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Introduction  
 
Organized large scale field reconnaissance within the Fukushima, Miyagi, Iwate, and Aomori prefectures 
near the northern end of the earthquake region has been limited to date by the difficult conditions, the 
importance of not imposing any burden during pressing humanitarian efforts, and issues associated with 
the Dai-ichi nuclear power plant in Fukushima. Consequently, the initial GEER reconnaissance was 
limited in time and scope and was governed by ability to move within the affected region.   
 
In coordination with the Japanese Geotechnical Society, the first group of GEER members, consisting of 
Ross Boulanger (Team Leader), Scott Ashford, Jennifer Donahue, and Jonathan Stewart visited sites in 
the Kanto Plain region (Figure 1b) during the period of March 26 to April 1, 2011.  As shown in Figure 
1b, the investigated areas include the Tokyo Bay region to the south; the coastal communities from 
Choshi up through Oarai and Hitachinaka; and inland areas along the Tone river along with the 
communities of Tsuchiara City and Toride.  
 
The length of the investigated region (in the direction of the fault strike) is about 200 km, which can be 
compared to the approximate 700 km length of the fault rupture based on current finite fault solutions 
(USGS 2011). This region has extensive damages due to ground failure, while not having suffered the 
level of tsunami-related devastation experienced further north in the Sendai region. 
 
This Geotechnical Quick Report is written primarily for engineers and geologists interested in the effects 
of this massive earthquake on the built environment, US investigators planning field surveys, and 
researchers preparing RAPID proposals to NSF for subsequent research.  
 
Observations in the Kanto Plain region 
 
The Mw = 9.0 Tohoku Earthquake of March 11, 2011, affected regions extending from Tokyo to 
Hachinohe. The tsunami generated by the earthquake caused severe damages and loss of life along the 
east coast of Japan and was an initiating factor in the crisis at the Fukushima Dai-ichi nuclear power 
plant.  The effects of the tsunami and the nuclear power plant crisis are dominant consequences of this 
earthquake.   
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Damages observed in the Kanto Plain region, which includes the Tokyo Bay and Tone River areas 
(Figure 1), were dominated by the effects of liquefaction-induced ground failures. Liquefaction-induced 
damages were observed around the northern and northeastern shorelines of Tokyo Bay (e.g., Shinkiba, 
Urayasu, Inage, Kaihinmakuhari, Chiba, Isobe, and Mihama), at communities along the Tone River 
including Choshi, Sawara, Itako, Katori, Kamisu, and Kashima, and areas along the Naka River including 
Hitachinaka, Miko, and Oarai. The soils that liquefied at many of the urban sites are fill materials or 
young alluvium.  
 
Liquefaction caused extensive damage to light residential and light commercial structures in many of the 
areas visited, with the magnitudes of the settlements and tilts larger than previously observed for such 
light structures. Tilts of up to 2 or 3 degrees were observed in many cases (Figures 2 and 3). Many of 
these structures were founded on mat-type foundations with deep grade beams (Figure 4) that limited 
damage to the superstructures despite the large settlements and tilts. Figure 5 illustrates a case where the 
sidewalk and street settle relative to a building on piles, while the adjacent 3-story building on a mat 
settles significantly more than the adjacent ground surface and tilts noticeably without suffering 
observable damage to the superstructure. 
 
Liquefaction-induced settlements were observed to vary significantly over short distances in the same 
region, as illustrated by the sequence of photographs in Figure 6. The differences in settlements at some 
of these locations appear related to the differences in the dates of fill placement.  The boil materials did 
not appear to differ substantially in characteristics across some of these locations. These data may allow 
examining the question of whether the effects of age and differences in fill source materials are 
adequately reflected in the results of in-situ tests and accounted for in existing engineering procedures.  
Moreover, settlement patterns for buildings on shallow foundations included local settlement depressions 
around the building (apparently affected by the interaction of the foundation with shallow soil; e.g., 
Figures 3, 5) as well as broad but uneven ground settlements affecting foundations resting on the surface 
(e.g., Figure 2a).  
 
Liquefaction-induced damage to utilities caused widespread disruptions for homeowners and businesses. 
Manholes and buried tanks were observed to uplift (Figure 7). Repair of utilities and other liquefaction-
induced damages was progressing rapidly, with above-ground temporary supply lines for gas (Figure 8) 
and temporary water distribution water lines (Figure 9) being installed in some locations of the Tokyo 
Bay area.  
 
It appeared that liquefaction of loose backfills around utility lines was a common complicating factor in 
significant portions of the affected areas. Streets and sidewalks over utility lines often experienced erratic 
deformation patterns with large differential movements near manholes or across cracks (Figure 10). The 
source of the differential movements appeared to included contributions from manhole uplift, 
liquefaction-induced ground settlements, and erosion of sand into broken utility pipes.  Deformations 
along the sidewalks and streets were often markedly different from those observed along side streets or 
around adjacent buildings; sometimes being markedly greater, and sometimes markedly smaller. Ground 
surface settlements were most reliable determined relative to larger structures founded on piles. 
 
A few areas known to have been improved by sand compaction piles and other techniques were observed 
to have performed well, in that ground surface displacements were not observed. 
 
A water distribution plant in Kashima City (Figures 11) and a wastewater treatment plant in Itako City 
(Figure 12) were observed to have been damaged by liquefaction. The damages include uplift of buried 
tanks, offsets in underground tunnels, damage to support utilities, and damage to major trunk lines on and 
off the site. 
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Damage due to liquefaction was observed along a quay wall in the port area of Kashima (Figure 13a). The 
damaged section was relatively limited in extent, with adjacent segments of the quay wall not appearing 
to have displaced measurably. The quay wall in Figure 13b suffered large lateral displacement and failure 
of the H-section steel piles. This area suffered tsunami inundation and liquefaction, and the cause of the 
failure is unknown. Other ports that were inspected and found to not have significant deformations of 
quay walls include the ferry terminal at Oarai port and lakefront harbor areas in Tsuchiura. 
 
Slope deformations and lateral spreads were observed in levees along the Tone River (Figure 14) and 
along smaller water channels (Figure 15), as well as the waterfront (Figure 16) in the Tokyo Bay area.  
The levee shown in Figure 14 had a flatter slope with about 5.2 m of relief on the water side and a steeper 
slope with only 2.5 m of relief on the landward side, such that the deformations developed toward the 
water. The repair work was progressing rapidly during the site visit. The lateral spread in Figure 15 
extended back to the buildings across the roadway, causing tilting of the 1-story storage building and 
damage to utilities at the larger 2-story building. 
 
Failures of natural slopes, retaining structures (in absence of liquefaction), and damages to bridges were 
observed to be limited in extent and number in the Kanto Plain region. One bridge collapse was observed 
from a distance.  Pounding damage occurred at the abutment of another bridge (Figure 17), where 
liquefaction had also resulted in slumping of the approach embankment. Similar slumping and settlement 
at approach embankments due to liquefaction in foundation soils was observed at other locations.   
 
One pile supported wind turbine tower was observed tilting as a result of liquefaction of the foundation 
soils (Figure 18). 
 
Deformations and damages were mapped for several other cases identified as candidates for more detailed 
studies. These include three lateral spreads with maximum displacements of approximately 25 cm, 80 cm, 
and 2.6 m; an apparent rotational landslide of a road embankment on liquefiable soil with displacements 
over 1 m; and slumping of  2-2.5 m tall levee resting on apparently non-liquefied marshy ground. 
Additional mapping was performed for building structures on shallow foundations with varying levels of 
tilting and settlement. The ability to map deformations and displacements was decreasing quickly because 
of the rapid rate of repairs, as illustrated in many of the previous photographs (e.g., pavement overlays, 
levee re-grading, manhole repairs). The field data for the mapped cases are being prepared for archiving 
at the GEER website. 
 
A total of 14 strong ground motion recording stations in areas of potentially liquefiable soils were 
examined.  Evidence of liquefaction was observed at seven of these sites (e.g., Figure 19).  
 
The strong ground motion recording networks across Japan have produced an extensive and unique 
database for this large subduction zone event. Analysis of the engineering attributes of these recordings, 
from their implications for magnitude scaling, distance attenuation, and site effects to their long durations, 
has not yet been undertaken by the GEER team.  
 
The performance of geotechnical structures and civil infrastructure in the most severely affected regions 
north of the Kanto Plan region will become clearer over the next few weeks as conditions and access 
improves in these areas.  Initial observations by others include damages to levees along the Eai, Naruse, 
and other rivers to the north and extensive liquefaction-related damages to port facilities along the coast.  
Liquefaction-related damages to the ports and airports are reported to include cases contrasting the 
performance of improved and non-improved ground, as well as combined liquefaction/tsunami toppling 
of at least two buildings. In addition, PARI maintains strong ground motion recording stations as ports in 
the affected regions and these may include cases with and without liquefaction at very strong shaking 
levels. Natural slope failures and damage to retaining structures (in the absence of liquefaction) appear to 
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be less common.  The underground subways in Sendai experienced very strong shaking with no current 
reports of damages. 
 
Opportunities for subsequent research 
 
The effects of liquefaction observed in the Kanto Plain region offer several unique opportunities for 
learning from this earthquake. 

 The long-duration of the ground motions appears to have had a significant effect on damage 
patterns and performance of foundations. 

 The set of ground motion recordings at sites with, and without, liquefaction provide a dataset for 
examining liquefaction triggering procedures, liquefaction-induced settlement estimation 
procedures, and nonlinear effective-stress site response methods. 

 The variations in ground surface settlements, from negligible to as much as 50 cm, over short 
distances provide an opportunity to test the ability of engineering procedures to predict these 
patterns and their magnitudes. The differences in settlements at some locations appear related to 
different ages of fills, different source materials, or ground improvements, such that one question 
is whether these effects are adequately reflected in the results of in-situ tests and accounted for in 
existing engineering procedures. 

 The variation in foundation settlements for various types of foundations and structures (e.g., 
single to multi-story structures on spread footings, mats, and piles) over short distances provide a 
test of engineering procedures for predicting foundation settlements relative to the ground 
surface. It is noteworthy that light structures sometimes settled substantially more that the 
surrounding ground surface, and other times showed only small relative settlements. 

 The damage to gas, water, and sewer systems across these large urban areas provide a dataset for 
evaluating the ability to predict system fragilities under a range of ground deformation conditions 
and examine strategies and preparedness for recovery of utility services after the earthquake. 

 Lateral spread and landslide displacements have been mapped at several sites that provide an 
opportunity to test analysis procedures for these effects. Adjacent areas without spreading have 
also been noted.  

 
Other opportunities will become clearer as the reconnaissance effects progress in the more severely 
affected regions. Potential topics are expected to include the performance of geotechnical structures 
impacted by the tsunami, the performance and repair rates for levee systems, the performance of dams 
including the failure of Fujinuma Dam, the performance of the underground subways in Sendai under 
very strong shaking, and a number of other cases involving specific geotechnical structures. 
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(a) Area of investigation marked on the USGS Shake Map 

 

 
(b) Map of Kanto Plain region with peak ground accelerations (in gal) at select stations 

 
Figure 1.  Location of the Kanto Plain region and areas of investigation. 
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 (a) 
 

 (b) 
 

Figure 2. Settlement and tilting of residential homes in Kamisu City (N35.917, E140.642). 
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 (a) 
 

 (b) 
 

Figure 3. Settlment and tilt of buildings in Urayasu  
(3a: N35.6375, E139.8887  3b:  N35.6428, E139.9247). 
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Figure 4. Example of a foundation for a wood-frame residential home; deep wall beams over a reinforced 
conctrete mat of approximately 25 cm thickness (N 35.9031, E140.4964). 
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 (a) 
 

 (b) 
Figurre 5:  Sidewalk settles relative to a building on piles (top left), whereas a three-story building settles 

more than the adjacent sidewalk surface (top right, and bottom) in Urayasu (N35.6485, E139.9178). 
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Figure 6.  Four photos showing variation of settlments along one street in Urayasu (N35.638, E139.930). 
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Figure 7. Uplifted tank in a park field in Urayasu (N35.6398, E139.8235). 

 

 
Figure 8. Tempoary gas lines (yellow lines) installed in Urayasu. 
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Figure 9. Temporary water line on right side of old levee wall, with lines running to street side where 

utilities were damaged by large liquefaction-induced settlements (N35.6389, E139.9080). 
 

 
Figure 10. Deformations along sidewalks often complicated by mix of ground surface settlements, 
manhole uplifts, and erosion of sand into broken pipes and manholes. Repair work illustrated by 

pavement overlays and work crew at the manhole (N35.6442, E139.8357). 
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 (a) 
 

 (b) 
Figure 11. Liquefaction-induced ground deformations caused extensive damge to the water treamtent 

plant in Kashima City and its underground conduits (N35.9318, E140.6282). 
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Figure 12.  Liquefaction-induced settlement and ground deformations damaged underground utilities at a 
sewage/storm-water treatment plant (N35.930, E140.566). 
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Figure 13a. Depression behind quay wall that displaced towards water at Kashima port  

(N35.88461, E140.68476). 

 
Figure 13b. Displacement of quay wall at Hitachinaka port (N36.341, E140.596). 
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Figure 14.  Photos of damaged levee under repair: (a) crack on river-side slope, with warping of stairs in 

background, (b) toe of levee without distortion of fence and with boils indicating occurrence of 
liquefaction in the foundation soils, and (c) landward-side showing no damage (N35.904, E140.497). 
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 (a) 
 

 (b) 
Figure 15. Lateral spread to water channel extended to buildings across the road; the 1-story storage 

building is tilted, and the soils adjacent to the 2-story building have pulled away damaging utilities (15a, 
N35.8979, E140.5005, 15b: N35.8981, E140.5000).  
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Figure 16. Lateral spread near waterfront on Urayasu (N35.6378, E139.9334). 

 

 
Figure 17. Pounding damage at the abutment for a curved overpass bridge, with liquefaction-induced 

slumping of the approach embankment and sand boils in the forefront (N35.655, E139.910). 
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(a) 
 

(b) 
 

Figure 18. Pile-supported wind turbine (center of top photo) in Kamisu City observed tilting 1.6 degrees 
with sand boils around foundation shown in the foreground of bottom photo (N35.9628, E140.6846). 
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Figure 19. Strong ground motion recording station with liquefaction in the vicinity (N35.6472, 
E139.8092). 

 


