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ABSTRACT ‘many works to be done fur large struc-

tures which have {00 many faiiure

, R o to  identify all of them fuor cstrmating

This paper presents recent develop- system reliability based on -uliimaie
men? in the reliabilitly a§SCSSment of collapse analysis(z-11).
marine frame structures which arc mode- This papcr prescnts recent geve!on-
lleq as relatlvgiy SFlff frames and ment in  the reliability assessment oFf
subjected to quasi-static extreme loads, marine structures which are modelled
based on ultimate collapse analysis. At retatively stiff frames ana 5ub,
first, a linearized failure condilion of gquasi-stalic exireme loads, y :
the section is introduced which lakes altxmate collapse anatysis. Uitimatle
into account combined load effcats of collapse is evalualed by using a linea-
bending moment, axial force and shearing '
force on the various failure modes. The

rized failure conditicn of the scevion
g - . X - under the combined effect of bend.ng
failure ecriterion greatly ifacil:itates

Zeneration of the safety margins and

moment, shearing force and ax:ial Taroa

leulati £ ihe fai babili to generate the safely margins, us o< 4

calculation o e failure  probabili- matrix meihod. Probabilistically dumi-
tieB. Struciural failure is defined as : ' e tlistical 1y duml

production of large deflection duc to

I8

nant c¢ollapse modes are selected by

- ; - applying the so-¢alled branch-and-
colidpse. Second, lhe 50'09]]“dtb‘d““h: bound method combined with the heurist:ic
and-bound method combined with the heu operations. These methods are applied

ristic operations i1s applied to sclect 1o the following marine structures:

the probabilistically dominant failure (1) an ofishere Jackel plaliorm
modes,’ which save the computation ef- with brittle elements in which the ben-
forts to perform-the reliability analy- ding moment and axial force domiaale the
sis of large-scale structures. Finally, failure criterion ’

the proposed methods dre applied to an (2) a transverse structure of ships
offshore jacket platform wilth brittle in which the combined effect of Lhe

elementis and a tramsverse styucture of bending moment, shearing forece and axia)l
ships under some notional lvad  ocondi- force determiaes the plaélicity condt -
tions. Through the numerical examptes, Lion and to which some notlional load
the effecls of brittle el.-ments,

conditions are applied.

Through the numerical examples, the
effects of brittle members, combined
lvads and 1pading «conditions :
probabilistic properties of
collapse vl marine frame siructures ave

combbined loads and loading conditions on
probabilistic properlies of uwitimate
collapse ¢f marine frame stru

investigated.

INTRODUCTTON investigated.

Various types of marine struectures
including drilling rigs, platfourms, etc. i
have been constructed. They are re- GENERATION OF STRUCTURAL FAILURE MODLrs
quired tu have betler operating perfor- FOR PLANE IFRAME STRUCTURE UNDER CoMBivE
mance in the severer state of sea  and EFFECT OF BENDING MOMENT, SHEARING FOLCKE -
weather, and as a iecent trend, they are AND AXIAL FORCE f
becoming larger in size and mute COm=
plex. For thuse marine structures Consider a frame structure whosc
which have little experience of scelrvice, elements are unifors and homGgencous uanad
a relative measure of their safoty ifor Lo which only concentrated loads and
comparison with the netional safcety of moments  arc applied. In such & {rawmc
existing structures can only be found by structure, eritical sections where plas-
using reliability anilysis methods. Many ti¢ nedes may form are the oants  of
‘studies have been made of 1eliabilily the ¢lements and Lhe places at whaCh the
analysis of marine structures, as re- concentrated loads are applied. T
viewed from the view point of design following description is copgcerned w1
philosophy (1}, However, there remain the ¢ase  when various Tailures nocur
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under combined load effect: «f bLiunding
moment, shearing force and axial force.
[n the case of plastic collapse , Betia—
viovour of members 18 approximated and
structural analysis is perfurmed by
combining a plastic node method and o
matrix method based on the displacement
method{(11-19).

Derivation of Stiffness
Matrixes and Lt dudal Foproos
X, = (F P " T
Let t ( xi’ er 21’ leijl 23
ind § = tv...v B v v 0 0T 4an
ana t ®i'Tyitzi xi T yit 25 aencte

the nodal force and displaccement vectars
of the unit element 1, i e.g., the
element number t in the local cuourdinate
system shown in IFig, l<¢a).

wWhen the interaction of bending
moment, shearing force and axial Luree
15 Cconsidered, the yielding condition
wf the deep girder consistiag o Lhe
transverse ring of a4 lanker is usually
given by a nonlinear and asymmetric sur-
face with regard to internal furces, as
shown by thin lines in i1z, 2. Howe-
ver, in order to fac:litate the treat-
ment of yield condition, the rield
surface 1is approximated by a linearized
functlion resulting in underestimalion of
the strength of the member, as shuwn by
thick lines in Fig. 2. Then, plasticity
condition of a <¢ross sectiun is given
in lhe following form:

y
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Fig. 1(a) Nodal forces and displacej
ments of Lhe elasto-plaslic

element
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Fig. l(b) Nodal forces and displace-
ment af{ the elastou-plastic
element with rigid bodies
at both ends

Fig. 2 Linearized plasticiiy condi-
tion considering the interac-
tion of bending moment, shocay-
ing force and uxial furce

= - i,
F,=R -GCiX =0 (k=i D
In kg, (1), 7Rk is the refercence
strength of the element ond K,  whioh o5
taken tu be a fully plastic mument,
i.e., Rx® OykAZpk (Azpk: pitastie sectiun

modulus of element end kK, ayk o oyield
Blress). :

m

C; is a factor determined by the
dimensiun of element k. Particularly,
the expression for the a7fect of toending
moment, shearing and ax.al faroe Gpon
the plaslicity conditien s Fivaen 45
follows

AZ_. 34z .
cl=a (a2 sign(F ), bo—L% sign(F )
b Api zi ? Afbi yi ?
c-siqniﬁéii s 0,0, 0 ilao
T AZ_ .
GJ = (0, 0,0, a.z—gl-51gn(F;j) »
pd
Jﬁthj
| PR S S exs s
L AFbj signif, ;) , e sagnlmsz )

% cross-seclicvinal area oy

P the elcment end

AF k: effective scelional area ol tne

element end fur shearing furce
s1EnC. Y sign of (.)

a, b : coefficient of axial force
and shearing [uorce ¢lrfeot,
respectiveiy

¢ ceovefficient o beadinz woment
cffect




The plasticity condition (13 jye-
duces to (1) in case of a=b=0 and c=1
the well-known plasticity condition
subjected sclely to bending moment, (112
in case 0f a%0, bL=0 and e=sl the
plasticity condition «considering the
interaction of bending moment and axial
force, and (iii) in case of a%(, b¥U and
c=1 the condition «considering 1lhe
interaction of bending mament, shearing

and axial fureoe.
Faor the case of an cffshore jacket
platform in which the bending moment andg
axial force dominate the failure c¢rite-
rion, the following wvalues are adop-
ted(11):

force

2)

On the other hund, for ithe roliabi-
lity assessment of a lransverse ring  of
4 ship in which the cumbined cffect of
bending moment, shcaring furce and axial
force determines the plastic.ly <cundi-
tion, the following values are usad:

1, b = 0.5, ¢ =1 (3

The {failure condition of the ele-
ment which behaves as a brittle mate-
rial, such as buckling collapse of
beam-columns with initial imperfec-
tion, punching shear faiiure of tubular
joints and brittle fracture of wel-
ding joints with fatigue cracks, is
also represented by Eqg.(l1), where the
coefficients a, b and ¢ are given 1in
the following:

In case of the buckling collapse:
‘a = éyk/ Gck

1 Yo
L (¢’k+¢n+ [ og)

. b )’i
{1- 1—(4¢E¢¥)/ (o, +op+ g og

wg initial imperfection

°g : Euler’'s buckling stress

§ : core radius
b = 0
.- AZ k .t
Azek k
fk : shape factor
] 7 : i4)
in case of the punching shear failure:
as= ﬁ(tk/z-k) sinly

tk,Tk : brace and chord thicknoess

Sk * brace angle(measured
chord)

from
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c= ﬁttk/z'k) sinf,

[
In case of the britiic fracliure:
a =K*
Kt t stlress concenlratiun factel
b=0
© = Kifp
{0
Next, the ©behavicur oaf vielded
section follows the plasticity thoeory
because the perfectly eclasto-plasiic (or
elastuo~-brittle) relationship has beon

employed into the plasticity conditiun.
The relation between the npodal force
vector X; and the displacement vector ét

of an element including plastic opudes
is derived by using plasticity tneory as

10N .

I R A I |
LOEIOWwWD VL1713 J4.

X,=kP3,+ fsn 7Y
whetre
p reduced element sliffness ma:t, 1 x
v equivaleni nodal force vector
The explicit forms of AP ana X¢ are
givan ac £allnpwe -
given as fullows:
(a) In case of an elastic element:
AP =k, ( k, : elastic element
X{N=0 stiffness matrix )
” (sal
(by In case of failure at lefi-hand end:
(for ductile element)
k(l’)(=kf)=kl_ktcicrk.ll’(c-:rktci}
X(G”(:f{'):Rikicil(cfklci) {8b)
(for brittle element;
kP =0, xi=0 (apY
te) In case of failure at right-hand end:
(for ductile element)
K =kB=k,—k,C,CTk/(CTk.C)
— — tded
XP(=XN=RKCIHCTEC) -
(for brittle elemect?’
EN=0, Xn=0 8¢y’
(d) in casec of failure at beth ends:
(for ductile element)



KO (=k;*)=k,—[HJ (G H]

x‘."(zf.“)=tH1f[c'*1{ﬁ‘}
¥

_1]___[C‘rklci C'l'rklc.r]-1 H Crk:]
Lcike, cikc] '’ [H]= [C}'k!

{8d)
{for brittle element)
K =0, X" =0 (8d)"
Consider an element with 1rigid

bodies at both ends which is idealized
for a trangverse ring nf a ship . Let
(X @nd ( 8¢)p rTespeciively denote the

nodal force and displacement veclors of
the outside of unit element i, 1 wWith
rigid bodies whose lengths ayve % and
s,
transformation matrix Tv¢

as shown in Fig. 1(bJ}. Us i
W v v (S0

"1 0000 0

g 1 n o 0 0
e =l 001000 95

t 000100

g 0 ¢ ¢ l'ﬁ

) 0000 01
and the relation beiween X¢ and
S for the elasto-plastic element,

the foilowing relation is obtained:

&), =&y, @6, + &, S1o

where
(ki') ) ' - f‘ k('} ®
(i&’) ) = ,,_J X{”

ll."D

g;_g of Safety Margins and
s r_u tural Failure Criterion

Consider a4 plane {frame sturucture
with n elements and at most 372 loads
applied to its z rodes. The ravlure
ecriterion of the 1i-th elasto-plastic
element end is given by

Z,= R, clx, s o (11

Structural failure oi a Zrame styru-
cture is defined as occurrence of large
nodal displacement duse to plastic colla-
pse. A criteriun for structural fuaslure
is given as 1n the followitig manner.
wWhen any one element ¢nd  vyields, the
internat forces are redistributed L. the
eloement ends. Similarl)y when  Some

Hy using

¢lement ens I1, T2s s Tl have
Tailed, stress analysis 18 Pporforned
once again and the stifincss cquautinn of
the element is replaced by 1ha cuoriesios

nding reducaed ovne, aLEL, Yo T
Fg.(iud. The rediced element st rfno:
matrixcs are evaluatca fu. aljl L
failed elemonts, and lhey arc assemblod
to have the total siruciure stidrness
matrix:

K W = @ + R (125
where

{d} : total nedal dispiacemeni vector
referred to the global cooerdi-
nate system

n
(K<P)) _2 -l-T (I’) Tk

reduced tolal siructure
stiffness matrix
T, : iransformation matrix
W) @ vector of cxtevnpal loads
) RO S v )]
(R = lekrk!k

eguivalent nodal farce vector
referred to the Zlobal
coordinate system
Finally, the nodal for¢e vector Kt o
the t-th element is given by

xl = bgﬂ)[ wy + (R(P)) 1 o+ iiﬂ) L1077

tPh 1!

H the matrix formed by extracling
the rows corresponding to the
t-th element from the makrix
[&®) -1

Now that the element ends Tl a2,

ce. 5, and rp—l have faiied, lhe saioty

margin of the surviving element end i

{element  pumber L) is obiained by sou-
stiteting Eq. (13) into Eg. (11):

® o — T 1 1= —
;" =R, +ci(|,tl’ Ei| T z: K:') -X{p) } __c'il bip)(l..)

tlan
31
=R, + s: ‘mﬁ AT (153
l J=t -
re (p) (p} | e T
where airi and bij at'v. the Cadl -

cients  resulted from resvluiion or Lhye
vectors into their compunenis.
Oceurrence ol Jarge aoda: displace-
ments due to the plasti¢  coliapse 18
delermined by investiguvton: (hie propei ty
of  the total structure stiffness matrix
K () 1} . Fosr  example, whaen the  ioument

ends up to some specified  nombe

e.g., element ends Ty, Yo, .o.. Tpy »
have fajiled and the reduced tutal

slructure stiffness matrix [K(pq) satis-
fies the following condition, structural



failure resulis:

LS 1/t &P)31 5 ¢ (16)
where superscripts (pg) and (U are used
to denote the Pg=th failure stage and
the etastic conditian, respectively.
€ is the specified constant fov determi-
ning the plastic collapse. The seguence

of the failed element ends  tu produce
structural failure, e.g., r,, r,, ceay
rpq is called a cumpleke failure path.
By using he above equation, a
criterion of structiural failure is gi-
ven by
()]
z
T

&0 (p = 1,2,..0,P )

q (17}

there
rp'- N

clement

-

coeificients

are any failed

Py e T T I [ RN
WIlL LIl flavge Lie

ﬁfggﬁgequal ftao zero
(pg)
2, "9

in the safety margin

of the

T e

last vyielded element end

=
'rp 9 0
q

they are
which dou

(18)

clement ends
cuptribute Lo

the redundant

not directiy
accurrence of tne plasi:c cuollapse,.
Alternatively, thuose elemenlt ends  arc
called essential withuut which nu plas-
tio collapses are formed. A minimum set
of plastic nodes 1s a failure path
including no redundant plastic nodes. A
failure mode is a set uof plastic nodes
comprising the minimum set.

In summary, the the plasticity
condition of the element end under the
combined loads has been approximated by
a linear surface given by Fq. {1y, and
the safety margin of the element end
has also been expressed as a linear
combination of the strengths of the
element ends and the applied Joads.
Consequently, reliability anaivsis 1is
greatly facilitated when the strongtihs
and the loads are normal randoem variab-
les.

AUTOMATIC SELECTION
DOMINANT FAILURE

OF PRUGBaABILISTICALLY
PATHS

There are tou

a highly structure

tv generate all of them,
tates a proceduree for selecting only
the probabilistically significant fai-
lure paths. Efficient methods by using a

,Jdlh‘% in
10
(14,17,18)

which necessi-

many faijlure
raditndzomd
A CWUNuQItE v

branch-and-bound technique have been
proposed (14,16,17,19) and this paper
adopts the procedure given in the follou-
wing.
Branching Cperations

These osperatlions arve lu soloct the
plastic nodes such that stuchastically
deminant fallure galhs may be cotained.
An  elementi end (called hei ¢ node Lot
simplicity) Is sclegted as a4 plast.e

221

node al slage based un

the p-th failure

two-dimensional joint prubability {s0-
called twe dimensional branchings). The
node to be selected at the p-ih failure
stage is given by
[Z (nSO] =masx P [zl(”sol for p=i Cla
n iell
picz,Ps0) 1z Pao
1 ] .
=max plz,Ps0ynz®Pson (o
%zlp 1 [
for p &2
where Ip ‘the set of nodes ip tu
be selected al Lhe p-th
failure stage )
Zfl) safety margin cof node 13
i at the {irst failure
stage, i.e., when no
plastic nodes exist ir
( the stiructure .
Zip) safety margin of node ip
P at the p~th failure
stage, i.e., after forma-
tien of plastic nodes at
the sections Ty T
! p—l(p)Z)

The joint probability is calcuiated
with Hermite polynominat expansion mel-
hod (20) . By repeating the sclectiing
process, & seguence of plastic nodoes  lu
form a plastic collapse, e.g., a Cum-
plete failure path « £y s Iy o R ,
and ‘pq Y} 1% found.

The lower and npper bounds,

e (p)
pr{q) (L) and pr‘q) w . af the
. S (P . . ar Lo~
pIUbabl]ltY.pr(q) of a p§r1{3%1¢1 pas
"tial failure path g up to the p-th
PR Ture ctaga ia avaluated by
P& iailuye s5tage 15 SV ¥
the following formulas
P Wgp O aph oz S s0)3sp G (Il)
fp(aLy = fela) i e fad [ CYR ()]
(p)_ ’ {1 [4))
P = i PI(Z A0)NA(z 00 " .
teda) W) js"h.f‘_"} 8 ot W22
P = max (0. 1-P{5,]
teled(L) . 1
- % mia PIS, NS 1} (23}
i=22 le ‘llu“ll} 4
In cquation (23), S;'s designate the

. (i) ) )
non-faiiure events 2rif(q) 2 0 ¢ i=1,2,
N . P} rearranged in the decreasing
o1der of probabilities(20):

€ S.lzwe 2P [8 ] EEE
1 2 xP[5) 124

Further, the following baundd21l)
alsu applicable when all the corvelation
cuefficients are non-negative, i.e

is



P O T A - 1y W2
fpla}L} Gt >-£lou—nj—;xpf<:—aﬁ Y gt

Ao=dmin te, 312, (o w0 (25)
i%) 4 H
By 18 the reliabi!ity index at the
ij=th failure stage, ¢ and ¢ are stan-

dard normal prubability demsity function

and standard normal procability distri-
bution funclion, respectively.

Eags. (23) and (2Z) need the sately
margins at al! the failure stages. It
should be noted here that the 1ower
bound is calculated anly when a camplete
faijure path 1s found.

The maximum prM10f the lower bounds

of the selected complete failure path
probability is calculated:
{p )
Pron = ™2 Progyiey® (26)

PfrM is updated when a new complete

failure path is found and its Jsailure
probability is larger than the previous
prM The branching operations are
terminated when no nodes are lefl for
selection.
Bousding Qperations
These operations are tu seleci

the nodes to be discarded. The nodes
deleted at the p-th failure stage are
those

Ptzf:’so]/P,pﬂ <1077, terp=1 (27)
PP o) ) /Py <1077, for p22 (2%)

where ?E and Y3 are the specified
constants.

From
negiected

have the

this, it is concluded Lhat
failure paths are ihose which
failure probabilities smaller

than 10‘Tippr {i=1,2).

The probability of e¢currence P

fq
the set of
styuctural
tu the selected
estimated by

for the failure mode, i.e,,
plastic nodes to produce
failure, <correspunding
failure path is

P':P [Zr(nng) s0] Cah
p
q
for the structure consisting of ductile
members, or
P,= min
t, Pz P <o '
9 pe (1.2....p¢ } r () ] (29)
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for the structure with brittle members,

The
enarmous
with high

number of hianchings Lecome
for a large scale structure
degree  of  rodundancy, Cven
though Lhe branch-and-bouund methud 38
appliced. Tue reduce Lhic  computarcnai
effort, the following heuristic opcra-
tions are applied. First, the reliabilj-
ty assessment is performed of some stru-
ctural divisions which are presumed to
be critical. The lower bounds o{ the
resulting complete failure path probabi-
lities are used as the reference value
Pgpm  for pounding ovperations. Second,
the set of nodes for branching 1is
restricted to the nodes which satisfy
the monotony conditions of the failure
probabilities., That is

Tp,= ti, 1P (zf:) S015a,P [zﬁz::’ £01} forpz2
{80

the
into

Third, the
plastic

contribution of
firsti node 1s taken

account:

I, =11, l'%ﬁz.') (a1

B
Fourth, the numbeyr of
from vne failure slage 15 restricted
a specified number a,.

branchings
b

APPLICATION TO MARINE FRAME STRUCTURES

The above method is applied tu a
jacket-type coifshore platform with brit-
tle members and a transverse siructure
of three types of ships. The former is
given mainly to show the property on
behaviour of the structiurce with brittle
members and the lalter is chosen to
study the combined lovad effect and loa-
ding candition on the probabilistic
collapse analysis. All the random varia-
bles are assumed to be normally distri-~
buted.

offsnore
considered. The drme-
and sirengths of members  are
in Tabe | and it is assumed that
strengths of the nodes in the sane

A  jacket-type
in Fig. 4 is

platform
shown
nsions
shown
ihe

elements are completely dependenl normal
random wvariables. The nutionai Fctam
values of the extreme wave lwouads  are
given in Fig. 3 and theiy cocflicients
of wvariation ate 0.30., The erace olo=
ments are assumed to behave like brittlce
or ductile truss clemenlts, The plastieci-
ty condition takes account of the com-
bined lnad effect uvi bending moment  and
axial force © a=1,b=0 , and c¢=1). The
results wie jisted in Tables 1 and il



EI = 120.0 kn
L2 = 109.0 kN
L, = B0.0 xn
kvl
L4 = 70.0 kn
L5 = 50,0 kn
Eﬁ= 50.0 kN
. 29 ab’ L7 = 2490.0 xN

L= 2490.0 xn
fe—— 20 s — g

Fig. 3 JacKet-type structure

Table T Numerical data of the jacKet-type structure

Element Cross sectional Moment of Mean value

end area 2 tnertia 4 ©of reference

number A .=4, m I. m atrengih
pr 1' t R. kNm

T

Y2 saman? 2.188x103  2536.6

5, 6

Do smac? 1.055x1073  1467.9

n. 12

1ol 20 4681077 1.660x1073  2062.3

15, 16 -3 ,

s 20k - 20.29

21, 22 5 40,7073 - 39.63

3y 4

25, 26 4.85x107% 1.782x10°%  2174.8

27, 28 -3

s S5 9.30<10 - 183.5

Young’s modulus E = 210 Gra
Mean value of ytield stresas Eyi = 276 mpa

Correlation coeff. Pr.r. = 0.0

The strengths of the Clement ends in the
same elements are completely dependent
normal random variables.

[
[
[



Table 11 Calculalea
wilh brittie

Yy =Yy, =¥

Lesdils of
biaces

the jacket-Llype structure

3.0, %= 0.001, OV, /CV; .= 0.16/0.30
T 7

I _
Fatlure path

Failure

Heuristic parameter ; (al, a_,

2
Initial reference value P

foM

Type g rp B
(Brittle brace) probability Collapse type
Ftq
A-1 15317410+ 9+ 12+ 11
A2 15%17+9+12+10+20+8 0.2132x1073
A-3 others [13]"
N - s 2N i "
B-1 15+17+10+9+12+20+7+23%11 A-1 A-2
B-2 15+17+9+12+10+20+7 +23%8 0.6740x10"°
B-3 others [4]
*e-1 1721541049412+ 1 :
C-2 174154941211 213 0.4085x10°°
i S s g
c-3 others [9] B-1 B-2
$ : "k -4
p-1 21>+23-(5,6,7,8) 0.1881x10
Computation time (sec) 95.2
# Criterion of structural failure is based on singu- L L_
larity of reduced total structure stiffness matrix. C-i £-2
* The figure in brackets designates the number of
selected failure paths.
** The figures in parenthesis designate the element
end with Eé(p) <0. 1
$ The element end whose failure probability is the
smallest.
LA P, = min plz, P o]
faq pei1,2,...,pq} rp(q) - D-1

a,) = (1.1,0.0,2)
-3
= 0.1825x10

5 1517+10+9+12+11
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Tauble 1[I Caleulated results of the jacket-iype structure
withh duclile braces

#
= =y = 3.0, ¢=0.001, cv, /cv, =0.15/0.30
Yy =Yy =Y € R::/ L;
Failure mode Failure o Collapse type (Collapse mode)
Type  (puctile brace) probability
P
fa

A-1 (15,17,10,8,12,11)  [5)*  0.7861x1078
A-2 (15,17,10,9,11,14)  [4]  0.4751x107°
A-3 (15,17,9,12,11,13)  [2]  0.1879x1072
A-4 (15,17,10,9,12,20,8) [1]  0.3030x10" 10

XY =X

-
£
=

A-5 (15,17,9,11,14,13)  [2]  0.2564x10"'C
B-1 (21,23,5,6,7,8) [15] 0.2347%10°%
c-1 (27,29,3,1,8,2) (11 0.1214x10710 A3

. Computation time ({sec) 660.6

¥ cCriterion of structural failure is based on
singularity of reduced total structure
stiffness matrix.

Y

* The figure in brackets designates the number
of selected failure paths. A-5
L ; {p)
= min
Prg= o mn PLZ, 7 50]
peld,2,...,pql p°

_ (pg)
_P[er(q)q s0]

Heuristic parameter ; (a

A

N~

XX

1* 32' 33) = (]oT|0¢O’2}

Initial reference value

Py = 0.6017x10°8 5 15+17+1050>12+11

==}
[
—
L]
1
—

— chain-reaction . failure resulting in a
for the «case of brittie and ductlile total collapse.
braces, respectively.

It 1is seen that the douminant Jaji-

lure modes of both cases ure cssentially Transverse Ring of Ships

similar, which is formed by failurc of .

the columns and braces in the top -ilury. Fig. 4 shows a plane frame struc-
However, the probabilities of occurrence ture whicn is modelled foy a transverse
for the case of britlle braces are Very ring of a medium size tanKer under four
large. Moreover, it is seen from Table notionul ivad conditivons. The probabil -
Il that element end 15 is a criticat stic analysis of plastic collapse 1§
brittle one whose failure triggers a carricd out for the numerical data of
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the structure given in Fig.4, Tables [V
and V. The applied loads are estomalad,
based on the load conditien {for  the
direct calculation SuUgZestcd by the
Japan Classification Sociely i Ships
(NK), and the lengths of rigid bodics
are estimated, using "the span pointl for
bending” given in Ref. (22) . It is as-
sumed that the strengihs uvf Lthe noudes
and the applied loads are mutually
independent normal rvandom variabices.

The results for the loading condi-
tion "case 1-1" are listed in Table V1.
The first column indicates the suviccted
failure paths. In the second column,
probabilities of occurrence of the fai-
lure paths are given when the combined
effect of bending moment, sheuaring
force and axial force(a=1, b=0.5, ¢=1)is
considered. The pumbers in brackels are
those of the selected failure paths. The
third column shows those corresponding
tec the case where the combined effect
of bending moment and axial force is
considered (asl, b=0, e¢s1). The fuarth
column shows those corresdponding to the
case where only bending momeni effect is
considered(a=b=0,c=1). Further, collap-

s¢ modes are given in the fifth column,

In each column the number in paren-
theses 1indicates the central safety
factor corresponding to each failure
path:

N L R T L e
- . a. R - b.. )
tse = (K kgl. iry ’k’/jzi i b; D
It 1s seen from the table that the
dominant failure mode of each case is
essentially similar, which is formed by
failurg of wing tank. However, the pro-
babilities of occurrence wilh combined
effect considered are very large, as
seen in the failure paths A-1 and A-3 of
the table. Moreover, it is seen from
comparison between the safety factor and
failure probabilities having 1hke same
failure path, that the deterministically
dominant path is not always stochastica-
1ly relevant.

‘ Finally, Table VII shows the most
dominant collapse mode based on probabi-
listic analysis for the lransverse ring
of the tanker wunder some notional load
conditions. 1t 1is seen from this ltable
that full load condition with empty
centre tank "case 1-1" is the severest.
In Table VII, the dominant failure modes
are also given for two other types uf
ships, i.e., a tanker(DW 240,0001) and
an ore carrier(DW 50,000t),. which confi-
gurations and numerical data are shown
in Fig. 5 and Tables Vill, and Fig. &
and Table IX, respectively.

CONCLUDING REMARKS

The methods are presented o the
reliability assessment of maris: strue-
"tures, which are modeled as relatlively
stiff frames and subjected to quasi-
static extreme loads, based on tho ulti-
mate collapse analysis. The methods are

""Offshore
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applied to the offshove jacKet plut-
form with pritlic  members  and the
transverse rving of ships vnder  Some
notional load conditiens. T thie Lol e
example, the effect of the britiie mem-
ber on  probabilistic coltapse  wi TS
jacket platform is discussed. Fur ihe
lattter example, effects of cumbined

loads and notional luad concitions  on
probabilistic propercrties of the plasiio
collapse are discussed.

Although this paper is concernod
wilh the case Wwhere the struciural
system 15 itdealized as plane frame stiru-
ctures, it is possible for tnis method
to be extended to reliability anaiysis
of spatial frame struclures by incovpa-
rating the terms of biaxial bending mo-

ment, tarsional moment, elo. in  the
plasticity condition of the equation
(1.
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Fig. 4 Transverse ring of tanker 1 (DW 60,0000)

Table IV Numerical data of tanker 1

Element Crogs Croas, Moment Mean valuse  Length of

end sectional seetional of of rigid
number area , @ea of inez-tie reference body

o . . I . .

4pe ® A “".ip o g Ff%. kv 15020 "

wi ' pi i ¥ pt

1, 2 G.126 0.047 0.187 38950.0 1.0 4.2
3, 4 0.114 Q.037 0.111 25640.0 2.5 2.5
5, 6 0.088 0.024 0.042 12850.0 3.1 1.1
7, B8 0.088 0.024 0.042 12850.0 1.1 2.4
9, 10 0.100 0.024 0.043 1239310.0 2.4 2.3
11, 12 9.100 0.025 0.044 12700.0 2.4 0.0
13, 14 0.078 0.026 0.040 13490.0 2.4 1.1
15, 16 0.088 0.026 9.043 13540.0 1.1} 6.0
17, 18 0.033 0.019 0.013 6730.0 1.8 1.9

L YT
o

R .
g7 8 MmO

ey

B o a1s
& = 21V rd

odulu
Mearn value of yield stress Gy = 353 MPa

Coeff. of variation of yield siress (V g 0-05

X
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ring of tanker l

Table ¥ Noticenal lead conditions for the transverse

Case 1-1 Cage 1-2 Case 1-3 Cage 1-4
Load no. Full loaded conditons Ballaet conditions
Empty centre tank Empty wing tanks Empty centre tank Empty wing tanks

I, 2800.0° - -1070.0 1610.0 -2270.0
L, -2970.0 3070.0 -2970,0 3070.0
I, 1910.0 1520.0 -390.0 -780,0
I, 820.0 -2150,0 1570.0 -1400.0
Zg -884.0 2600.0 -1940,0 =1490.0
I, 590.0 -2980,0 2120.0 -1450.0
z, -1010.0 ~550.0 450.0 0.0
Iy -450,0 500,0 -450.0. 500.0
Z; -3570.0 3750.0 ~3570.0 1750,0

* These valuss denote the mean values of loads. .
Coefficients of variation of loads CVLJ'°'3° (J=1:2,°" 9.

Table VI Failure modes and their probabilities

oif accurrence
of tanker 1

candition

"case 1-1"

Yy =y = Y40

for the transverse ring
in the notional

leoad

« €=0.001 , CVR;/CV[j=0.05/0.3

FPailure probability Prq

Fo. Failure pathe Bending moment,axial Bending moment and Banding moment only Collapse mode
) foroe and shearing axial foree interqotion (a=0,b=0)
ferce interaction - congidered (a=1,b=0)
oongidered (a=),b=0.5)
A-1.(17,1,8,18,19,5,16, 7) 0,3495x10°2 [38] 7,13} O. 1193x10'5 18] 7) 0.1250x10~% [118]
' Q.70 (2.435) {2.938)
-2. 15) 0.3463007¢ [75] 7) 0.7958x107 [19] —_
Q.614) t2.454) -
-3,(16,17,18,1,9,10,5, 1%) 0.2760%307% { 8) 7) 0.1282x10”° (42] 7,13) ©.8329x10 [ 7)
(1.645) {2.564) (3.067}
-4. 7} 0,2617x2072 [18) 13,15 0.1270a07%( 5} -
: Q.78 (2.582) . —l__|
-5.(17,18,1,8,18,10,4, 7) 0.1395x107% [22] - 7) 0.4844x10" 11 [39]
(1,798 _, - G.e
<&, others < 0.11x107% [107) < 0,25x1077 [99) < 0,85%x10" 11 [90)
B-1.(17,18,8,5,10,3, 15,16) 0.6399x107% [ 3 — 1,16) 0.1001x10718( 6]
12,001) {2,998) [ ——
-2. 7) 0,5683x107% [ 1] — —
(2,090}
-1,(18,16,17,9,10,5,3, —_ — 1,13} 0.1465x10° X 23
) : (3.0300 _
-4.(17,16,18,8,13,5,11,3, -— — 1) 0.2184x10"*%(19)
{3.019)
c-1,{18,16,17,8,1,13,5,12, —_ — 7) 0.4884x10" 11 [13)
(2.986)
Total number of selected pathe [292] 1233) [294]
Computation time (sec) 102.2 89.2 85,6

* central safety factor = {Ry+ E a{r Ryy
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Table VII The most dominant

transverse structure ot

some notional load

cullapse mude for
variuvug ships undel
conditions

the

SV, /CV, =0.05/0.3
Gy-;/ L /

The most dominant collapse mode and
Type Type of etructures and notional ita probability of occurrence
of load conditiona Cosff. of fait The moat dominant
3_""?’ ﬁ:ﬁwﬁ atb::"l-ﬁ collapese mode
force affect probability
Case Lol a=l, b=0.5 | 0.3495 x 1072
| — (1.7L)*
8 ZLATTIITZ8E. | aml, b=0 0.1193 x 107> !
'}:‘ Z;[' '_i% | (2.44)
¥ ZIATTITIFV a=0, b=0 0.1250 x 1070
E (2.94)
ny
E Case 1-2 a=l, b=0.5
77 7: _
= 7 77 /T a=l, b=0 <0.1x 1078
Y & A X 4559
g 77 77 av0, bed
;. -
g8 16
é E Case 1-3 a=1, b=0.5 |0.2808 x 107
77777 d
® % a=l, b= 18
§ \ < 0.1 x 10 :
s 777777 = a=0, b=0
:,g i
°5
[} Case 1-4 | a=l, b=0.5 ¢.1057 x 10
s 7 -14
K] 7 / a=l, h=0 0.1325 x 10 !
a - —— ——
& - / \ as0 bad < 0.1 x 10718
| S———
Case 2-1 f“* a=1, b=0.5 | 0.3896 x 1079
2
-10
7T B 7 a=l, b= 0.1640 x 10 :
, iZzZzZam Nl
s L a=0, b=0 0.5120 = 10 :
| g |z
« 8 g '
S l -2
L~ Case 2-2 a=l, b=0.5 | 0.7482 x 10
% ~ 3 (1.68) E;r
~ 8 g /) / a=1, b=0 0.3625 x 107> é
8 | A .27 e
& gl 7 a=0, b=0 0.7446 x 1078 é
(2.95)
Case 3-1 i a=l, b=0.5 | D.3663 x-lﬂfll |
LA L /7/"/& ‘ = asl, b=0 0.2226 x 10°%°
.E _6/7—' '_/7_ 18
» L A7 AL a=0, b=0 < 0.1 x 10
B o
fg 1% :
é =] By case 3-2 1 asl, b=0.5 | 0.2066 x 1072 |
g 3 (3.26) :
7 -3
g R 42/ /773 a=l, b=0 0.1519 x 10 ==
N _z/z/‘f;%z/%fé_ = {4.12) 5
& A 77 a=0, b=0 0.1495 x 107
{5.75)

* Tha value in parentheses indicates the safety factor glven in Eq. (32).
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Fig. 5 Transverse ring of tanker 2 (DW 240,0001)

Table VII! Numerical data of tanker 2

Element Cross Cross Moment Mean value Length of
end sectional sectional - of of rigid
mmber area area of inertirf reference body

A-:'.'Api m' . w:ﬁp - 1'1: m st%e.ni:z 88 @

wi T pt 1

1, 2 0.183 0.064 0.438 59200.0 2.8 4.2
3, 4 0.176 0.054 0.255 43100.0 2.8 2.9
5 6 0.135 0.045 0.156 29400.0 3.11.0
7, 8 0.135 0.045 0.156 29400.0 1.0 1.0
9, 10 0.126 0.035 0.147 25900.0 1.0 3.0
11, 12 0,126 0.030 0.076 14600.0 3.0 2.3
13, 14 0.137 0.030 0.079 15100.0 2.2 0.0
15, 16 0.089 0.035 0.117 24800.0 3.0 0.9
17, 18 0.099 0.035 0.127 25700.0 0.9 1.0
19, 20 0.116 . 0.045 0.142 29200.0 1.0 5.1
21, 22 0.043 0.n18 0.0l16 6650.0 2.3 2.3
23, 24 0.0%6 0.025 0.026 9700.0 2.3 2.3

&3,

Young®s modulue E = 210 GPa
Mean value of yield stress B’ﬁ = 276 MPa
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I nEn "L i j Case 3- Case 3-2.

| | T, = 1430 ky L = 1430 kN
= 11 L, = -995 kn L, = 0 kN

- i 13 L loﬁﬁ_ _f',] = 1040 kN —f'j = 3390 kN -

® L T, = 118 kn L = -1050 kN

, " T, = -350 kN Ly = 1960 kN

3 a T, = -101 kn Lg = -1450 k¥

¢ w' T, = - -474 ki L; = -1400 kN

T, = -570 kN Ly = -764 kN

T, = -260 kn Ly = 260 kN

EIO' ~944 kN i’lo" ) 944 kN

L,,= 148 kn Lj; = -148 kN

T,,= =529 kN Lj;= 529 kN

Tyg= 134 xN k5= -134 kN

Lig= 917 kN Ly,= 133 kN

T = 49 kN Ljp= -1150 kN

EIG' 0 kN L= -1100 kN

evp; =03 Gy =0.3

{ (=12, 00+ ,16) (Gul,2,0 18]
H]% 6,680 m B.310 m Case 3-1 : Wing tank fully loaded
L1 ';.3 Ls Lase -2 ¢ Main tank fully loaded

Fig. 6 Transverse structure of an ore carrier(DW 50,0001)

Table 1X Numerical data of the ore carrier

Element Crosa Cross Moment  Mean value Length of

end seational seotional of of rigid

numban area area of inertia reference body
Ai“Api m2 . wzﬁp s I‘i o+ atrength 81 ;8 ™
. « I ey
wi pt Ri kNm

1, 2 0.133 0.044 0,045 13500.0 1.3 1.4

3, 4 0,133 0,044 0.045 13500.90 1.7 1.7

5, 6 0,158 0.046 0,035 12300.0 2.0 0.5
7, 8 0.158 0.046 0.0315 12300,0 0.5 0.5
9, 10 0.158 0,046 0.035 12300.0 0.5 1.4
11, 12 0,166 0.044 0,027 10500.0 1.6 1.6
13, 14 0.055 0.017 0.013 4400.,0 1.4 0.5
15, is 0.080 0.024 0,019 6400.0 0.5 0.5
17, 18 0.080 0.024 0,019 6400.0 0.5 0.0
19, 20 0.130 0,047 0,031 10600.0 1.6 1.6
21, 22 0. 046 0,015 0.059 4300,0 1,3 1.3
23, 24 0.050 0.017 0.066 4700.0 1.3 1.3
25, 26 0.098 0.024 0.013 5350.0 1.4 1.4
27, 28 G.041 0.011 0.025 1750.0 1.2 1.6

Young’ s moduluge E = 210 GPa

Mean valus of yield atress Tyy = 276 MPa
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