INTERNATIONAL SOCIETY FOR
SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

This paper was downloaded from the Online Library of
the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE). The library is
available here:
https://www.issmge.org/publications/online-library
This is an open-access database that archives thousands
of papers published under the Auspices of the ISSMGE and
maintained by the Innovation and Development
Committee of ISSMGE.

Paper No. USPKA

UPLIFT OF SEWAGE PIPES DURING THE 2007 NIIGATAKENCHUETSU-OKI EARTHQUAKE
Tomohiro TANAKA1, Susumu YASUDA 2, Takayuki OHTSUKA3, Yoshiki KANEMARU3
ABSTRACT
Many sewage pipes and manholes uplifted in Kashiwazaki City during the 2007 Niigataken-chuetsu-oki
earthquake due to the liquefaction of replaced soils. Sewage pipes and manholes have been constructed in
almost all main cities in Japan without countermeasure against liquefaction of replaced sands. It is desired
to repair the existing sewage pipes and manholes to decrease the uplift during future earthquakes. Then
the authors conducted detailed site investigations on the allowable value of the uplift of the sewage pipes
during the Niigataken-chuetsu-oki earthquake. The results showed that the allowable height of uplift of
the pipes was about 10 cm. Effect of several factors on the uplift of the sewage pipes was studied also.
The result showed that the depth of the pipe and soil condition of surrounding ground influenced the
uplift of the pipes.
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INTRODUCTION
In Japan, during the construction of
sewage pipes and manholes, a trench is
excavated, places the sewage pipes and
manholes, then filled with sands as
shown in Figure 1. The replaced sand is
loose
and
liquefiable
during
earthquakes. Many sewage manholes
and pipes uplifted during the 1993
Kushio-oki, the 1993 Hokkaido-nanseioki, the 1994 Hokkaido-toho-oki, the
2003 Tokachi-oki, the 2004 Niigatakenchuetsu, the 2007 Noto-hanto and the
2007 Niigataken-chuetsu earthquakes.
Figure 2 and Figure 3 show the uplifted
manhole and pipe during the 2004
Niigataken-chuetsu
earthquake,
respectively (Yasuda and Kiku, 2006).
1

Figure 1. Excavation of a ditch to bury sewage pip by
using sheet pile type retaining walls
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Studies conducted after theses
earthquakes
revealed
the
mechanism
of
uplift
of
manholes. Factors affected on
the uplift of sewage manholes
have
been
studied also.
However, those studies for
sewage pipes have not been
conducted. Then, in this study,
data on the uplifted sewage
pipes
during
the
2007
Niigataken-chuetsu-oki
earthquake were studied to
demonstrate the factors affected
Figure 2. Uplifted manhole in
Figure 3. Uplifted pipe found
to the uplift. Allowable height
Ojiya
during
the
2004
during restoration work in
of uplift was studied also for
Nagaoka City
Niigateken-chuetsu
earthquake
performance based design.

THE 2007 NIIGATAKEN-CHUETSU-OKI EARTHQUAKE
On July 16, 2007, the Niigataken-chuetsu-oki earthquake, of Mj=6.8 occurred in Japan. Figure 4 shows
the location of epicenter and recorded
maximum surface accelerations at three
sites. The maximum surface acceleration
Epicenter
recorded at K-NET Kashiwazaki which is
located in the center of Kashiwazaki City
Japan Sea
was 667 Gals. Many houses, pipelines and
K-net Nagaoka
(203, 243, 164)
other structures were severely damaged.
Nuclear Power Plant
Moreover, landslides occurred at several
Kariwa Village
sites. A nuclear electric power plant shut off
K-net Kashiwazaki
K-net Ojiya
(667,
514,
369)
immediately.
(391, 455, 116)
Kashiwazaki City
(NS, EW, UD) Gal

Total length of damaged sewage pipes was
50.5 km. 1468 sewage manholes were
damaged. Most severe damage to sewage
facilities occurred in Kashiwazaki City.
Length of the damaged pipes and number of
the damaged manholes in Kashiwazaki City
were 36.3 km and 1313, respectively. Of
them comparatively many manholes uplifted
in soft clayey ground in the valley plain as
shown in Figure 5. The uplift of sewage
manholes and pipes occurred due to the
liquefaction of replaced sandy soil, same as
the damages in and Nagaoka City during the
2004
Niitagaken-chuetsu
earthquake
(Yasuda and Kiku, 2006). This area had an
experience of strong shaking during the

Figure 4. Location of epicenter and recorded
maximum surface accelerations

Figure 5. An uplifted manhole due to the
liquefaction of replaced sandy soil (Photo by
Dr. Kiku)
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2004 Niigataken-chuetu earthquake. Sewage
Damaged pipes during
pipes and manholes uplifted also at several
the 2004 earthquake
sites during the previous earthquake. However,
Damaged pipes during
the 2007 earthquake
the uplifted pipes and manholes during the
previous earthquake did not uplift during the
new earthquake. Comparison of the locations
of the damaged sewage pipes during two
earthquakes at Nagakasaki district in
Kashiwazaki City is shown in Figure 6. The
damaged pipes and manholes had been restored
after the previous earthquake. In the restoration
Figure 6. Comparison of the locations of
work, the ground was excavated and replaced
the damaged sewage pipes during two
special sandy soil which was mixed with
earthquakes in Nagakasaki district
cement or lime not to liquefy again. This
countermeasure was effective during the new
earthquake.

STUDY ON THE UPLIFT OF SEWAGE PIPES IN KASHIWAZAKI CITY
Topographical condition of Kashiwazaki City and damaged sites
Figure 7 shows topographical map in and around
Legends
Kashiwazaki City. A wide valley plain with about 15
km long and 3 to 5 km wide is formed in and around
Alluvial plain
Kashiwazaki City. Figure 8 shows a soil cross section
New sand dune
along 17-17’ line. Soft clayey alluvial layers, Ac are
Old sand dune
deposited in the valley plain. Maximum depth of the
Yasuda layer
alluvial layers is about 50 m as shown in Figure 8.
Ohmigawa layer
However the thickness of the soft clayey layers is
Ohtsubo layer
quite irregular inside the plain. About 20,000 years
Mountain,
ago during ice age, several valleys existed and formed
Hill
very irregular ground surface in this area. Then the
Kashiwazaki City
Sabaishi
alluvial clayey layers were deposited on the irregular
River
17
ground surface and formed a wide valley plain.
Between the valley plain and the Japan Sea, sand
dunes are formed along the coast. Other sides of the
plain are surrounded by terraces, hills and mountains.
Damage to sewage manholes and pipes were inspected
by a special camera in Kashiwazaki City. Severity of
the damage was judged, then, unusable manholes and
pipes were restored. The usability was judged whether
sewer water flows or not after the earthquake due to
the bent of sewage pipes. Main type of the bent was
uplift as schematically shown in Figure 9. Almost all
sewage pipes are vinyl chloride pipe with a diameter
of 200 to 250 mm. Sites of the restored sewage pipes
in Kashiwazaki City are shown in Figure 10. These
sites were mainly located in the valley plain.

Yoneyama
Moutain
17’

Figure 7. Topographical map in and around
Kashiwazaki City(Niigata Prefecture
Geotechnical Consultants Association, 2002)
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Figure 8. Soil cross section along 17-17’ line
(Niigata Prefecture Geotechnical Consultants
Association, 2002)

Figure 9. Measured uplift of a sewage pipe

Damaged sewage pipes
Reclaimed land
Lowland, Valley plain
Natural levee
Old river channel
Sand dune
Alluvial fan
Terrac
eOthers
Water
Unknown

Figure 10. Geomorgraphical map and damaged sewage pipes in Kashiwazaki City
Several factors influenced to the uplift of pipes
Ups and downs of pipes were measured by inspection camera after the earthquake as mentioned above.
Then the maximum uplifts of pipes between two manholes were listed. Number of the listed uplifts was
60. Figure 11 shows the relationship between the uplift of pipe and buried depth. Though the data are
scattered it can be said that the uplift increased with the buried depth.
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As mentioned above, the uplift of sewage
100
manholes and pipes occurred due to the
liquefaction of replaced sandy soil because
80
surface soil of the valley plain is soft clay in
Kashiwazaki City. So, a pipe has a potential to
60
uplift up to the depth of ground water level. “D”
40
in Figure 12 denotes potential uplift. If the “U”
in the figure is the actual uplift, uplift rate can
20
be defined by U/D. Figure 13 shows the
relationship between the uplift rate and buried
0
depth. The uplift rate decreased with the buried
0
1
2
3
4
5
埋設深度(m)
depth. This means pipes cannot uplift up to the
Buried depth (m)
water table even though replaced soil is
Figure 11. Relationship between uplift of pipe
liquefied.
and buried depth
地下水面
Ground water level

下水道管の浮上がり率(%)
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Figure 12. Definition of uplift rate

Seismic intensity must influence the
uplift of pipes. As shown in Figure 7,
the valley plain is surrounded by hills
and sand dunes. Many small terraces
and the hills also exist in the valley
plain as shown in Figure 14. Strong
shaking might occur near the
boundaries between the valley plain
and terraces or hills because shear
moduli of the surface soils in the
valley plain and the hills are quite
different. Figure 15 shows the
relationship between uplift rate and
the distance from the edge of terraces
or hills at Minami-tazuka district. The
uplift rate increased with the decrease
of the distance. Therefore, it can be
said that strong shaking induced near
the boundaries and caused severe
liquefaction of replaced sands.
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Figure 13. Relationship between uplift rate
and buried depth
1
2
3
4
5
6

Minami-tazuka district
fujii district
Ryoutaziri district
Ibarame district
2-chome, Ibarame district
3-chome, Ibarame district

1

2

6

3

5

4

Figure 14. Uplift of pipes near the boundaries between valley
plain and hills
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Consequently, uplift rate must be large near the boundaries. The same relationship in all districts in
Kashiwazaki City is shown in Figure 16. Though the data are scattered, it seems the rate of uplift is high
from the boundaries to the distance of about 100 m.
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Figure 15. Relationship between uplift
rate and distance from boundaries at
Minami-tazuka district
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Figure 17. Histogram of the inclination of
restored pipes
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Then the authors studied allowable uplift of
sewage pipes based on the damaged pipes which
had to be restored after the earthquake. Figure 17
shows histogram of the inclination of the restored
pipes. As shown in the figure allowable
inclination was about 5 ‰ . Figure 18 shows
histogram of the uplift of the restored pipes.
Allowable uplift was about 10 cm. These
allowable values were almost same as those during
the Kushiro-oki and the Niigataken-chuetsu
earthquakes mentioned above.

100

Figure 16. Relationship between uplift rate
and distance from boundaries
at all districts in Kashiwazaki City

Number of pipes

Allowable uplift of sewage pipes
Honda et al. (Honda et al.,2002) studied critical
floatation of sewage pipes (Yasuda, 2005). They
studied the damaged pipes which had to be
restored after the 1993 Kushiro-oki earthquake
because sewage did not flow due to the uplift of
pipes. Then, it was clarified that if the uplifted
pipes inclined more than 3 ‰, it was necessary to
restore them. On the contrary, manholes uplifted
more than about 5 cm and pipes uplifted more than
1/4 of the diameter of the pipes had to be restored
after the 2004 Niigataken-chuetsu earthquake in
Nagaoka City (Yasuda and Kiku, 2006).

150

Uplift of restored pipes (cm)

Figure 18. Histogram of the uplift of restored
pipes
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CONCLUSIONS
Damage to sewage pipes during the 2007 Niigateken-chuetsu earthquake was studied and the following
conclusions were derived:
1. Main reason of the damage to sewage pipes was liquefaction-induced uplift.
2. Replaced soils liquefied.
3. Uplift of pipes increased with buried depth. But uplift rate of pipes deceased with buried depth.
4. Uplift rate was high near the boundaries between a valley pain and hills.
5. Allowable uplift of pipes was about 10 cm.
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