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Table 1. Stock flow in different sectors of industry

L e N lolatl e SO &S ol ool 5 53
5 QIS 0L =) disls Sass BLE| eal 45 o S5 Cnis
S o M5 Y parme S5 05 (s

SIS (2555 LS (6 sl ceddnl e b cis
ol o el b e sl SINE s ol mle
S35l el Llm B s W5 J6 e 4 V6
(3,5 00 505 o 5 clas e sl o nle Lo o
S gl s s sl il s Lol
AL S el 8 ) (e S



WLes 5 Jldel KL

el 5 Sl SO sles ) (olup ke g S 5T

ot S5l (UDIM) elimesls 5 Shas pie Sl
23 3 S Cpule & Ol 53 48 &S o szl |
o (Saly sl elsl 4 IS sl sl (2315
53 Lt o5l mie SO a0l o it sla h Ll
OB ol 03 oA ey Ll el (5l e
0> dolie (Saols dacs sla el 35 Sl b Las e
dies Colom (SilwainS (olgiley Js) 53 ol (s
RCIW P (WP T B PV

Coabo Q) daly ol @z Comlo [ ls (ganuls
o S WS 0L e i s | S ol s
[22] xS

2
Pz = Xit1 Xjm1 [:T(i] @)

s U Jis s 5,mal ol 4 Olseah(0) 555 L
ol o Cule Q) (salal oyl 05 SaiaS
38 e JSEN(0) 51l Ll a a5 (@) (ol
S S el Sl ite 03, SaS L e ol pLl
Ol |y Ll 0les aS) o Sls s SO T 5 q(0) €' (D)

Sy Do (Aad
Aol b e el sddaSl (Vo) a3 s =t
—pslis Slags il anslis e a5 (oolgniy Je Sl ealinl
sl slap 5 () adaly 53 ol sal (V) 0553 53l
ol i by s s S e Bl L e 500
a iy ol Lall 3 4 bg o lns 8 (53123
ke sLa 5l (sl 45 .l O 8 (5 5lp slie

355 e o Sl Ol 5l 5 253 0 aalons

W o —¢

SlWs -V-F

b S0 Olgeas O Coeal ar 5 L Gl cnl 5o
03 a3l g s Vb Gl ramen 5 5508 ool

le_hdlf’ﬁ;ﬁa.kﬂ;b)‘jﬁhmﬂ C)‘)Lm:- L;.«:J).?Mgg_ﬂ

1 Uncertainty DIIM

28

s iS5k e b gy S g e LK
LS\J—’ bl u,:»_>u Lﬁibb‘; k, k_»J“J_o,ﬂ g;_w‘J_k_;)Jkl,,kn
Wdas o Ol sl G s cgllas oyl 5w S
L&jﬁ@ﬁc«%QM)kaljZ?Jfﬁ}uﬁLxﬁ‘)bé

o303 0Lz (V) alaly 53 OF deulns K85 oS ol 2o

[22] ol s
In q;(0)

P38 WA JLAJ.’ LILLE':'Q éu‘;'wb g*{.);LAA* wflﬁw
Lo i o (s3lanl Joline sl Saoly Ol oS ol
AT

A* = [diag(X)]?! V)

sl DM o 3l eslial 53 sl 35l 3 S0
i 53 ol ol aS cll Ol Jgb s S (slal
A s Slesessn se il b i 5 Ses el S o
msloes Yool Jl 55 e 5 0L ool sdsl 5455 4
ol [20] 403 S boae |, Q) S slasl ol
sbassly 5 Glr sbadl Dl ¢sema 51 S (g3l
Ol gsluasl ool T e s IS 0le3 b a5 e Sl
03 $olatl cadie glaizy IS Dhles ¢ osamme (odins
(W) alail; S5l S galasl ol ol 0T 3 Shas pae
ol s

Q=X"X1490) W)
Sy s FLe SLa ek S Sl s ¥
Jolize

03 Cmbad a5l sl 2l SO e 5 SO
63,5 &IDIM Lau g JU o Jlize sba Sasls s5ledde
R e Olsme oSSl ol ]



\Yavdl /7 Y e)w/r.h.wi)jé

Sy pde anaz i LOL S o gl Ll Ol 5 ool
Ol b o ol ot o3linal [12] o o 31 o gt 0l o
e el 3 o gt Dl b L a5 Gl
3ol sy D e ie Sl mlan s gl L
Cend Jla i a5 5l oS ol aliad jaane S Ll O

[12] &5
Coglie (oldde adly ol 5o 592 50 Cunds 5o WOL LS
Lalk 2 5l eldS o syl a3l 550 Do pe 03 Al &)
> Sas phe ol s o s 51, 55 s Ses 3l glae
Sl 03 5 3sd e el S s pe Cuandy 53 5 Shes pds
—at O3 plil s 5o ) A3 ) e WaOL 0 end
3, Ses ple (V) dsdmr dms e OLLS (g5 slis <8
Slalas 5 O ot B all ) 35 g0 Conds 53 a0k 2
GLS o J-b 5 Jem ool slal b golasl el 5 (L

126 - 24] das e 0L 1y & pbis 5 G

e Ol pes (oilige (i s sy — (code alns
el slags sl aal aslie 5 )5 5 55 06 6d Sl
sy eolgin s i sk 4 Ol il 53 5k

B

50 sl oS josa 53 s pe Dlilllas & x5
o Kby Sldllas Sl el ) o a3 il lagy sl
sl Slaal g il ks o3 8 ks s ) ks
JS s VIY s sl s ok sy Sy sl
Sl ol das 8 K s Wil (ke Ol O Jled
Jls JS LSt Sladllas ulid ol S5 4 p5Y [24]
S sl S e 3 et Jeily 2 LI 06
[25] ol Ol

s pde 5 Gl SOk S 5 S S
Led Shasim ol 02 Ol - plad & by o Dbl o
LA gy p Dl e 5 38 s e B ool ol LS
Al (Ss ol ls 5 L gl pe 0 0L 8 el

Colam 03551 s (6l s (3lupslie a3l 5 A

()
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ming o) r,c*(t) { Pes [%} X)X, [{1+ Kl[diag(X)]'Z — K}*'q(0) + X{Z1{I + K[diag(X)]*Z — K}'KC*(t— 1 — 1)]]2

[27] slasl s 51 SaSs & slall b (Sals Olin 5 357 30 Cumds ssbow 53 L 0L 3 3 Shas pde Y i

h{q(0), T, c*(0),c*(1), ....c*(t — 1)}

Reduction in the

Economic intraction - million Rials per day

initial .

performance inrastructures
i(0) Comunication  Transportation Water Gas Electricity
0.78 576.0438 72.25479 108.6329  89.09863 2655.419 Electricity
0.35 60.79452 35.88493 26.05479  2118.693 2191.348 Gas
0.56 11.70411 2.410959 195.1014  2.134247 0.871233 Water
0.60 1283/767 1488.97 7.268493  91.38082 21.89863  Transportation
0.80 30846.91 58.2274 20.63836  61.05479 23.34521  Comunication

Table 2. The inoperability of the infrastructures in the do nothin scenario and the degree of dependence of the
infrastructures to each other economically [27].
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Cost of The inoperability of infrastructures
(brﬁ:irgrf]igg?s) Transportation Comunication Gas  Electricity Water Strategy
- /60 /80 135 /78 /56 1
6850 /45 /58 128 /57 /42 2
15060 130 /.36 121 /.36 /.28 3
32380 75 /5 /5 /5 /75 4
47146 71 /1 /1 /1 /1 5

Table 3. The initial inoperability of the infrastructures in the retrofitting strateges
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Demand perturbation R?ﬁ%lsry Rfr?: ?rtlli(t)iglm
performance Infrastructure  Strategy
* * * * *
C ((7160)5.). C C (3(?)5) C CC *((()335.). T, (day) 4(0)

0.1 0.2 0.35 60 0.78 Electricity
0.08 0.1 0.23 20 0.35 Gas

0.1 0.2 0.38 55 0.56 Water \
0.2 0.3 0.4 90 0.6 Transportation
0.24 0.3 0.42 105 0.8 Comunication
0.05 0.15 0.29 20 0.53 Electricity
0.03 0.14 0.2 15 0.25 Gas
0.03 0.19 0.28 15 0.39 Water ¥

0 0.008 0.37 80 0.41 Transportation

0.1 0.2 0.35 80 0.55 Comunication
0.08 0.1 0.25 7 0.29 Electricity
0.03 0.13 0.19 5 0.15 Gas
0.05 0.11 0.23 10 0.22 Water T
0.1 0.19 0.32 10 0.23 Transportation
0.09 0.11 0.3 10 0.30 Comunication
0.01 0.08 0.15 5 0.05 Electricity
0.01 0.08 0.12 5 0.05 Gas
0.02 0.09 0.15 5 0.05 Water ¢
0.01 0.09 0.16 5 0.05 Transportation
0.02 0.09 0.16 5 0.05 Comunication
0.01 0.08 0.15 0.5 0.01 Electricity
0.01 0.08 0.12 0.5 0.01 Gas
0.02 0.09 0.15 0.5 0.01 Water °
0.02 0.09 0.16 0.5 0.01 Transportation
0.02 0.09 0.16 0.5 0.01 Comunication

Table 4. The inoperability and recovery time of the infrastructures

Sy o Sl 3 Conlam (a2l 5 e b g3l DLt 0 Jguer

Reduction of economic losses  Reduction of sensivity index Economic loss

Sensivity index Strategy

to retrofitting costs to retrofitting costs (Billion Rials)
- - 48293 8510 1
3.66 0.3996 23195 5773 2
2.15 0.3089 15847 3859 3
1.35 0.1977 4558 2109 4
1.02 0.1766 0 184 5

Table 5. The indirect loss and sensitivity index in the retrofitting strateges
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Abstract:

Optimal financial resource allocation to the seismic retrofitting of the infrastructures and specifying their
priority are considered as prominent issues in the macro scale decision making process. As the optimum
strategy is adopted and the budget allocation is performed with the appropriate priority, it is expected that a
significant loss reduction is achieved. When the financial resources are limited, allocating based on the
proper priority seems to be more vital.

Urban development has been rapidly progressing in Tehran without the development of proper disaster
prevention systems against potential earthquakes. It is urgently necessary to prepare a regional/urban
earthquake disaster prevention plan in order to mitigate possible seismic damages in Tehran. The purpose of
the study was to understand how the failure of one infrastructure or any of its elements propagates to other
infrastructures in order to implement management policies that can mitigate the consequences. In this work,
Tehran is initially introduced in aspects of its active faults zone around the city, and its probable earthquake
scenarios.

In this work, the optimum strategy for retrofitting the infrastructure networks as the water, transportation,
communication, gas, and power infrastructures is investigated using Uncertainty Dynamic Inoperability
Input-Output Model (U-DIIM). This optimum strategy is adopted against the earthquake impacts in terms of
the indirect economic losses, sensitivity to the parameters of the commodity flow matrix and cost of
retrofitting strategy.

According to the current situations of infrastructures in Tehran, the inoperability of the lifelines, were
gathered from the lifeline documents with the help of Tehran Disaster Mitigation and Management
Organization- Tehran Municipality, based on the North Tehran fault earthquake scenario. Strategy 1, referred
as the “Do Nothing” strategy in this work which indicates the current situation of lifelines in Tehran
Province. In summary, strategies are based on different levels of the reinforcement of the structures and
hardening strategies for infrastructures. The cost of implementation, recovery time, and perturbation after
earthquakes calculated for each strategy. By minimizing the total economic loss, sensitivity to economic loss
parameters and cost of implementation of strategies, the best scenario is selected for the recovery strategy.
Therefore, the indices employed in this research include reducing the economic losses and also the
sensitivity with respect to the costs associated with the conduction of the strategy. The Pareto method is also
used in this work to select the optimal retrofitting strategy. The results reveal that increasing the seismic
performance of the infrastructures by 25% is the optimum retrofitting strategy from the economic point of
view. Following this strategy, the ratio of economic loss reduction to the strategy implementation costs and
also the ratio of the sensitivity reduction to the strategy implementation costs are 0.3996 and 3.66,
respectively. It is worthwhile to note that all economic interactions between the infrastructures are taken into
account in the research.

Keywords: Infrastructure, Earthquake, Retrofitting, U-DIIM, Prioritizing retrofitting strategy.
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