4. Seismic Safety Technologies for Dams in Japan
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Seismic Safety Technologies for Dams in Japan
C Epicenters of Earthquakes
ontents since 1996 year
1. Earthquake Situation in Japan
2. Major Earthquake Damages and Reinforcement Methods for Dams
) 2006-2015%F
2.1 Earthquake Damages on Dams in Overseas
2.2 Earthquake Damages on Dams in Japan 1996-20054F
Western Nagano Earthquake in 1984: Makio dam 2016%F-
Southern Hyogo prefecture Earthquake in 1995: Nunobiki dam
Western Tottori Prefecture Earthquake in 2000: Kasho dam
Miyagi prefecture Oki Earthquake in 2003: Tase dam, Hinata dam
Hokkaido east Earthquake in 2003.9: Takami dam
Mid Niigata prefecture earthquake in 2004: Asagawara dam, other 2 dams
Iwate-Miyagi Nairiku earthquake in 2008: Aratosawa dam, other 4 dams
The 2011 Off the Pacific coast of Tohoku Earthquake: Fujinuma dam, other dams
The 2016 Kumamoto Earthquake: Ohkirihata dam, other dams
The 2024 Noto Peninsular Earthquake
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1. Earthquake Situation In Japa 2. Major Earthquake Damages and
. . Eurasi Reinforcement Methods for Dams
Four major plates concentrate around Japan. So, Japan is one Plate
of the most earthquake-prone countries, and seismic disasters
have occurred frequently. ” _ .
; quently ) Pacifc Seismic Reinforcement Methods for Dams
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Completed in 1963, H=103m.
Gravity concrete dam

Koyna dam (India) ‘

Koyna Earthquake
—-1967 M6.5
—Dam base 0.63g

cracked (150m) in the dam
body by the1967 EQ.
5 - m\m...‘..'»-.mbm?

Just after earthquake

(@ 4 4

Damage in winching up tower

s

JLeakage from horizontal cracks i
Damage in gate house 8




Reinforcement after earthquake

Koyna dam

Reinforcement of cracks and leakages
*supporting wall by Buttress

*Anchor (post tensioned)

*Grouting by epoxy for seepage

Reinforcement

Anchor

Reinforced by buttress Buttress

Southern Hyogo prefecture Earthquake in 1995

Collapse of
Highway
Overpass

Collapse of Houses and Buildings

Destruction by displacement over seismic faults

Chi-Chi Earthquaike
(M7.6), Taiwan
1999.9.21., death toll :
2,415 person

Shih-Kang dam

a several meter
dislocation and
displacement occurs
—  Destruction of
dam body and gates

Restoration from Earthquake damage

Nunobiki dam «obe city
H=33.3m, Gravity concrete dam
Comletion:1900, Reinforced: 2001-2005

The Nunobiki dam (Kobe city, water suply) is the first concrete
dam in our country for the water supply to Kobe city.

In the Great Hanshin Earthquake of January 17, 1995, Kobe
city suffered great damage. At this time, the Nunobiki dam
was not damaged seriously, and the increase of the water
leakage / crack was not so much. The reason for this is that
because the weir shaft was in the north-south direction, the
maximum force did not act on the dam surface and the water
level was lowered in the winter (-5.6 m).

However, after that, the lift pressure increased due to leakage
occurred, and it was found that the cross section was
insufficient due to seismic performance. For this reason, large-
scale reinforcement of the dam has been carried out from
2001 to 2005. Construction work was carried out as a disaster
restoration work.

New concrete

\unobiki dam

Old concrete

Kobe city
o Osaka city
Al 10 14
Earthquake damages on dams i Japan Restoration and Reinforcement work o
Tt . A p-stream
N Nun0b|k| dam (2001 '2005) face under
k
The contents of restoration work wer
were the dam reinforcement
Western Nagano against earthquake by upper
Earthquake in dam body widening (3,350 m3) ,
1984.9 and the sedimentation dredging
* after lowering the reservoir, and
construction started in 2001 and
was completed in 2005.
+Makio dam
(H=105m) completed in
1961, M6.8 inland type
Earthquake in 1984.9
+ Subsidence ratiio
0.14%
+ Open crack at the dam
top Up-stream
+ Slide down at the top face
shoulder
1 Source: Nunobiki dam memorial report, 2006, Kobe city 15
Southern Hyogo prefecture Earthquake in 1995 Western Tottori
05:46 17/1/1995 E rtil? refi"t?rezooo
Epicenter : 34.36° North Latitude: a quake In
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Focal Depth : 16 km, JMA Magnitude : 3/10/2000 M;j 7.3
7.3 Mw 6.9, Inland type e [Kasho dam: dam base 531Gal. North/south
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Kasho dam Gravity

concrete dam (H=46.4m)

\»

\Deformation and cracks in the abutment of
repair gate house, but not crucial.

Dam top, vertical acceleration:
884Gal, horizontal: 2051Gal

Reinforcement by PC anchors

. e
cracks
~ N

Hinata dam H=56.5m, completed in 1997

maximum accelerations (stream direction): Dam base 228Gal, dam top 1111Gal

There were fine cracks in five of the overhangs on the upstream
side of the piers of the crest bridge, and the joints on the crest
balustrade and the overhanging part at the same location were
opened between 1.0 and 2.5cm. But this deformation did not
extend to the dam body section and did not reduce safety. Opening of Joints
on the Balustrade

N

\—>1111Gal

228Gal

Crack on the Crest
Bridge Pier
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Miyagi prefecture Oki Earthquake in 2003

Hokkaido east Earthquake in 2003.9

Japan Trough
. 1994 M7.5
26/5/2003 M; 7.1 R
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+_| Shijushida
Gosho

Kejonuma
Hanayama
8 | Aratosawa | 20
9 oda 1
10 urikoma 2
11 | Hinata 3
12 | Ryorigawa

x 2003 M7.0

The cn:\.quak
/

Miyagi-oki Earthquake of 1978

Iwate
18 Pref.
Yamagata 19

100km
Sea of Japan

Ly n
213, 12
g0 15 o
9 q

Epicente
gg 21 30 Evicenter
6

60km.

3
22

Yamagata

Yamagata
Pref.
Pacific Ocean

18

¢ Takami dam
(H=120m) completed in
1983, M6.8 inland type
Earthquake in 2003.9

cracks Depth of cracks: under 90cm

Width of cracks: 50mm
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Tase dam
H=81.5m, completed in 1954

cracks

The earthquake
damages were small
like below.

« fine cracks occurred
at the entrance to
the inspection
gallery

« crest lighting fixtures
were broken.

« Water leak from
displaced packing of
an air bleed valve.
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=
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Afew lighting fixtures are
damaged

The Tase Dam
Inspection gallery entrance

Mid Niigata prefecture earthquake in 2004

23/10/2004 M; 6.8
Distance from Epicenter : 22km
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1000
At the Tase Dam, the maximum
accelerations of 232 gal at the base and
1,024 gal at the crest were .
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the maximum acceleration is higher at the
Tase Dam than at the Hitokura Dam, but the
value at a period of 0.3~0.4 seconds (natural
period) is higher at the Hitokura Dam. This
property is assumed to be one factor behind 1
the small damages of dams caused by this

Kobe 1995)

Minoogawa(Kobe 1995)
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Sijushida

- - - -Gosyo

Acceleration response spectrum
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earthquake.

Emergency discharges were Asagawara dam

implemented just after Mid
Niigata prefecture earthquake
in 2004 at Asagawara dam
Yamamoto dam, Shin-
yamamoto dam

topslp — Cracks

Reservoir

just after the earthquake
Shin-yamamoto dam lv

After Emergency discharge

24




Asagawara dam
completed in 1945

>
Dam type: Center concrete
earth fill dam
Dam height 37m, dam top ERIE 22km

length 292m, width of dam
top 6.25m

«— Cracks and slip down

v
g at the top
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Shin Yamamoto dam
completed in 1990, Rock fill dam,

+ Damage in the dam body
—Subsidence of dam top: 80cm (ratio 2%)
*Swinging subsidence
—Lower stream side of dam
«Longitudinal cracks (max depth2.5m)
*Shallow sliding deformation

Distance from
epicenter 7km

’ d ‘1 hLPsidence

H= 44.5m, :
crac
L=1,360m, !6m i
W=10.0m and slide
Crack Subsidence
Land slide

material is a terrace sediment 29

Subsidence of the dam top

* Damages by the Earthquake
— Gap of height (maximum 75cm)
— Width of cracks (max about 40cm)
— zone deformation by slip (max 3m)

— evacuation directive to down stream
inhabitants

— Emergent discharge from dam

Restoration works in Shin Yamamotoyama dam

2005 year Restoration works
— Removal of cracked surfaces and
embankments (200,000m3)
— Stop of the power generation for
one year

(:)/crack

=44.5m

Step2: embankments

H=16m
core

Step1: Removal of cracked surfaces
L=1300m, thickness:10-20m
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Restoration works in Asagawara dam

* Adoption of the present criteria
— Raising up the dam height by 0.9m

* Removal of cracked surfaces and
embankments (30,000m3)

— Stop of the power generation for
one year
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Iwate-Miyagi Nairiku earthquake in 2008

14/6/2008 Mj7.2

* The 2008 Iwate/Miyagi inland earthquake of
magnitude 7.2 occurred at 8:43 a.m. on June 14,
2008. It caused earthquake damage to some dams
located in the near-fault area. The dams were, for
example, Ishibuti dam, Isawa dam(under-
construction), Aratozawa dam, Kurikoma dam and
Koromogawa No.1 dam.

* The lwate-Miyagi Nairiku Earthquake of 2008 did not
cause any damage to dams which was severe enough
to possibly threaten their safety. This verifies the
high level of seismic resistance of the dams.
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Myoken weir

shear cracks occurred in the
pillar section conjugation

Myoken,

* The damage concentrated
on Peers of the left bank
side that adopted the open
caisson bases because the
riverbed sedimentation
layer was distributed thick.

* The horizontal cracks
(sheared cracks) of the
peer developed at the

place where the structural TN
thickness was changed. LT TN K \
i ) ' \
The sheared fracture at the \ !
peer of weirs or dams is
the first case in Japan.
sheared cracks

cross-section

28
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Peak ground acceleration contour map
based onKiK-net and K-NET operated by
NIED (NIED, 2008)

W Dams surveyed

A K-NET
O KiK-NET
* Epicenter (JMA)

Isawa Dam
(Under construction)

Ishibuchi Damp

x Koromogawa 1st Dam
Epicenter

/

p Kurikoma Dam
Aratozawa Dam

Aftershock area (8:00, June 14
through 6:00, June 15)

Okm 10km 20km
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Aratosawa dam

« Earth Core Rockfill Dam
(ECRD)

* Height of Dam: 74.4m
» Completion:1998

spillway wall

Upper stream slope,
No deformation in

both slopes

Subsidence of the rock fill at
the back of spillway

No cracks on crest pavement

Pipe of crossarm gauge protruded

Max. Settlement : approx.20cm

No damage in dam slopes

Kurikoma dam H=43.5m,
gravity concrete dam

Broken pieces in footing

Broken concrete at joints

33 Cracks in gate house 37
Big scale landslide Ishibuchi Dam
in upper stream area of * Concrete Face Rockfill Dam
Aratosawa dam (CFRD)
Landslide: L=1.3km, W=0.8km, * Height of Dam: 53m
V=67x106m3 * Year of Completion: 1953
In Ishibuchi Dam,
Aratosawa dam deformation was observed at
the dam crown and at a part
located at high altitude on the
downstream side. However,
the concrete surface
impermeable wall that plays
the most important role in
water shielding was found
problem-free. Water leakage
measured at the toe of the
slope on the downstream
side increased slightly after
the earthquake, but became
stable in one hour.
water level was decreased after the earthquake 34 38
Aratosawa Surface detachment
Earthquake data dam 1024gal on the gate peer
. spillway
in dams
Damaged
_ dam top
g
k3] ! '
@ | '
c r.% spillway v !
© @ oL . .
35 at Dam Foundation b Ishibuchi Dam
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o Q
<X
N N \
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Right abutment 798 843 1,024
35 39
Ratio of Maximum
Acceleration between
Dam top and Foundation
crack Q crack
Input Earthquake Motion crack
1000
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Koromakawa No.1 Dam

H=35.5m, earthfill dam

Damaged
dam top

dislocation

Two rectangles indicate estimated focus model
of the earthquake. In this model, the epicentral
region was estimated to be approximately 400
km in length and 200 km in width.

Location of dams

After the in-situ detailed
investigation by MLIT, there
were no severe damaged in
dams under MLIT.

Check points of the investigation
-some damages had been reported
-leakage and displacement

-peak acceleration and seismic records
However, an agricultural

pond was breached right

after the earthquake and

eight people died by the

flood discharge. | will
describe the collapse of this
dam body on the next page.

Location of dams in jurisdiction of MLIT

MLIT: Ministry of Land, Infrastructure, Transport and Tourism 45

The 2011 Off the Pacific coast of Tohoku
Earthquake

Source: JIMA(Japan

Source: NIED; National Research Institute for Meteorological Agency)

Earth Science and Disaster Resilience

42

Results of Emergency Safety Inspections
= Total number of inspected dams :363 dams
-Some damages reported :46 dams (13%)

Typical damages reported

Dam type Damages in relation to dam body

Concrete dams | - Minor cracks on dam crests

- Increased leakage

Embankment
dams

- Cracks on dam crest of earthfill dams
- Cracks on upstream or downstream slopes of
earthfill dams

- Cracks on waterproof facing of AFRDs

* Among the dams constructed on rock foundation
under the regulation, no severe damage which
affects the safety of dams

* At some dams, minor cracks generated mainly at
their crest and/or leakage increased.
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Serious Damages 2011 Off the Pacific Coast of Tohoku Earthquake Earthquake Motions observed at Dams
. Srikamigawa dam(ECRD Miharu dam (PG
19,000 people dead or missing 9 ( ) (PG)
500 o 1000 Peak: 932.4gal
3 Peak 473.9gal E“ eak: 99z.4gal
s Crest 2
© 0 © 0
H of 2
é dam %
-500 -1000
0 60 120 180 240 0 60 120 180 240
time(sec) time(sec)
500
= 500 Peak 81.6zal /:;b Peak: 194.8gal
Fujinuma dam (agricultural pond) failure 2 €
.2 2
Source: Kyodo tsushin R e Dam § 0 —-—%———
3 foundation s
g g
-500 . . . -500
0 60 120 180 240 0 60 120 180 240
time(sec) time(sec)
Source: JMA(Japan Meteorological Agency) 43 47

The 2011 off the Pacific
coast of Tohoku
Earthquake

14:46, 11/3/2011 Mj 8.4, Mw 9.0

Epicenter distribution from 1 march

2011 to 29 Feb. 2106 Mg=4.0 Figure shows the

position of the
main dam and
the projection
position of the
tomographic
plane.

Source: N.Matsumoto, T.Sasaki, T.Ohmachi, Influence on dams
by the 2011 off the Pacific coast of Tohoku Earthquake

Source: JMA(Japan Meteorological Agency) 44
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Embankment Dam

Surikamigawa dam

Stream—directional cracks generated near the
boundary between dam body and right bank

Earth Core Rockfill Dam (ECRD)
H=105.0m

Completion:2006

PGA=0.11G

Leakage:
Increment fram 7Q to 100 I/min.
Max. EQ-induced Settlement:

17cm at the crest.
48

Close-up of a crack at crest pavement




Concrete Dam

Kamuro Dam

Opening of contraction joint (CJ) and leakage from
drainage hole from the CJ

300 400

u Tol Leaka

ge
4 Leakage from Contraction Joint 2J3
—Reservoir Water Level

200 -l":"l_’JI\_E 390
. b1
Eartquske N
(Main shock)

- -
100 ] £

Reservoir
Water
Level

380 EL(m)

Leakage
(Lnin)

Concrete Gravity Dam
H=60.6m

Completion: 1993 L
PGA=0.18G

N
" Earthauake
#* (Largest Afiershock)

—
-

201181

370
201168

2011810
Date

201128 2011510

Leakage increased a month after main shock 49

The 2016 Kumamoto Earthquake

@ 21:26 14/4/2016 IMAM 6.5 (Mw 6.2)
@ 01:25 16/4/2016 JIMAM 7.3 (Mw 7.0)
Inland type

® 01:25
16/4/2016

http://www.jishin go.jp
/main/yosokuchizu/kyu
) shu-okinawa/kyushu-
Source: JMA(Japan Meteorological Agency): okinawa.htmépref 53

http://www.data.jma.go.j dex.php

Fujinuma Dam

Main Earthfill dam, Height: 18.5m,
Crest length: 133m, Crest width:
6.0m,

Reservoir Capacity: 1.5 million m3,
Auxiliary dam

Height: 10.5m, Crest length: 72.5m
Completion 1949

Fujinuma-ike (Sukagawa city, Fukushima
prefecture) is an irrigation reservoir. The
construction of the dam were started in
April 1937, and completed in October,
1949.

Fujinuma-ike was breached shortly after
The 2011 off the Pacific coast of Tohoku
Earthquake. According to the local
officials of the irrigation department, 8
people were dead.

The epicentral distance is about 240km
and the shortest distance to the fault is
about 80km. The accelerometers were
not installed at the site.

e

Fujinuma lke

Photo by Dr. N. Matsumoto

Fujinuma lke
whole view
after breach
in 2011

50

Kumamoto Earthquake 2016

54

Sources: Review of the Cause of Fujinuma-ike Failure

--Summary Report-- January 25, 2012 Panel to evaluate the seismic
stability of dams and small ponds for agricultural purpose of
Fukushima Prefecture

Fujinuma lke Plan after breach in 11 march 2011
Failure Mecahnism of Fujinuma

The panel for investigation obtained the following findings.

1. The earthquake motion of the top of the bank reached 442 gal
and the earthquake motion of more than 50 gal lasted 100
seconds.

2. Compression degree of dam body is lower than modern
construction method.

3. Since the embankment of the upper part was a sand-rich
material, the strength decreased due to the earthquake motion.

4. Among the multiple embankment slides, initially generated slip
to the reservoir side induced overflow / erosion.

51

Outline of the 2016 Kumamoto Earthquake

The 2016 Kumamoto earthquakes are a series of earthquakes, since the first
foreshock earthquake at 21:26 on April 14, including a magnitude 7.0 mainshock
at 01:25 on April 16, and many aftershocks, beneath Kumamoto City of
Kumamoto Prefecture in Kyushu. Masonry collapse of the

<Loss by the disaster> kumamoto castle

The two earthquakes killed at least 50
people and injured about 3,000 others in
total. Severe damage occurred in
Kumamoto and Qita Prefectures, with
numerous structures collapsing and
catching fire. More than 44,000 people were
evacuated from their homes due to the
disaster.

collapse of
houses in
Mashiki
town
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Main dam cross-section

Restoration work
of Fujinuma ike

52
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HOﬂgOUChI Lower dam, Nagasaki city Relnforcement of developed dam
H=27.8m, Gravity concrete dam Up-stream face under work
Comletion:1903, Redeveloped:2008- 2012
With flood storage increase, dam
body widening and spillway
improvement are needed.
As a rgsult of stability analysis, ~~.2.6m
the reinforcement by dam body
widening was needed, and
earthquake resistant performance
240221 was also satisfied as a result.
_..¢ Old concrete
o 22,000 m3
New concrete  @::w=swssmsmrrmmnnanns -
10,000 m3
58 | Cross section of the dam center 62

IvThe 2024 Noto Peninsular Earthquake

wsen o = et e

Height of
Tunami
Seismic
intensity
Level
fER iR (20244F) - Wikipedia 59

Level 2 reinforcement of fill dam

Yamaguchi dam, Tokorozawa city
H=35.0 m, Center cored earth fill dam
Comletion:1934, Reinforced: 1998-2002

The dam is the important water source of the Tokyo
metropolitan, and many houses are located in the
dam lower stream. So, the reinforcement against
the biggest class earthquake was needed.

By the level 2 earthquake analysis, it became clear
that the function of the dam was not affected, but
the subsidence of 1m a little more than occurred in
the dam crest, and it became clear that the inside
also suffered the damage.

Therefore, in order to make the earthquake
resistance strengthen further, dam reinforcement
work was implemented.

Items of works:
Dam body
widening (up-and-
down stream side)
The slope and the
horizontal drain
(downstream)

Cross section of the dam center
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Horizontal Displacement

Vertical Uplift
I Pl —max 3m

—max 4m

Earthquake
Slip Model

No serious damages
in Noto area dams

§ FY-ZIN 5 .
AWK L = Kitakwachi dam

Hakkagawa dam IVSICIN
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T
| Level 2 reinforcement of fill dam

Murayama dam, Higashi Murayama city
H=32.6 m, Center cored earth fill dam
Comletion:1927, Reinforced: 2004-2009

Murayama dam and Yamaguchi dam under Tokyo metropolis
were needed to satisfy the Level 2 EQ requirement.

Level 2 EQ requirement

(1) Even if the big earthquake
occurs, maintain the safety of
the dam and don't do damage
to the human life and property.
(2) The function of the water
resource institution can be held

also in case of the earthquake.

Items of works:

Yamaguchi )
€ Widening and and the filter (purchase crushed
geotextile reinforced stone and sand) and reducing
Murayama embankment inside water level, the widening
(downstream), embankment was executed to
slope drain the downstream to strengthen
(downstream) the dam body.
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Seismic
analysis after

Hatsutachi dam

L e Completion :1967.12, dam
FILA L

height: 22.5m, reservoir
volume 1,700,000m?3

Subsidence <1.0m 0K

Cross-section profile: reinforced by embankment: Center-core Fill dam

Original Cross-
section profile

Seismic analysis
before
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Senbon dam seismic reinforcement (20194 ~20204)
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Thank you for your attention

For the dam resilience against earthquakes
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