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of soils particle size; C1 and C2= correction factor of N-value which were considering to 
fine fraction content ratio; FC= fine fraction content ratio; D50=average grain size. 
 
     2.2 Calculation of the earthquake shear stress ratio L 
     The earthquake shear stress ratio L is calculated in Eq. (11) 
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where khc is the design horizontal seismic coefficient and defined as Eq. (12)  

                                                          0hczhc kCk                                                  (12) 

                                                        zd 015.00.1                                                 (13) 

where khc0 is the standard design seismic coefficient and selected from table 1;  d= the 
Reduction coefficient of the Dynamic shear strength ratio by each layer’s depth. 
 
                                Table 1. Standard design seismic coefficient khc0 
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 Type I 0.30 0.80 

Type II 0.35 0.70 

Type III 0.40 0.60 

 
     Seismic ground motion type I means the infrequent large scale ground motions in 
plate boundary. Type II means the inland near-field earthquake ground motions. and 
also we Classified the ground into 3 types according to specifications for highway 
bridges part V seismic designs. Ground type I means good condition diluvial ground 
and bedrock. Type III means Soft ground in the alluvial ground. And type II means the 
ground it is not either type I and type II. Where σv = the overburden pressure; σ'v = the 
effective overburden pressure; there are follow as Eq. (14) and Eq. (15) 
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     Where γt1=the unit weight of soil above the groundwater level; γt2=The unit weight of 
the soil deeper than groundwater level; γ‘t2 =The effective unit weight of the soil deeper 
than groundwater level; hw=the depth of groundwater level.  
 
     2.3 Parameters 
     Usually such data has been recorded on the ground information database contains 
the N value, However many those data dose not contains the unit weight of soil. 
Therefore in this section, how to determine the answer is shown. 
     If the soil unit weight is not included the information database, we Create some 
approximate curve of relationship between N value and unit weight in each soil by using 
geotechnical information database’s data in the neighborhood.  
And using those approximate curves, we estimated the unit weight from N value. In 
addition, groundwater level is also a major effect on the liquefaction index. Some data 
that does not contain the groundwater level Ware determined by reference to the data 



  

of neighborhood. And Sometimes, Soil classification indicated on the bowling log has a 
different notation by difference of investigator. That also determined by reference to the 
data of neighborhood.  
Some layers which dose clearly not liquefaction like a clay soil layer sets to non-
liquefaction layers. But the layer which is difficult to determine of liquefaction like a 
sandy loam and sand mixed volcanic ash, sets to liquefaction layers. In this study, soil 
layer which is classified into liquefaction layer are Cohesive soil, loam, volcanic ash, 
organic soil, and Humus soil.  
     Earthquake expected the greatest damage in Hachinohe is a subduction-zone 
earthquake which seismic center is north part off the coast of Sanriku. Therefore we 
have determined that ground motion is type I. And because of the most of Hachinohe 
area is a alluvial plain which is soft ground of low N value, we have determined that 
ground soil type is type III. 

For these reasons, we determined that the standard design seismic coefficient khc0  
is 0.4. Regional correction factor Cz is 1.0. Modification coefficient reflecting 
characteristics of earthquake motion Cw is 1.0 
   
3. DISTRIBUTION OF LIQUEFACTION RISK 
 

By the method described above, we calculated the liquefaction index PL of each 
point using each boring data. Table 2 shows the criteria of liquefaction potential. Also 
Fig. 5 shows the spatial distribution of the PL value calculated.  

 
Table 2. Determination of liquefaction potential 

15 < PL extremely high 

5 < PL =< 15 high 

PL =< 5 infrequently 

 
    From the Fig. 1, it can be seen that the value of liquefaction index PL is high around 
the city center, where a high liquefaction potential is often about Hachinohe area. In 
particular, Large value of PL value of 40 or more are distributed along the riverbed of 
two rivers (riv. Mabechigawa, riv. Niidagawa) flowing down the city. Consider to the 
ground situation of these points, With the exception of the embankment portion that is 
artificially constructed, it can be clearly understood that the ground of  those point is a 
floodplain formed by river sediment. In addition it can be understood that factors such 
as the height of the groundwater level and looseness of the soil has led to such a result. 
In other area, Kawaragi, Numadate and Sirosita area have a many point of PL value of 
40 or more, ground of those area are also alluvial lowland formed by floodplain. 
 
    Fig. 2 shows a simplified boring log typical of each area. In areas like a Kawaragi, 
Sirosita and Niida area where have high liquefaction risk, loose sandy soil are 
deposited in a place close to the surface and underground water level  depth is also 
close to the ground surface (about 1m) , therefore  Liquefaction risk is increased. In 
areas like a Sinminato, Shirogane and Choja area where have low liquefaction risk, 
there is a tendency to deposited fine-grained soil region-specific soil of Hachinohe area 
like a Hachinohe loam on the portion close to the surface. And also it is understood that 



  

some area as including Shinminato of the portion near the coastline is not necessarily 
PL value is high.  

From those reasons, the distribution of liquefaction risk in Hachinohe area is roughly 
appropriate.  

Fig.1 Liquefaction risk map 

Fig.2 Simplified boring log typical of each area 
 








