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Distance of surveyed facilities from the earthquake epicenter
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Geology and topography of the Noto Peninsula (Wakamatsu et al., 2005)
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Acceleration loci observed at JMA stations
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Fig. 80 000000 uopoooooog Fig. 110 0000000000000 00DOOO00
View of the right bank of the Togi River at the head work location Inclination of covering work at the head work
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View of the left bank of the Togi River at the head work location oo
Projection of concrete blocks used for slope protection at the head work
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View of the bridge abutment at the head work View of a sand dune on the right bank of the Togi River
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Fig. 140 0000000000000 00DOO0O000O0O0O0OO
Schematic diagram of the damaged protection work at the head work
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View of the head work immediately after the earthquake
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Deformation of a retaining wall
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Fig. 170 000 00000000DOOOO
Damages to protection work at the time of investigation
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Ground condition on the slope behind protection work
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Schematic diagram of the head race for a pump facility in the Yahata area
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Test results of a Swedish weight-sounding test near the Yahata

head race

Fig.2100000000000000DOOOO

Fig. 22000000000 0D0OO0OO0OOOOOO
goooooood Settlement and inclination of a concrete pile
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goooooood Blockage of a head race at a curved section
Damage to a head race before temporary recovery
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Fig.240 00 0000000000000 OOOOO
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Lateral movement of backfill

Fig. 2500000000
A damaged concrete panel

Fig.260 000000000000
A damaged concrete pile
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View of a head race after temporary recovery
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Ground condition at a curved section of a head race
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Location of damaged irrigation facilities
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Fig.300000000000000000000O00D0O0O0DO0O0OUOOD0UO
Map showing the national reclamation project in Otigata

Fig. 31000 00000000DOO0UoOooOg
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Photographs before and after the Otigata reclamation project
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Schematic diagram of a damaged section of the Kashimaji main canal
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Collapse of side panels Cracks developed at the toe of a canal bank
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Cross sectional deformation of canal at section B Boiling sand at cracks
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Fig. 390 0 0Oooooooo
Gap between frame and panels

Fig. 41000 0000DOOO00OOO
Water flowing over a submerged section of a canal
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Outflow of sand around a pipe
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Seepage at the toe of a canal bank (section A)
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Fig. 43000 AO0O0000000000000ooooooooo
Locations of portable dynamic cone penetration tests and estimated thickness of sand layer at section A
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Results of portable dynamic cone penetration test at section A
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Results of portable dynamic cone penetration test at point No.4
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Schematic diagram of the second Kashimaji pumping station
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N value observed at the second Kashimaji pumping station
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Damage to upper concrete of sheet-pile protection work

Fig. 500 00 0000000000000 O0OOOOn
Leakage from a joint between a sluice gate and sheet-pile

Fig. 51000000000
Inclination of sheet-pile protection work
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Fig. 4900 000000000000000
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Damage to upper concrete of sheet-pile protection work

Fig. 520000000000
Settlement of ground around a building
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Fig. 530 000000000
Opening between a building and the ground
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Schematic diagrams of the damaged section of the Minamigata irrigation canal.
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Penetration of a concrete flume into a distribution tank
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Destruction of a distribution tank
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Fig. 570 0 000 U00O00OO0O0O0O0OO0O0OO0OO0O0oOoOO
Opening of a joint between concrete flumes

Fig. 580 0000 UOOOOOoOoOooOOQg
Repair of an opened joint between concrete flumes
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Location of damaged canal
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Fig. 590 0000000
Deformation of main canal
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Deformation of a channel at the toe of a bank in Otigata

gboboooobooboboboboboooooboo
oooooooboooooo
gboboboooobooboobobobobooooog
gboboboooboobooboboboboooooo
oooooooz20000o0bo0oooooooooOoo
gboboooobooboboboboboooooboo
gboboboooboooboobobobobooooog
gooooobboooooooooboobobboboog
oooooOobOOoO0ooDoOooooooboio0bDOOO
gbobooooboobobobobobooooog
gooboooobobooobomuoooooooooooon
0000000000000 0ODbOOFig. 64065000
gooooobbobooooooooboobobbboo
gbobooboooboobooboboboboooooog
gboboooobooboobobobobooooog
gooobooooboooooooooboooooooo
gboboboboooooooobooon

coooo

oo0O1Mooz270000000000000005
goooooooooooooooooboooboobooooo



58 00000000000

Fig.e20 00000000
View of the damaged canal
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A canal damaged by soil liquefaction in the Ota area
(Falling of concrete sheet pile and damaged upper concrete)

Fig.e30 0 oooooooa
Collapse of a joint on the right bank of the canal
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Fig.650 0000000000000 0OO0OO
goooooo
A canal damaged by soil liquefaction in Ota area
(collapse of struts)
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Field Survey of Concrete Irrigation and Drainage Structures Damaged
by the Noto Hanto Earthquake in 2007

HAYASHIDA Yoichi, MASUKAWA Susumu and ARIYOSHI Mituru

Summary

Despite the high magnitude of the Noto Hanto Earthquake in 2007 (M 6.9, 25 March 2007), concrete facilities used
for irrigation and drainage, such as canals, were not extensively damaged. There was, however, some damage to
concrete structures in areas of sand dunes and on reclaimed land. At the request of the Ministry of Agriculture,
Forestry and Fisheries we surveyed five irrigation facilities damaged by the earthquake to investigate seismic-
resistance technology for concrete structures such as canals, and to provide advice to local residents affected by the
earthquake. Damage at each of the surveyed facilities was not very serious, and by the time of our survey temporary
repairs had been completed and all facilities were again in use. In most facilities, reinforced concrete members were
undamaged, but the joints between them were often damaged or destroyed. If an earthquake causes ground
deformation, canals tend to deform at and near their structural joints. When there is severe ground deformation, the
canal loses its shape and the joints in the canal are destroyed. If there is very severe ground deformation caused by
soil liquefaction and lateral flow, damage may extend beyond the canal joints and the canal may be destroyed. Our
survey revealed that most of the damage to irrigation facilities was caused by ground deformation in the form of soil
liquefaction and lateral flow. These findings agree with the results of research into the Mid-Niigata Prefecture
Earthquake in 2004.

Keywords : the Noto Hanto Earthquake in 2007, canals, irrigation and drainage concrete structures, field survey, soil
liquefaction



