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which sand boils were noted by field inspections occurred in the coastal zone further east of this
area to sites well south of Osaka. Some liquefaction also was noted in inland sites at Nishinomiya
and Takarazuka cities northeast of Kobe as well as along the Yodo River in Osaka.

As an example of this latter situation, failures at four subway stations werereported. Such
failures are highly unusual as it is normally consideredthat damage from transient motions would
not occur in near surface buried tunnels, except possibly at locations of section discontinuities
(portals, rock/soil interfaces, etc.). As noted by Matsuo (1995), the failures occurred at the center
columns of these structures, which are concrete box structures constructed by the normal
cut-and-covertechniques. Total load onthe box is relatively small since the thickness of soil cover
is typically small. In fact, such structures usually have an effective weight less than the soil they
displace.

At the artificialisland called Port Island, major damage occurred in the northern halfof the
island which is generally associated with the widespread zones of liquefaction and dynamic
settlements induced by the seismic motions. Port Island is a typical off-shore man-made island
which was created by placing relatively uncompacted clean sands (weathered granite, Section 2)
atop the existing soft silts and clays of the alluvial soils in the harbor.It was constructed in two
stages, with the northernhalfbeing first constructed. The southernhalf of PortIsland incorporated
more effort to preconsolidate the dumped soils by a variety of soil improvement methods.
Damage to the island correspondedto these zones, except for wharf areas where damage occurred
along the entire island.

Failures also were reported at the site of small earth embankments in the Nishinomiya
vicinity and descriptions of these failures are reported by Krinitzsky, et al. (1995). These small
dams, known as the Koyoen dams, are part of a reservoir system a few kilometers from the edge
of the epicentral region. They are reportedto be 8m to 10m highand are approximately 75m long.
They suffered extensive damage from the earthquake and the reservoir was empty at the time of
inspection. No indicationswere provided of any additional damage from breaches in the retaining
system. This inspectionteam also reported some damage to the portal structure and the lining of
the Rokko Mountain tunnel of the Japan Rail's Shinkansen line. In the Nigawa area of
Nishinomiya, a major slide failure occurred in a residential community causing the death of a
number of people. Some additional slide areas were encountered near the fault zone on Awaji
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Table 1.1

Comparison of Intensity Scales (from Reiter, 1990)

Modified Japanese
Mercalli (MM) Scale
1931 1960
I 0
I 1
1 2
v 23
v 3
VI 4
VII 4.5
VIl 5
IX 6
X 6
XI 7
XII 7
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Intensity VII

Figure 1.10. Approximate zones of JMA intensity VIl (from Kimura, 1996).
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