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Empirical Equation for Estimating S-wave Velocity in Morioka City Area

Hidekazu YaMaMoTO*, Atsushi DAIMARU** and Tokumi Sarro*
ABSTRACT

S-wave velocity information plays a major role in the study of seismic micro—zoning. An empirical equa-
tion for estimating S-wave velocity based on ground information obtained from borehole data in Morioka
city area in Tohoku district was constructed. Refraction survey using the plank-hammering technique was
carried out 76 points near borehole sites in order to obtain S—wave velocity data. The total number of data
used for multiple regression analysis was 460. Seven empirical equations were estimated using N-value,
depth and facies as predictor variables. The best equation obtained by AIC test is as follows:

1.000
Vs=92.90H0.117N0.251 1‘"12;
1.444 ) 7
Vs : S—wave velocity (m/s)
H :depth(m)
N : N-value
Clay
Silt S
Sand F=Facies

Sand & Gravel )

The correlation coefficient was 0.899. Although the calculated velocities using the equations from the
previous studies were lower than the observed values in Morioka area, the calculated velocities using the equ-

ation in the present study were nearly equal to the ovserved values. This suggests that the above equation
reflects geological features in Morioka area.
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Fig. 1 Location map for study area.
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Distribution of S~wave velocities observed by refraction survey at a depth of 5m.



BRSO 280 S FEEEEROMR  (UIAKEN - KAUBE - FEER 185

3. SIREEHER

3-1 EXRER

MM L DR BT S BREEE L R EAEA
ERER—Y V7B RIE S THEREEDO D OE
FRER L, £—Y v 7&R»B1, 1~2m MRS
LON{E, TERGAFEETELIRS, AFETE,
BHREENEEREOBEE L X —) v I/ ERKALE
PhaBEENRL—HLTWELDDAYERHE LE
EERIER L,

HERIERAER TR TORCER L1,

1. A=V v rErcipiEit - EREoRRR S8
HIXRTWiWEOR% e, KRR TILEARS %
SPAFERBICEARRA T,

2. BE - EREKE - TEREE0EROERIIEN
PHBRAT S,

3. THEOXSE, Ht, v, B, BEo4EE
L5, r—a - BELEELELT, EW - RR- M
BT E LTRSS,

4. N{ESOLIED L DXERIE LT 52, BA
ENERHCHE ATV 5 013, AREEEEEA
B (B0cm) ToOEFCHARCRE L TRV, =K
L, NEA1000AE & 7% b OIRBRA Lic,

EART 5 LTEOHEES MY Fig. 4@ wernd, B
EDF — £ BHIX460, LB Z L ONRTIE, KL175,
v 102, B34, BEEI49TH B, WOF — 2 ¥ 14
e, Lo +EO T — & BURERRS T T4 TH
5,

SEEEOEESM% Fig. 4b) wrRd, &4 TiX,
200 m/s BEOHEELE 2, 100~900 m/s DEFE T
BELHAALT5, LEBICERD L, FitsIon
F12200 m/s BED S D%, i L ORENZ300~
500 m/s DEFEDOHEEL L\,

NEDHES % Fig. 4()iernt, £ERCARS &,
HER XL MINEIOREDT — 205, HE
SFIHELU LT3, BIxRBC NEIREDS — 2
BB, FEESHLRIELNTHS, B, NE
505 & LTIRBIES AL TW5, SEEE L NfE
O+BEROBESFIAECEARTRT,

BREOCHEES % Fig. 4R, ERS IS
T, ZLOF - 23FELOmLUTOLDOTH %,

BEACEVCTRED/NIWTF — 223 %W BHE LT,
SEHEEXARRENR O Wik iz XTETRD TV B
b, B0 SERERAELBOhTVIWZ &, B
IV, A=) vI/HERERAELANE L OTH

DKM NESOTED kD EIg > T B &R
ZEFbh 5,

3-2 #ER

HEERIIAH - B8 (1976) LRABCLBEXS%E
AR L LEBEERSHC X B HETER L. @EXK
i3, TEXS -NE - BEDO I SOHBPEEDOTXT
DEKZEPLBRLIBTEIDLDEER LI, KD
TRTIPSHRBI L > TELI S BFHEERE ST
BERXEER LTV BEBENLE VoD, BECKERRS
PHEZTECHEIGAALTH B, FHIECIHEREER
ERAA-Y VI7BREFER LTV A DEBEDT — 213
BELLG, T, MR IOCEBORBRRKS 4T L
LR TRV DNBE N EnD, FIERD 3 20DHH
EEXFERALL.

RDLRICTRTOHEER & 2 OHBIRE % Table 1
Tt MHEGREN—FBAZVOILERS - NfE -
BED3IOOHALED TR TEELAELELRTH
b, LorL, HBEEDOEEN RS d—BIC LT
g\, ThEOFRLREHALRE (DX TEIRS
AIC (FRiufEHREEE) OfETHETT5,

AIC=nlog 2nSy+1) +2(m+1) (@)

n:F—2H%

Sy : BEGE

m: 5 A —XK

AIC (Fxi#th, 1976) (1€ F A% i3 5 7o b OMfE
BT, AICHPIWEFLEERWETATHB EX
hz, 2%0, AICREKABELELRABREDCHE,
BE<T A — 2 DEHERDHENETFALERLSRETHS
TEERFELTWB, ROFMC AIC 2B 3z LTk
h, ERLCERYEERL, »o, FBHEEO~SLT
EX L BBRORMEEF S EXTRETH 5,

Fig. 5, fER IR DOHEBERE L AICE =T
ZiwerT, Mo, BE (H) -NfE (N) - +BKX
Z(F)D 3 2OHBEEDO TN TR EL SRR,
FEBIGREN A X L (0.899), AIC /&< (—2137),
— BB EFATHLZERT LT3, APET
X, TOREBEATRCETSSEEEORBEHRER
LT3,

1.000
1.101
1.153
1444 | 5

VS — QZ.QOHO‘IUNO'ZSI



186 w B OB % B49% B 3B
Vs: S B (m/s) Clay 1
H :BE@m) ]
N :N{& ]
il ot ‘ ‘ -
vk b &90 800 00
W @) St -
WEE ) r ]
Fig. 612, —0@Q)XXAVTHEIhEEEDEL ]
MR X h BRI EEOEOBRYRT, K et:)o sc:m 1000
h4ASEE O EFILEHEE L BRED —H—H G 0B Sand
200 : l [ i
70 Gll)O EQL 1000
150 . 522 i Sand&Gravel ]
z < |
g 100 . g_:Z'
50 ) 10

I ‘ Sllt Sand  Sand&Grave!
Fig. 4(a) Distribution of facies in the sample used for
analysis.

T
> Clay -
%)
e i
[
3 -
o
b i
S
i 4
1 1 1
R — % *
Silt E
oy
c _
@
3 4
o
q‘_) -
w 4
1 L 1
4]0 50 BP 100
> 5oF Sand B
g 404 ~
[}
2 B
o
3 i
S
[ 4
. b e L
4|0 6]0 311 ~ 100
S sof Sand&Gravel
2wl 4
@
3 301 -
o
LGtJ 20
10
1] s At B
0 20 40 80 80
N-Value

Fig. 4(b) Distribution of S—~wave velocity for each fa-
cies.

200 400 600 800 1000

Observed Vs (m/s)
Fig. 4(c) Distribution of N-value for each facies.

3
S

T T
> 6 Clay
(8]
g
S 7
o
£® y
1 1
30 40
T T
> Silt
Q
<
(] 4
=
o
£ T
0 L 1
a0 30 49 5
Sand
550 S
S
= or 7
o
:,_j 20 i
1 1
80! 10 20 30 49 5
> Sand&Gravel
%) 60
[ =
[3]
S 40 —
5
- 208 -
& L
0 10 30 40 50
H (m)

Fig. 4(d) = Distribution of depth for each facies.



BREMRIC T 2 080 S BHEEHREROMR  ILAREMN - KARE - FHEEE

Table 1 List of empirical equations for estimating S-wave velocity proposed in this study.
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No.| Indices | Empirical equation for estimating | Correlation
S-wave velocity (m/s) coefficient
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Fig. 5 Correlation coefficient and AIC for each esti- Vso(m/s)
mated equation, where the included factors are Fig. 6 Relation between calculated velocity (Vsc) us-

depth (H), N-value (N) and facies (F),

respectively.

and observed one (Vo).

ing depth (H), N-value (N) and facies (F)
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Table 2 List of empirical equations for estimating S~wave velocity with H, N and F in other studies.

Area Indices| Data Empirical equation for estimating  {Correlation
number| S-wave velocity (m/s) coefficient
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Table 3 List of empirical equations for estimating S—wave velocity with H, N, F and E in other studies.

Area | Indices| Data Empirical equation for estimating Correlatio:
number| S-wave velocity (m/s) coefficient
1.000
Kanto
1.086 1.000
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clay fine sand alluvium
silt medium sarsl diluvium F =facies
sand coarse san s tertiary . $a = sand

sand&gravel| -

E =epoch
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also the caption of Fig. 8(a).
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Fig. 9 Relation between calculated velocity (Vsc) and observed one (Vso) in the equations constructed with depth

(H), N-value (N), facies (F) and epoch (E) by other studies, where epoch is assumed to be diluvium.
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Fig. 10 Relation between calculated velocity (Vsc) by the equations with H, N, F and E (Diluvium) by the other stu-
dies and observed one (Vso) by refraction survey in case of each facies. The histogram shows residual disper-
sion frequency. See also the caption of Fig.8(a).
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