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Lifelines
• Electric Power: Moderate, locally severe damage

• Water: Moderate damage + regulatory shutdown

• Highways: Severe damage

• Railroads: Moderate damage, locally severe

• Natural gas: Moderate damage

• Levees: Severe damage

• Total Repair Cost (for lifelines): ~$ 2 Billion US. 
Economic impact: much, much larger



Hazards
• Shaking: PGA > 0.5g for ~ 420 km^2 (28 km long by 15 km wide). Most 

of this is in rural areas, but Mashita town heavily hit. Main population 
area in Kumamoto City < 0.25g. Fukuoka City < 0.05g. Farmland covers 
40% of strongest shaking areas. Forested hills cover 50% of strengest 
shaking areas.

• Liquefaction: settlements > 0.5 meters in main water well area; in 
Mashita; sporadic 5 - 10 cm elsewhere.

• Landslide: extensive deep-seated slides where PGA > 0.4g and slope > 
30 degrees. Total failure of many bridges. Failure of some transmission 
towers.

• Fault offset. About 20 km of surface faulting, commonly 0.3 to 1 meter, 
some places 2 meters. A few lifeline crossings, including roads, tunnels, 
electric power poles, a few pipes. Some severly tilted distribution poles.

• No tsunami issues
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Ground Motions



F = Futagawa Fault
H = Hinagu fault









Futagawa Fault
• April 16 2016 Mw 7.0

• ~3 events in 26,000 years, including 2016

• Right Lateral, south side “up”

• Rupture length ~ 30 km. Dip 60-84° WNW

• Rupture direction to ENE

• Maximum offset observations = 2.0 meters 
horizontal, 0.5 meters vertical up (south side) 
typical, 0.2 meters up (north side) in some places



Hinagu Fault

• April 14 2016 Mw 6.1 (various as Mw 6.0)

• Right Lateral

• Rupture length ~ 15 km. Dip 60-80°

• No surface fault offset observation 
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Kumamoto	Airport

Summary	of	the	ground	motions	recorded	nearest	to	the	Kumamoto	Airport.	The	PGAs	for	the	three	
components	of	each	record	are	shown.	The	map	also	shows	the	intensities	of	the	earthquake	
estimated	by	the	USGS	using	PGA+PGV	conversion	to	MMI.

The	recorded	time	histories	at	Mashiki,	left,	and	Kumamoto,	right.	Courtesy	Peter	Yanev.	
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Uto	City	Hall



Landslides



PGA ~0.4g+. Slope > 35°. Percent Massive Slide = 10%



PGA ~0.4g+. Slope > 35°. Percent Massive Slide = 20%



Foreground: Bridge Collapsed due to landslides at abutments
Background. Massive landslide fails 4 lane expressway and railroad tracks

4 lane expressway (route 57)

JR railway

bridge

water flume to penstock
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PGA ~0.7g+. Embankment failure



Original Embedment



Electric Power



Kyushu Electric

• FY 2015. Sales 79,210 million kWh (down from 
85,352 million kWh in FY 2011)

• Revenue about $8 Billion / year



Kyushu Electric
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Kyushu Electric



Kyushu Electric. Fore Shock, April 14 at 21:26
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Kyushu Electric. Main Shock, April 16 at 1:25
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Kyushu Electric. Damaged Facilities



Kyushu Electric. Transmission Line Issues



Kyushu Electric. Transmission Line Issues
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Kyushu Electric. Transmission Line Issues



From Kurakowa Substation
2 lines, 66 kV

To Takamori Substation, 2 lines, 66 kV

To Ichinomiya
Substation, 2 lines, 66 kV
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Steel Pole 9
No apparent yielding



Steel Pole 9
No apparent yielding



Steel Tower 10
Buckled Brace





Kyushu Electric. Transmission Line Issues



Typical 500 kV 
Strain Tower

Jumper 
Configuration

Strong Inertial Shaking Causes 
the Porcelain Insulators to 
vibrate against each other, 
damaging sheds. Or, Cable 

dynamics allow the strings to 
compress, allowing shed-to-shed 
and string-to-string impacts. No 

faults occurred due to this 
damage mode

?

?

Which Failure Mechanism?



Kyushu Electric. Transmission Line Issues

Solution: add spacers. Cause: vertical motions?
This damgae did not cause faults



500 kV Kumamoto Trunk 1



500 kV Kumamoto Trunk 2



500 kV Reihoku Trunk



500 kV Reihoku Trunk



500 kV Reihoku Trunk



66 kV Kurakawa - 
Ichinomiya 

No. 5



66 kV Kurakawa - 
Ichinomiya 

No. 5



66 kV Kurakawa - 
Ichinomiya 

No. 7
April 16 821 am



66 kV Kurakawa - 
Ichinomiya 

No. 7



66 kV Kurakawa - 
Ichinomiya 

No. 8
April 16 8:35 am 



66 kV Kurakawa - 
Ichinomiya 

No. 8
April 16 8:28 am 



66 kV Kurakawa - 
Ichinomiya 

No. 8
April 16 8:28 am 



66 kV Kurakawa - 
Ichinomiya 

No. 31
April 16 9:29 am 



66 kV Kurakawa - 
Ichinomiya 

No. 31
April 16 9:29 am 



66 kV Kurakawa - 
Ichinomiya 

No. 30
April 16 9:29 am 



66 kV Kurakawa - 
Takamori 

No. 2
April 16 8:28 am 



66 kV Kurakawa - 
Takamori 

No. 2
April 16 8:21 am 



66 kV Kurakawa - 
Takamori 

No. 2
April 17 8:52 am 



66 kV Kurakawa - 
Takamori 

No. 2
April 17 8:52 am 



Kumamoto Substation 2004. First Built ~ 1975

500 kV Yard G
IS 4 Lines

220 kV Yard 10 Lines

66 kV

1-3ø 500 - 220 kV TR

1-3ø 220 - 66 kV TR

1-3ø 66 kV RE



2015
Southeast part of Yard, 500 kV, 500 - 220 kV TR, pre-earthquake

GIS

66 kV Bushing



66 kV Slipped Bushing and oil leakage

66 kV Neutral Bushing



April 16 2016 JST After Main Shock

DS 3

VT 1

DS 1

DS 2
DS

DS



April 16 2016 JST After Main Shock

DS



April 16 2016 JST After Main Shock

VT. Older design. No seismic qualification
Similar device broke at Sendai 2011 Tohoku EQ

DS 2

DS 1



April 16 2016 JST After Main Shock

VT. Older design. No seismic qualification



April 16 2016 JST After Main Shock

VT. Older design. No seismic qualification



April 16 2016 JST After Main Shock

DS 2



April 16 2016 JST After Main Shock

DS 2



April 16 2016 JST After Main Shock

DS 3



April 16 2016 JST After Main Shock DS 3 (Pantograph)



April 16 2016 JST After Main Shock

DS 3 (Pantograph)



DS 1 220 kV



DS 3 220 kV



DS 220 kV



DS 220 kV



CB 220 kV



April 14 2016 Kumamoto B 500 - 220 kV
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Kyushu Electric. Hydro Issues



Turbine Building Failed. Repair after the landslide along the 
access road is repaired (July 2 2016, t+77 days)

JNC Company. Produces Fertilizer
Owns 13 Hydroelectric Power Plants



Distribution



Kyushu Electric. Distribution Issues



Kyushu Electric. Distribution Issues



Kyushu Electric. Distribution Issues



Kyushu Electric. Distribution Issues



Kyushu Electric. Distribution Issues





Common 
Distribution 

Pole
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Concrete
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Wood Poles
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Cross Arms
are steel

Attachments
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sometimes 
rotate the 
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Nuclear Power Plants



Sendai: In operation at the time of the earthquake.

2 x 890 MW (1984, 1985). All PWR





Genkai: Not in operation at the time of the earthquake.

2 x 559 MW (1975, 1980) + 2 x 1180 MW(1993, 1996). All PWR





Questions?
John Eidinger

eidinger@geEngineeringSystems.com
 www.geEngineeringSystems.com

http://www.geengineeringsystems.com

