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1 UTILITY ASSESSMENT

The optimisation of limit state values is related to the derivation of optimal
safety indexes for the respective limit state. This problem can be faced by

« using well known results of reliability analysis theory and by implementing
cost-benefit or utility analysis aspects. While the methodology is practical
and general, there is not much quantitative data available on the
economical aspects.The assessment of structured utility is extremely
complex and depends on many factors which lie beyond the recognised
orbit of structural engineering. However by noting that the influence on
utility of conceptual structural design is effectively limited to. variation of
initial costs and structural failure costs, and noting that despite non-
linearities it is often convenient to relate utilities, structural utility U may
reasonable expressed as:

U = B-Cj-Sum(Cpj)
where
B = Benefit derived from fully serviceable structure
Ci = initial costs
Cri = costs due to failure in mode i.
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For each mode of failure, the utility of a structure such as a pipeline can
be expressed as a function of a design parameter (Reid and Turkstra,
1981). Consider the earthquake acceleration as the representative
parameter in case of earthquake loading. Below a level PGA1 a pipeline
can be considered as completely serviceable and above a level PGA2 as
completely unserviceable. The real utility of the considered structure lies
between the upper and lower bound.

The influencing parameter x (i.e. herein the peak ground acceleration) is
random and its design value is directly related to the selected safety level
and reliability index. Therefore the utility function is also related to the
reliability index and optimal reliability indexes to maximise binary utility
functions can be derived by the procedure illustrated next.

2 OPTIMISATION PROCEDURE

Cost functions are implemented herein to optimise the safety index for
ULS and SLS. The expected cost is taken here in the sense of the
mathematical expectation of the negative utility of the structure including
direct (no selling of supply goods, etc.) and indirect costs (harm to people,
malfunctioning of production etc.).

The expected total cost of a structure can be expressed as:

CT = CI+pF*CF
where:
CT = total cost;
CI = initial cost;
CF = failure cost;
pF = probability of failure.

The initial cost can be considered as linearly increasing with the
earthquake design force or better the earthquake design parameter (for
example the particle velocity):

CI = CO*(l+cl * E¥
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where:

basic initial cost excluding the influence of the

Co =
earthquake impact;
cl = linear increase parameter;
E* = design value for earthquake design
parameter.

The earthquake design parameter is related to the failure probability and
consequently to the reliability index (Diamantidis, 1986) as:

E* = Fgl[®(og *P)]
where
Fp= distribution of the earthquake parameter;
oAE= sensitivity of the earthquake parameter to the

failure probability (or in general to the
probability of exceeding a specified limit state
condition). ‘

For the earthquake parameter extreme types of distribution are usually
applied (Klingmiiller und Bourgund, 1992):

FE = exp {-AT (exp (-k (E - u)))} (2)
where:
A= occurrence rate of earthquake events, which
‘ are assumed to follow a Poisson process;
T = period of observation;
k, u= distribution parameters (Klingmiiller und

Bourgund, 1992).

From Egs. (1) and (2) follqws:

E¥ = u- % In[- (/AT ) In @ (-aE B)]

By considering failure costs as a linear function of basic costs Co, i.e.

CF=pCO

2
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the following relationship is obtained :
. . 1 .
CT=C0-{l+cl-(u- ¢ In [-(/AT ) In @ (-ag B)] )}

+@(-B)pCO | ()

The optimal design is given by the condition:’
(0CT/8PB) = 0

The solution of the above condition leads by use of some simplifications
to:

O(-p)In®(app) = -(c1 *ag?)/ (kp)
Since: k = p/ (sqrt(6) * of)
with oF the standard deviation of the earthquake design parametef:
OO (agp) = -cl*ag? op)/(128p) @)

Equation (4) can be numerically solved and optimal B-values can be
obtained. The deviation oF can be also written as: ’

cE = VE mE
where:
mg = mean value of earthquake parameter at
' which certain damage or utility loss may
occur;
VE = assoclated coefficient of variation.

The parameter mE depends on type of pipe under study (for example if the
earthquake acceleration is considered as the design parameter mE < 0.05 g
would not cause any damage at all while mE = 0.3 g could lead to
‘complete failure) while VE is usually high, i.e. can be in the range of 40

- percent.
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3 DISCUSSION OF INFLUENCING VARIABLES

The derivation of optimal design values for limit state analyses of buried
lifelines subjected to earthquake loading depends on a number of
parameters entering equation (3). These parameters are discussed next.

N

Sensitivity factor aE

The sensitivity factor oE reflects the influence of the random earthquake
loading (represented by its dominating parameter such as the particle
velocity). The importance of the earthquake load in a general limit state
formulation was studied by Diamantidis and Moghtaderi-Zadeh (1986),
and it was concluded that the earthquake input parameter is the most
dominating variable, while other uncertainties such as those related to
threshold displacement or damping are of second importance. Therefore
the sensitivity factor oE can be assumed in the range of -0.7 to -1.0, in
accordance also to general recommendations given by Kénig and Hosser

(1982).

Cost Factor cl

The initial costs of a buried pipeline can be subdivided as follows
(Reimann, 1973):
U

a) material costs (ranging from 5% to 20% of the total costs);

b) excavation/trenching costs (of the order of 35%);

c) construction costs (ranging from 30% to 40%);

d) general costs including planning and design (of the order of 20%).

An increase of the pipe thickness due to earthquake loading would have
mainly an impact on the costs of category a) and b), i.e. on the costs which
are representing c.a. 50% of the overall basic costs. Since the pipe should
be designed also for other loads such as dead load, traffic load and earth
pressure the impact of the earthquake design load would be reduced.

For the purpose of parametric studies herein ¢l has been reasonably
selected as 1,0 and thus has the character of a factor to clear dimensions.
By use of cl =1 the initial cost will increase with the design earthquake
value, 1.e. 50% cost increase for a mean peak ground acceleration of 0.5 g.
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Cost ratio p

The cost ratio reflects the influence of the failure consequences. Different
failure consequences can be assumed for the SLS and ULS. It appears
here appropriate to establish on the basis of existing damage data and
engineering judgement ratios p for each safety category (ULS, p =10 +
100; SLS, p = 1 + 3 for example).

Statistical Properties of Earthquake Parameters Vg , mg

Several values for mean damaging earthquake parameters have been
reviewed in the available literature with the coefficient of variation Vg
has been selected as 1.0 (i.e. 100% vanability). An optimal set of safety
and serviceability indexes can be derived for the various safety classes.

4. DISCUSSION OF REPRESENTATIVE RESULTS

Several sensity analyses have been performed with the aim to achive the
influence of the discussed parameters on the optimal safety index Bopt.
The optimal index for SLS is associated to p—values ranging from 1 to 5
and therefore takes values between 1.5 and 2.0. The optimal safety index
for ULS is associated to p—values between 10 and 1000 and takes
therefore values between 2,7 and 3,7. The influence of the mean value of
the PGA is not very significant.

5., CONCLUSIONS AND RECOMMENDATIONS

An optimal set of safety indexes has been derived on the basis of reliability
analyses and cost-benefit/utility considerations. This set of values
represents the annual target safety level for the design of buried lifelines

* subjected to earthquake. In order to achieve the target safety design loads
and resistances must be defined. These parameters can be represented by
design return periods and allowable limit state values/criteria respectively.
It is noted here that the return period is directly related to the safety index
B (Diamantidis et al., 1991) as:

T = 1/(FagB) -

The proposed criteria are éompatible with state-of-practice. current
European code formats and with state-of-the-art reliability analysis tools.
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