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Worldwide Natural Gas Pipelines Data

https://www.cia.gov/library/publications/the-world factbook/fields/2117.html



Examples of Gas Pipeline Failures in Previous Major Earthquakes



Methodology for seismic hazard evaluation

Methodology for seismic hazard evaluation: I) Pipe inventory, II) available maps of the region, 

III) hazard factors, IV) GMPEs, V) PGA, PGV, VI) Sa (0.1), Sa (0.2)



Methodology for SeismicRisk Evaluation

Seismic risk evaluation: I) hazard parameters II) vulnerability analysis, III) loss figures, 

IV) fragility functions (methodology), and V) Damage maps



Urban Earthquake Risk of Buried Pipeline

Pipelines diameter and thickness

(Ref: www.botas.gov.tr)



Fragility Relationships: Japan Waterworks Association (1998)



Botas Natural Gas Pipeline Risk Assessment Results

Tokyo Metropolitan Area (1997) 
was implemented for BOTAS 
natural gas pipeline system in pilot 
area (Kocaeli) to test the REDAS 
(Please see the next slides).



Botas Natural Gas Pipeline Risk Assessment Results

Fig. 3: Number of Damage Distribution Map

Fig. 2: Intensity Distribution Map

Fig. 1: Kocaeli Eartquake Event and Fault Information in Run Interface



Botas Natural Gas Pipeline Risk Assessment Results

Fig. 5: Ratio of Damage Distribution MapFig. 4: PGV(cm/s) Distribution Map



Fragility Relationships: ALA (2001) 

• Proposed two different vulnerability functions for wave propagation using the data from O’Rourke and Ayala (1993), 
Toprak (1998), and Isoyama et al. (2000).

𝑊ave Propagation:
𝑅𝑅 Τ𝑟𝑒𝑝𝑎𝑖𝑟𝑠 1000 𝑓𝑡 = 𝐾1 ⨯ 0.00187 ⨯ 𝑃𝐺𝑉

𝑃𝑒𝑟𝑚𝑎𝑛𝑒𝑛𝑡 Ground Deformation:
𝑅𝑅 Τ𝑟𝑒𝑝𝑎𝑖𝑟𝑠 1000 𝑓𝑡 = 𝐾2 ⨯ 1.06 ⨯ 𝑃𝐺𝐷0.319



Fragility Relationships: Chen et al. (2002)

• Assessed the performance of natural gas (types of polyethylene (PE), steel, and cast iron, CI) and water pipelines 
during Chi-Chi earthquake.

PGV (cm/sec) Pipeline Diameter

0.02 ⨯ 𝑃𝐺𝑉1.23 φ ≤ 65 mm

0.48 ⨯ 𝑃𝐺𝑉0.11 65 < φ < 150 mm

0.092 ⨯ 𝑃𝐺𝑉0.25 φ ≥ 150 mm



Fragility Relationships: O’Rourke et al. (2015)

• Ground-strain based fragility relations of buried segmented pipelines using the data from 10 different earthquakes.
• The pipeline damage data observed in Adapazari due to 1999 Kocaeli Earthquake is included.

𝑅𝑅 = ൝
56,970 ⨯ 𝜀𝑔

1.52

178 ⨯ 𝜀𝑔
0.59

𝜀𝑔 < 0.002

𝜀𝑔 > 0.002

𝜀𝑔 is ground strain



Fragility Relationships: Logic Tree

 

WP Hazard 

ALA (2001): w = 0.4 

Chen et al. (2002): w = 0.3 

O’Rourke et al. (2015): w = 0.3 

PGD Hazard 

ALA (2001): w = 0.6 

O’Rourke et al. (2015): w = 0.4 

• Considering all the fragility relations 
presented, a logic tree of fragility curves will 
be constructed to account for epistemic 
uncertainty in the damage assessment to 
buried pipelines.

• Current Status: The application of these 
relationships through REDAS...



Chapter Chapter Title Status

1 Background of the Document Done

2 Types of Hazard on Buried Pipelines Done

3 Performance of Pipelines in Past Earthquakes Done

4 Empirical Fragility Curves for Pipeline 

Hazard Assessment

Done

5 Recommended Fragility Curves Done

6 Implementation of Recommended Fragility 

Curve to Pilot Area

Ongoing

Deliverable D.T3.4.1: Earthquake Damage Assessment of Natural Gas Pipelines (Pilot Study)



Thank you

can.zulfikar@gmail.com
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