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Priority Analysis for Infrastructure Recovery from Volcanic Disaster

ABSTRACT

Recently volcanic eruptions and activities occurring in many parts of world have become a common global concern to many countries.
The severity of these Volcanic disasters, such as of Mt. Eyjafjallajokull in Iceland and Mt. Merapi in Indonesia ,have caused damages
and causalities reaching astronomical levels. The infrastructure is categorized into 18sections that appropriately reflecting the survey
data collected from various government agents, current inhabitant and engineers to accumulate a database on the priorities and
preferences of restoring and reconstructing many kinds of infrastructure and facilities. The survey data was collect by using the “Likert
5 Scale Method” which emphasized the importance and priority of reconstruction and restoration for the specific facilities and
infrastructures. The data was corrugated, organized and used in plotting and planning a strategic recovery agenda. The survey results
were analyzed and verified to ensure the validity and reliability of the data by using chi-square test. This paper presents that recovery
period and recovery cost to the total damage of infrastructure and facilities were used to make a recovery network with implemented
construction management method. The research is expected that a more efficient and prompt recovery protocol and recovery plan can
be executed and can be use as a reference and database.
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Table 1. Status of Volcanic Disaster (1900~2013)
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Item Africa | America | Asia | Europe | Oceania
Number of 17 81 %3 12 3

volcano eruption

Deathtoll | 2218 | 67,858 | 21,788 | 783 | 3,665
Economic | 10 15 168.697| 708351 | 44300 | 110,000
damage ($)




Table 2. Case in the World of Recent Volcanic Disaster

Table 4. Classification of Social Infrastructure Facilities

Nation | Volcano name | Year Introduction

Ist Classification 2nd Classification

Unzen volcano eruption had a
massive casualties by rocks and
tsunami, weak of awareness, killed
Japan Unzen 1991 |volcano's specialists, fire fighter
and media people who observed
volcano eruption in evacuation
area.

In the case of Pinatubo, it was a
massive explosion, but it succeeded
in predicting volcanic eruptions,
Pinatubo 1991 |deaths from direct damage volcano
was less than that of the socio-
economic impact and the nature of
the worst damage.

Philippines

Because of volcanic ash, the aircraft
cancelled worldwide.

Iceland | Eyjafjallajokull | 2010 | Thereby Each country has resulted
in enormous social and economic
damage.

Road

Railroad

Traffic equipment -
Airport

Bridge

Square

Facilities space Park

Public open space

Economic equipment

Water supply facilities

Distribution provision facilities Electricity supply facilities

Gas supply facilities

Communication facility

Retarding basin

Disaster prevention facility
Dam

Crematory

Sanitation T
Charnel Facilities

Table 3. Number of Deaths by 2010 Eruption of Merapi Volcano
(BPBD, 2011)

Date Loss of lives
Oct. 26, 2010 ~ Nov. 4, 2010 40
Nov. 5, 2010 ~ May 23, 2011 306
The total 346

The cause of death Loss of lives
The number of death from scald 186
The number of death from non scald 160
The total 346
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Table 6. Priority of the Recovery of Social Infrastructure Facilities
Associated with the Generated in Volcanic Disaster

% 1257 257REAE A ™ AES]E2 100%0]th Inlfras.t;uctgre Infra.structure Restoration Priority
Ae] Ue 29 57 s ARoeH 187)0] 2350 ol Classifcaton e
Bridge 120 1
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e gl g @A) Aldeie)7 1]l BPBD Sl (Sleman Water facilities 118 3
Regional Disaster Management Board)2} Al ZUER 7|32l Green belt 12 4
BPPTKG (Agency for Investigation and Technological Development Electricity facilities 104 5
of Geological Hazard), th&}¢d+71¥<] DREaM UDI (Disaster Economic equipment 100 6
Research Education and Management in Univ. Development Communication facility 100 6
Indonesia) 5 TA71¥ FARIEH @AFH Purwobinangun Dam 93 8
w27} Hargobinangunu}&571S tiido 2 18319tk Table Waste disposal equipment 92 9
55 AR UPIRke} k] 21¢loltk Sewerage arrangements 87 10
Airport 84 11
Park 84 11
Table 5. Classification of Survey Subjects Cemetery graveyard 84 11
Survey time : 2013.09.01.~ 2013.09.11. Square 81 14
Subject Respondent No. Railroad 68 15
Local researcher 8 . -
- River-Reservoir 66 16
Local public servant 5 —

Local resident 12 Gas supply facilities 48 17
The total 25 Crematorium 44 18
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Table 7. Utilizing SPSS Chi-square Verification Results

Value Freedom degree S1gnlﬁc.au.1 ce
probability
Pearson 100.0002 9 0.370
chi-square
Likelihood ratio 78424 9% 0.904
value
Linear bound .000 1 0.984
Valid case 25

Table 8. Analysis of the Consistency of the Questionnaire Responses
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Table 9. Weights Reflecting the Sensitivity

by Facilities
ety S0 | ss a0t
Road 0.394 (¢}
Railroad 0.370 (6]
Airport 0.370 (¢}
Bridge 0.406 (6]
Square 0.370 O
Park 0.370 (¢}
Green belt 0.381 (6]
Economic equipment 0.370 O
Water supply plant 0.394 O
Electricity facilities 0.381 O
Gas supply facilities 0.381 O
Communication facility 0.394 O
River-Reservoir 0.370 O
Dam 0.381 O
Crematorium 0.381 O
Cemetery graveyard 0.370 (0]
Sewage. treatment 0370 o
equipment

Survey target Wei ghteq value Survey target Wei ghteq value
(Wi) (Wi)

Subject1 2 Subject14 1.5
Subject2 3 Subject15 2
Subject3 2.5 Subject16 3
Subject4 2 Subject17 2
Subject5 2.5 Subject18 3
Subject6 3 Subject19 2
Subject? 25 Subject20 2
Subject8 3 Subject21 2
Subject9 2 Subject22 2.5
Subject10 2 Subject23 2.5
Subject11 25 Subject24 1.5
Subject12 2 Subject25 3
Subject13 1.5
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Table 10. Priority of the Recovery of Social Infrastructure Facilities
Imposed Weight Sensitivity of the Questionnaire Target

Infrastructure Weighted point (Rke) | Restoration Priority
Bridge 275.5 1
Road 274.5 2
Water supply plant 272.5 3
Green belt 258 4
Electricity facilities 240 5
Communication facility 229.5 6
Economic equipment 228 7
Garbage dump 216.5 8
Dam 207.5 9
Segii;;iﬁ?em 203.5 10
Cemetery graveyard 191.5 11
Park 190.5 12
Square 189.5 13
Airport 189 14
River-Reservoir 157.5 15
Railroad 154.5 16
Gas supply facilities 106 17
Crematorium 97.5 18
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Table 11. Weight Calculation in Accordance with the Recovery

Table 12. Infrastructure Recovery Period Calculated According to

Costs of Social Infrastructure Facilities Weight
Infrastructure Rehabilitation Cost | Weighted Rehabilitation Infrastructure Restoration time Weighting Rest(?ration
RC (USD) Cost WRC, (Day) time (WRDi)

Road 7,130,000 1.324 Road 730 1.244
Railroad 30,000 1.001 Railroad 16 1.005
Airport 31,000 1.001 Airport 16 1.005
Bridge 230,000 1.010 Bridge 730 1.244
Square - 1.000 Square - 1.000
Park 11,544 1.001 Park 120 1.040
Green belt 38,000 1.002 Green belt 10 1.003
Economic equipment 620,000 1.028 Economic equipment 365 1.122
Water supply plant 822,500 1.037 Water supply plant 180 1.060
Electricity facilities 2,063,000 1.094 Electricity facilitics 30 1.010
Gas supply facilities - 1.000 Gas supply facilities - 1.000
Communication Communication facility 7 1.002
facility 135,500 1.007 River-Reservoir 365 1.122
River-Reservoir 3,840,000 1.175 Dam 365 1.122
Dam 5,000,000 1.227 Crematorium - 1.000
Crematorium - 1.000 Cemetery graveyard - 1.000
Cemetery graveyard . 1.000 Sewage treatment equipment 60 1.020
Sewage treatment 5025.000 1092 Garbage dump - 1.000

equipment T : The total 2,994 19

Garbage dump - 1.000
The total 21,996,544 19
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Table 13. Weighted Addition Result of the Recovery Period and
the Amount of Recovery

. . Restoration
Infrastructure Que.:stlonnalre. r.esult Priority
after weighted addition Rscd,
before | after
Road 4524 2 1
Railroad 155.5 16 16
Airport 190.3 14 14
Bridge 346.3 1 2
Square 189.5 13 15
Park 198.1 12 12
Green belt 258.9 4
Economic equipment 263.0

Water supply plant 299.7 3 3
Electricity facilities 265.2 5 5
Gas supply facilities 106.0 17 17
Comg:irllilt?atlon 2317 6 g
River-Reservoir 207.6 15 11
Dam 285.8 9 4
Crematorium 97.5 18 18
Cemetery graveyard 191.5 11 13
Se“;:guei;ﬁﬁ?em 2267 0 | 9
Garbage dump 216.5 8 10
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Fig. 1. Recovery Network (l) with Costs and Weight of the
Recovery Period
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Table 14. Priority Applying the Weights Useful in the Evaluation of

Sensitivity
Infrastructure Reverse W(.eighte(% addition Rest.ora}tion
point (Rri) Priority
Green belt 257.14 1
Sewage. treatment 24776 )
equipment

Park 227.35
Dam 219.20 4
Comgﬂgatlon 197.64 5
Railroad 191.50 6
Electricity facilities 189.50 7
Water supply plant 187.73 8
Economic equipment 183.16 9
Road 166.58 10
Bridge 153.47 11
Airport 150.63 12
Reservoir 106.00 13
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Fig. 2. Recovery Network (Il) with Costs and Weight of the
Recovery Period
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