t h a t  a number of di rge tanks would r e q u i r e
protection. The entire length of an oil t a n k e r  r e q u i r e s  p r o t e c t i o n
so that it is univ feasible in this case  to provide protection for
minor collisions.

“The simp le semi— anal ytical formula of M i n o r s k v  (48 ) was developed
by neglecting the influence of those members which have little depth
in the  dire ction of p e n e t r a t i o n .  For examp l e . M i n o r s k v  r e t a i n e d  the
i n f l u e n c e  of decks  and t r an s v e r s e  b u l k h e a d s  In t he  s t r u c k  vessel , and
decks , l o n g i t u d i n a l  bulkheads and a p o r t i o n  of t he  s h e l l  p l a t i n g  in
the  s t r i k i n g  v e s s e l .  However , the a c t u a l  energy absorbed by t h e  struck
and t h e  s t r i k i n g  s h i p s  was not  c a l c u l a t e d , p r e s u m a b l y  because  of the
d i f f i c u l t y  in e s t i m a t i n g  t he  fai lure loads of the  v a r i us structural
members  i n v o l v e d  i n  a c o l l i s i o n .  In o rder  to circum v it this diffi—
c u l t v  , Mj n o r s k v  introduced a res I stance factor w h i c h  is r e l a t e d  to
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t lit volume of m a t e r i a l  loc;i ted in t h e  damaged p o r t  ions o t t h e
striking and struck ships. M ino rsk v p lotted this resistance factor
a g i  In s t  the kinet i c en e r gy  l o s t  during a collision and observed t h a t
the da ta f r o m  a number  of actua l ship collisions essentiall y col-
lapsed onto a straight line. The design tormula developed by

~tinor skv (:4S) is in fact the equat ion ot this stra ight l i n e .

‘‘The simple thieoret ical method  of t h e  Nava l Construct ion Research
Establishment (N .C.R.E.) (~46) was deve loped  for a rigid bow and
onl y con s ide red  t h e  i n f l u e n c e  of  t h e  deck plates and b o t t o m  of a
struck ship, which were assumed to have cripp ling stresses which
were 90 p e r c e n t  of t h e  c o r r e s p o n d i n g  0 . 3  p e r c e n t  proof  s t r e s s .
N e v e r t he l e s s , B e l l i  ( 10)  has recent lv s u m m a r i z e d  t he  e x p e r i m e n t a l
work which has been co nd u c t e d in Nap les since 1961 and f o u n d  t h a t
the N.C.R.E. method gave good predictions provided appropriate
a l l o w a n c e  was made f o r  t he  r i g i d  bow a p p r o x i m a t i o n .

“The design procedures due to Minorsk’.’ (48) and N.C.R.E. (96)
neglect the influence of the shell p lating in the struck ship
and are therefore expec t  ed to he more appropriate for major coil i—
sions . In this connection it should he remarked  t h a t  e s s e n t i a l l y
un Iv bending energy would be absorbed by a flat p late when it is
perfor ated by a rigid wed ge which has t h e same a ssump t i o n s a nd
the simple theoretical procedure given in Reference (lO~ f o r  a
thin p late perforated by a circular d r i f t .  However , i t  is q u i t e
clear tha t the  behavior of the shell p lating of oil tankers assumes
v i t a l  i m p o r t  anci during collisions if the cargo is to be couta m e d
(i.e., perforation prevented). McDermott , et al (46) have deve l op ed
a s t r u c t u r a l  a n a l y s i s  f o r  m i n o r  t a n k e r  c o l l i s i o n s  which  focuses  on
the  behav io r  of t he  s h e l l  p l a t i n g  in the  s t r u c k  s h i p .  It turns out
that typically between 2/3 and 9/10 of the total energy absorbed
during a minor collision is absorbed as membrane tension in the
stiffened hull p lating. h owever , it is remarked in Reference (105)
that the strength of beams and rectangular p lat es are very sensi-
tive to the magn itud e of the in—plane disp lacements at the supports
and some specific expressions are derived in Reference (35) which
c o u l d  he developed further t o  assess the  i m p o r t a n c e  of in—p lane
disp lacement in tanker collisions.

“ Ak ita , et al  ( 2) observed that there were two major types of
failure in transversel y framed side structures which were penetrated
staticall y with rigid bows . A deformation type of failure occurred
when the strain directl y below the bow was less than about 0.3,
while crack-type failures were associated with larger strains. It
appears from some dynamic tests on similar structural arrangements ,
which were reported by Akita , et al (2), that the energy absorb-
ing mechanisms and fi~acture types were similar to those observed
in the corresponding static tests. However , the energy absorbed
in a dynamic test was larger than tha t which was absorbed in the
corresponding static tests , a circumstance which was attributed
to the influence of material strain—rate sensitivity. It should
be remarked that this increase in capacity might not be realized
in a ship during a collision because this is a highly nonlinear
phenomenon which is very sensitive to size. Moreover , the
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influenc e of material strain—rate sensitivity cannot be properly
scaled up from a model to a full—sized structure which is made
from the same material (18). Furthermore , it appears that no
investigations , except Reference (35), have been undertaken to
examine whether the structural response of ships may be considered
to be s t a t i c , or whe the r  i t  is necessary to r e t a i n  the i n f l u e n c e
of inertia forces. It was suggested in Reference (106) that the
s t r u c t u r a l  response  of a panel  in a m a r i n e  v e h i c l e  d u r i n g  a severe
slam could be accuratel y predicted with a static ana lys is , pro-
vided t he  d u r a t  ion of the  p ressure  p u l s e  is longer t han  the  funda-
m e n t a l  pe r iod  of e l a s t i c  v i b r a t i o n .  Indeed , e n c o u r a g i n g  agreement
was obtair .ed between the  t h e o r e t i c a l  p r e d i c t i o n s  ac cor d i n g  to a
st a t i c  a n a l y s i s  and some e x p e r i m e n t a l  r e s u l t s  w h i c h  were recorded
on a one—quarter scale model of a sect  ion of the  h ot t o m  of a U .  S.
Coast  Gua rd c u t t e r .  However , the inertia terms must be retained
when the dur ation of a pressure pulse is short. It was shown in
Reference (35) that the siruc tural response of the shell plating
of the p a r t i c u l a r  t an k e r  des i gn  c o n s i d e r e d  in Reference (46) could
h~ p r e d i c t ed  w i t h  s u f f i c i e n t  accuracy using a static analysis.
I t  would therefore appear w o r t h w h i l e  to deve lop  f u r t h e r  these
s imp le ideas in  o r der  t o  p r o v i d e  g u i d e l i n e s  w h i c h  i n d i c a t e  when
s t a t i c  a u i l v s i s  could he used w i t h  no s a c r i f i c e  in a c c u r a cy ,
a l t h o u g h  i t  is  l i k e l y  t h a t  t he  r e t e n t i o n  of i n e r t i a  te rms w o u l d
be un a v o i d a b l e w l i t n a n u l v z  ing  even mi ter  ee l  Us  i o ns of high—speed
m a r i n e v e h i c l e s .

“ Aki t a , ci i l ( 2 ) and Ar l i e  ( 7 ) have developed ap p r o x i m a t e  t h e o —
re t  ica 1 p r o c e d u r e s  w h i c h  c o n s i d e r  the energy absorbed  In t h e  s h e l l
p l a t i n g ,  as  t e l l  us v a r i o u s  other members for b o t h  the deformation
and c r a c k  fa £ l u r e  modes wiì i ch  o c cur  d u r i n g  sh i p coil is ions . These
theo  r e t  I c  i i  p r e d i c t i o n s  i r cc rca sona h i  v vt I l  w i t h  some exper  1—
m e n t a l  r e s u l t s  r eco rded  on i d e a l i z e d  m o d e l s  w h i c h  are  r e p o r t e d  in
Re f e r e n c e  ( 2 ) and are f u r t h e r  d i s c u s s e d  in R e f e r e n c e s  ~l .2 ) and
(9 ~ 

) . It  appears t h e  t t hese  t hooret ice  I ana I \ ‘ses s h o u l d  hr idge
the  gap between the ana l s i s  of Mcl ) e rmot  t , et al  (46 ) f o r  m i n o r
c o l l i s i o n s  i n  w h i c h  t h e  m e m b r a n e  e n e rgy  of the s h e l l  p I t t  i ng  is
donuj n a n t  and t he  an a ly s e s  of  ~ ino r s k v  (4~ ) an d  N . C . R .  1-1 . (96 ) f or
iii ~~ ‘l c o l l i s i o n s  in ~ h i c h i  t h e  membrane tension in  t l t t  s h e l l  p lat-
ing of the St  r u ck  s h i p  i s  neg l e c t e d . H o w e v e r , t h e r e  are i l a r g e
n u m b er  f di  I f  erent : t s sumpt  ions in  t best various an a lv  ses so t h a t
t h e  t h i e o r e t  i c i l  method s in Rt ft rtnci’s ( 2 ) and ( 7 ) do n ot  a g r e e
wi t i-i each other and appear t n c  i t  b i e r  r educe  to  R e f e r e n c e  (46)
f o r  m i n o r  c o i l  is ion s nor to  References (45) or ( t I e )  for m aior
col l i s i o n s .

I t  s h o u l d  he remarked i t  t h i s  junctur e t i t t t  r t h t t i y c l v  l i t t l e  is
known about the fr i c ture of  st t U t  tura I m em h e r s  w h i c h  ar e  su b j e c t e d
to large dynamic l ids. Apparentl y , the uni v invest g i l  i o n  w h i c h
is relev ant t ie s h i p  c o i l  i s  ions , i s  t h e  experimen tal studs’ on
beams by ‘l -n k e o  ar i d Op i t (107) and t h e  ~ l J h s i i l n e f l t  thi oret i i i
anal y sis of t h i t  s ine problem which 1: 1 1 5  i i i  Ret re lict (108)
I t  i i ~ clear that much  f u r t h e r  work  is r eq i t  I r ed  on t h e  f r a c t u r e
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of rectangular p l a t e s  and gr i  I l ages  as well as in the  e f f e c t s  of
si  ~~ b ef o r e  the  t heoret  ice I procedures of Referent- es ( 2 ) and
( 7 ) end others ci n be used with confidence for paramet ers whi i cli
do not li e wi thin those of the experimental t es t s . Indeed , it is
not an t  i c i  p at e d  t h a t  a theoretical m e t h o d  w i l l  be deve lope d  i n
the  n e a r  f u t u re  w h i c h  can  p r e d i c t  a c c u r a t e ly  t h e  s t r u c t u r a l
response du r  i rig a co l i i  si  on b e tween  two sh i ~ S . The chief vir tue
of titi ’ v a r  111115 a v a i l a b l e  tineo ret j~~a I methods is t h a t  t h e y  a I low
a c o mp a r i s o n  i i  f var b u s  designs and suggest the most avo r ab  1
coil is i on  p r o t e c t  ion a r r a n gem e n t s . ”

Current work i n s t r u c t u r a l response of coil Id lug sh i its i s  being
conduct ed by ( eiia I i s , Mi n or sky  , and t lirotig hi a i - u t  r a e  t , by I ly d ro—
n au t  i cs  sen i or a n a l y s t s .  Of pr  i m a r v  c on c er n  i s  t he es t i met  on of
l o a d s  wit  i i i i  o c c u r  at i n’upzic t , t h e i r  d tin - .i t ion , t hu e i r niagni it tide ,
d istri bin t ion and a r ea o f  app l i c a t i o n .  P r e v i o us  w o r k  is b eing
eva I ua t cii and new t cc hn i tines are be log ci us i d ered . or &-~~I m h u I

F a u l k n e r ’ s w o r k  (. ‘ 2 )  is b e i n g  appi i~ d . Thcs~ loads will then be
u t i l i z e d  i n  the n u m e r i c a l  anal y sis of seve r-il structural c u t  i g u —
rat ions u s i n g  s o p h i s t  i t ited f i n i  t i  - eleme nt comput er l i :r ies
Pa i - t i i l l  v due to high to st ot  til e Ii anzi I vscs , a c on i p r c h i e n s  y e
study of :lv,i i 1;ibi t u t u n u n e r  i i l  ; l n : I  1 VOi S I &t - h u ni qti& s i s  he l u g  - o r  led
out to estah I ishi the mo st su I tab h e Oft .

S i m u l  t ant olls l v , i longer n . tn i ~ t - plan is pursued witi re a co Il isb n
synthesis m d i i w i l l  h i puoduced h i s t i l  on t i l e  m d  f vi du al b - l i e ’ ’  or

of str in c t t i r i l  components and t lit - s t a t  1 s t  i c s  1 v e i l 1  I s t ructure

beh avior.

2. 2 U. S. .\NJi i-’i R J- ; I:N DMA S0I’R ( PS

2 .  2. 1 ‘ n l i t  d St I t is

A .  M .  St in t -nh I t t t  ~ Sun/U. S. St c i -  I ( i t t i - I 0

A s r I t s  of studie s vt-re conduct ed , sj’i ’nst rt d by t h e
U . S. ( o i  st Gua rd i i i  t enthtti t div e l iji a Pi t t bode logy

iii t h e  - i~~~ i I vs is o in f i t ’ r to I I 1 s b u s  . I n  add it I I ’ll -

t i  nih t - of t’o 1 1 Is lii i  i n  sp i t ion report i i  i r e  t ~~~ i lab I e
S i t R i f t r i n t es •‘~6, 1° .’, 101 .

it . y \5\p (l i i i - i e n  I

t rou t- ‘i\SAI ) t p o n t s i i r s h i  i p  ; t F ~~~~t 1 .  S h a r p ,  In’ , is u sin g
uuut t htids iht-v t -lop e ih by Pr t tft -ns ’r Reck I ing (l u t i v e r n i  Iv of
Ben in) to pr ed ie t forces chi-o-ivi d in 1 555 cc i i  isit ’fl

t-\per intents . In a pan t l i t - i  ~tARAl ) I tinded et fort , Ilydn o—
n u n  t i t S , I ni . has level oped i I i i i  i t t  i i  cm tnt modei it

t h u  i~555 e n e r gy  r e s i s t  ing barr ie r to pr~- ili ct t h e  el i s —
t i~~

, l i s t ie nt sj litils t- to ‘‘knittwn ’’ i ni p ui t dvn anuu i c loads. Set-
S t I  - r n  - :  i 0 t h nti 5 3 .
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C. Gibb s ~ Cox , Inc . Design ~~ 111111

At the t ime ‘f the desi gn u t  the ~~. S. SA \ANNAII i i i
the late l 050 ’ s liv ( t - i l r ~~t - t . She ip, 1 nt - . i n  I n d e h it nd —

c u t  s t u d v  - i t  Gibbs & Ct ix  , I nc . v i e  t tindt -d ho. MARAI )
The produ ct of t h i  i s  st  udv was  a d e s i gn  cr it en - I m iii u ;I I
for nuc lear —pow er i-tI s h i ps . St -c St  - I t r .  - ic e  I (10

0. U .  S. Coast  ( u a r d ( u a 1 t v Rej~ t r t e

These a re  reports o f  i i i  i -o I h i s  i n s  whit -l i t i t h e r
invi’Ive vessels of  I . S. registr y i o I i i  in I .  S.
water. The r ip e r  t e a rt - ma i n t i l  ned by the 1’ . S .  I

Gu a r d  Of lice o1 Mt -r i -hun t Mar i tic S u i t  v

F’ . U. S . N i v i i  S i l t - t v Ct -n t r (Norfolk, Vj r . : i n i i )

This o f f i c e  maintains ret -ends i t i i  I t o l l  i s i ’ i i s
i n v o l v i n g  U .  S. N ivv i S S e I S .

F. Massai-hus ctts l n s t i t u t  o t  F ct h i n i o h ’gv , ‘) u - j ii r t ni - uit 1
i) c e t u Enj~ in e er J ~~j

A t t h e  present time the I)t -~’ i r t  ‘s u i t ‘f i)~- - i n  Fu ig i n t - i - r i n g
of M . I . T . has  - t  c ‘it t r u t  from t h e  Sit i j ’ S t  rue t tire I n —
m i t tee to gather and m onitor R id) work  j u t  t h e  . i n i - I  o f

shi p c OI  I is ion damig ~- bo th in t h e  U .  S. an d  ab r o a d
The SSC pro i - i t  t i t  i t  is ‘Snrve I i I - t u n e i t  Sb i p Gui lb s it ’n/
Stranding Research S t ti d ii -s ’’ (SR— i 2 . t )  . T fie- Princi pal
Invest ig at t ir is  P r o f i - s s t ’r N o r m an  lo in -s.

C .  Univ i-n si I v  o f  Rh o d e  I s l a n d  , lh-j i . t r  I n t e n t  of  0 t l u u
F p~ji uec r iui ~

N . M . R . C .  sponsored a gradual t - r e s ea r c h  p n t ’  j e c t  at tlt e
Depa r tment of  0t~ i -an S r u g jut -i- ri rig of t hn- lii i ~‘t -r s  I t v of
Rhode Island . M o d e l  l i s t s  simu lu t i n g  s h i p c o l l i s i o n s
were  c o n d u c t e d  in the elastic range. Acc~- It -rat ions
- m d  v t - i  oc it its were measured a t  two poi nit s . Imhlac
occurred on transverse steel huh khead . An added mess
u - t t f f  ~~t ’ i ent of 0.39 vu s inferred . Si t- Reference 110.

2.2.2 G ermany

tinder the supervision of the  G e s e l i s c h a ft. f u r  K e r n en e r g i g i e v e r
Wertung in Schlffbau und Schiffahrt (GKSS), Gct -sthacht—
Tesperhude , a series of dynamic collision tests were con-
ducted from 1967 to 1975. Three of the tests were conducted
with absorption barriers of the OTTO HAHN type, tim e tests
with resistant barriers with various bow configurat ions .
The latter fall within the low—energy collision definition

8
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(no shell rupture). in v e s t  igators in these i - f t  t i n t s  ar e
Mr. C. Wo isin and Dr . L e t n i n  of CKSS and P r o f e s s o r
Reckl ing of the Universit y of Ben i n .  See Re ’feni- nc ts
67 through 86.

2 . 2 . 3  J aj vui

I)r . Y . Ak I ta iii the  J ap a n t -st - CI :I.ss If i~~- r t i o n  Sot - l e t  y has
reported tin t~~i t  Ii isien r e sear c h  in  l a p . n i .  I nt e r e s t  in t he
problem , us in the case of CKSS , st emmed from intent -st in
nuc l ear powered ships is far het ’k is 1 958. Experiments
were conduct ed as i -univ as I Oh 3 wit It the gr i - - u t  es t act iv i tv
i ’ i i t I  r ring dii rin g t lii- I 066— i~) (0) r ime frame . St-i - Ref i-ri-u ,- i-s
1— 3 , 5—? , 54 , 59, 66.

~~~~~ l t u l v

During t i t i ’  mid 1960 ’s the Ital ians , p r i n c i p a l l y  unde r  t he
direction of Profi-ssor F. Spin uhl i oh t h e  U n i v e r s i ty  of
N ap les ( - o n d t i c t e d  a t o t i l  of  2!t t e s t s  on c o l l i s i o n s  of
var  i ens con H gu n a  t I (ins . Tes t  r c s i i  I t s  h ave  h~-en nepor ted
tu)gether w i t h  an  a nu  l v t  i c - t i  tnt -i t  m en t  . Se-i- References
10 , 6 1— 6 5 .

2.  3 ANNOTATED B I BId DC RAP Ill

T h i s  S i t  ion g i v e s  hr  j e t  summa r i es of t hit ise do - uimt -n t s vii i ch w e n e
u~ons i d en t - d  t o  he key  s o u rc e s  u t  i n l f o r ma  t j u n  f~or t l i t  s t u dv  on I ow—
energy cull is ions. A number of t h e  summar i t s  p n i - i-i t -n t e d  ar e  based
on those given in the fol lowing two reports which di-scr i h -  the state —

o f — t h e - — a r t  up t o  t h e  t ime t h e y  were  w r i t t e n .  These ire:

( a )  ‘‘Tanker  S t r u c t u r a l  E v a l u a t i o n , ’’ M . Rosenhlatt & Son , I n c . ,
Report No. 2087 prepared for t h e  D e p a r t m e n t  of T n a n s p o r t a t i o n ,
I’. S. Coast Guard undt-r Contract DOT—CC—lO ,6OSA , April 1972.

(h) “Report on Ship Coil isb n Study , Present Situation Survey,”
George C. Sharp, Inc., Report 5516 prepared for Babcock &
Wilcox Company and the  U .  S. Maritime Administ ration , November
1975.

Additiona l summaries are  presen ted  to cover key p u b l i c a t i o n s  w r i t t e n
since the  t ime the  above two documents  were  p u b l i s h e d  and to i n c l u d e
other  older  documents  which are r e l e v a n t .

1. Preliminary Ana lysis of Tanker Collisions ari d Cround in gs
U.S.C.G. Offi ce of Research & Development  — Pro ject 713112 ,
by David M. Bovet , January 1973 .

This report  presents the  r e su l t s  (of 51 co l l i s ions  and 13
groundings)  of a p r e l im ina ry  ama lysis  of tanker  c o l l i s i o n  and
groundi ng da ta. Statistics are presented for the geograp hica l
loca tion of collision. Collisions are ana lyzed in t erms of
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vessel s ize, vessel speed at time of occurrence , angl e of
collision , depth it f pe n e t r a t ion  and geographical location.
C o r r e l a t ion s  of p e n e t r a t i o n  dep th  w i t h  s t r i k i n g  ship speed ,
momentum , and energy are  a t t e m p t e d . A br ief  ana l ysis  of
tanker groundin -igs is presented . Diagrams are given , and a
c o m p u t e r  l i l a  I s  is p ro gram is  ex h i b i t e d .

The sa m p le  used is s m a l l  and the size of struck vessels is
also 11mb t e d .  A l a r g e  p e r c e n t a g e  were s t ruck  beam on and a
h igh  p e r c e n t a g e  of ci t  1 lb s ions were i n  h arbors  or approaches .
The methrtr d needs i-xtens Ion w i t h  mon t -  d a t a  and a b r o a d e n
range of vi’ssi-l s.

2. T i n k e r  Structura l A n al y sis for Minor Collision , by J .
Mu -D e m m o t  I • K . K l i n e , F.  L . .  Jone s , N.  M a n i a r  and W .  P .  C h i a n g ,
SNAMI * 

I 97’u

M u  t hrcu u r a  t i 1 - .i I urtotlc I s intl experiments were  s tud i ed for bend i rig
and buck ii ur ~ I i i  I I ow t -d by m em b r a n e  st  r i -I citing w i t h  and w i t h o u t
web Iranuie f i b  I un~u - up to Ito II rupt u n - . Both single an~ deub I t
sk innt-d sIr I ji s -t  re  s t  m d  i ed

I t  is shui t w u r t h u i t  f i t  r u m o r  c o i l  isio ur s uuii’uui hrane tension provides
a la r gu - part t ’t  t h u  i -u n-ngv .uhsorpt i o n .  Coniparit ive values ar e
g ivi -r i in tah u . 1 in I i ’ rm on impacts at dift i- r i-n t points of t i r e

~ p i n  bet wi-en  w eb  I r~imes

l-:v i’n t h i o u g h t he  ) ‘up i- r at tempt s to sim pl i f y tire pnohl em by hed g—
i u t ~ i t  i i i  t v  utui fl i e r t iti s ~I s s u m m p t  t o r t s , t u l l e  g i t s  t i r e  de f  m l  te
i mpr t -ss ion that it is t i l t I i ci t  I t t o  cent .i in  the prob I em w i t  hi i n
b~u i rn d  s : t Tue d i -cr t i ~ of ni - s t  i-a j i l t e x e r  I cii by vehi f names tin I Ire
supp ort i’d p u s - I  is u u o t  o h u v  i o n s , t i r e  s u p p o r t  pm - t t ~’u d ed by t h e
inn er hti i I of .u du tubt i c Int l I sh ip wi i i ii il seenur to depend  on wet -n
s p i t ~ jug • i t ’  hr I t o  f f t  rdam and vat erp I a t ie a n g l e  of st  r 1k i ng
how , wIt i i’hi i s  nu t t h r o u r g h r  t on t . T i u c  a I I owah Ic pt’m’ I r a t i o n  an d

~- f f ~- - t  I V t - n t - s i s t a n i t ’e t o  r r r p t u n u - i s  a f t i n i t ’t  i on  of s t r i k e  l o t - a —
t iou - i in t l i t  p h . in i  ~- i t ’s- ( w i t h u - i- spi -c I to webs)  ar id  i n  c i  i’ve t i o n
( w i t h  n i ’s ln - c  i t i t  dt -i -k s )  I h i s  i s  n o t  ‘~ c rv  t • lea n I v  b r o u g h t  t o u t
The tin t I r o n ’s c o u r t - I h i l t  I h a t  t lu method f i t  I I owed does not  l e n d
i t  St i t t i  b i t- c m rig u 1h t O  i gn t o o l . The paper treats on 1 \‘ t i r e
t i r t ; t in st .rnt of  a u i r a i u i i -  t O I  I i si e ri .

3 . Si t j 1t Co l i i  s i o n o  a t  \ u r v i n ~ Anj~les of In c  id en c i - , Report No.
5. (.S. C. /5. I t ~ 3 , by  1- ’ . I I .  hlaywotiti 

* 
N t ~-i I Const rue I ion  Resi’a ni -h

E sti b I ishmi- n t , St  . !~ - tt n ird ‘s bu ll , Dm n n f t ’r m l  i nn ’ , Fife , February

I O~,4.

The p 1  p c i  p r t -u i - i r  Is t h e  rt -s tr I t s u u f  i m a t  h enn a I cal air i I vs is of
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A. For collisions amidship, and if the disp lacements of the
two ships are near ly equal , maximum energy absorption
occurs at a collision angle o f :

( i)  900 when the s t ruck ship  has zero i n i t i a l v e l o c i t y .
( i i )  160° to 180° when the struck shi p ha s an ini ti al

veloci ty in the range of one half to double the velo-
ci ty of the st r iking shi p.

B. For collisions a t bow or stern of struck ship, if t h e  dis-
placements of the two ships are nearly equa l , the maximum
energy absorption occurs at a collision angle of approxi-
matel y 1800 regardle ss of the relative masses of the  two
ships .

C. For col l i s ions  at  bow or s t e r n  of the  s t r u c k  sh ip ,  the
maximum va lues  of r o t a t i o n a l  energy a b s o r p t i o n  for a l l
combina t ions  of sh ip  speeds it t- cu r  at collision ~ing Ii - s
ranging between 70~ and 90 and is a t  tIre maximum when
the s t r u c k  sh ip  has zero initial speed .

D. For amidship collisions , tire energy absorbed is maximum
a t  collision angles ranging betwei’n I6O~ and 180 and
increases with velocit y of tire struck shi p.

This paper presents a c o n v e n i e n t  tool  f o r  c v r l u a t i n g  t i r e  r e l a -
tive energy in shiip coil isbons for var l i n u s  combi  n at  loris of sir ip
weigh t, collision course and point of imp a t - t  on tire struck ship.
Assuming the mathematical method of anal ysis presented ta n he
verified by spot check experimental results , th u s p a p e r  offers
a simple inexpensive method of c-stab ? is h i ng  an opt  m u m  mo de?
t e s t  program .

After comp let ion of t he  mode l  t e s t s  t h r e  formulae pre si-rit cii
in t h i s  paper c o u l d  be cal  i b r a t e d  t o  p r o v i d e  a coni ven j i ’n i t
me thod  of comparing and i-va b a t  ing intermediate comb i n et  i o n s
of shi p we ig h ts , i- ti l l  i s i on  c t n r l r s i - s  and relative vu- In c i t  i t - s
riot covered by the modei tests.

4.  A T h e o r e t i c a l  N o t e  (In Shi ps Cut l i i  i o n s , by J .  H .  b I : i y w o u ’ i b *
Repor t  No.  R . 4 4 5 , Naval Research Estahl ishmerr i * St. Le ona rd ’ s
H i l l , D u n f e r m l i n e , F i f e , F e b r u a ry  19 6 1 .

A s h i p  c o l l i s i o n  is a n a l y z e d  t h e o r e t i c a l l y  in t i re  ca s t-  i ’f  a
shi p s t r i k i n g  a s t a t i o n a r y  s h i p  a m i d s h i p and  a t  n i g h n t  a n g l es .
C a l c u l a t i o n s  are  carried o u t  assuming tire collision force is
e i t h e r  c o n s t a n t  or va r i e s  l i n e a r i v  w i t h  d e p t h  of p e n e t r a t i o n .
The t o t a l  work done , col I is ion tu nrc e , pen-it t m a l i  t i n t , d u r a t  i on  o f
c o l l i s i o n , and energy  p a r t i t i o n  are  examined i n c l u d i n g  t h e
energy absorbed by t r an s v e r s e  v i b r a t i o n  of t h e  s h i p  as a h e im .

I I
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This paper may be the only one try ing to solve the equa t ions
of mo t ions , which are grea tly simplified by limiting the solu—

- don to a particular case. The solution and the conclusions
from the investigation is app licable onl y to the cases of
direc t , cen tral , and synunetrical impact. Since the reactor
compartment is usually near the stern , some of the conclusions
do no t appl y. Also treating the ship ’s hull as a uniform beam
is no t realistic. Even though this paper is still too simple
to be prac tical , it is much better than the approach by
Cas tagneto and the others.

Haywood ’s conclusion about zero co l l i s ion  force  and zero work
done is not practical. This conclusion is ob ta ined  onl y
because he has used the constant force assumption. According
to all experiments the force at small duration is mostl y
linear ar-rd then becomes more or less constant. Practically ,
ships involved in collisions never behave like perfectl y
elastic rigid bodies.

5. An Anal ysis of Ship Collisions with Reference to Protection
of Nuclear Power Plants, by V. U. Minorsky , Journa l  of Ship
Research , October 1959.

Ship collisions are  assumed to be a l m o s t  w h o l l y  inelastic . A
relationshi p for kinetic energy lost in the collision is
developed based on ship displacements , speed V of striking
ship and “added mass of water” assumed to be .~~0 that of
struck ship.

Air emp irical linear relationship was found to exist for high-
energy collisions between lost kinetic energy and a “resist-
ance factor ” R

T 
wh ich inclu d es the volume of structural mem-

bers which arc- edge—on to direction of collision , such as
decks , flats , etc. in both ships , longitudinal bulkhea~ s of
striking vessel , and a component~ of striking vessel shell
taken i tt  .70 of sheli area 5 ft. deep in way of deck.

An allowance of one-third increase in R
T 

is made for the
forward speed of struck vessel.

The method allows an approximate calculation of depth of
penetration in t ut ships of conventional design , or of the
“critical speed ” for which a known how will reach a certain
penetration int o a given ship side.

It is implicit that the collision occurs approximatel y at
midships where the energy spent in th e collision and hence
the penetration are at a maximum value.

This easil y applied approximate method is useful in the case
of collisions i n v o l v i n g  c o n v e n t i o n a l  s h ip s  where collision
p r o t c u - I ion  i s  of  t h e  a b s o r b e n t  t y p e .
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6. C o l l i s i o n  P r o b l e m s  for Ntr~- l u -ar Ships , by C. Witi sin , H ansa
1964, No.  10.

This paper is a rev i i-v of the st - i t t- of k nt’w I ed gi- i t t  t h -  sub—
j i ’i t  (1964) cover ing t h e  d v n a m i  i’s t f  i t i  I l l s  ion it - ic I u d i  rig
ri-search on added mass , a dist nis s ion of t he S-\\ ’ -\NN .-\hl t i n  1 1 1 —
si Ori aria ly s  is at -rd the energ y sp -ri t in i-last i t ’  ul et ttrn ira t i ott .
A rev iew is made of all o f  the- experim eri tn I work and of the
var b u s  col lis ion prtit i-ct ietis schemes .  M i t t ’ hi t n t  t h i s  mater in
is t-overed in otirer papers by tire semi- aut hu t i r.

Tirere is lit I Ic that is n-it-v i n - i liii s p a p e r  bitt it has v.i I Ui- as
an overview of tire suh j i t t  at t he t inc it was wr i t t  u - n .

7. ~oll
-islon Considerations i n  tire D- sign and  C o n s t r u c t  i o n  i t t

the ’’ SAVAN N AI I ’’ , by 1. A. Dodd ~ S. M a c f l o u r  l i i , M o t o r  S h i p ,
Nu ’vcntber 1960.

The paper  rev ie ’ws t u e  S A \ A 5 S A I h  ‘ 5 u-h urac t i - m i s t  i cs , i-onta i niment
v i - s sc  1 s u p por t  anti scant li ngs , sir ie’ld  ing  and u u i l  I is bu r n pro—
t i u t  jon-i inc lud i nig the met lied of cal cit I at i rig c m i  t i el I  speed

The p a p e r  i s  a -onven lent summ a rv  hut di i i ’ s  not add a n iv t h  i rig new .

8. Estimating the Decelerations Sustained in Ship Collisions, by
C. Woisin , Sn u ff und Hafen 13 (1961) November.

The a u t h o r  d i s i -usses the importance i t t  e s t i b l i s h i r i g  the deceleration
( a lso r i - c e h t - r a t i ’ u u )  o h  s h i p s  i n  a coIl i s i t t n i  and  indi cates i t  can be
ca I cur Ia 11( 1 s i m p ly if t he tot a I p -n i t ’t n i t  i urn is ktiowu i f rem t he- sl i t -i- its and
masses us i rig I hr i ’ re I at i u n uis b i i p u - s t  ab I i  sired in tIre’ SAV .-\NNAII st udv , with
and witho ir t thue resistant -c i t tire water. h l i ~ u l s i ’  i x a m i n i ’ s  the extreme
case of a ship ramming a rigid quay wall. Fina ll y , he t- a lt ’ulates the
d u r a t i o n  of t h e  d e c e l e r a t i o n  u s i n g  a graphi cal m e t h o d .

The author states that th e ca l cu l a t e d  d ece l er a t io n s a r e too
h igh , approximate and uncertain. It would appear that rela-
tionships between p e n e t r a t i o n  and t ime f o r  g i v e n  ves se l s  w o u l d
be b e t t e r  o b t a i n e d  f rom t e s t s .

9. Research on the C o l l i s i o n  Resisti~~ C o n s t r u c t  ion i  of t he  Sides
of a Nuc lear—Powered Shi p, (Report No. 3) by H. 01 , 1. H,-irima ,
H.  l i z u k a  and C. K a t a o k a , M i t s u b i s h i  N ippon  h leavv I n d u s t r i e s
Tech. Review .4 (1963).

Loads were app lied by a swinging weight , also staticall y by a
screw jack to ship side models built to a 1/ 15 sca le . Models
were of two types , Sl with 3 d ecks and transverse framing, and
S2 w i t h  2 decks and additiona l frames and longitud inal stringers.
Several types of bows were used includ i ng BI simulating a rigid
bow. In some experiments (Group 1) only the side model was
deformed ; in others (Group 2) onl y t he bow , and i n Gro up 3

13
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b o t h  how and s i d e ’  m o d e l s  were  d e f o r m e d . R e l a t i o n s h i p s  we -me
deve loped  be tween  energy a b s o r p t i o n  and s t r u c t u r a l  def un rma—
t Ion. Tu e f o l  l t w i n g  w e n t -  m e a s u r e d  u r n  i n v e s t  i ~at i

_ tb

I .  Ve ’loc i t v  of how mode- I and deformation t n f  s ide ’ model
2. Load
3. Local strains (by means of s t r a i n  g a g e )
4 . H ig i r — sp e & ’d  -amer a pictures of destructive ’ process.
5. Fi n i  e’onf igurat ions ut f m o d e l s  a f t  cr  e x p e r i m e n t s  were-

curmp leted . (Extent of damage).

The re-stilts were’:

1. If hi tt i r how and side are  d e s t r uc t  j b l e ,  tF ie ~ l oad — u t - f  tu rul ia—
ti er - i re - I t t ion for each is almost t h e  same ;is f o r  i- u I  I ision
of huiw with a r i g i d  w a l l  m r  of the side with a rigid huw .

2. The max i mum I o~rd on a how cmi i i  id i uig  vi th a rigid wa I I i s
t i r e -  m a x i m u m  load  tin t h e  how s l it - il p a n e l forward t~n - iu ’ l u i s i - ib
liv d e c k s  and f rame ’s .
The-me ’ is  :rn opt  m u m  t h i i ’kn -ss f u r  s h e l l  p i t t  ir i g  w h i l c i r
depends on several van jib Ic’s.

4 .  When hew is stronige - r titan side she- i I , ti n e t -u u u r ~~y i s  ,- u h s , ’ r h i i - d
a lmos t  i-n - i t  i r e ’l~ - by t i r e  s id e  structure- .

The d e r i v e  t l i - in  of e q u a t i o n s  is n u t  urhv i ous and t h i t  t tue- t n r v
does no t  seem e n s  to a p p l y , hu t useful work  i s  r u - li r t  cut .

10. Research on the ’ Collision — R e s i s t i n g  C o n s t r u c t i o n  of t h u  S i d i - s
of a Nut-lear — Powered Ship , Report No. 2 by 1. hIa rim ,-r , S.
Yamada and Y. Tokuda , Mitsubishi N i p p o n  h e a v y  I n d u s t n i  t s ‘Itch—
nical Review 2, 1 961.

The paper g ives  tes t r e s u l t s  f o r  t h e  i m p a c t  r esi  s t a n c e -  i f  h e n - u s ,
f l a t  p l a t e s  and stiffened plates. The e f f e c t s  of s t r a i n  t r e n d —
ening, strai ’t speed and v a r i a t i u - i n  i n  yield s t r e s s  ire- stud i ed .

Some of t h e  r e s u l t s  a r e :

1. Absorbed e -n i - rgv  = P l a s t i c  moment  x Bend a n g l e
2. Load—d nc flection r e l a t i o n s h i p for s imp l e  p l a t e  f i x e d  at

both ends can be c a l c u l a t e d  c o n s i d e r i n g  t e n s i l e  s t re s s
onl y in the axial direc t ion ; with stiffened p lat e the
calculation must include the bending stress too .

3. The load deflection relationship can be calculated takin -ig
the simp le sq uare plate as a circular membrane and t h e
stiffened square plate as a grid.

4. The above calculations must take into c o n s i d e r a t i u i n .  strain
speed and strain hardening as variable coefficients.

5. Absorbed energy per unit deflection favors HI over
MS , but energy to rup tu re fav ors MS over HT .

14
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11. I-~~n ivalent_Added Mass u - ri S h i p s  in Collision , by S. Motoma ,
M . F u j i no , M .  S u g i u r a  & M .  Su g i t a , JSNA , Decen irber 1969.

The r u t i r o r s  have  c a l c u l a t e d  and v e r i f i e d  by e x p e r i m e n t s  t h a t
tire- added mass trf tire ’ ship whi ch is . 40 a t  f i r s t  is not  con-
s t a n t  but vari t- s during the collision , increasing with duration
of i m p a c t .  They c a l c u l a t e  t he  a c c e l e r a t i o n  at t he  end of t h e
collision dividing t h e  externa l force by an eq uivalen t add ed
mass .

Ti-r e h i g h e s t  v a l  lit-s of added mass a re  f i - i r  t h e  case of a sof I —

s t r u t - t i m ed ship struck at low speeds with a considerable amount
t ’f l i e -u - re t r at  i u ’ t i  . I n  tire ua5t ~ of a sh i p vi  t h u  s t  u t ’ng c m l  1 is  ion
p r o t t - c t  i n n  st n r nm -k a t  l r i ~~iu sp ec -u i  w i t h - i  r e l a t i v e l y  low p e n e t r a t i o n ,
t h e  adcIt~ h ~~n s s  is ve ry  u _ l i s t - t i  t i r e  .40 assumed fi nn the N. S.
SAVANNA H .

12 .  Model  T e s t i n g  w i t h  C o l l i s i o n  P r o t e c t i o n  S t r u c t u r e s  in R e a c t o r
Shi ps, by C. Woisin , Se’hiff und Hafen , July, 1972.

The au thor states that he is conci-rned only with dynamic
t e s t s , vi th u on lv sI ighrt iv  s im p i  if icd models , He is not  con-
t ent -red here- w iti r the influence of the w a t e r  s u r r o u n d i n g  two
sh i ps in  c o l l i s i o n .  Tire - t e s t  s t a nd is  d e s c r i h e d , f o l l o w e d  b y

r d i sc u s s i o n  itt si-ale e’ff icts.

I t  seems q u e s t  i o r i a h l i -  to  s t a te  t h a t  succes s ive l y g r e a t e r
impac ts on tire ’ same mode-i u-an he produi- i-d w i t h o u t  i n c u r r i n g
r s t r a i n  hariIenini~ e f f e c t  d i f f e r e n t  f r o m  t h a t  w h i c h  w o u l d  he

pr oduct - i l  for ~i max imerm i m p a c t . There  is no i lure tin the
brittle-truss scale e f f e c t .

i t .  A S t u dy  u r u r  C n r I  h i s i o n i  of an Elastic Stem with tb -re Side Structure
of a Nuclcar ,~j~~p, by Yoshio Akita & Katsuhide Kitamura ,
B.S.R.A . N u t . 15300 , Sot~, of Nay. Arch. in Japan , 1972.

C i i l i f s i u u n s  t e s t  re-suits of 1/10 sca le  models  a re  compared w i t h
c i l c u l u t e i l  v a l u e s , using the Minorsky method . Tests of one
mod e l t n t ’ h u l l  side structure of the struck vessel were made in
c o n j u n c t i o n  w i t h  s ix  (6)  how models of the striking ship fea—
t u r r i n g  v a r i a t io n s  i n  f r a m i n g  and s c a n tl i n g s .  Two of the  bow
m o d e l s  w e - r e -  t r a n s v e r s e l y  framed and f o u r  (4) were  l o n g i t u d i —
n ail v fr-i nc-il . The six (6) bot~s were graded from soft to
ha rd  based on their ability to resist deformation in a colli-
sion. The transversely framed models were on the “soft ” end
of the scale , and the longitudinally framed with heavy scant—
l i n g s  was -at the “hard ” end .

The portion of the collision energy absorbed by the “side ”
and the “bow” models is measured and compared with theoretical
values ca icrr lated by the Minorsky method .
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This paper pre-sents in ft rrna t ion on model test results and
concepts having direct app lication and/or provides guidance
i-in the design of a suitable protective structure in way of
the  r e a c t o r .

14. A Study of Similarity Laws of Impact Damage, in Particular
of Shi p C o l l i s i ons and C o l l i s i o n  Model  T e s t s,  by C. Wois in ,
Schiff und H a f e - n  20, 1968.

Laws g i r v e r n i i n g  s i m i  i i  t cr ci e a r e  l i s t e d  at -id i t  is b r o u g h t  ou t
that it is desirib li - to satisf y Kick ’ s law concerning stresses
and strains rs well to have equal strain velocities; at the
same time , If ti -re- impact is sudden , there are inertia forces
to consider wi-rich introduce- a Newtonian d ynamic- similarity;
however , f u r  the ’  f o re-e s  exerted on water , the li quid being
t h e  same f o r  s t r i p  and mode l , v i s c os i t y  f o r c e s  a re  t h e  same ,
and so a re  g r a v i ty  f o r c e s .  A l l  t h i s  l eads  to t h e  c o n c l u s i o n
that not all conditions can hi- n e t  by one set of similitude
la ws .  The a u t h o r  gee’s err to exp lain that some of the rela-
tionships t a n  be n e g l e c t e d  as b e i n g  ur f l ittle significance.
Some of t h e  c o n s i d e r a t i o n s  t i r a t  c a n n o t  he n e g l e c t e d  a r e :

1. Tempera t u r i - ( b r i t t l e -  f r a c t u r e )
2 .  S t r a i n  h a r d e n i n g
3. Molecu lar struct u rm e

These will introduce scale effects.

E m p i r i c a l  f o r m u l a e  a r e  g i v e n  that ret-o ne’il e full-scale results
with model tests I i ’  v a r i o u s  sc a l e s  and r c o r r e c t e d  “s imi l a r i ty
law ” f o r  t e s t s  in  t h e  dr\ ’  is d e v e l o p e d .

The author proposes that similarity laws be verified comparing
shi ps , st atistically similar cases , and models , so as to
refine tire relationship taking into account various scale
e f f e c t s .

It is pointed out that at small scales more energy must be
applied——as much as ll07 more at 1/15 scale than for full
scale——because of strain hardening .

Experimental verification of many of the relationshi p s pre-
sented is missing . It is suggested that well—known case
his tories and statistical data be applied to:

1. Actual ships
2. P a r t l y ships , and p a r t l y models
3. Model tests

16 
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The difference due to strain hardening alone at scales of
1/7.5 and 1/15 instead of (l/2)~ = 1/8 0.125 is about 38%
higher or 0 .174. The d i f f e r e n ce be tween f ull scale and 1/15
scale is abou t 110%.

15. Analysis of World Merchant Ship Losses, by W. J. Beer,RINA ,
March 28 , 1968

A general statistical summary of various types of ship losses
of vessels I nsu red by Lloy ds over the period 1949 thru 1966,
gr ouped by sh ip size for both tankers and general cargo ships.
The losses are categorized as follows :

1. Wrecked
2. Foc ind ered
3. Collision
4. Burnt

This paper provides a broad genera l  p ic t u r e  of t h e  causes of
ship losses over the period of 1949 — 1966 but contains little
technical d a t a  app licable to collision anal ysis.

16. TIre  D i s t r i b u t i o n  of C o l l i s i o n s  in - i Japan an - id M e t i rod s  of E s t i m a t—
~~~_ç~~ll is ion Damage, b y Y ahe l  F u j  i i  and H i r o y u k i  Ya rna  i i o u m c h i
B . S . R . A .  No.  35 , 299 .

Presents d a t a  on a l l  recorded collisions a l o n g  the  cu ’ u s tli ni -
cif J apan  during tire period 1966 — 1968. Ti-re d a t a  is cati - —
gorized by shi p siZe’ and b y l o c a t i o n  of c o l l i s i o n ;  i . e . ,  i n
h a r b o r s  and o u t s i d e  of h a r b o r s .  The l a t t e r  ca t ego ry  is f u r t h e r
s u b d i v i d e d  i n t o  severa l  m a j o r  c o a s t a l  a reas .

The s t a t i s t i c-s p r e s e n t e d  in t h i s  paper  i n d i c a t e  t h a t  most  of
t he  c o l l i s i o n s  itt J apanese  w a t e r s  i n v o l v e  s m a l l  vessels  of
uncler 500 tons . N u t  a t t e m p t  is made to correlate the cun li l —
sions with their probable u ause other ti-ian to g r ade  t h em by
sir ip  size and geographic location , as no t ed  above.  However ,
tire paper presents a rather sophisticated mathematical pro-
cedure by w h i c h  existing cu -n ll isi o n statistics could be a d j u s t e d
for variations in sh i p size, traffic densit y , etc.

17. R e s e a r c h  on the  C o l l i s i o n  Resistin g Construi-tion of the - Sides
o~ r Nuclear Powered ~~~~~ by Kagami , et an , M i t s u b i s h i
N ippon Heavy Industries Technical Review , Fol. 2, No. 1 , 1961.

Models to 1/20 scale of a 45 ,000 DWT tanker with nine (9)
different side’ structures were hit by a pendulum simulating
the bow of ,r 45,000 DWT tanker at 5 knots. Results were
compared  q u a l i t a t i v e ly  for damage depth , stresses and impact
f o rce - s  developed .
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The experimenters conclude that the side shell should be made
much stronger than the striking bow , that the reactor wall and
the side shell should not be structurall y connected , that a
grid is the best stiffening for the side plating , and that it
is effective to increase the side plating thickness.

The tests do flirt include any variation in kinetic energy ; the
kinetic energy is quite low. Some of ti-re configurations are
of no interest. The experimente’rs in their conclusions over-
looked the significance of the very high impact forces of
t e s t  Ti and the  co r re spond ing  a c c e l e r a t i o n  f r o m  the s t and p o i n t
of t b - r e - n  r i-at - t i - n m c o t - r t r o l  rod di ’sign .

18. D e s t r u c t i v e  b n er g~~~in Sh ij~~Co 1lisiu rns , by E .  C a s t a g n e t o ,
Technica  I t i l  j ul ia 27 , Nu n . 10 , Dec- ember 1962.

Form -ulai - a rt - -Ic-vu-loped t i - n  obt ain tire ’ ene rgy deve lcped at
i m p a c t , both di re’c’ t ~r nuI o f f  t i - t i t e r , sh c -r w ing  t h e  a d v a n t a g e  of
placing the re - ,’r c tun r aft. Also the proportion of energy sp -nt
in elasti - ’ d e t t n r m u t i c n n of the hull is stud i ed as Will as the
relative strength t ’nf anti—collision structerres. Ti-re added
mass of w a t e r  is d i s c u s s e d  and e x p e r i m e n t a l  r e s u l t s  a re  pre-
sented .

These res u lts wi -r i - :

1. E x p e r i m e n t s  r n ’  u rdv i s al -n l i- t i - n  d e t e r m i n e  added mass of w a t t -r
in the case- cr f ships u n th e~r than tankers.

2. The energy l c s t  i n  e l i o t  i i ~ ih u - form at ion -i is small (less
than 5~ of total )

3. Tire’ strength c f  u~m i l  h is  ion protect ion s h o u l d  no t  lie so g r - - rt
t b t a t  t u e  t o l  l f s i i n n  v i i i  m O i s t ’ e-’-;u essive stresses in ti-re- hull.

4. Of t~— cent er i ~p i m - s produ m - ~- li-os i-nergy loss t h a n  i m p a c t s
a t  th e’ c.g. c-ni s tr u ck shi-r ;rnd i t  i s  p r e f e - r ab l e  to p lace
t i n e  r e a c t o r  a t  t i -re  s t e - r n .

19. S tu d ies i t O  Coil ision Prote - t - t i v i -  S t r u R - t u r e s  of Nuclear Powe r ed
Shi ps, b -n y Y . Ak ! t a anti 111 N ov  l i - a m  S i - r i p  R e s e a r c h  C o m m i t t e c - .
Sh ip b u i l d i n g  -~n- ,s - , i r u - b r  - \ s s m n c  i - n t  ion tnt J a p a n  R e p o r t  No.  71

T h i s  pap i -r  is r sumrn anv t n t  all li i n i u r e s i - research work tn
coll i sion s  i - n e - t w i t - u i  I q h u u  n u b  1~) 70 , re ’pr esent  1mg work by 13
p a n e l s  c o r n h i n i u r g  ; - n r i v - u  t e i n d u s t r y  and gove rnmen t  o r g a n i  ~a t  ic - in - i s .
A large  p a r t  t n f  t lie’ wu- nrk C’ ’tol  I st  s of a t t e m p t i n g  to  d i r  i V t  c-qua—
t ions , hursei l  i n n  t h u - u  ‘i- v n u t  t x  pc- n i  me’ n t , with which to u u n  lv 7t-
c m n l l i s i n u i s .  ( ) t b n c ’r s u i h i i - c t - u  i u i v t - s t i g ; r t e d  deal  w i t h  the added
mass of w a t u - r , di n - i t r i h n n t i u r n  in !  a h s u n r b t ’ d  e n e r gy  in a co lli sion
-is a ?nmnc t  ion of r e l - r t i v n -  s t e ’ m — s i d u - s he l l  s t n e - n g t h , s te - rn  angle
and c e - i l  i i  s ion ;rn gl  ~‘ v ar  i t t  ion and t l i i  r e - l i t  i ve  s t  r en g t h  of
various s i i i  S t  u - i t r t r u - - -u
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This paper represents the results of a good deal of useful
experimental work. The so—called deformation— type fracture
is of interest only at the lower end of the energy scale;
once the shell is ruptured , it cannot contribute very much , if
anything . The c a l c u l a t i o n  of the de fo rmat ion  f r a c t u r e  energy
is d i f f i c u l t  and somewhat d o u b t f u l  as to the  r e su l t s .

20. Protection of Nuclear Reactor Compartments Against Collision —

Results of Tests on Models , BSRA Translation No. 1827 , by
Franco Sp i n e ll i .

Tests were conducted using a model configured as the bow of a
striking shi p which ran-i down an inclined railway and struck
the side of another mod e-i. The models were 1:15 scale repre-
sentations of a typical 45 ,000 DWT tanker. Attached to the
struck model were flat plates immersed in water in an attempt
to simulate tire added mass effect.

While the accuracy of i t s  added mass  a s p e c t s  of th e -  experi-
m e n t  ~r r e  t h i - s u b j e c t  of some controversy , the  measured energy
lu t s s e s  a r c - u s e f u l  i n  predicting the p lastic energy absorption
in a c t u a l  t a n k e r  co l l i s i o n s  and in correlating theoretical
predictions of damage  with -i the a c t u a l  measured  v a l u e s .  In
f a u -t , by seal  ing the  u c t u a l  d e f o r m a t ion c o n t c r u r s  p r e sen t ed  in
thu p a p e r  i t  i s  p o s s i b l e -  t i n  o b t a i n  a rough correlation with
the- analy tical mesuits presented in this Tanker Structural
Evnluat i on .

The f o l l o w i n g  ~i r e -  r e p r e s e n t a t i v e  r e s u l t s  f ron t  the  S p i n e ll i
r i - p o r t :

C omp a r ab l e  P l a s t i c
E u u i - r v  Ahsu irpt ion

T e s t  in A c t u a l  45 , 000 DWT D a m a g e -  O c c u r r r i n g
Ni t . T a n k e r s , f t — l b  

_____ 
in M o d e l  

______

1 2En x io 6 Fc-nc rr web frames grossly distorted ,
some h u r l k h i - a d  c r u s h i n g ,  h u l l  p l a t i -
and hori -iontal stiffeners are bent

6 
i n  hu t no t r up tu r ed .

2 128 x 10 Damage as in Test No . 1 , e x cep t
t h a t  a l l  h o r i z o n t a l  s t i f f e n e r s  are
ruptu rred -inch the hull plate is

6 
rutp tntr e -d nea r the bottom .

3 230 x 1 (1 Damage as in  Test Nu t . 1, except
that all horizontal st i ffc -ne ’rs ire
r u p t u r e d  and t he  h u l l  p l a t e -  is  -

r u i p t  t i r n - ib n e ar  tb - r e  bet  tea .
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21. S t r t -n~~t h of Hc~~ ’ T ~r n k e r s in _ C o l l i s i o n , by Toshiru -n Suh,-nr ’i ,

et  a l , Jocrrna 1 i n f Si-n c i e t V il  f Naval Arc hi it eu~ t s of _Japan

Vol. 12 8 , 1970.

Tin s p a p e r  r e p o r t s  thc-  r e s u l t s  ot  s t a t i c  p e n e t r a t i n g  t t y t s
ris ing  1 / 1 5 — s c a l e  t a n k e r  mod e - i s .  Tb -r e- mode - i of t i n e  s t m u c k sb -r i p
was u p er  t u r n  m t I t b - i c ’  w i n g  t a n k  c-n I a 4( 10 , 0 0 0 — t o n  t a n k e r  . Thi i-
m o d e l  of t b i e  s t r i k i n g  sh ip  was tb - re  how i-if a l00 ,000—tuu n t i n k e r .
Iwo so l i d  he -nw lu n u b u-I s we’re in seci , one- w~r s a n - ru- n rma I hu I hi-nc r s b-now

s t e r n , t h e  o t h er  w u s  a v e r t i c a l  st i’m w i t h  w edge ’—s i rape - d  c r u n s s
sect ion. Damage pat  t i - m r s  were-  ohsc-rved d e r r i n g  t Iii’ s i t  I c
peni’t ma t ic - nfl oi t h e  bow i n - i t o  the ’ w i n g  t a n k , a nul load pe’ni ’ t r a t  I cnn
charts were obtained .

T1i ’ t’xpu -riments showed tha t a de-ck Strut and its ~rd~~ui i n i n g
st  r c r c t u r a l  members  sue- h as she- I 1 p l a t e , t r a nsv i -r s e -  w i n g , m d
h, n r L ’ i ’ n t , u I  g i r d e r  w h i c h  w i t h s t a n d  th i -  c-o l l a p s e  of thu St  run t
pru nv ide the l a r g e s t  pomt u r n  m ’ f  tb - re ’  tu n t a 1 res i s t a n c i -  for e’
against pene’tra t i on .  By i r s s t l n n i n g  t h i  t a S t  runt ~nd its ad jo in—
i ng memhers  rn - r i n u ta in cons ta fit re-s is l y e- fu- n rcu- ‘u f t  en b u c k  I i ng,

~rn apprurx ima t e me t i n t - n d c-n f u~ r 1 cu l i t  i ng the’ 1 oau,l v i - m S u s  pent ’—

t rat ion was oh -n ta in~~cl . T h i s a p p r m n x  ima t e  rne- thi -nd of u-il cul at i’d
e n e r gy  abso rbed  was a h o u r t  10~’ less t h a n  t h r n t m e a s u r e d  d u r r  i u g
t he e x p e r i m e n t .

Thi total energy available in  t h e  t i - s t i n g  ma chine was I~ -ss
t h a n  that ne’e- e s sar v  f o r  cc-n ,l lapsing tir e’ mod el whe n the- vt - c t  i c a l
s t e m wedge v m s  u sed .  A gus c u t  about 5 fee t l u n n g  s-is mad ,- in
t h e  s i re l  1 tc i n i t i a t e  f a i l u r e .  Tb-ic p r o f  iii’ i f  t hi- b u l b o u s
how was such that t h e  s t em a t  ti -r e ma i n  u l i - m ’ k I-none hi id ti n rou gh
t he  sb ie l l  of t h e  s t r u c k  sh i p f i r s t  and t he  hul l-n - n r u t v i d i - ml a

concentrated load wbr ich initiated local failure. In ne-it her
test was the total potential membrane tension pl a stic eni-rgv
in the- stiffened side obtained — in the vertical s t e m  c3Su’ as
a r e s u l t  of the  g a s — c u t , and in  t he  hulbou s i-row case as a
result of the punching action.

2 2 .  The Pr - b a h i l i t y  of Vesse l  C o l l i s i o n s ,  by  1. MacDuff , O ci- m n
I n d u s t ry , Sep t e m b e r  19 7 4 .

Based on Channel width and stepping distances in t h e  case’ f o r
groundings in the Straits of Dover , and on sb-rip speed , mean
s p a c i n g ,  l e n g t h  and a n g l e  to stream in the case of collisions .
t h e  a u t h o r  develops  the  mathem atical probabilit y of random
g r o u n d i n g s  and c o l l i s i o n s , i . e .  w i t h o u t  the  b e n e f i t  of an
navigational aids. He then compares these with tbue actual
frequency of groundings/collisions , and ascribes the diff e’r-
i-i - ic e to “causation probabilit y ”. He goes on to apply this

* concept to the possible collision of a sh ip  with a North Sea
p latform.
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TI r e S i t  u t \ ’  n t  
- 
the Nu clear ’ Re i c t or  on Mu - r t - i u a n t  Sb t~j~s, by France

S~- i u n t - l I i , Feu - n i t -a I t - u l i ana , 
~~~~~~ 

7~~7—8i2 , l O h I , T e- u ’ h t u r i e -a N - n v - n l e .

Re 1 - it  iv, - N t  a Sm ’ , i  I l i l t ’ i s tnrui v m~~! si -rip c r,’rsir phe-ni nm c ’uia , a

tah i t - tn t  ~ t - , u i  jill , h iss  was ~n r e -pa re - t i , based c-n fl t ire- v e l o i l t  Ii ’s
m i d  p ru ’-~ -; r u -s be’ i i  t i r e ’  S Oh it- in  t i re -  mo d e -I  and the -  p r o t e t  vine .

‘t h e  f i t  10 ~n f  t i n t - h - n r m n t t i t  u ’ i n t - eu r t - r - gv  ti n the’ model  u ’ u r e - m g v  was con—
si  ul er t - uh pr ~ t j - n~ - u t  I u i f l . i  I - - t i n e ’ i -uh i -  of  tire d inte’ns i n n  m a r  i i i ; t i - r e
ii bun t -us lent u ’ at l u - n  ~ ‘ , i s  a s sumed  t i n  i-ne ’ t i r e  satir e in  a m y  di rou t urn .

C u i t  i-n ’ Li t ‘r i i i  I h - t n t ,  e~ in - i  t b - re -  D c - s i g n  i n  f N n n m - I c - i r P o w e r e d  Mi r’ t ’ h i m n
S i l i~~~t~~~~ , b - v e :ib ’h s ~ g t x , m u - , pm t - ; nur - e-d n m ir t ine- On b u t  m t f  Resea r ch
- u tru l I t ‘- ‘ i-  I - L i ~~! t ’ i t  , M r  r i t  r us’ A~1m i n  i s  t mat i err .

Th is i— ~ ’ - l t u n ~ u - pa;n t ’n ’ t h u - i t s  v j n - t t h r l i v  n i l  i s h i u c t s  t n f  shi p dc-sign
wh i  i - - b r  nia~- b -nt - m t - n t i S I t t - t i - u I iro n u

~i iu - t i n  m n u u - l u - m r — p ~t w t - r i - ib sh i p .  5cc—
i - -n urn ‘ C 1 1 i s i t I n  Vii ’ r i c r ” is  r i - i  i V i  nit t n  t bre sub c- ct m

tin is p rm -n l e u t . It u ’ i ’V t l ’ 0 t ir e ’ I m ’ l  l u i w i n r g :

I .  H , n b n i h j  I l i v  t t  — dri p -cut - t r i t i n g  n i- o l l i n - i i o n i  h a r r i e r
j j ~ n ,-5 i i i  t nt , i in ~~u ’ u ’  ‘u f l t  , ri -o ist ,-nnt and c o m b m n u t  ion i~t - n l lision

h-n~~u ’ r i  -

I i I . ‘- t t -~ lenin Ii ’ s i i i i  I j m n n

iu . . ~ - ‘ d - 1  t~5 t  o t  s im in l e w n m n u h -‘nhsi-nrhe nt cm n l 1 is r u t h  barr iem
L~~t ’ u m - ’ .’ m t i - ~~- r ’ t - i n r g  ‘ ‘ b i , u u n c t i - r i s t i c s  i i i  c m nn ve - ntio na l si -rip ’s

- t f i l e t  u r i c ’

vi. ca l u - u l i t  l u l l  m i t tire - t i r e r - e q u n i m e c i  to  i - ros in  tine- bc-nw of a
u’ i ri -i’ u 1~ m oo sir ip

l i n d o t ’ i t h i s  ; , u o t - n ’ ; u u o v i d u -s I ir ’gs ’ q u a n t i t  l i ’s t f  s t a t i s t i c a l
da t - u tun u i t t h  I i~-i ions. V ms oil en e- e - m t a i n  s e l e cted u l a t a  it suggests
a nrc- h I . ’ si -n - i~ - n i t ’ l l  m u  n g  I he numher ot cc - ill is i u - n n u s  per year in
wl t i - h i  - r c m ’ u i  t - u i n - i c - n vt -un Ic1 I’n e’ pene’t r~n ted and the  c m i  t er i,n f o r
cle ’s i g n i n u g  u s  . m h - n - ~ n t 1 ~t - u t  i o l l i s i e n n  h a r r i e r .

1 n uiu- r ( i i  1 thu p m p c -r - ‘tnt 1 Ifle~5 the approach to tb -re desi gn of an
- n h s u - n r b i - n ’r t  b ’ n r u i * - r  w i t h g i r t  i i - u l n r  empb -r a s i s  on wood , l a m i n a t e d

- - t -  I anti w, - m t d  , m i d  ot  c u - I  b i t e r  i e-rs  ne’semb l ing  convent  lona l
s I t  i p S t  rc ic  t u r n ’ , - . i t  a i s - ’ di sm - u r n - n o e s  di ’s 1gm of r e s i s t a n t — t y p e
b- n - i r e  i t - r s , ~~~~~~~ -~ ~ t r , -ci n gn iz e s the’ lack of much e s s e n t i a l

I m t n w l t i c l r  i t t n n l u i  re -stilt in devel i-np lng an overly conservative
d esig nu .

!‘ n r m l n - r  ( I  I I )  t i n t ’ ‘ n p u -r d evelops in eq uat  l m - n n  f o r  tb - r e t o t a l  energy
r un - is I - u  In m e l  u s ion. I t  r -a s c n r r s t h a t  i t  is poss ib le  to a n a l y z e
b n t i~u i i i  i - O t t cn~’~ t h i - ha s i s  in f an in e l a s t i c  c o l l i s i o n  in a f r i c —
i - n n i i i ’ss med i um . In ‘ m n umerical ?xamp le the mass of the struck
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vesSel is dt m r h i e d  I t ’  I c t a t u n l i t ‘ u c~f i t  ruined s ,u te - r while no
i n e’r t -~m se i s  m a d e t o  t h i s  ‘l u -c s m ’t  t iui ~ s t r i k i n g  vessel  t m m r  the
emi t r a i n e d  w i  t i - C .

~4 m t h  res i- nn~ -t t o ~ t - s i  s t r u : - ’ t e i r s -- - , (‘, i b n b ’ s  & (V n x  st i l t ’ t b r a t  “Ti r e’
U S t ’ of s t , - s - l  s t r * J u - t n r u ’ - — - I - -  , u b i s i - r h -  ( . n i t - r g v  h~’ c-oh l ap s i n g  ,mnd
rupturi n g i n-i a h s t t s s  f b i  l i t  V . bi t w , - v s - r , it In  n— c n o t  been pe~~s l h l e
t i - n  f i n e !  n r u  I j a h i c ’  r a t  i e n i l  m p ; n r - n c h  t i n  - n l ~ ’ u l t t  1mg t h u s -  i - n s r g ’

r h s e r h i n ~ , i - I r  u r n  I c r  i - t  l u ’S - t  ~‘\‘ , ‘ u i  r el - mt lv el v simp le ~ t i s ’ l
-‘-t rt nu ’ tur e-o . ( T i l l s  , l l n p t f i d  i x  l u  g i r t  —, ii i al u m ivn- i s  t n t  e e l  1 in - i  i nn -c

hs - t w e on c c nn v i ’n t  L t n u l  sir i p n - ;  mmd r u n  m I t  , -h ’ - ;- t t u s  n s h t - n  I n  , m u - m n r t t - I . n —

t it n ht -t w , -, -in vm lt i u ’t~ 
, - t  - - n  s - el —, t  - i i -  t i r e s -  J u n 1 1  j — i b i s - u l  - m r - r d  t ’ i h c a ’ ’- ’

i h o t s r b s t .  Vari ous t nth ne -r - - r N - I  0 t e n s  s t - t - h e ~l ’ ’v r h o - r p m  ion
Ws t’t i t  t t b I i b ’ t s t h  t i n t  f l O i n t~ .i h t o t ’ .u  red su1tOr 1 - u ’  to tins t , m I v u n i  i l P i i

I ’ b, u ’ fuirce ~
‘t - u l u i r t ’ b  I - - ‘ r u n - z 1 i t b u e ’  ‘ - ‘cc i - n t  r -I i n  i n t e r i s  - u l c m n l - u t

- issum I n ( 1 I , t it o b- -s - m e t  s - u - - ~n , u t  I i tun i l i l l  i~m n 1 1 ago  u g  - m i d  ( 2 )
t he h - n - - s  p i n t  j n u ~ - u n i t h  st  i t  t i -fi r t - o l l m p on - . I s t I e  va l u e - s
r n - p u I s - t b  m y ’ , ’ ‘‘n ~~~~~ t m n n s  a l n u l  1 - 1 , 001) t - i — - .

It sir n n nl , ! b ’e - ;ns - in t e d  i ;  t I n n t  ~~~~~ St  i t  rn - i ! ic i t  , I m  t a i n n  m l
I _ m t - ~ bi i 1 n S  , u u n m b  ~‘ n I b  i s n n ’ n u - u  b u ’ - i  n i , , , h  N’: h i b t , _ ,, 0  i n-i ‘ - s i t t , u t e - d .

Cjb ’h ,-u ~, ~~~~~~ data I— , mi n t-s t lv i n r c - _ I ’ n  h c - u- i ~~
-

‘ s h i p s  s l u t  i v t - i v
sm.n I i c r  intl I - s t ’ -

-‘5. C o l l i o  t , - n n  h ’ r - t - t ’ t  i n  , ‘ t  N i t  m r  ~-~b ii 1m s — ,-\ -nir’: t - r i - n t  La-  V i  m t
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27. Tanker S t r u c t u r a l  Eva lua t ion,  by M. Rosenbla t t  & Son , Inc .
Con tract No. DOT—CG---lO, 605A , April 1972.

The purpose of this study was to examine existing tanker
structural arrangements , d ete rm ine those des ign fea tu res which
have a significant influence on cargo protection , and pr ovide
tb -r e Coast Guard with a means of evaluating the relative effec-
tiveness of various systems in preventing leakage after collision.

A review o f pertinent literature and collisi on histories was
conducted; boundary considerations were established ; and ana lytic
procedures were developed wi -rich provide for an assessment of
t h e  p l a s t i c  ~is well as elastic energy absorbed in a minor colli-
sion with an uny i e - l d i n g  shi p ’s bc - n w.

Seven collision cases S i F O  s t u d i e d . Ti-ic s t r i k i n g  sh ip  was a
T—2 t - n - g e - w i t h  an  u n y i i - l d  ing hi-nw wi tin c i  the - r 15 s tem rake i - nm
a vert ic ; nI ste’nr . The n-n t ru i -k s h ip  was a v i r s i o n  e l  a 120 ,000—
DWT t crnk er  v ar  i t - t b  t i -n  inc  lu nci e c-hanges  in  n - due- I 1 m a t e r i a l , ch anges
in s c-a n t i  ings  , v ; nr i a t  i o n s  in h i t  l u n c ~~t b i t u , and s i n g l e  ve r sus
doerhie - hulls.

Tire’ an ;m ivt ic ’i l  pri tu i’u l u m r , - s  u h i v i - I t - p e i l  i n  t h i s  -i t lnubv c u r e -  f o r
cot  i r , i m t  i ng t i - i c -  P 1, 1st i i ’ and clas t i i ~ c-hl u t ’VV cn h s t i r h e -c I  h-nv the
ot  muc - n_ cu r c’ u - n 1  a i - c nnve- n t i c m n c r  I l ong it oil i n c r  11 v f ranted t anike’r
o t t e i m ’k u t  i t s  t e n t e r  ot p r t \’l t v in a r i i ’g i t  , u l n V l t -  m - n t ’ m u r n t e ’ r
wi t in - I n n  n : iv  I i - i d l i n g  h - nw h u u v  i ng ~m vu - r I l e n  I ot ~‘m u r n - n t  em rake-

n t  I~~ . Tin I u n l  l u n w i n g  c m n u c l u s i u n n s  -‘ire  c l r ;nwni  m used  on the
crpp l It ’ i t  i n nn u s !  t h i s  p r u t u - t J u r t - t o  m i n ’u c t r  c e l l  isien m i s c ’S ( i . e .,
s h i r t  I t t , ’ t ic! l i s b o n  s - i l l  c Olse i t i l  h- . t k - i t e) in - i  wh ich  a 120 , 000—
huh ”! t , u : nk s -r 0151 its v u r i a t i t ’ns are- struc k i’nv a T—2 t v t n s -  tank -er.

It ~hi , - ii1u i h~- n - I  ~ u I t h i t  the- c u nn clnt s it - h u n-c il ra ce t-i rt ’Ia t ivi- to
d m n urb I e—ht m I I  ships i r s -  b - n . m s c - m I  u t i  t s- - s i m p le ’ b i n I I s  w i t  I r e u t  t i n e ’
emp i m n v m c ’nt  ~n b  c m v  ‘; ; n u-c i u  I energy ;m h sm ’ r’ i- n iur g m ’m tt -r in n I l o c a t e d
hi - n _ s n - e n  I Item i s  ti ne n i - - c t - - n b  SP in ’ i - i l  i n b b  s - i ’ - - n i n e - c t  i n g  sy s t e m s
o t t  hi  u s  b ~t r s - v , ’ - n mb~~-~I s I r s  l u r e - .

Tire ’ ; r t t ’ e-ui u n r e- is et t c u t  f V t  i n  r u n n ~ i u i n - ’, t~ i u k e - r s t r u c t u re
I r i -n m t h e  V i e w p o i n t  - - n t  u - a r ’ -, - t ’ t u t t ; u I n r n c ’ n t  p r i m _ c - c t  i t ’ l l  c r f f c n r d e d
i n t h u  i ’ve -i - i t i - n t  min iu ’r i t t 11 i i-iioiis .

2 . C o i l  i n - l i e n  ( ‘nc- r ~~\- i b n s - r he u l  i n  s - i n s t  i i ’ dc- b u - r u n u t  i - - n u n s  o f
ov e -ru ll ship stmu netu re- n~ i 1 l  b, n ,-p, l l u l l - I c  ! m - t  p m a u - t i s ’ a l
coil i s i u n n  s i t u i a t  f i n n s .  b: t r  i - I , i ~~t i t  u - n n n - r b ’ n ’  - ub - n n - u o r pt u r n  t m - n

he- m i n ~ t -  si g n i t ’ i - - u n - i t • t h i s ’  s t  m u  k ship n u u t o t  i . u v t -  sSXu eptien—
cii Iv n - c t ru - t u g s i m l e -  st  n u t  u i - c , ~i n n th,i t b n i g b i i ’m - n I 1 i s b n I m ’ r m ’ c-o
arc ’  l e l i s - r i t eul  c i t - id  th e -  s t r i k i n g  s h i p  i s  bi n- t - u t g l u t  t i n  r e - s t  i n
ci g e - r i d (if t i m e  s n n h s t ; i n t  i m I  Iv c h n m , r l  - r  t h a n  t h e ’ funda—
rn t - n n t a l p c - rim - n i h of t r a n s v e r s e -  v i h r n t  1m m  s ’f  the sh i p .

I .  S i n g l e - — h u l l  s i n i p s  m r ,  m o r e - -n - t I  i - i t - n t  c i h - - c - r b - n i -r s  01 t i - n i l  ision

- -n ,- r Iv than dnauh ]c-—h iu I I sin i ps . Tire - t iou rh  i e - hu n 11 is super i t- n m
t o  thi e - sing It ’ b-nun II iii t l i e-  e ; i s , -  - a t’ .m pu n c h  i ng ~- t ’  t e a r i n g
o t t  i - a r m  w I n s -i’ m- l i t t l e  i - l n u ’ r u ! v  i s  , m b - — m n r h e ’ ui m u  t h e -  i n h r i -m b r i E  I
m c m v  r i -ncr i n  i n - i l m t  : i h i n h  p i ’ s ’ s ’ n n t  I s - a k - m i t ’ .
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4. The mos t efficient way to increase the a b i l i t y  te-n absorb
collision energy is to increase the thickness of s i r e - I l
pla ting . If a double hull is desired , tb - i c ’  m o s t  c-ft li-ient
placement of material  is to make t ile -  outc -r h u l l  c ns  h ne ’c mv y
as possible and mak e the inner i ru l i as l i g h t  ~r s  p o ss i b le
consis tent with hy drostatic - and ott -ic r design r e qu i r - nru-nts.

5. The spacing required to i n s u r e  in t e r ~n i ’t  I u ’ f l  mt t i l e -  t w u s  s ine l  I
p l a t ing  systems in ti -re d o u b l e - h u l l  ca st ’ i s  s - n  small as to
be impractical f rom a constru ctiu nn stand pus i m’m t  . T h i s  d ine s
not take into account t h e  p c-i so f b i  e’ use- t n t  stu b i n i r e r t i t u n u i e x
systems as honeycombed structur e .

6. The shape of tb - re ’  bow of t i r e  s t r i k i n g  sit i l-i h i s  - u s i g n i  t~ i c - t n t
inf  luence on the  enc-rgv n i l - n o u n  rhe .d . l i r e ’ gm ~- i  t c r  t i r e -  v c r t  i c c i i
e x t e n t  of s ide’  sinel  I w h i c h  can h- n i  m ’ ul - u g c - c l , t b ~~- g r m - - u t v r  t i t s
energy required fe -sr fai lure’ .

7. The effect of amb ic- nt tempera tore- oIl i ’ u p t  u r n - i s  s I gn i f  m i n t
since no p last f c e n r e r g V  c - Inn hi’ - i s o  i gui-il w i n ,  - F e -  I l i i -  t u - r n ; ’ , - ra—
ture is below the trans it fern t n - n u b - n c- r i  t i n t .

8. Al though there may i-ne nu I a r g e re - l u  t l v i -  in c  F t ’ i S O  b i n  u ’ h n u m I v

absorption possible t h r o u g in  i l n c r u - , i n - n t -—c i n - n  s b n i ’ I 1 t i n i - ’ k nn t -n - c n--c

and strength , ttic’ u i - n i l  jsiu ’n u - nit -m i -v ,mh n s m n u ’ !n , ’ h  l’s ! - ‘i ’ m ’ rtr p t int ’ t
by conv ent iona l tankc-r strunu -t ure - is (inn It c’ sli m I I . ~ m t h i i n
t h e  c o l l i s ion u t i s e ’ s ex cumin c-c i , I n T— .’ m t bb ~~ l O ()  I n n - n  d i - c p lctce’—
men t and a spce-d of knots S’m - n u u I i i  m i m p b  t i n t ’  t h u  st  r m r u t i t r u  I
c o n f i g u r a t i o n  a b s o r b i n g  the i n  F l I t - s t  , u u b t m ’ u r  nn t e n I s - n e  r c ,
Therefore , tank -ems t i f  t h e ’ same- si I - ’ - c u r t - n i - I  1 1k - c- k- I - - v , u r - n~-
in their c’argun u - m m lita inm e -nt u -c n ; n n h - n i 1  i tv a t  l u - I ’  ‘ i ’ l l  i s i m n l r t r m n i , - s s
r ad i i -a l  i n c r ea s e - s  i n  h u m ! I s’t - i g l t t  n r c -  ~i~ - - e - ; - n  i ’~I ‘ ‘ I  U f l  I~~on-t
innovative non—str um ctur _m l cu u l t , u  i n mi ’ mnt sv-n t -n t -n m C i ’  u n s i ~d .

28. On t i re  I l i s i m i n  P r u - n t c - c - t  i o n  o t  Sh i ~ t - ;  , b - n v ‘I , ! m ’ l t ,  n-i • l i n t  u - r t b u t i~ - u t ~i l
Seminar  c - in :  Ex t r eme-  Load C u - n u u i  i t  i t ’ i i n -  m c i  I i r i i t ,\ n , u  I vs i s  I’ m ’ —
cedures  fo r  St rue t e r r a  1 R e-crc - t i - n m  h-h i I i ’ u l n r , l  r u t - c  m m i i i  ( , ~ , n t n t  I nnirent
S t r u c t u r es , B e r l i n , i~~75.

This artic -le provides c m h n i s - f  o u m r v i - v  t i n  I b n e ’  1 i t t ’ r c i t n i m n - m v n n i I—
ahie on the’ collision p r i - n t c -m - t i t n n ’ u m t  s h n i ; n -c . I t  sl u r _ n - c  m n b  I w i t h
a b r i e f  d i s c u u s s ’Ion c- if t l i e -  cur re -nt n t - n t , ’ n k b l o w i n ’ , b u l n ’ u m f l  tine ’
c o l l i s i o n  p r ot e c t  i t - n n  t n t  i c m n d — h n i s i - m I  ~t - l m i e 1, ’s .  I t  t i i t ’ni r e -v  l u - s c

th e -  e x p e r i m e n t a l  ari d n _ l i e - i - i r e- t i  u m l  i nv i’st i got  f i n n - i s  1- -~ i i i  rig w i t  h
t he c o l l i s i o n - i  p r o t e c t i o n  u - n t  v i m i t t i n s  l v i ’ s ’ i n ?  s h i ps .  \‘ u r  l i m i t s

ene rgy  cnhsc - nr h  i ng m e t ho d s  i r e -  t i n s -n i i i  sm ’t nsn - u e -d w i t  i t  t h u m - e’m p h i ~m s 1 s
p laced on t i r e - j r  s m i i t . -n h i  1 f t ~’ t m t r  t ! b u -  p r - - n t  u-u t i - t i n  of sIn i n s  i h l \ u n l v e u i

i t t  col l i s lon s . The’ he —m ay b r  i t t  t i t i -  ! im ’u n e - v c u ’ n u h  ( l i t -c um ~u’na I i’s - I l  ‘I
s t r u c t u r e s  li - n t h e n  i n v e s t  i g at e d  in  ‘c o r n , -  ci t , u I I .  n _ i nn _ u I lv , - m l t e - r —
n at e  s t r u c t u ra l a r r a n g e m e n t s  i n - i  sh i p s  w h u f t - i m n i t  I I  l I t -  l u - n  , u r ! n n u o
ener g y - a b s o r b i n g  sy s tem s I r e  s m l g ? ! u - s t  c u b .

From t h i s  r e - n p - a r t, I t  ap p e a r s  t h a t  l r e n s - v m ’ m t h n h i ,  — i t  m i n t - b  i i i  ; - n b m t v f d e ’

a f e a s i b l e ’  a]  t e r n u n t ly e  t m  c i t - - k s t  r u i n - I  u n r , - -n  S ! i l m ’h t m e - p r e - - ~ u - b h t  lv
used n_ u -n - m c h i c v € -  p r o t e c t  i c - n n u - n I  s h i p s  in t ’ m t l  I h s h m ’ n s .  T i ns ’ ‘ - - ,u tnm rc-
of t h e  i mo m n e-v u -emh p a n t - i s  l u r e - s x g l m t r s m !  i n  v - m r  n - m u - c  s - u t -  - A design
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which utilizes both sides of the hull is proposed for a nuclear—
powered ship involved in a collision. In some circumstances ,
a nest of tubes migh t be advantageous over the honeycomb panels ,
therefore this idea is de-st -r i bed  and i t s  e n e r g y - a b s o rp t i o n  p re - n p e r—
ties examined . It is suggested that the honeycomb panels or
the nest of tubes could be used in c o n j u n c t i o n  w i n _ i n  c ’ur ren t
designs to provide additional protection.

It is ab c-n re’t’emnire’nded that supporting experimental evidence
on structural characteristics he obtained before ’ using the
desi gns in a shi p or marine vehicle.

29. ~~j~~ Casua1ty_ Ana1~~~ s, by V. U. Minorsky , George C . Sharp. Inc .
November 1975.

127 monthly casualty return sheets 1964 — 1974 t romu tine Liver—
pc -iol U n d e r w r i t e r s  Assoc ici t l u - n f l  we re  c m n a l y z e c i  f o r  sh i ps m i vt -r

2,000 gross tons. Casualt ie s were studie ’d world wide , with
special Inter est in ca sualties deriving fri-nm collisions and
more spec! t’ical lv  f o r  those  a l o n g  proposed nuc lear  s h i p  routes.

It was found that collisions and ground irngs remained constant
ft -nm this periu )d while world fleet in crc -crsed . In tine period
there were- 831 shi ps in collision , 850 groundings and 977 fires .

30. Development of a Cc-nili sion Prcnte c’tiinn Structure for Nenclear
Pow~~~~~~~~~ , by C. Woi sin , Inst it u nt ferr An l ;m gi ’nt e-u ’hnjk.

Recently, n u c l e a r  c o n t a i n e r s h i p  s t u d i c ’ s were- c a r r i e d  c- n ut w i t h
containershi ps having a small breadth. Because of this , the
collision barrier ft - n m the reactor i-ompartment c h a n ge d  f r i - nm t i e
energy-absorbing type ti- n a rc- sist ing type. The former type
consisted mainly of decks extending at least i /i t the ship ’s
breadth into the ship ’s sides. The resisting type consisted
l a r g e l y of g r i i l ag e s  f i t t e d  tee t he  i n ner  f r a m e  in ! t h e  o u t e r
shell of the shi p extending to onl y 1 / 1 2 of the shi p ’s hre ’adth .
The new design was tested with 8 model exponents with the same
model testing facilit y of CKSS.

The tests showed th ,’nt adequate protection against col l ision
u’ould be demonstrated by the resistane-e type barrier , Type 2
( 18 mm thick web plate). Because of the very minor penetra-
tion depth protection can be achieved by carrying the gril i age
structure from the outer shell to a iongitud im ~a l wing  bulk-
head loca ted approximately .07 B inboard rather than the .2 B
minimum safety dista nce required for energy absorption type
barr iers .

31 . The Collision Tests of C ,KSS , by C. Wo i sin , Gees thach t

This paper describes the GKSS c o l l i s i o n  tes ts  in which shi p
bow models were impacted against shi p side shell models. Three
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tests were made using side-shell models with barriers cf
the energy—absorbing type. Nine tests were made with side—
shell models of the energy—resistin g type. Various bow con—
figura tions were used . The side-shell models were fixed to
an encastered beam whose elastic properties simulated thc sc-
of a sh ip .  The report descr ibes  the  app l i c a b l e  s c- a l i n g  l aws ,
the test technique , the mechanics of the collision process
and the results of the tests.

The tests showed tha t it is possible to design an energy—
resistant type barrier which can successfull y resist virtu-
all y any conceivable collision by constructing an “e’gg—m ’n n r t i i n ”

grillage structure between the shell and tine prints-i - t ed t -un m—
partment , in tin s u’asu- cm r e a c t o r  c o m p a r t m e n t .  The’ n _ c - n - i t s
demonstrated t h a t  when a resistant —type barrier mcmv h -s e ’ r c -uh m u - -d
f r om .2B , required for energy—absorbing barrie-rs , tu - n .0?~B.
Thus the width of the u-ompartment protected , whether it i - ne’

dedicated to cargo or a reactor is increased by 40’ frtnm
.608 to  .84B. Furthermore the barrier u-omp artments cou lul be
used fun r carrying li quids.

Ti-ic ru -pu -n r t alsu’ asserts that a further a d v a n t a g e -  of till s t v i n e ’
of construction is the watertight integrit y of tb - ic- ship wh l cb t i -s
almost entirel y preserved after a coil is it ’mn in t h e -  ru ’ , i c t m ’ r  ‘S l i t ’ .

32 . Rep ort c-n n Sh ip Cun il is jon Studv Pr esen t S it uat ic mn Seim ve-v , h~
V . Minorsky, Cei-nrge- C. Sharp, In c . , Novembe r 21 , 197S .

Collision researc-h sin -ice- the SAVANNAH is h r i et Iv m e - v i e - w e - u i .
b ib l i og raphy  of 74 papers is given in four categories : ( , n )
Resear ch (41 papers); (b) Statisti cs and Prob abilities (I I
papers); (c) Avoidance (13 papers); (d) Miscs-I1 ~~neoims(7 papers). Of these , 14 were translated a n d IA ; u h s t r - m -  t oil ,
the abs tmc rcts be ing  Inc l erd ed in  t h e  r e p o r t .

33. On the Development c-ni De~~~ n Criteria for Co llisi on Re si st nmu c- ,
by Richard J. Burke , S . 1 J . N . Y .  Maritime College , May II , ho’S .

This paper deals with collisions involving a ship u ’ - r r r v l b n c
h ighl y poisonous , f l anun abl e or exp losive c.-tr gm h which i - t m i u l c i

resul t i n wides p r ead property damage and persona l injur y in
a rad ius ex tending far beyond the colliding vessels . A
deta iled account of the collision between the PACIFIC A~ !~-
and the YUY O MAR11 is given. A summary of research i-in the-
mechanics of collision is then presented . This inc’ l uth -ml
Kinorsky ’s high—energy collision approach and the rotati o n a l
effects of an eccentric collision where the amount of e ’n er g \ ’

absorbed by the structure is reduced because some of i t i s
passed to rigid—bod y ro tation. Also discussed M inorsk y ’s
added mass value as càmpared to the actua l value which -i de’pcnd s
on the ve loci ty  of the s tr iking ship and depth of p e n e t r a t i o n .
Model testing was next discussed and design var iat ions such as
sof t  bow versus rigid bow , e tc .  The f ac t  that a shi p ’ s si de
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structure can absorb energy in more than one mode is discussed .
Ak ita ’ s work is br ief l y examined and the importance at low —
energy co l l i s ion  research is expre ssed . The author ident i-
fies a number of fac tors  that are s ignif icant  with regard to
the amoun t of plas tic energy absorbed . These are:

1. Re la t ive  s t rength  of side shell plating and weakness of
web frames .

2. Position of impact point relative to strong transverse
structural members.

3. Shape of the bow of the s t r i k ing vessel  and ve r t i ca l
extent of encounter.

4 . Ductility and transition temperature of side shell plating ,
and the amb ient temperature.

5. Strength and type of transverse connections between outer
hu l l  and inner hu ll , if any.

6. Angle of incidence at the point of impact.

The prob ab ili sitc views of collisions are then dealt with and
the development s - s f  design criteria for collision resistance is
examined . The criteria develo ped would have to eva l uate risk.
Design criteria which are based c-sn a probabilistic theory must
have statistical data. The value of data collected thus far
for d e-t.iIlt-- d ;nna!vsis is limited . On a national level , these
cr it -rLn would he~ est ablished by a governmental agency, but
suc h cm s - f t  m n r t  m u s t  i n v o l v e  o h  I segments of Industry .

While ne-n t a highl y technic - i l pap e r , as such , It does give a good
picture - t - n t the methodolog y presentl y being Incorporated in ship
e - n l l I s l o n  .i~~ i 1 v s I n . c . The d i f f i c u l t y  In e s t a b l i s h i n g  design c r i t e r i a
Is th at p u s - s e - n t  l v  no e ,n sv definition of acceptable risk Is ava i l—
a b l e .  I n  a d d i t i t m n , the  c r i t e r i a  should be established on an
int ernatlen n ,n I sc,,le . The nature of such criteria depends in a
la r g e  me- , n s n r r c -  on t h ~ b r o a d l y d e f i n e d  economics of the situation
In qemc” ~~ Ion. However , the benefits should not be Ignored .

34 . The C o I 1j ~ I e,s~ l’ r - - t t - t ! o n of N u c l e ar — P o w e r e d _ M e r c h a n t  Ships ,
llo yd ’s Reg i s u t ~r of Shi pping , M ay 10, 1967.

TIm i~ paper Is a r ev iew of the work done on the  phi losophy of co i l !—
s l e e n  p r t e t e r t i o n  w i t h  a view to as sess ing t he da ta a v a i l a b l e  to
ds ’ - lgn su i t a b l e  c n l l l s i o n  protection for a large nuclear—powered
i’tn l , i r  Is ’ s-bre aker.

3 5 .  n nk..r S tr m j e ’ tu m r , n l Ana sis for Minor Collisions , Final Report ,
N. Rm ss eii bl a t t I. Son , Inc ., Report No. CC—D—72—7 6 , December 1975.

This reper t tic-s cribes the work accomp lished during the course of
t P n t ~ p r e e j ~~- c t  on the Evaluation of Tanker Structure In Collision .
The Inten t c , f  the’ report is to presen t the investigations performed
in n - v - m I u i n t j n g  the phenomen a that contribute to the ability of a
l -ng i~~s - b i m n 1 l v  framed ship, pa r tl cu id r l y a t anker , to wi ths t and a
m j t m - - t e- e n l h j s i n m . A minor collision is d e f i n e d  as one In which the
s -a rgo Links rem a in Intact. The ability  to withstand a minor colli-
sIon Is qnmcn n t t i l e d  by the total energy that can be absorbed during
the e s - n i  1 1- -ion.
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The’ f i ncr i output of the ’ studs’ is  an c m n a l v t  i cc i l proc edure  and
i t s  flume ’ r i ‘ . m 1 cm Pp 1 ic zm t ion  f o r  e S  t imna t I ng time’ p 1 as t i c energy

- ni - nst - n r i - ne’d by l o n g i t u d i n a l ly  t raumn oel sin ips whren involved in either
r igi r t angle or o b l iq u e  c o l l i s i o n s .  A static ana l y s i s  i s emp lo\ - e -d .
The p l m s t Ic u ’n u r g \  c i m n i l v s i s  has indi u - n t e d t h a t the ’  mos t  s i g n i f  i—
- - m n t  e-m n ergv— cmhs e-nrh I ng i-nhu’nomena cm re mn c’mhrcm ne- tens ic - n m - i in t h e  s l d e - —
sIre- I I (tiru mc-ns t important), m em b r a n e- t i n s  i on  i n  thu dec-k , s I n e ’ c m r i r i g
o t 5e~ls f rames , and p 1 as t ic b en d i n g  of the ’ si c i  e-sh~ 1 1 . Ctni rp on en
s t  m r m t - t  i r r e ’s t e s t s  and  i i n v e - s t  i g at i e ’n s  c t  r i t u a l  c s ’ 11 i s i o n s  were’
per forme ’d - Pcm ramet r I c  cm ira I ~‘,sos cm r5 - .r i so  pru ’s (mn t (‘ci wh j d r  or ) s  1 s
of t i n e  n u m e r i c - a l  c m p p l i t , r t  ion  of  t h e  i - n h a s t  ic cnu-rgv analysis pro—
s ’ u ’ d r m r u ’ t i - n  six coll i sion inu - ide rits in wl r i c l r a 120 ,000 1) W ’l ( a n d  i t s
var i m n t s) is str tmc- k by a ‘0 , 000 ton d isp lac e m e n t  s h i p. Amio t hi e -r
i s h l d u t  l v i -  of time’ i-nrc] s - u ’ t was t c  perform cm n i n y c -i -c t  i ~ , m t ion of n o n —
t~ i s~ Id !‘s, sw s  t i - n  propose me’t hods ci c-v ,n I crzr t I rig the i i ’ si gm-i if 1 c cm ni i - .

L i m i t  m l  b a-c ot t h e -  p r o t - o d m i r u ’  are ru ’ t ’c g n i  zeci - n - c :  (1) tine- pro—
c s - , l t i r  ~

- ~‘n ;- n I cv s - - c t  - r  t i c aria I vs is; (2) t l ru - — I  r 1k I rig h sws a r~ - a i~ ~~i t l

i m n i t c h  v r i g id; (3) d.-rmage’ t o the s t r e r i - t uru- di sc -s ncr t i x  t u -u - i t t o
t h u  l’ i l g -  nrc- - n ; cin ch (A) tine possibilit y t - n t  the- striking 1-now in~ ie-d—

- t e l v u~m J t t i rig s ir  p u r i c i n —  slit -a ring the sine-il o t t I r e  s t r tm u ’k si-i ip w. r s
i ‘t  cons ide -ru-el -

0- . ~- n h i j s ( i l i s i o n  D a mi c s  and the Prediction of t h c - Sho-k Environ-
m e r it  t cr Coil ~~~~~~ Sin ip s ,  by ~ ii ’l r , m e - l P~ t u’r l’ , m k s t  vs . Ini ve - rsi t y
of Riroti s ’ I s l - ~~rd , 1 977 .

Fi r e -  i -nh l e t  l y e ’ - ‘t  t I n  i s  p~n h ) s ’ t ’  is to t ic -v u -lop improved mu’thods to
p r e- ui m c i  t i r e ’  si n- sk u’ir V i r om nme -n t t - n f  t wu -s su r  f m 5 - e sh i ps i n v o h  Vu ’cl
i l l  i

_
- i l I is i on i s - i I tl u -nt ,n t sc’,m . Tine’ i _

i l l 1 is i on i ons ider cul
I nyc I v t -s t i r e ’ b - -k’ ~- t  t m u’ St r ik ing shi p c o l l i d i n g  r t  a r i g h t

- n~ng lu- with - i tire ’ m i d s h i p htil khic ’~uu i c-s f ,r stat i~- n n m r ’.- vessel. The’
~t - n  I I is i - ‘n vt-i cc it v is ~n ss rmecl to he ’ low enough so I hat the

s h ip  51 r u t - m n -  ~ls ’t o m i t i o n s  -ire u’sscnt i m I  lv e l n s t  ic. The
I s ’ ’ l r m n i t - r  1 n p p r o m~’ 1n i nv t- n l vc- s m t  e’grate’d ,m mLll y t ic - il and exp eri—

- at a 1 dc -v 5 - I - ‘ ; - rn ~ - l i t  S . -\ c ompre’he-ris I ye  i - i -nn p tm t ~-r p r e - i g r a m  w m s
tis -v s ’ l - p c ’ul to s i m u l m i e ’  t h e - sh i p c c - n i l  is i n p r t ’ c c ’ss. Shi p model
t o l l  i s  ion  t c’st S We ’ r u  p e r t  ormed i n cm 1 n r go  I cihor ,m tory va t  or t a n k  .

~-0 n s ’ c k  , m t ’ e- l t ’ r a t  i t - n n  v , m  lu e s  or se ve ral vi  hues u - t i - o i l  Isjc-nn
y e- b c i t v we - r i - ~)h t n m e d  t -‘r ri gh t—ang le- ship ct - n i l  Ision fi-nr t w e ’
i l l - c ? rum e’ml t c-il ship mt -nil e’ Is ,nhou t the sum - we- i gh t - On the has  is
o~ those’ li m i t e d  col I i s i - - n n  te -sts wi ti n fh o cm t ing m o d el s , the
t o l l  o w i n g  t o m i t - Iris ions cnn he drawn on the has is ~f tine ’ obser—
v , m t  i s - n m n s  - m i n d  t h e  m e - u s u r e me n t  s -

- Ti-ic- ht m l I w h i p p ing  v l h r a t i e - n n  mt-nil e i s  an important contr i—
h u t ~ sr t i - n  t i n ~ shou k ;Ie c-eie r at Ion - n t the struck ship. The’
rigid hotl y ,n ct ’ e -leration lets only while the colliding
stn ips I re ’ in c e - n n t u - t  -
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2 The maximum shock response on the struck ship need not
o cc u r  at ti-re i m p a c t  region. In the test case , the peak
acu -e l e r a tj c ) n a t  the  end bu lkheads  was 70% higher than that
at the center bulkhead where the collision force was act—
ing during time contact with the striking ship.

3. The collision load duration is determined by the decel—
u ’ r l t i c n n  pu l se of the striking ship and was found to be
i nule’pc’ndu ’ri t c i  collision velocity .

A .  Tire ’ p eak  rt - t - c - l  c - r a t i o n  on the struck and striking ship
model s m d  the peak ccli js ion f o r c e  were found  to he
v nr vi n g  essentiall y linearl y with -i the ccllision velocity.
Tin s i nch i u - ,n tu -s that the ship models and the water medium
c~x In  i h i  tu ’cI I i r i c ’ z r r  b e ha v i o r , for the range of coil isb n
vu ’ 1cc i t  i u~S used .

s . The :ncl uieui m iss , ‘ - e ’(  f icient for tim e struck ship vibration
‘- u r~ -s ii ~- l  t i -n the ’  t h ie i -n  re - t i  ca l  v a l u e  for h i g h  f r e q u e n c y

v j i~r,rt i c r -n s t 0. 0) icr the specific rectangular section.
. I n  t b u ’  i n  t ia I cu i i i  s ion  i - n lr: r se~ (when maximum shock accel—

i - r c m t  i - - i n s  -n s - t - u r r ~ th u water supporting t he  f l o a t i n g  ships
I t S  e ssu - r i t  jun iv  as a f r i c t  ion less  m e d i u m . T h e r e f o r e
civ i u i — m i r i t - n i l  i s b n t e s t s  where ’  t h e  struck shi p is con—

r n  I ‘r e d  won Ic1 r i o t  g ive valid results for shock response.
i n -  w c m t e - r  mc-cl i tim i s  also slow to dissipate the vibrations

o t  the struck shi p si r-icc ’ it takes (-nve-r 100 cycles to
re - tin - u - I lie ’ vibr,rt i _ s n - i cmmpl itudes by 50’’.

7 . flit t t - a t s In ,n v u - I-nm’ s -v I t I s - ci v n l  i i i  l : r b ~- s r , n t o r v  test data ti ’s
5 - - c t i h l  i sh some e ’ x p e r u u - ~ n t c n l v e ’r i f i c -a t i o n  of the’ analyti—

I - -n - -  t o a u -h and t s n ’ lpu r t e r  pru -ngram resu I t s developed by the
s e n i o r  n r m t l ~om

- s I or pre -c h iu - t ion  of the  shock e n v i r o n m e n t  in
ship o I I I si~~rrs .

3 .  0 BlBLI0(~~,\ i’h ’u ’ ( (~ 
‘ ul)( ’

~ ~1EN I S RI - LATEI )  TO SII 11’ COlA _ I  S ION 1)ANACE

Th u5 s i - t u u : : n s ’ n t  s e O n ?  - l  f ined i n  t h i s  h i t — I i s - n g m - r p luv  i-nave be en se l e c t e d  f rom a
t i - s t u b  - ‘1 i c  w h i t h  sore r - v i 5 -s- 5 -J i n  u sre le r  t i - n  determine their relevance -’
t o  i i -  j - n r - t - I  err c i  -ct i p - c l  I i s b n  cicim mg e pre u l  i u ~t ion. The ku -v  d o c u m en t s

I l ’ s h e ’ u ll 1 i t t  l v  - c i r m u u - u i m’ i - s d  i n  t h e ’ Anr i o t , u t e ’ d  Bj b l  i o gr c n p h v  of Sect  ic- sn
2 . 3 .
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