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FUNDAMENTAL STUDY ON OPTIMAL STRATEGY FOR POST-
EARTHQUAKE RESTORATION OF LIFELINE NETWORK SYSTEMS

By Nobuoto Nojima and Hiroyuki KaMmepa

Synopsis

Rapid recovery from earthquake damage is an important issue in lifeline earth-
quake engineering. This study presents effective procedures to optimize post-earth-
quake restoration processes of lifeline network systems. In this study, cumulative
‘number of customers connected to supply nodes is used to indicate condition of
recovery, and mean time for restoration of overall customers is adopted as a
criterion of optimality. First, in order to make all demand nodes connected to
supply nodes, the tree structure that covers all the nodes is identified from trunk
lines among the original network. Recovery sequencing of damaged components
included in the spanning tree is then determined by use of technique of operations
research. Next, an easy method to determine optima! division plan of peripheral
pipelines is proposed on the basis of the importance and degree of damage of each
potential division. By use of this method, average time for restoration can be
minimized with a given number of divisions. Some illustrative examples have been
shown.
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Fig.1l. Formulation of restoration curve.
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Tablel. Algorithm for minimum spanning tree of directed graph

Stepl T < ¢, R <~ {r}
Step 2 iff Rl =1V]I, terminate the algorithm,
else, goto Step 3
Step 3 select a node p& V—R such that all father(p)ER
Step4d  select a father(p) with the smallest value of w(father(p), p) ;
if w(father (p), p)=w(father.(p), p), select father(p) with the smallest
value of dist(r, father(p)) ;
T: =T+e(father(p), p) ;
R:=R+p
Step 5 return to Step 2

v . a set of nodes
T . a set of links included in tree
r : the root of graph

e(u, v) : a link originated from node u and directed to node v
wlu, v) : weight of a link e(u, v)
dist(r, v) : distance from node r to node v
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Table 2. Direction of links inrandom trees (See Fig. 2.)

node No.
random 5 6 8 9 11 12
tree No.
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Fig. 2. Original network.
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Fig. 3. Identification of tree structure.
(a) Original network (total time=96)
(b) Minimum spanning tree (total time=44)
(c) Shortest path tree (total time=50)
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Table3. Repair sequencing based on maximum efficiency method and Horn's

algorithm (See Fig.4)

maximum Horn's algorithm
repair efficiency method
sequencing

node No. 7 node No. 7%
1 11 0.50 2 0.67 +
2 23 1.00 3 3.00
3 16 0.67 11 0.62 +
4 22 0.50 23 1.00
5 12 0.20 16 0.67
6 18 0.20 22 0.50
7 24 0.25 9 0.50
8 7 0.20 15 0.50
9 13 0.50 7 0.44 +
10 19 1.00 13 0.75 +
11 2 0.20 19 1.00
12 3 3.00 8 0.37 +
13 9 0.50 14 0.67 +
14 15 0.50 20 1.00
15 8 0.20 12 0.21 +
16 14 0.50 18 0.22 +
17 20 1.00 24 0.25
18 5 0.20 5 0.20

= HORN ALGORITHM
—— MAX EFFICIENCY METHOD (AVE=23S.04)

(AVE=23.87)
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H 2
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Fig. 5.
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Restoration curves (See Fig.4 and
Table 3).
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Table4. Comparison of total penalties (See Fig. 10)
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