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INTRODUCTION
In coordination with the Ports and Airports Research Institute (PARI), a GEER group consisting
of Jorge Meneses (leader) and Pedro Arduino visited and performed reconnaissance activities
during the period of April 11 to April 15, 2011 in the major ports of Ibaraki prefecture. The
investigated sites, shown in Figure 1, included the ports of Kashima, Oarai, Hitachinaka, and
Hitachi.
The length of the investigated region is about 100 km (62 miles) along the coast of the Ibaraki
prefecture (south of Fukushima prefecture), which can be compared to the approximate 700 km
(440 miles) length of the fault rupture, based on current finite fault solutions (USGS 2011). This
resulted in the Mw 9.0 earthquake referred to as the 2011 Tohoku Earthquake.
The ports in this area suffered moderate to extensive damage due to ground motion intensity and
tsunami related effects. Although the tsunami affected these areas, these ports did not experience
the level of tsunami related devastation observed north in ports in the Miyagi and Fukushima
prefectures.
This Geotechnical Quick Report is written primarily for engineers and geologists interested in
the effects of this massive earthquake on ports, and researchers preparing RAPID proposals to
NSF for subsequent research.
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Figure 1 Area covered by GEER reconnaissance team and location of the ports (marked with red
circles) described in this report. (Source: Ports of Ibaraki 2010, Ports and Harbors Division,
Department of Public Works, Ibaraki Prefecture Government, Japan)

PORT OF KASHIMA
The port of Kashima is a medium size port in the Honshu Island in the southern part of Ibaraki
prefecture, less than 80 km (50 miles) East of Tokyo. The Japanese government created this port
in 1963, and completed its development in 1973. Today the port of Kashima is an important
industrial port with well established business ties with steel and other industrial companies. The
port is comprised of a central passage that connects to two public wharves (the North and South
Public Wharves) through the North and South Passages. Two breakwaters protect the entrance to
the port. An schematic of the Port of Kashima is shown in Figure 2. As shown in the figure, the
port is surrounded by active industrial areas (in purple in the figure). In recent years the port
established business partnerships with Japan’s largest lumber companies and enhanced its
functioning as a distribution center. For this purpose the Port of Kashima increased its traffic and
capacity to offer more competitive commencial freight share of service in the Keihin region. To
provide a logistic hub for the metropolitan area, the port opened parts of the the North public pier
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for public use in addition to the public South Pier. In 2006 a container terminal went into
operation, upgrading the functions of the port as a distribution terminal.

Central Breakwater
and wharf

North Public wharf

Recreational park

South public wharf

Figure 2 Schematic diagram of Port of Kashima
The GEER reconnaissance team visited the Central Breakwater and Wharf, the North and South
Public Wharves, and the Minato Kouen recreational park. These areas are marked with red
circles in Figure 2.

Central Breakwater and Wharf
The recently constructed Central Breakwater and Wharf is located in the North part of the port;
next to an area that seems to be reclaimed land. Besides port operations the area is used for other
industrial activities including a medium size windmill farm operated by Kashima Kyodo Electric
Power Co. During the earthquake the wharf suffered minor damage with some signs of lateral
deformation of the caissons (0.15m (6in.) estimated). Evidence of this damage is shown in
Figure 3 and Figure 4. The surrounding area seemed to have been flooded after the earthquake.
Evidence of liquefaction was observed around the area with sand ejecta covering large zones,
tilting and settlements of light poles (of over 1.0 m (3ft) settlement) and ground deformation and
pavement cracking. Examples of these effects are shown in Figure 5 (a), (b), and (c).

GEER Association Report No. GEER-025c

3

Caisson lateral displacement

Figure 3 Port of Kashima–Central Breakwater and Figure 4 Port of Kashima–Central waterbreak and
wharf–Lateral deformation of caisson wharf wharf–Lateral deformation of caisson wharf
(N35°57'58.29"; E140°41'35.04")
(N35°57'58.07"; E140°41'34.51")

Loose cables due to
settlement

(c)
(a)
(b)
Figure 5 Port of Kashima – Evidence of liquefaction in areas surrounding the Central waterbreak and
wharf (a)undulating ground ( N35°57'41.46"; E140°41'5.29") (b) tilting poles and sand ejecta
(N35°57'41.78"; E140°41'5.20"), and (c) large settlement of poles (N35°57'28.39"; E140°40'42.88")

North Public wharf
The North public wharf suffered minor damage, mostly due to vertical deformation of the wharf
backfill which in some parts reached 0.3m (1.ft) in settlement. This is shown in Figure 7. A
schematic of a caisson structure used in the port of Kashima is shown in Figure 6. The caissons
responded well to the strong shaking with almost negligible lateral deformation. Operation of an
existing crane was disrupted due to slight misalignment of the rails and disruption of the power
lines. Rubber isolation systems protected the crane from overtopping. Containers were spread
around the area indicating the wharf was flooded during and after the earthquake (Figure 8).
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Sand and water were observed inside the crane control panel indicating the water reached an
elevation of at least 60 cm over the surface.

Figure 6 Schematic of caisson wharf used in Port of Kashima (Courtesy of PARI)

30 cm settlement

Figure 7 Port of Kashima–North Public Figure 8 Port of Kashima–North Public
Wharf–Settlement of wharf backfill near port Wharf–Containers spread around near wharf
crane (N35°55'37.91"; E140°39'9.49").
(N35°55'46.40"; E140°39'14.61").

South public wharf
The south public wharf suffered moderate to large damage due to lateral displacements of the
wharf, backfill settlement, and flooding during and after the earthquake. In contrast to the North
public wharf, a combination of caissons and pile supported wharves was used in the South Public
Wharf. Transition between the two types of structures is indicated in Figure 9.

GEER Association Report No. GEER-025c

5

Figure 9 Port of Kashima – South Public Wharf – Damage in pile supported and caisson wharves
(N35°53'4.53"; E140°41'6.51").
Schematics of the caisson and pile supported wharves structures used in the Port of Kashima are
shown in Figure 6 and Figure 11. Sections where pile supported structures were used suffered
more damage than the ones where caisson structures were used. Settlements of the order of 1.5m
to 2.0 m (4ft-6ft) were observed in the wharf backfill. Transition between the backfill and native
soils was clearly observed by the different magnitude of settlement evidenced in both parts. This
is clearly observed in Figure 10, Figure 12 and Figure 13.

Pile supported
wharf

Settlement of backfill

Boundary between native soil and fill
Figure 10 Port of Kashima – South Public Wharf – Backfill settlements near pile supported
wharf (N35°53'14.74"; E140°41'2.65").
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Figure 11 Schematic of pile supported wharf used in Port of Kashima. Courtesy of PARI

Backfill settlement

Evidence of transition between fill
and native soil

Figure 12 Port of Kashima - South public Figure 13 Port of Kashima - South public
wharf – Settlement of warf backfill wharf. Transition between wharf backfill and
native soil (N35°53'17.33"; E140°40'58.86").
(N35°53'18.38"; E140°40'59.79")
A nearby warehouse and office building suffered damage due to ground settlement and the effect
of flooding during and after the earthquake. The office building was supported on pile
foundations and settled much less than the surrounding soils. The ground around the building
settled at least 1.0m (3ft) affecting the operations of the structure. Figure 14 shows the entrance
to the office building. Evidence of the effects of flooding is shown in Figure 15.
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1.0m

Figure 14 Port of Kashima - South public Figure 15 Port of Kashima - South public
wharf. Ground settlement around office wharf. Damage due to flooding inside building
building (N35°53'7.68"; E140°41'5.20")
structure (N35°53'7.68"; E140°41'5.20")

Minato Kouen Recreational Area
The Minato Kouen recreational park is located in the central section of the Port of Kashima
facing the central passage to the East. The park is comprised of an observation tower, several
small buildings and a large landscaped lawn with gentle slope towards the water which ends on
(what appeared to be) a sheet-pile wall. A schematic of the park is shown in Figure 16. During
the earthquake large scarps formed in the sloping ground towards the water. Figure 17 shows a
Google Earth view (updated after the earthquake) where the scarps are visible. Although at the
time of the GEER team visit there were not obvious signs of liquefaction or sand boils, the soils
beneath the surface topsoil were clearly loose sands with some fines indicating liquefaction and
lateral spreading may have occurred. The sheet pile structure seemed to have performed well
with moderate to small lateral displacements. Figure 18 and Figure 19 show on-site views of the
length and size of the scarps.

Lateral spreading area

Figure 16 Port of Kashima - Minato Kouen Figure 17 Port of Kashima - Minato Kouen
Park – Park schematic (N35°54'45.95"; park – Google Earth view showing scarping
E140°40'13.78").
ground (N35°54'49.26"; E140°40'20.28").
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Figure 18 Port of Kashima - Minato Kouen Figure 19 Port of Kashima - Minato Kouen
park, view of scarping ground from Park, view of size of scarps (N35°54'47.63";
observation
tower
(N35°54'48.85"; E140°40'21.83").
E140°40'20.62").

Other relevant findings around the industrial area
As indicated above, the Port of Kashima is surrounded by industrial areas (marked in purple in
Figure 2). Operations of these industrial facilities suffered different levels of disruption due to
the earthquake. Figure 20 shows damaged port cranes at one of the steel mills in the Takamatsu
(Hikari) development district. The Kashima steel businesses suffered additional problems due to
restrictions in power supply in the region requiring transferring port operations to other locations
in Japan. Evidence of flooding was observed in many parts around the port. Figure 21 shows
dispersed containers located at least 500 m (1,500ft) from the North Public Wharf. Figure 22
shows suspended railways with obvious indication of erosion of the ballast support. This is
evidence of the force and a destructive effect of the water that covered the area during and after
the earthquake.

Figure 20 Port of Kashima – Damaged cranes at steel mill in Takamatsu business district
(N35°55'12.04"; E140°40'26.35")
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Figure 21 Port of Kashima – Dispersed Figure 22 Port of Kashima - Eroded railway
containers 500m of North Public Wharf ballast indicating flooding effects 500m of
North
Public
Wharf
(N35°55'35.45";
(N35°55'36.32"; E140°38'50.95")
E140°38'54.19").

PORT OF OARAI
The port of Oarai is a medium size port located 120 kilometers (75 miles) northeast of Tokyo
and 246 kilometers (153 miles) from the epicenter of the main-shock. The port is comprised of
two ferry wharves, an “event” wharf, and a series of fishery wharves. The port started ferry car
operations in March 1985. Ever since, the port of Oarai has been a major ferry port, linking
metropolitan Tokyo and Hokkaido. Today, the ferry company operates two ferries to Hokkaido a
day. A new passenger terminal building and walkway bridge were completed in October 1994,
adding functionality, and convenience. The 4th wharf, were large passenger ships can berth
directly, was completed in October 1995, expanding the area into a marine recreational facility.
Nearby recreational areas include sun and bathing beaches on the South end of the port. The
main local industry is fisheries. The port of Oarai is the biggest inshore fishery port in Ibaraki
prefecture. The main fishery products include white bait, sardines, flounder and clams. A
schematic of the port is shown in Figure 23.
During the 2011 earthquake the area near the port was flooded by the tsunami. Figure 24 and
Figure 25 show tsunami swirls near the port after the earthquake and fishing boats getting
stranded on shore.
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Fishery wharves

Beaches

Ferry wharves

Figure 23 Schematic diagram of Port of Oarai

Figure 24 Port of Oarai-swirls formed
after the tsunami (REUTERS/Kyodo)

Figure 25 Port of Oarai-Boats stranded in port after the
tsunami, (REUTERS)

The fishery wharves on the north part of the port were protected by a breakwater wall that
suffered minor damage during the earthquake. The central section of the breakwater suffered
lateral spread on the interior face as shown in Figure 26 and Figure 27. During the GEER team
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visit several fishing boats were still resting on top of the wharves, as shown in Figure 28 and
Figure 29.

Lateral spread

Figure 26 Google Earth view of central section
of breakwater showing effects of lateral spread
(N36°18'30.61"; E140°34'48.98").

Figure 27 Detail of breakwater section failure
(N36°18'28.61"; E140°34'44.86").

Figure 28 Boats stranded on top of wharf Figure 29 Boats stranded on top of wharf
(N36°18'37.18"; E140°34'43.76").
(N36°18'37.18"; E140°34'43.76").
The third and fourth wharves in the south part of the port accommodate the ferry terminals.
Water depths in this area are relatively shallow (6-8 m (18ft-24ft) estimated). Therefore, modular
caisson sections, with special geometry to deflect water waves (breakwater), were used in the
construction of this section of the port. The modular caissons were constructed on site and placed
one on top of the other to reach the desired height. Typical caisson sections are shown in Figure
31 and Figure 32. During the earthquake the modular caissons performed very well with
permanent lateral displacements of the order of 0.2m (8 in.). The wharf’s backfill was subjected
to liquefaction and tsunami erosion and suffered settlements of up to 0.5m (20 in.). The areas
with pavement surfaces were completely destroyed. This is clearly shown in Figure 33, Figure
34, and Figure 35.
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Modular caisson wharf
Figure 30 Modular block wharf (N36°18'22.56"; E140°34'18.75")

Figure 31 Detail of modular caisson
(N36°18'34.71"; E140°34'36.60")

Figure 32 Detail of modular caisson
(N36°18'37.07"; E140°34'36.22")

15 cm

Figure 33 Vertical settlement of wharf backfill
(N36°18'30.46"; E140°34'14.39")
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Figure 34 Effect of liquefaction and tsunami
erosion on wharf backfill pavement surface
(N36°18'35.45"; E140°34'31.90")
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50 cm

Wharf lateral
displacement

Caisson/backfill interface
Figure 35 Wharf backfill settlement
(N36°18'23.01"; E140°34'17.56")

Figure 36 Recreational wharf damage
(N36°18'21.15"; E140°34'18.19")

The South wharf connecting to the recreational area (beaches) suffered visible lateral
deformation and surface damage, Figure 36.
At the time of the GEER visit the port was being dredged to accommodate larger ships and use it
as a temporary substitute for more heavily damaged ports in the area and serve as an entrance
port for food and woods for a large population in the Canton area. The dredging equipment and
operation is shown in Figure 37 and Figure 38.

Figure 37 Port dredging equipment
(N36°18'3.48"; E140°34'47.20").

Figure 38 Detail of port dredging
(N36°18'3.48"; E140°34'47.20").

PORT OF HITACHINAKA
The small size port of Hitachinaka is located approximately 110 kilometers (68 miles) northeast
of Tokyo and 256 kilometers (159 miles) from the epicenter of the mainshock. The construction
of this port started in 1989 and the port was opened in 1998. The Ports and Harbors Division of
the Ibaraki Prefectural Government is the port authority responsible for managing and overseeing
the Port of Hitachinaka. The outer facilities include the East Breakwater of approximately 4.35
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kilometers (2.7 miles), the approximate 0.5 kilometer (0.3 miles) North Breakwater, and the
approximate 0.3 km (0.19 miles) Central Breakwater. The Port of Hitachinaka’s North Wharf
Public Container Terminal has a 0.350-kilometer (0.22 miles) long quay with alongside depth of
15 meters (49 feet) that can accommodate vessels to 50 thousand DWT (the same as Tokyo
Bay). It includes a fumigation warehouse and maintenance shops. The Port of Hitachinaka’s
mooring facilities at the 28-hectare North Wharf Foreign Trade Terminal include three berths of
total of 690 meters (0.43 miles) in length and alongside depths from 10 to 14 meters (31 to 46
feet). The three berths can accommodate vessels to 50 thousand DWT at the 170-meter (560 feet)
berth, 30 thousand DWT at the 290-meter (950 feet) berth, and 10 thousand DWT at the 230meter (755 feet) berth. The 21-hectare North Wharf Domestic Trade Terminal contains eight
berths with total length of 890 meters (0.6 miles) and alongside depths from 5.5 to 7.5 meters (18
to 25 feet). The Port of Hitachinaka’s International Commercial Distribution Center in the
Foreign Access Zone covers 12 thousand square meters, and 10 hectares are being developed for
open freight yards (http://www.worldportsource.com/ports/JPN_Port_of_Hitachinaka_74.php).
See Figure 39.

Figure 39 Schematic diagram of Port of Hitachinaka
Both the north and central wharves were affected by liquefaction and lateral spread. Figure 40
shows significant lateral movements of the pier up to approximately 0.30m (1 foot).
Liquefaction-induced settlements were observed in the fill next to the pier. Figure 41 shows the
settlement in one area of the north wharf. At the moment of the visit, the yard was temporarily
repaired to ease traffic of vehicles by placing fill and level the yard. Figure 42 clearly shows the
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distortion and lateral deformation of the crane rails that caused the derailment of the crane
(Figure 43).

Figure 40 Significant lateral displacement Figure 41 Filling on top of settled existing fill.
induced by liquefaction (north wharf) Settlement up to 3 ft (1 meter) was observed
here in the north wharf (N36°25’53”,
(N36°25’52”, E140°37’10”)
140°37’16”)

Figure 42 Distortion and lateral deformation of Figure 43 Derailment of crane (north wharf)
crane rails (north wharf) (N36°25’52”, (N36°25’52”, E140°37’36”)
E140°37’24”)
Besides settlement, ground surface manifestation of liquefaction was observed in some areas of
the north wharf in the form of ejecta during liquefaction (Figure 44). Inertial forces during the
mainshock caused the unbalance and collapse of a big crane as shown in Figure 44. A tsunami
also affected this port as indicated by the trace left inside a storage building in the north wharf.
The height of water over the ground surface was about 1.2 meters (4 feet) (Figure 45). Another
notorious effect of liquefaction and lateral spread observed in the large container yard in the
north wharf was the tilting of poles as observed in Figure 46.
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Figure 44 Ejecta and settlement in north wharf.
See at the background two blue cranes. The
one at the right hand side collapsed during the
mainshock (N36°25’57”, E140°37’37”)

Figure 45 Pointing at a mark left by the level
of tsunami inundation inside a storage building
at north wharf (N36°26’04”, E140°37’33”)

Figure 46 - Tilted pole in yard of containers at north wharf (N36°25’53”, E140°36’58”)
The central wharf of the port was also affected by liquefaction and lateral spread. Figure 47
shows significant settlement and lateral displacement of the caisson structure. Also significant
ground surface deformation that broke pavement over a large area in the central wharf was
observed (Figure 48). Also shown in this figure it is seen a fence that was flipped over most
likely when a tsunami was receding. Also in the central wharf, tilted poles were observed (Figure
49).
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Figure 47 Settlement and lateral displacement Figure 48 Significant ground deformation at
at central wharf (N36°25’42”, E140°36’35”)
central wharf. Fence flipped over due to
tsunami (N36°25’34”, E140°36’48”)

Figure 49 Tilted pole at central wharf (N36°24’17”, E140°36’35”)
After the mainshock and tsunami of March 11, the port disrupted its operations. After some
temporary repairs operations were resumed on April 25.

PORT OF HITACHI
The Port of Hitachi, a medium size port, was opened in 1959 and became an active port in 1967.
The port is located 256 km (159 miles) from the epicenter and 4.4 km (2.7 miles) from the Tokai
Nuclear Power Plant. The port has a total of 17 quays with water depth up to 12 meters (39 feet).
Cargo pier and oil terminal depth ranges from 6.4 to 7.6 m (21 to 25 feet). Ships traffic is in
service every day between Hitachi and Kushiro (Hokkaido Island), and three times a week
between Hitachi and Kitakyushu. Figure 50 shows a diagram of the port facilities.
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Figure 50 Schematic diagram of Port of Hitachi
This port exports Nissan cars for North America and imports Mercedes-Benz cars. Nissan said
the tsunami of March 11 damaged 1300 vehicles bound for the US, including its Infiniti luxury
brand. Figure 51 shows damaged cars right after the March 11 mainshock; one month later
during our visit burned cars were still in the port (Figure 52).

Figure 51 Nissan cars damaged by fire after the Figure 52 Burned cars still in Hitachi port on
earthquake and tsunami on March 11 April 14 (N36°29’02”, 140°36’51”)
(N36°29’02’,
E140°36’51”)
(Source:
freshalloynews.com)
Liquefaction-induced settlements up to approximately 1 meter (3 feet) were observed in Wharf
No. 5 as shown in Figures 53, 54 and 55. Temporary repair work was under construction during
our visit. A temporary ramp with fill was constructed to ease vehicle traffic (Figure 54) and fill
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was being placed in the yard to even the surface (Figure 55). One of the effects of a tsunami in
Wharf No. 5 was the fall of an approximately 23 meters (75 ft-long) fence as shown in Figure 56.

Figure 53 Massive settlement of backfill next
to caisson structure (Wharf 5) (N36°29’00”,
E140°37’18”)

Figure 54 Significant settlement up to 1 meter
(3 ft). Also temporary ramp to ease access in
container yard (Warf 5) (N136°29’00”,
E140°37’20”)

Figure 55 Construction of fill over settled Figure 56 A 75 ft-long fence flipped over due
pavement
(Wharf
5)
(N36°29’00”, to tsunami (Wharf 5) (N36°28’59”,
E140°37’22”)
E140°37’18”)
Wharf No. 5 experienced important liquefaction-induced lateral displacement as shown in Figure
57. Figure 58 shows gaps of the concrete platform as evidence of the seaward lateral
displacement. A long crack evidences the differential settlement between the backfill and the
wharf supported on piles as shown in Figure 59.
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Figure 57 Liquefaction-induced lateral Figure 58 Evidence of lateral displacement of
displacement of wharf (Wharf 5) (N36°29’03”, wharf supported on piles (Wharf 5)
(N36°29’03”, E140°37’10”)
E140°37’10”)

Figure 59 Crack between a pile supported wharf and settled fill next to wharf (Wharf 5)
(N36°29’03”, E140°37’10”)
The northwest corner of Wharf No. 4 collapsed apparently due to liquefaction and lateral spread
and possibly also due to tsunami forces (Figures 60 and 61). Pavement and platform supported
on piles collapsed. Also a fence approximately 26 meter (85 feet) long flipped over possibly due
to a tsunami (Figure 62).
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Figure 60 Northwest corner of Wharf 4 Figure 61 Northwest corner of Wharf 4 of port
suffered collapse due to liquefaction and lateral suffered collapse due to liquefaction and lateral
spread (N36°29’18”, E140°37’17”)
spread (N36°29’19”, E140°37’16”)

Figure 62 A 26 meter (85 ft) long fence flipped over due to tsunami (Wharf 4) (N36°28’11”,
E140°37’14”)
The south area of Wharf No. 2 also suffered collapse of the platform supported on piles as
illustrated in Figures 63 and 64.
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Figure 63 Collapse of south part of Wharf 2
(N36°29’37”, E140°37’27”)

Figure 64 Another view of collapse of Wharf 2
(N36°29’37”, E140°37’27”)

Additionally the south end of Wharf No. 1 experienced severe damage with destruction of
pavement and concrete platform supported on piles as shown in Figures 65 and 66.

Figure 65 South end of Wharf 1 suffered
severe damage due to liquefaction and lateral
spread (N36°29’42”, E140°37’40”)

Figure 66 - Another view of severe damage at
south end of Wharf 1 (N36°29’45”,
E140°37’42”)

CONCLUSIONS AND RECOMMENDATIONS
The ports of Kashima, Oarai, Hitachi and Hitachinaka, the four major ports of Ibaraki Prefecture,
suffered minor to severe damage due to liquefaction and lateral spread, and the effects of the
tsunami. Significant settlements and lateral displacements up to 1 meter (3 ft) and 0.3 meter (1 ft)
respectively were observed during our visit one month after the March 11 main-shock. No signs
of fresh liquefaction were observed.
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Based on our observations further research and studies are recommended. Topics of interest
include: study of failure mechanism of Wharves No. 1 and 2, Hitachi Port; collection of soil
borings and verification/validation of current liquefaction and lateral spread procedures; study of
strong motion records at port locations and correlations with observed damage and extent of
liquefaction and lateral spread. PARI maintains several strong motion sensors in several of these
ports. Evaluations of this information would be helpful to understand the observed damage. The
lateral spreading observed in the port of Kashima recreational park could be a good candidate for
LIDAR surveys. Soil samples from this site could help evaluate the role of liquefaction in this
case. The cranes in the port of Hitachinaka were subjected to strong shaking and lateral
deformation of the wharves. The performance of this crane to these effects could be further
investigated (particularly if strong motion recordings are available). The wind turbines in the
Central Breakwater and Wharf area of the port of Kashima suffered some damage as evidenced
by some tilting of at least one of the towers. Although it seems these towers were on pile (shaft)
foundations, liquefaction of the surrounding area may have contributed to this tilting.
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