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ABSTRACT: System uncertainties in offshore structures in general have been found to be small but some
measurements and some more or less sophisticated structural analyses indicate that they can be significant both

with respect to extreme value failure and with respect to fatigue in some cases. A rigorous analysis by
stochastic finite element codes in conjunction with modern reliability methods such as FORM/SORM,
however, is not yet feasible for realistic structures. This is primarily due to the fact that rigorous FORM/SORM

methods require numerical or analytical gradients invo

lving considerable computational effort. Even if this

problem can be overcome the existence of multiple f-points especially in the dynamic case and/or the necessity
to investigate many “hot spots” makes such an analysis difficult. As an alternative simulation methods have
been proposed among which so-called adaptive conditional expectation methods appear most suitable as they
can overcome some of the more important disadvantages of the more rigorous methods and retain the

advantages of FORM/SORM. In the paper, a IWO dynamic structures exposed to random wave loading
with/without current is investigated with emphasis on the methodological aspects. Apart from the loading
environment the coefficients in the Morison equation, the stiffnesses of the structural members, the stress
concentration factors and the deck load are assumed uncertain. In agreement with earlier studies it is found that

adaptive and non-adaptive conditional expectation procedures are in fact appropriate means {0 investigate the

influence of system uncertainties However, adaptive

schemes can be suboptimal whenever several "hot spots”

need to be investigated simultaneously Their convergence behaviour also depends strongly on the starting
conditions for the simulations. In any case the coefficient of variation of the probability estimates must not be

used as a convergence criterion

Furthermore the system uncertainties should be small relative to other

uncertainties and not too high dimensional. The numerical effort required for real large structures may still be
excessive and schemes should be designed which use more information from sample points than incorporated

in the implemented procedure.

Introduction

The reliability methodology for failure due to fatigue
damage accumulation or 1o extreme loading is well
known and has been used in many offshore
applications. FORM/SORM approaches have been
shown to be especially efficient In most of these
studies uncertainties in the loading and the resistance
parameters were considered whereas uncertainties in
structural data were neglected or simplified (see, e.8,
Flint and Baker (1977), Olufsen et al. (1989),
Karadeniz and  Haritos (1993)) Structural
uncertainties, however, may have a great influence
on reliability results for dynamic structures. Due to
larger water depth, offshore structures now become
increasingly more flexible and dynamically sensitive.
Hence it seems interesting to improve the reliability
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tools to allow handling of uncertain system
properties in the assessment of reliability.

This goal may be achieved in different ways.
Firstly, the theory may be rigorously extended in the
frame work of FORM/SORM requiring primarily
schemes for the calculation of gradients of the state
function. This was already done for linear static
problems and lead to combinations of stochastic
finite element codes and extended FORM/SORM
tools with numerical or analytical gradients (see, e.8.
Hisada and Nakagiri (1985), Igusa and Der
Kiureghian (1988)). These theoretical derivations can
be easily extended for linear dynamic problems but it
is found that these extensions result in excessively
large and time consuming programmes. This is
especially the case for multimodal failure criteria as
each of those requires a separate analysis. This can




be shown by counting the necessary state function
calls and the associate calls of a structural analysis
program. Furthermore, it is not clear whether l‘h.c
gradient based methods yield accurate results in the
case ‘Qt' multiple B-points or strong non-linearities in
the t;llul'c surface. In fact, the authors believe that
c}asszca} F-‘()RM-'S()R\I analysis including system
uncertainties are just impractical for realistic dynamic
structures )
blm.ulz:llon based techniques may have the
potential to solve the problems. These léchmque\‘ no
douht', are less elegant than gradient based lcchuikriues
but. they are easy to implement and they provid;
estimates of the failure probability together with
accuracy measures if properly impiemcﬁlcd Crude
Monte Carlo simulation, on the one hand, cannot be
used for practical purposes because low l‘ailui;c
pr{a?abil%‘tics cannot be estimated sufficiently accurate
in few ucralions_ with this technique Conditional
expectation, on the other hand, does not suffer from
any of the aforementioned shortcomings if it is
prqperl}‘ used (see, e.g., Melchers (IQST]\M:\\\'ub anc]
Chia (1992)) as it can combine rigorous
FOR!\.‘I.-’SORM with simulation. It may, however b:c
;Iow in convergence in some cases but this ma\,; be
xmprox'ed by using the fact that the knowledge of the
failure region increases during simulation. This
improvement can for instance be achieved with so-
Called' adaptive schemes. Those proved to .be
e’ffecm'e in simple non-linear cases (see, eg
ka;amchandani and Cornell (1991)). These different
points make of conditional saniplinu the most
attractive practical method. 3
_ Conditional sampling is thus used to quantify the
mﬂuc_n_ce of system and loading uncertainties on th
rel:gbzi;t}‘ of tubular sections of an offshore jack .
spbje;led to irregular long crested sea‘ wavcjs 'I?t
stmprhfy, problems related to non-linearities i.n th0
logdmg in wave kinematics, in material heha;.'iuur i‘3
faygue phenomena etc. are neglected in this slu‘dvﬂ
Lxr}ear waveltheory is used and wave i‘orci-rw )i.
cstzm{ited ‘_wuh a linearized form of Mnrisin‘z
(;cr{‘uatlon The nominal stress is linearly interpolated

any cross section using so-called stress
concentration factors (SCF's). Uncertainties in
structural data, hydrodynamic coefficients in

Monson's‘cqualicm, SCF's and resistance parameters
are _takcn into account in the reliability assessment of
a _smglc cross section against fatigue and vyielding
faliurcs._ jfhe statistical modelling of stiuclu?'bl
uncertainties is‘ shortly discussed in the lzollnwinEf
I‘unhc'*rmorc‘ it is explained how cnndilionﬁi
;g:vné)hng may bp used for the considered prubkzn‘l
devel;;p{:}:zclmduvc examples illustrate the theoretical

612

1. Modelling of system uncertainties

Consideration of uncertain system properties must by
p_‘mfnmw(l with great care and due 1cs.{ar(l‘ mu“;t be
given to the nature of these unccrlainticz On thc} onc
hand. there are uncertainties which have to bc
modelled by random fields, for example the qtiffneqe
properties in the structure or the ﬂuclualing. part o:'
marine growth, Those may be assumed as nearl
ergmilc Experience shows that their effect 0)’
reliability generally is not large. On the other handn
th.cre are distinctly non-ergodic quantities and mo 1
:;11 them have to be considered as model unceﬂaintiez
The latter will be discussed in more detail below

1.1 Structural data

Strucimral data is quite accurately known, i.e. th
coefficient of variation of structural variable; e'w;cede
rarely 5%, With this small variability little influcnce is
expected on reliability if, for e.\'arﬁple. a normal DS
J_Dgnormal distribution is assumed. It also makes ve: f
little difference whether these variabilities are fully .
partly assumed non-ergodic. s

1.2 Hydrodynamic coefficients

'E‘hc Morison equation was experimentally derived
from measurements of forces induced by regular
waves on a vertically fixed member (Moriéon et al
(‘1950)). It consists of a drag term and of a mass term
linearly combined with factors Cy and C
r‘cspecl!vcly Morison's equation was I;ter c\'tendgz
for inclined and/or moving members and for .rand{!m
waves. For each extension, hydrodynamic
coefficients C; and C,, should be measured but this
can rarely be done in practice. Constant values art;.
then usuglly used which are supposed to yield
conservative estimates of the wave loading. .
llofvevur, Sarpkaya (1976,1977,1978) reported
tl_ml (_t; and C,, do not take constant values in a
smusoxdal oscillating flow but depend, and not in a
simple way, on flow characteristics, such as Reynolds
Re and Kcuicgan Carpenter KC' parameters “When
results of spectral analyses are used in réliuhilitv
ca]curlgnons. dependencies of C; and C,, on flow
condngms should therefore be ;akc.n im’:; account
Modelling, however, is difficult because published
r‘esul?s f:xhibil a considerable degree of scatter, even
for _:smular flow conditions and similar cxperil‘nemal
settings. Further, some numerical studies showed
lhall a part of the observed scatter may in fact be
zlllrib_ut.cd to the different methods of estimating the
colcﬂlucntsﬂ (see Dean (1976) and Isaacson t;l al
(1)‘)1_)) l'ln;l[ly, and this is probably the most
v‘vurrymg point, only few pub]ished results
correspond to realistic sea conditions. Consequently,

tempting to use simple statistical
for the variability in the forcing
until deeper knowledge of

it is rather
modelling to account
coefficients and this

hydrodynamics 15 acquired. In the following, we
conservatively consider C,; and C,, as uniformly
distributed in the intervals [0.7, 1.8] and (1.0,2.0] in

following published results (see, e.g, Chakrabarti
(1987) or Clauss et al (1992)). The strong negative
correlation between these two values is neglected as
would be done in practice tO avoid wave forcing
underestimation

1.3 Stress concentration factors

It is equally difficult to estimate the probability
distribution of the SCF's because here also model

exists together ~with parameter
Indeed. the linear interpolation of the hot
in itself because large

uncertainty
uncertainty
spot stress is questionable
discrepancies exist between SCF's estimated from
equations Of from finite element
calculations for a given joint configuration. The
problem is that these coefficients are not robust
enough and, consequently, a better interpolation
scheme of the hot spot stress should be worked out
This is not the aim of this paper and, therefore, a
statistical modelling is used which reproduces the
large scatter exhibited by the SCF's. These quantities
independent normally distributed

ents of variation

parametric

are modelled as
random variables with high coeffici
(10%)

2. Conditional expectation
Let X denote a set of random variables, fx{) its
{x /| gylx) < 0} the

probability density and D =
ability is calculated as

failure domain. The failure prob

P, :J_f\—(.\'\i\' ()
It can also be calculated in the standard space if there
exists a transformation " U — X where U is a
Let us divide the set X

standard independent vector
the failure probability

into two subsets ¥ and Z Then
can be calculated as

P, j.“. o (»)dy 2)
¢

In the following the subsets Y and Z are respectively

and the controlling sets. If N

termed the generated
of Y are generated and the

sample outcomes ¥;

corresponding conditional  probabilities  are
calculated, an unbiased estimate of the failure
probability is

i=1
Its variance 18

YD 2w 1)
[t can be shown that the variance (4) of the estimate
is unbiased, too. Then accuracy of the failure
probability estimate can be judged from its coefficient
of variation. In practice, samples are generated until
this coefficient of variation reaches a target value,
say 30% for practical purposes
Conditional sampling is particularly effective if the
conditional probability of failure given Y=y can easily
and accurately be calculated This is for instance the
case when the subset Z is chosen such that the failure
surface possesses a unique most likely failure point
(B-point) in the z-space Any conditional failure
probability may then be calculated by FORM or
SORM or its improvements (see Hohenbichler et al
(1987). Hohenbichler and Rackwitz (1988)) The
conditional expectation approach, however, 15
efficient only if the generated variables in y-space
have small c.o.v.s because otherwise conditional
failure probabilities may vary significantly and many
samples may be necessary to reach the target cO.V
Therefore, it may be worthwhile to consider the
possibilities of including parts of the vector YinZ
Unfortunately, the separation usually is dictated by
the mechanical context Alternatively, one may apply
one of the variance reduction techniques in
simulation (see Rubinstein (1981))

Kahn (1956) showed that the variance of the
estimate reduces to Zero if an adequate sampling
density is used instead of fy(). This ideal case,
however, cannot be achieved without knowledge of
P; In practice, the optimum sampling density 1S
approximated during the sampling process, ie. an
initial sampling density is used and improved on the
basis of partial results The chosen sampling density
being initially i

var(Pr) = 4

suboptimal the variance of the
probability estimate is always biased and the bias
decreases progressively during simulation Of course,
difficulties arise when choosing the initial sampling
density and when improving it during simulation.
These two problems were addressed in part
successfully by several authors (see, eg., Bucher
(1988), Karamchandani (1990)) but it is not clear
whether their conclusions remain valid for problems
where little is known about the “important region”.
In any case, for an implementation in the standard
space, the simplest and perhaps the most robust

method consists in initially using a standard normal
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sampling density and in moving this density to the
sample outcome y; which yields the temporarily
largest value integrand in (2). The convergence
criterion remains unchanged

3. Application to offshore structures

In what follows we consider the particular cases of
fatigue and yielding failures of a tubular cross-section
on an offshore steel jacket subjected to random
waves. Failure criteria should be written in terms of
the nominal stress on the circumference of the cross
section but this field cannot be easily
calculated. In pr

it

the stress spectrum is
estimated in a finite number N, of points (hot spots)
around the circumference only, using linear spectral
theory. Then an individual failure criterion can be
formulated in each hot spot. A state function for the
cross-section is the union of all individual ones

For the case of fatigue failure, the state function is
given by

, the damage indicator
case of a narrow band

one obtains

g(¥.2) :U (v.z)=|J(r-5

where Fg (s) =exp| —vy, texp

(6)

using Rice's formula. In equations (5) and (6) 1 is the
service time; InK and m denote parameters in the §-N
curve; It denotes the yield stress; vy ; and A ; are the
zero upcrossing rate and the zero-th spectral moment
of the hot spot stress §;. Only a single sea state is
considered.

In (5) and (6), the controlling set Z of random
variables is respectively reduced to R and to InK so
that lower and upper bounds

max ( P(g(2,y=y)50)) and ¥, P(g(z.v =y)<0)
1GEN,, o

(7)

for the conditional probability of failure given ¥ = y
are exactly calculated with FORM. All other
properties, ie structural data, hydrodynamic
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Figure 1. Example structure 1

Table 1. Stochastic model for controlling set Z

Variable Distribution Mean value C.0.V

(%)

limit state (5) In X Normal 120 20
m Constant 4 -
service time ¢ Constant 5 years -

limit state (6) Yield stress R Normal 360 MPa 10
service time ¢ Constant 10 years -

Table 2. Stochastic model for generated set ¥

Table 3. Estimated upper bound for the failure probability
(target c.o.v. 30 %)

Method Run # max E[P]
e I 2.98 104 669
Conditional Sampling 2 2.62 107 77
3 274 108 TS
a 098107 421
Ad. (SCF,Hyd) Con, Samp. 2 1.81 104 1521
3 2.43 104 961
1 1.44 10 1590
Adap. (Hyd) Cond. Samp. 2 2.80 104 3117
e 1.46 10 1339
1 1.35 104 182
Adap. (S8CF) Cond. Samp. 2 1.39 104 200
3 2.73 10°¢ 620

Variable Distribution Meanvalue C.0.V. (%)
Young's modulus Normal 2.1e+11 N/m?2 5
Mass density Normal 7800 kg/m? 5
Deck Load Normal 3000 tons 5
Cy Uniform 1.25 25
i Uniform 1.50 19
SCF for N Normal 2.00 10
SCF for IPB Normal 2.00 10
SCF for OPB Normal 2.00 10

coefficients and SCF's are regrouped in ¥ and
generated. Then, lower and upper bounds can be
estimated for the failure probability by using non-
adaptive or adaptive conditional sampling

4. Example 1

The aforementioned method is used to quantify the
relative influence of system uncertainties on the
reliability level of a simple tripode structure (see
Karadeniz (1989)). The jacket is 70 m high and the
deck is 20 m above the mean water level. Submerged

Figure 2. Evolution of the upper bound of the failure
probability estimate and its c.o.v
during conditional sampling

members are empty and a mass of 3000 tons is fi
on the deck. A sketch of the structure is given in
Figure 1. The computer model consists of 5 tub
beam elements and 6 nodes each having six degrees
of freedom

The stochastic models for the controlling set Z
and the generated set ¥ are reported in Tables 1 and
2. A total number of 23 (1+22) random variables is
used. Independent random properties are assumed
for the beam elements. Same SCF's are used for all
hot spots.

For each sample y of the generated set ¥, the
structure is analyzed by the Finite Element code
NASCOM (1994). A lumped mass matrix is used
Spectral analyses are further performed with an
improved version of the code SAPOS written by
Karadeniz (1989). The program uses a linearization
technique of the drag term which was proposed by
Bolotin (1981) and a mode acceleration technique.
Spectral analyses are performed for single sea states
only. For each sea state, sea waves are considered
long crested and a Pierson-Moskowitz wave
spectrum for the sea elevation process is assumed.
Stress spectral moments are calculated at a number
Ny, of hot spots on a cross section on the central
column. It was found that the maximum hot spot
stress was generally not missed with Ny, = 8
Numerical tests further proved that the two lowest
modes (1 and ®4 ~ 2 rad/s) are sufficient to ensure
convergence in the spectral moments. A structural
damping equal to 1% of critical is assumed for each
mode

The results of spectral analyses are used to
estimate bounds for the probability of failure under
the condition ¥ = y. The state functions (5) and (6}
are considered separately. All reliability calculations
are performed within COMREL (1994). Samples of
Y are generated until the coefficient of variation of
the failure probability estimate reaches 30 %. Non-
adaptive and adaptive schemes are used alternatively
and sampling is performed for different starting
seeds

For fatigue failure it is found that system
uncertainties generally can be neglected even if the
structure is dynamically excited, for example, for the
sea state 7, = 3 s, H;, = 6 m. The contrary is
observed for extreme value failure. The upper bound
obtained by conditional sampling for the probability
of failure due to extreme load under the
aforementioned sea condition without wave current
is given in Table 3. Results obtained with adaptive
conditional sampling are reported, too. The bounds
for the failure probability are (1.55 107, 2.85 10°7)
when uncertainty in structural properties is neglected
Typical evolutions of the probability estimate and its
coefficient of variation during conditional and
adaptive conditional sampling is shown on Figures 2
and 3

further performed waith
example, Figure 4

| the upper bou

Sensitivity analys
conditional |

illustrates the sensiti
failure probability

variation of system properties. Co

performed for wave current velocities lying between

.10 m/s and + 10 mfs, homogeneous and

inhomogeneous wave-current  conditions but no
3

noticeable change is noticed in the general trends
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5. Example 2

The aforementionr
analyse a realistic structure
jacket structure is 60 m high. The deck is 20 m above
the mean water level. Submerged members are empty
and a mass of 630 tons is fixed on the deck. A sketch
of the structure is given in Figure 5. The computer
nodel consists of 132 degrees of freedom. The two
The

»«d methodology is now used to
This second example

lowest modes are ®; and ®; 3 rad/s
stochastic models used for the controlling set Z and
the generated set ¥ are the same as for the first
example structure, see Tables 1 and 2, with the
expection of the deck load whose mean value now is
630 tons. A total number of 97 (1+96) random
variables is used

As for the first case study, it is found that the
influence of system uncertainties on fatigue failure is
negligible. Again, this is not the case for extreme
load failure. For the extreme sea state 7, = 2 s, H;
6 m, the upper bound estimated by conditional
ampling for the probability of failure on a cross
ection on the central column is reported in Table 4
bounds for the failure probability are (7.52 1078,
38 10-7) when uncertainty in structural properties
is neglected. Adaptive conditional sampling yields
same results because no updating of the sampling
occurs. Results of sensitivity analysis are

W
14%]

— e O
o~ o
o

density
B

6. Discussion of methodological aspects

The foregoing detailed description of results for the
example structure is necessary because otherwise
misinterpretations of the methodological aspects are
rather likely. The results so far must also be
considered only valid for the studied structures. In
any case, the results so far obtained indicate that
uncertainties in structural data may have a non-
negligible influence on extreme value failure
Although for the studied structures the influence of
uncertain system properties on fatigue failure was
negligible, significant effect must be expected for
other structures

From Tables 3 and 4 it can be concluded that
results with non-adaptive conditional sampling
procedures are fairly consistent. Indeed, only small
differences are observed in the estimates of the
failure probability but convergence depends on the
starting conditions

No such consistency is observed for the adaptive
scheme even if the presence of multiple failure modes
is considered, for example, according to Schueller
and Stix (1987) or Fu and Moses (1987). Firstly,
there is also a strong dependence of the probability

estimate and its coefficient of wvariation on the
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Figure 3. Evolution of the lower bound of the failure
probability estimate and its c.0.v
during adaptive conditional sampling

RIR
‘! fo

o/,

Figure 4. Effect of changes in the c.o.v. of system data on the
upper bound of the failure probability

starting conditions and this is stronger for adaptive
sampling than for non-adaptive sampling. Secondly,
the convergence of the adaptive scheme is
significantly affected by the number of Y-variables
involved. In fact, for a large number of ¥-variables
there may be no or very little updating of the
sampling density during simulation, at least for the
simple updating scheme used. For example, for the
second structure with 96 y-variables it is found that
no updating of the sampling density occurred during
simulation. This is in contradiction with results by

Figure 5 Example structure 2

Table 4. Estimated upper bound for the failure probability
(target c.o.v. 30 %)

Method Run # Nsimul
1
Conditional Sampling 2
(=~
1 ;
sCFs
Decx e
moaas
L
)

0

Figure 6. Effect of changes in the c.o.v. of system data on the
upper bound of the failure probability

Karamchandani (1990) who found that sampling
results are not directly affected by the number of
random variables. In fact, he considered simple
problems for which the initial location of the
sampling density could be optimized and this was not
possible in our study. As shown in Figures 2 and 3,
during adaptive sampling jumps are observed in the
probability estimate as well as in its coefficient of
variation even for high number of samples, in
contrast to simple conditional sampling where
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convergence is much more uniform. It follows that
the coefficient of variation of the probability estimate
is an inadequate measure of convergence for adaptive
schemes. A similar conclusion was already drawn by
Walsh (1956) and later by Ibrahim (1991) for simple
importance sampling. Nevertheless, irrespective of
the value of the coefficient of variation the
probability estimate may already be good

It is still maintained that a hybrid methodology,
ie. a combination of rigorous FORM/SORM and
sampling methods, is the only possibility at present to
analyze larger problems with non-negligible system
uncertainties. The present study leads to the
following conclusion and two open questions. Simple
conditional expectation schemes are applicable only
for small uncertainties in the ¥-vector. Otherwise,
they can become time consuming. Adaptive schemes,
even with multimodal sampling densities, are
potentially superior to simple conditional expectation
schemes. In order to judge convergence the
coefficient of variation of the failure probability
estimate from all generated samples certainly is
inadequate. Therefore, it remains to define alternative
convergence criteria. Further, in problems with large
number of ¥-variables and with little prior knowledge
of the failure function(s) the important regions on
average are likely to be found only after a
considerable number of samples. Cases will occur
where the important regions are found very quickly
and other cases where little knowledge about these
regions will be acquired after a large number of
samples. In any case, one does not know whether the
sampling density is already well located or not
Hence, the second open question is how to use more
information from previous sample points in order to
update the sampling density more effectively.

Finally, non-adaptive or adaptive conditional
sampling may be a valid alternative to semi-analytical
stochastic finite element method combined with
FORM/SORM even for large structures, in particular
if multiple failure modes must be considered

Acknowledgement

This study was supported by EIf Aquitaine under
contract N° EAP-9125 which is highly appreciated

References

Ayyub, B- M., Chia, C. Y. (1992) Generalized conditional
expectation for structural reliability assessment, Structural
Safety, 11, 131-146

Bolotin, V. V. (1981)
Berechnung von Konstruktionen, Verlag
Berlin

Wahrscheinlichkeitsmethoden zur
fiir Bauwwesen,

Bucher, C. G. (1988). Adaptive sampling: an iterative fast




Monte Carlo procedure, Structural Safety, 5, 119-126
Chakrabarti S. K. (1987). Hydrodynamics of offshore
Structures, Springer Verlag, Berlin, 1987

(1992). Offshore

Claus G., Lehmann E., Ostergaard C
Structures, Vol. 1, Springer Verlag, 1992

COMREL (1994) 2/, RCP GmbH, Munich

User's Mam.

Dean R. G. (1976). Methodology for cvaluation suitability of
wave and wave force data for determining drag and inertia
coeflicients, Proc. BOSS, Trondheim

Flint A. R., Baker M. J. (1977). Rationalis

serviceabi

Report

distribution for system

Fu, G, Moses, F. (1987). A samg
[F G 7.5 Conf., Aaalborg,

reliability application, Proc. [
Denmark, 141-149

Hisada, T., Nakagiri, S. (1985). Role of stochastic finite
element method in structural safety and reliability, Proc. 4th
ICOSSAR, Kobe, 385-394

S., Kruse, W., Rackwitz, R
: econd-order reliability
L4, 267-284

Hohenbichler, M., Gollwit:
(1987). New L
methods, S

Hohenbichler, M.,
second-order relia

Journal of

Rackwi R. (1988). Improvement of
stimates by importance sampling,
114(2), 2195-2199

Ibrahim, Y. (1991). Observations on applications of
importance sampling in structural reliability analysis,

Struct Safety, 9, 269-281

Igusa, T. I, D«

systems fo

Isaacson M., Baldwin J., Niwinski C. (1991). Estimation of
drag and inertia coefficients from random wave data
Journal of OMAE, 113, 128-136

Kahn, H of different Monte Carlo sampling
techniques, in: Symy m on Monte Carlo Methods, Meyer,
H. A., ed., John Wiley and Sons

(1956). 1

Karamchandani, A. (1990). New methods in system reliability
PhD Thesis, Rep. RMS 7, Dept. of Civil Engng., Standford
University

Karamchandani, A., Comell, C. A. (1991). Adaptive hybrid
conditional expectation approaches for reliability estimation
Structural Safety, 11, 59-74

Karadeniz H. (1989). Advanced stochastic analysis program
for offshore structures, TU Delft Report

Karadeniz H., Haritos N. (1993) Uncertainty modelling in
offshore structural analysis under wave-current and water-
structure interactions, Proc. OMAE, Glasgow, 195-200

Melchers, R. E. (1987). Structural reliability analysis and

prediction, Ellis Horwood Lid., UK

Miles J. W. (1954). On structural fatigue under random
loading, Journal of Aeronautical Sciences, 21, 753-762

Morison, J. R., O'Brien, M. P., Johnson, J. W.. Shaaf, S. A
(1950). The force exerted by surface waves on piles,
Petroleum Transactions, AIME, 189, 149-154

618

NASCOM (1994). User's Manual, RCP GmbH, Munich

Olufsen A., Karunakaran D., Moan T., Nordal H (1989)
Uncertainty and sensitivity analyses of wave and current
induced extreme load effects in offshore structures, Prog
OMAE, The Hague, 23-30

Rubinstein, R. Y. (1981). Simulation and Monte Carlg
method, John Wiley and Sons, New York

resistance in
BOSS,

Sarpkaya T. (1976). Vortex shedding and
harmonic about smooth and rough cylinders, Proc
T'rondheim

Sarpkaya T. (1977). In line and transverse forces on cylinders
in oscillatory flow at high Reynolds numbers, Journal of
Ship Research, 21, 200-216

Sarpkaya T. (1978). Hydrodynamic resistance of roughened
cylinders in harmonic flow, J. Royal Inst. of Naval Arch,. 2
41-55

Schueller, G. L, Stix, R. (1987). A critical appraisal of
methods to determine failure probabilities, Structural safety
4, 293-309

Walsh, J. E. (1956). Questionable usefulness of variance for
measuring estimate accuracy in Monte Carlo importance
sampling problems, in: Symposium on Monte Carlo
Methods, Meyer, H. A, ed., John Wiley and Sons




FROM THE SAME PUBLISHER:
Look, Burt 9054101512
Spreadsheet geomechanics: An introduction

1994, 25 cm, 256 pp., Hf.95/$55.00/ £35

(Student edn., 90 5410 152 0, HN.50/ $28.50/£19)

Designed for readers who have a basic knowledge of spreadsheets &
wish to learn more by seeing specific examples of spreadsheet tech
niques applied to geomechanics problems. Explores relevant spread
sheet concepts with emphasis on analytical techniques & graphical
presentation of the calculated solutions. Presents spreadsheet fea
tures relevant to typical geotechnical problems by developing
spreadsheet models in stress distributions, lateral earth pressures,
rock slope stability, piles, shallow foundations & ground improve
ments, Author: Queensland Dept. of Transport, Brisbane, Australia
Wright, E.A 954106123
Planning with linear programming

May 1995, 25 cm, ¢.180 pp., H1.90/$50.00/ £33

(Studentedn., 905410613 1, Hf1.50/$28.00/£19)

Linear programming (LP) is a fascinating and powerful quantitative
planning technique. Part 1 deals with the theoretical background to
LPusing a largely non-mathematical treatment. Part 2 covers several
planning cases and the LP-tools suite of programs; Typical planning
cases taken from the mining, agricultural and manufacturing indus-
tries and LLP-tools is documented and its use presented by means of a
tutorial. Copies of the programs on a distribution disk are included
with the book. Author: Univ. Zimbabwe, Harare.

Vargas, E.A., R FAzevedo, L.M.Ribeiro e Sousa & M.Matos
Femnandes (eds.) 9054103485
Applications of computational mechanics in geotechnical engi-
neering — Proceedings of the international workshop, Rio de
Janeiro, Brazil, 29-31 July 1991

1994, 25 cm, 480 pp., Hf1.195/$115.00/£72

The development of constitutive relations for geotechnical ma-
terials, with the help of numerical models, have increased notably
the ability to predict and to interpret the mechanical behaviour of
geotechnical works. Topics: Rock excavations; Soil excavations;
Earth fills & dams; Computational systems; 20 papers.

Siriwardane, H.J. (ed.) 9054103809
Computer methods and advances in geomechanics - Proceed-
ings of the eighth intermational conference, Morgantown, West
Virginia, 22-28 May 1994

1994-95, 25 cm, ¢.3200 pp.. 4 vols, Hf1.450/$250.00/ £167

The emphasis is placed on energy & the environment. Computer
methods; Fossil energy; Petroleum & mining engineering; Geoen
vironmental engineering; Constitutive modeling: Material charac-
terization; Infrastructure rehabilitation; Static & dynamic soil-struc
ture interaction; Underground works; Ground improvements;
Computer aided engineering; Natural & man-made hazards;
materials & geomechanics; etc

pace

Pulmano, V.A. & V.Murti (eds,)

H) 54103248
Impact of computational mechanics on engineering problems
Proceedings of a seminar, Sydney, 2 August 1993

1993, 25 cm, 198 pp., HIL.110/$60.00/ £41

Solution difficulties in multi-wedge stability analyses; Finite
element analysis of the artificial freezing of sand; Some applications
of homogenization method in rock mechanics; Computations of ver-
tical soil stresses underneath foundations with curved boundary
using parametric mapping technique; Field investigation of mechan-
ical behaviour of a shallow tunnel due to ground surface excavation;
Design of rock bolts with numerical models; etc

Valliappan, S., V.A.Pulmano & E.Tin-Loi (eds.) 0054103337
Computational mechanics ~ From concepts to computations
Proceedings of the Asian-Pacific conference, Sydney, 3-6.08.1993
1993, 25 cm, 1386 pp., 2 vols, H1.290/$170.00/£107

Keynote papers, invited papers and papers selected from a vast num-
ber of contributions submitted. These papers encompass the various
computational aspects related to solid mechanics, geomechanics,
fluid mechanics, fracture & damage mechanics, biomechanics, op-
timization, contamination, earthquake engineering as well as other
engineering problems. Editors: Univ. New South Wales, Sydney.

Smith, LM. (ed.) 954105100
Numerical methods in geotechnical engineering — Proceedings of
the third European conference, Manchester, 7-9 September 1994
1994, 25 cm, 444 pp., Hfl.160/ $95.00/ £60

16 European countries are represented & the contributions demon-
strate vigorous activity across a range of interests, but emphasise the
importance of practical application of numerical techniques. Several
papers address the problem of localised deformations, so important
in many geolechnical situations involving shear banding. Specific
areas of practical application include thermo-mechanical problems,
tunnels & pipelines, foundations, reinforced soil, retaining walls,
slopes & rock mechanics. This volume is essential reading for every-
one wishing to keep abreast of the techniques of modern computer
analyses applied to geotechnical engineering practice.

Li,K.S. & S-CR.Lo(eds.) 9054103035
Probabilistic methods in geotechnical engineering — Proceedings
of the conference, Canberra, 10-12.02.1993

1993,25 cm, 342 pp., HfL.185/$105.00/£69

Keynote addresses on recent development on geotechnical relia-
bility and limit state design in geotechnics, and invited lectures on
modelling of soil variability, simulation of random field, prob-
abilistic of rock joints, and probabilistic design of foundations and
slopes. Other papers on analytical techniques in geotechnical relia-
bility, modelling of sail properties, and probabilistic analysis of
slopes, embankments and foundations. Editors: Univ. New South
Wales & Australian Defence Force Academy, Canberra.

All books available from your bookseller or directly from the publisher:
A.A.Balkema Publishers, PO.Bax 1675, Rotterdam, Netherlands
For USA & Canada: A.A Balkema Publishers, Old Post Rd, Brookfield, VT, USA
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