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Comprehensive Investigations of Soil Characters and Liquefaction Occurrence in the Shallow

Ground—The Case of Noshiro City, Akita Pref., damaged during the 1983 Japan Sea Earthquake—

By Teruki MaicuMa, Mamoru ABE, Tokumi SAITOH, Naota KoBAYASHI, Naoyoshi NAKAJIMA,
Misao NAKAMURA, and Mitsuo NOGOSHI

The 1983 Japan Sea Earthquake (M=7.7) caused heavy damage associated with remarkable liquefac-
tion to many houses and the ground soils at certain areas (2 km x 6 km) in the Noshiro City region, Akita
Pref. The geomechanical character of the ground there has been investigated through use of shear wave
velocities from in-situ measurements, results of grain-size analyses, geotechnical information from many
drill holes and data for groundwater depths. Almost all of the sites investigated in many places are underlain
by loosely-packed sandy soils of fine- to medium-grained sediments (0.3 mm~0.5 mm), with low shear
wave velocities less than 120 m/s and small values of uniformity coefficients between 1.6 and 2.3. Seismic
microzonation maps showing areas where local soil conditions would be favorable for liquefaction have been
compiled for assessing future earthquake hazards in certain areas. In the Noshiro City areas investigated, all
sites with shear wave velocities less than about 120 m/s and with groundwater depths less than 2 meters
would be much likely to liquefy except for sites underlain mainly by silty and clayey soils. Sites with shear

velocities greater than 150 m/s would not have susceptibility to liquefaction.
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Fig.1 Map showing location of Noshiro Cityp,
Akita Pref. and topography of its central
region. The letters N-S indicate location of
the soil cross-section to be shown in Fig. 2.
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Fig. 2 Typical soil profile of the central zone of a heavily-damaged area in Noshiro City. The location of this sec-

tion is shown on Fig. 1.
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Fig. 3 Histograms showing occurrence frequency
of sands with relation to their average N-
values (number of blows in standard
penetration test) and earthquake damage
intensity.

(A): case for sands of 1 m to 10 m depth.
(B): case for sands of 10 m to 20 m depth.
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Fig. 4 Detailed classification histograms of occurrence frequncy of sands of 1 m to 10 m depth with reference to
their average N-values and earthquake damage intensity.
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Fig. 6 Variation of occurrence frequency of drill sites divided according to the total amount percentage of silt
and clay included ‘on the soil cross-section from the surface to 15 m depth.
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Fig. 5 Map showing geographical distribution of boring sites grouped into four categories depending on the
types of undlerlain soils from 1 m to 10 m depths and the ranges of their average N-values.
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Fig. 7 Geographical distribution of boring sites classified into three groups according to the total percentage of
silt and clay portion contained on the soil profile within 15 m depth of the surface.
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Fig. 8 Map showing location of all sites investigated by means of anaysis of grain-size distribution and survey of
groundwater depth The letters attached indicate reference marks to site names. {
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Table 1 Site names and the groundwater depths of the sites surveyed through grain-size analysis of soils

ID Mark Site Name Groundwater Depth, m Damage Grade Surface Conditions
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Fig. 11 Plots of the coefficients of uniformity ver-
sus the mean particle-size of sandy soils
sampled at 22 sites in the Noshiro urbaniz-
ed areas.
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Fig. 12 Geographical distribution of groundwater depths surveyed through use of machine borings, auger bor-
ings and electrical prospecting method.
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Fig. 13(A) Maps showmg geographical distribution of investigated sites and the values of average shear-wave
velocity of the subsoils around 1 m to 10 m depths.
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Table 2 Site names and local conditions of the sites investigated through shear wave measurements
Site No. Site Name Shaer Velocity Damage Grade Surface Conditions Remarks
&S BIEH S SEEE, m/s WEER MRS ey

1 ERAE 136 o BEDLE a, 13m
2 B 137 C EHS b, 6.2m
3 BRSR 130 C +i8 12m
4 BERIHF 155 C EEE ¢, 2.2m
5 BN 135 B ” d, 2.5m
6 KILZEH 130 A T e, 1.7m
7 FOBAR 120 A 5% 2.1lm
8 FAF 116 B FaAz—} f, 6.4m
9 KEAE 115 A 5% g, 2.2m

10 R AR 120 C 5%, Bt 3.2m

11 SKET AR 150 C L% j, 2.2m

12 BRI 155 B ”

13 EHE 120 B FEH, M h, 2.3m

14 EEFE 113 A g2 i, 2.0m

15 FEEEAT 124 A ZEH

16 FRBsFRE 65 A ”

17 Ep AR 106 A ”

18 BEREER 90 A HEE 1.4m

19 EEARE 110 A 5% k, 1.5m

20 PRz 90 A 224 1.7m

21 e S NS 175 C 5% p, 1.5m

22 TERAR 135 B v o, 1.3m

23 T RE 85 A e, A

24 KTIBE 125 A e , 1.0m

25 Iz R 80 A 24, MR

26 HEBEAR 95 A 5% m, 1.0m

27 B BT 140 A 4

28 . BERSHER 92 A 2B

29 HEBEESME 90 B 5%

30 E AR 120 B L

31 E AR 100 B ” n, 2.8m

32 LB RE 80 A ”

33 BRI HAL 115 A ”

34 ERTHE 113 A ”

35 FILESA 120 A ”

36 BNBLE 140 C ”

37 BENEBRE 130 C ”

38 HFEARI 110 C B

39 HEAR 115 c ”

40 BHFAR 115 C 4 2.2m

41 KEELE 110 A ” q, 0.8m

42 KERLS 150 A EENE r, 0.6m

43 Rl h 95 A =, 18

44 ALLZest 110 A = 2.6m
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Table2 (o3%)

Site No. Site Name Shaer Velocity Damage Grade Surface Conditions Remarks
&5 fillnap=t SEEE, m/s HEER HMEREE wE
45 ALz 110 A "

46 ALz 110 A ”

47 REET L 3 95 A ”

48 REEF # 4L Al 85 A ”

49 RHEFE 100 B ”

50 AR R 115 C ”

51 B 117 C FapliL -4 s, 1.2m
52 BAkEE 120 A KHE t, 0.4m
53 REANE 110 A ZEi

54 R PILE 106 A XH

55 TCE A 115 A b u, 0.9m
56 BAINE 275 C BRELE, BWH v, 10m

ErsbnTw3, LirL, BREECREXRMET
B — A E AT DAY ERETH B L Ebh
%5 (AR, 1976), F/ANMEZXFA—V v 7BEXERL
e BT BIC G VERS B,

—77, WEOSEERE V., kX THExbhb, T/
b,

Ve=+G]p.

CZTGIIRAIMER S 5\ 2 A MR RE, o XEE
ThHod, tDLH5C V,3WEORIMKCEGT2HEE
THHL, BB TCSEREXHETSZ i -»T
Wi OB I X HETHFI D D B LB ATREMEA K
&\ (JHIEF, 1985), I & TIHEERTHORBHME DL
L HEHE L OBGRERANS i, TTROEMIZ56
ROPE SR BT SEEEREXT - 2o RIEI111983
F6 8 L1984F 8 Ao EHEA LR T44 58
19854 8 Fic B H Eihis & AR O 1208 TERE Uiz, Bl
T RITARECE R, HEM SCBEh 0 CHEE
THIRD B D30~60m I TH B, FIEAMEL 2m H
2.5mTHY, WEELTIDHBTESZ LH SR
EEXHBE L TRV, Fig. 13 it BiIEh S0 B &
BRESBLIVCAERRECTHLBRBHBOTYS FEE
ZRLTWA,

—REC B ORER XEAED bR h R LT
RO LTHEL > TV EHENEL, FOBESEERE
bRE, LEdisT, Z2TW5BRBHBEDSEEE
i, BRImx510mfLE TOMD, £ 0Ee
REZEm OMNBEOTFHEEYERLTEY, BLBI
B LT B, BRIEHASR BB RAHEE[EE

BHEOBREYSMSE LT Table 28R/ LTH 2, =

CTHWABESHKA, B, CLINESHOBE LA

UHEFECLDLDTH S,

Fig. 13 # B % L LB D RILRT L A 5 B~ R FRET,
AER], PREEET, FIEAT~ L SEEELHI0m/s 5B
120m/s DfE &N E s, FRKEE, B, TR, ¥
RHBXTH90m/s 2 5110m/s fL TP I L7 » T
Wi, T bLDOMRIIATFIELZERTvTFh b B
RBRCR R L TN BEFABCRELLEZ S
Thd, —HILHOERAB»LBEAA~»FTULS
BEEI30m/s 5175 m/s i K& o TE D,
IhDOHBIIHBEHEENBE THENEFEOHT TH
hELSHB LTV B,

Wi Fig. 14@ 3BT % 1T - 72568180 S 33 &
DHBEHESMETT, chnbAHE2120m/s £ »
NEL, BEOTFHOWELED S BEE L THE
ROBRBHBO TN HIIES LL/NIWMETHS Z &5
EHXhB,

Bz X S BEEE S +ERAEBR»LHETERE LT
B ISR SR Tw3 EBhbh s kH - 5% (1976)
DR, Tibb
1.0 5
1.086
1.066
1.135
1.153
1.448
ERAWTEREFOSHEHOWBDO SERELHE LT
ABE150m/s Eixd, ZOBENME=10, EEH=5
m, RRE=1.0 G$8it), #EF =1.066 (F+8) &

VS=68.79N0-171H0.199 1.0 E
1.303
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Fig. 14 Histograms showing variation of site numbers divided with relation to the average values of shear
velocities measured on the grouned and the degree of earthquake damage intensity in the Noshiro City

areas.
(a): case for all sites.

(b): case for sites classified depending on the earthquake damage intensity of their surrounding places.
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BEFHBAIN B,
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MNKB E51. BHhEIFRo X5t tBrEake T
LB TH D, IH138. HFEAEI, 39. HFAR,
40. BHEFARCOWTIE, hbhDBEDECA—
Vv IREERNLVCD TCRELLALHELVWERLTE
7o\,

4, % =

NERBROER»SEARTHFODELI—TOMMN %
BT RTOMIED b ORI EE CHVRIE, K
ESfEEY oD LRI NL, FSEEERZED
RS, BABPTHEOE R R LIRERF
FOREWBEIHI20m/s BT &5 /NI SHERE
RO Lo, LELSERENNIVDSB
WTH - THHTANTSICHEE Ui ult ok
LIERELEWTHAI EVWS T EvEL DL, D
S EEE 3T ARAERE & —Shc LT UHTHRRED
REOMBELXEYHERTED I Litich 5, Fig. 15
TRIER S O BRB AR D S FEE L T KAEE & RIG
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Fig. 15 Classification of investigated sites according to the average values of shear wave velocities measured in
situ versus the depths of groundwater level, with regard to the earthquake damage intensity in Noshiro

City during the 1983 Japan Sea Earthquake.
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