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Lifeline networks are systems with a wide range of service
levels, that their optimal performance in extreme events
ensures the reduction of direct and indirect losses to the
society. The seismic assessment of lifeline networks is based
on two methods: user-defined scenarios and conventional
Monte Carlo simulation of earthquake scenarios. The
biggest criticism of the method of user-defined scenarios are
the selection of the number of scenarios and its magnitude
according to the change of the type and dimensions of the
desired network. In the face of a new network, the effect
of selecting the number and magnitude of scenarios on
the results of the seismic analysis of the desired network
is unclear and the user is insufficiently aware of the
consequences of his choosing.

In the simulation of seismic scenarios using simulation
methods such as Monte Carlo, a large number of scenarios
are generated for network analysis, which has a high
computational cost, and also many of them have low affect
intensity. Therefore, instead of using all scenarios, those
that are more important in network analysis must be used.
These scenarios are named as extreme scenarios with a
low probability of exceedance and large return period.
Therefore, in this study, the use of extreme value theory is
proposed to select extreme scenarios. This theory focuses on
observations with a low probability of exceedance and large
return periods. In the family of extreme values, there are two
common distributions: generalized extreme value (GEV)
distribution for maximum values of blocks with the same
time interval and the generalized Pareto distribution (GPD)
for values above a determined threshold. In this study, a novel
method to select extreme scenarios for seismic assessment
of lifeline networks is proposed. This method using the
selection of extreme scenarios reduces the computational
expenses of the seismic assessment of lifeline networks. The
proposed method is applied on a hypothetical example with
three bridges, two real networks with 26 and 77 bridges in
Tehran. This method is investigated using bridge damage
index and hazard curve. Results show the prosperity of the
proposed method to select extreme scenarios from 100000
simulated scenarios for the intended network. In a part of the
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proposed method, 24 ground- motion model using GPD and
Bayesian theory are developed and used. The use of GPD
distribution is based on studies performed in selecting the
appropriate distribution for ground-motion data.

The appropriate distribution of large intensities of
ground-motion is investigated and determined using the
extreme value theory. For this purpose, normal, lognormal
and GEV distributions are investigated. The results show by
using the GEV distribution, the root mean square error and
standard deviation of residuals are reduced about, 19% and
18%, respectively than lognormal distribution. Moreover, a
method to use block maxima in seismic data is presented.
Also, the ground motion model is used to evaluate the most
appropriate distribution for PGA data.

In the last section of the study, using logistic multinomial
models, the spatial correlation of damage probabilities
in lifeline networks is modeled and the extreme scenario
selection method is applied to a network of 77 bridges in
Tehran. In addition to the correlation in the intensities of
ground-motion, the cross-correlation of damage probabilities
of nodes of a lifeline network and cross-correlation between
five damage states (no damage, slight, moderate, extensive
and complete) in each node are considered. Using the
proposed extreme scenarios selection method, 68 extreme
scenarios are yielded (for 2475 return period).The results
are investigated in two different cases: correlated and
uncorrelated. The results show that the values of damage
probabilities are increased by about 19% at complete damage
state using damage correlation. Also, the values of damage
probabilities in moderate and extensive damage states are
reduced respectively, about 18% and 14%. In this study, the
extra daily traffic time (EDTT) is selected as a functional
parameter of the network. The EDTT values for all nodes
(each node to other nodes) are investigated. To select the
path between two nodes, the shortest path algorithm is used.
Based on the results, including damage correlation will
increase the EDTT in the network. The highest increase in
travel time in the correlated case than to the uncorrelated are
13.5% and 57%. Finally, the model of the spatial correlation
of damage probabilities using Monte Carlo scenarios is
applied to a network of 26 bridges in Tehran. The results
show including damage correlation will decrease the EDTT
in the network. Using two travel time models, the average of
the decrease in travel time in the correlated case than to the
uncorrelated are 53% and 71%, respectively.
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