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Structure of Subsurface Layers And Earthquake Motions

Kenji YANABE, Masshiko OKUBO, Norihisa MATSUMOTO
(Public ¥Works Research Institute Ministry 0f Construction)

Abstruct

The earthquake motions observed on the surface is affected by subsurface layers. In general
these kind of studies deal with rock masses irrespective of classification and identification.
However, it is important to classify rock masses in order to estimate the effects on dan
foundation.

We examined the effects by using multiple reflection theory. The results obtained can be
summarized as follows. 1) Peak frequency of transfer function determinded from structure of
subsurface layers, it independent on depth of observed point. As observed point is within 20%
of layer thickness from ground level, an observational error of amplification ratio is about 5%
only. 2) Response ratio of three layers-model on the surface is not smaller than that of two
layers— model in all of case. 3) Fourier spectrum of observed earthquake motion to dam-axis
direction in a certain dam corresponds to calculated one by dam model in frequency under 5-9Hz.

1. BLwk

HREL, EZAEEOBA, YZHMER BV CHELHRET L CHRCEL, 2 CRELTTRT S,
LichioTy MBTHAS 0 3 BEIL BBGEOMBREIC L > THRIKEB IS, COZEREA
BRTBY, ZLOWEMMRD 3, LhL, BBROVTREZLOBABBRBEShB T LR —L
THYEDLRTER, BRI THOREL LTEXohABETH B4 HEORE, ERTZOBHE
R r, BRAERRBLEHAERCHENERETH ). I-EHORBRCEBRARMERIC ISR AL
TW3, BEESCBY s HBHPNRELE5 LEMBRTLEERC L CRH Y, Y244 TR
—IRFRTESRBABHEIX» 5V —ZRBEINZIZ LHBV, FA94 PBY 58S REBRE

BV OLEXS NN BHEROTRRERTE, N\ [
B & N R R LTV 5 LESo B ROESE N\ o A
LRUTHY, MHEBOMEHZOLOLEEAEW, N Az

R

T T #HEH O RERORBHEN R TRIS 1 2 RS

R5A B EE L ERRHERE &> TR LT, KBER, °jﬁﬁi//7xi\\\\\\
1) BROREMEE 7 & £ OHRBEEIHE
2) Fuk BB HRBNEGEMEY S 2V —Y 2V —

ROVWT, 2OMBELVILONbOTHS, B-1 #av4 M tiBmRBIEEHA

—86—



2. aROHMEH RN

R I % Hoag
(1) BRORBREE 71 . m 70000
HBORERERR-2RFET LI EFNVLL %
H—-10F NV ARES ER—BHNERMERD S D ZZZZZZ
DEFEELEZBEF VT, EFAVBRERLI2E ET iy m
OFE BES VR LERALLEERS S0 SREry o EWEra HREFN

LEZEBEFNVTHS, Th EFVCREBER2
BEOSEOHBREBREE->TWADOLHEELL
HEE#NVC HEVPOLBMH2KESZVEBLB .o
TEME2EEL LTS, 58 BEROCANBERE | |
B, BEEHQE SV L 20000/s,0.01 BB LI
(2) B L v—7 AEHY b3
® —EEFN . 2oy
BRI 3 MRAEOEMOBEERLBRROME

H—2 #HBoREMEETN

13 2 HAFREHAEYs | KATXD
500 a/s 0.04

1000 a/5 6.02

1500 a/s 6.015

WREREE HEERR20000/
. REHRS00ZRELTV S,

2E—-3RRT, CORBRRBRROIALGUCL > TREN, oo

REEFEIhOBERT E—-27RBRBHE Vs OB
Th%, VE, FRELFUALHE RHEEORETH

D, BEDL2 RE»rLOBEEERLCVWS, V,0,0,f, 0,
h, HRZhTh B ANMKEREE, BUAKER, ARDEY
(=27 £)\ As¥. BHEEEEBGoh/V.)\ BEER L
BETHE, “BEFVOBARE HFEEOBMEEL KRR
IVBEUCEBCOMBEHLHET S LRAETH B,

_| Ei+F. | 1

717 Ll " oH
ﬁ;h77+mu)mm i

A

2n-1 v
2

at W= 2o (=L2ee) e m, @

1
aH
BEL—KkEe— FOEBIHT INESEOMBELR -4k
~Y, RERER»SOBEZ2RBEHCERG(LL THY,
BEERIEBEAT ZEEMEE | (EAFD/(E+F) | %
WREOBERE | (E.+F )/ (E.+F,) | T#kLiLL T
%o SR LEOBEERCED S TREEH NI BIE—
REIBR 2R, BRSARES L LEROWNBEOR
SECOofifTchhE. BEARIFASSYOETHY, ¥
TEBBbhDbEEVWI LD, BHLOEIME W,

@ =@=sFN

EEoOBABBERHE, BREEBRBTELIONDS(HEEL
Y, —~RE—-FREBLCG LEEH, OBEHEHT
Nax LEBHT 2 HRAONEHRL € — 2 ARBOMK
2R—-5k5xd, BEHIZI000T, HOBAAKERIZ2.68/
e THD, LEEOHNAX MR 0.0,1.0 DBAR - HEFNVE
HACTh 3, LEEOUGMRENT 2icoh T — 7 BERE
BRCHEDT 3R, BEERIS 3BHECERYML, LEO
BIEBAM0.010HT0.0< X £0.2, 0.020EC0.0< ¥ 0.4

Amax=

0.0 2.0 4.0 6.0 8.0 i0.0 12,0 4.0 16.0 18.0 20.0

AERH (iz)

B—38 BEMHEL R

10

1

——

.
7 H=2100m
2

S

0.0

00 02 04 06 08 10

BT et e

H—4 ZELBHEEX

Tes
o

Ies
) gREc—2a

——— - BB T~

TR Vs=1500u/8.h=0,0i5

0.0

0.z 0.4 0.6 0.8 1,0
tHoMFHe T 38azx

E—-b LEtEEoOMAL

BEGE v—IREN



OEFARBVCZHEFVCHEININEMELIOIOREL 10
55, T RETHONEOHREOMIHRAEY, Uit
T BHOLBREKED 3VREALES YD 5 &5 BiFAKR
BHRECOBEEERNA & R PAND Y, ERABET g
b5, BERE U rABRBBKAEMWC L LY, EB
WREHT B ENTED, 22T KRIERAYE—FV2 04
o, V0, V)THB, Rl =2 OBREMEEILELE 0z =
TREENLE L, FEABRECEEONANNE Y —kE—

. v N 0Q
FeoME2RRE{NKS, L, BREOBRZEBZIOKEEDT 00 02 0. 06 08 10

/M

AN 11T
2

(%=0,0,1,0)

THY, E—FRREBBIRONTEEREDT 5. BEEE  |oin e
e S ey e W gy W0 REESEER
tm(—z—%) m(zan'H? )=k, w=2xf (@), @ I .

RIELBMEH TSR E— FOBERRORFLH—6L | o= 15

wF, RicRT AR TEE P OBAOEMUMETS 3, g“&§§ : g

EREFNVOBEEEG LELTHORRTIEEFNED  §o, Lo ®

ERBOAE NS, BB, C— s ARBRREE 7L & AR PR

REERHERCER—ETH S5, 5.0 £E58% 0.6

@® HE=®FNV 00 oo
Frv4 PRBVT B« BESOBMORY s MBRE 0. 20 30 40 60

SUEA (1)
BREB TV &5 RHIFRERR LELERL 1S, N—?oﬂﬂgﬁkﬁiﬁ*\e—ﬁﬁyﬁ

EEE1000 L, HEKETLSERBOSNBEEERE O

NI ZMREO—RE— FOBEHE, - J7ARBROKREE 2y . .0
BR—7&md, L8, BREEOBO ¥ ANKEREE.
BPEEHII5000/5,0.04, 15000/s,0.015C, HoBMARER =L
i 2.6¢/cw® TH%, BE—ECHUEENHEMT BLE—2
RESHmMT 5 EHc s 0, BESRZANURA L/ L
DBARBBE—EMLN B, £k SRWE10L LEBOE 54
BLEMNT 3 MREO—RE— FOBEHE, C—IrAR 0.0

) WREBe-A

HOBRER—-8 RRT, BB, HHRS SREATHEBE L voow b ik b2
EUBEOMEANBALFAORRERLCV S, SUBK  H-8 EMISHER v—7ARR
~En s AEHREDS TRFERBRE—ETHY, ¥ g

7BRBEBEEBEHRRIEA L. —BeFr tAkofinzrd,
BEGE, -7 ARBBEEOBEAANED > T B LA &
EEDbBEV, Ric, BELEBENT 5—kEe— FORER ~ 06 Ve sotn/en01
K, Y—I/RBRROBELR—-9RRT, BB, BEHIXI00n g
THEBUII0TH 5, SEEFLORREH S BERAUAT 5 O vamtmrnsnn
ZEEFVOMBRHET A DEEI LN B, Y- RABEM 0.2 N\ =AZoms
BoEeFN, ZEEFLLARCKEERBDLST—ETH 5,
PLEOZ by HUBHESVEAC AL GONEOY O
BB RERCE Y ZEE SV EREBHETERE O BEER et

BEEEEMNALLEILNS, H—9 ZELiBEHK

T (RUBEOM: Va=15008/3,h=0.016)

—88—



3. WEEBBMMLE E Bl FHER

(1) ¥ 20 HBBHMILE oty T AR N
AYARBYSHBEIO Y AR BB £ 3 00 R i
BRI RN TR % B — L0 R S %ﬂﬁ?:fvudﬂkwﬂ“wwv [liTeT
AyA ‘iyl\gé% 80“‘ ﬁ]ﬁﬁ%440'®7 1 ) _60'3.; ! 5.(: 10.0 l:.Ol Elv ‘!2;.; . —iZS.D -
VEATH Y, BEAER—1LRT R 3 " ()
5, BMRHMBLERT ERSR T HR 5 g0, L) T 2EH }
THICHTRB R ATHAR—-BEERE w 00 Gk R
HEAT 294 M BBATVS, FaRlsr & o 5.0 10.0 15.0 zo.(;m (mzso

CERKHHAO ¥ A BRHOMEREE I & o) EETm
BB G 3.5~ 4. 5kn/sBE DM AR, & ' e e e T ] e i
EFR RAMHHOMEE ORKER ¥ 2 ;E;“Wﬁﬁ’ B WWMWWﬁ‘ i
KeeT2.7,52.6gal, ¥ A KBET17.9,20.68al, ' ' ' '
EEK#T33.5,27.58alCdH 3, 7—Y AN E—10 HhRBMEELE
7 P ER-12RRY, SBRLETRAR, ZREBMIROMT

b5, ETH. BB RAO—RE—FOr—JEERE, Y2EE v-xm BL.346.00  (GREM
2.2, 2.2z ¥ AEBET 1.6,2.00z ZEKMT 1.6,2.002CH  \msus .
5, FARWO7—Y 227 b VIR LETH, 2850 CRBER
O—RE—FHREML, FY2EBOBERMEIBZERRS, i BRE
BIEVWEEIOND VL HBLERRBMO I — ) 22127 VI
AN AMEERL. AR2 PVEDEREORERTN VA4
BERCEAR7 FVELERBEBRCER T 2R ERTORK LT H—11 RS
ERERGECRHABRRE— 7 2R ETEROMERPE W,

WAE (gal)

D TN

(7 2 BB

a) Y uXKum b) YLER . c) ERRG

3 ] g

E — T — wEEs 2, —  mEEA
. T wwre 2 \ ——— LF®AM f T L]
2 2 18 2 N

N i N | i e & ,‘"\

3 iy < W (W ¥ AN

x o |\t ® LN ®od g i

" § v H WA s AN |

- W A = vy 0 WY/ Mipd

! el LA A L P bt
» . v L

R () |EE () A (i)
®—12 7=V IZANRZ ML

(2) BlsHE

EBROMAOBER T IHlEE OBEEREBHRHHAR
EoTHEHL, RSO MBEERFEE7 ) cFRUCRESRAR -
REREERT AV O OERRBEAB L CHIEOIEEMAELH
FTEORBEREUMASI LR &> TBB, 22Ty 2. THHL
ERBEEBIACTT 294 PREFAMEL, FARBOMHERGEH
bYABR FABROMBERES > ERXMOEBE ORE 2TV,
KWRFOIBE & BT 5,

Frd 4 OMBIR— 18R &S EF ML LT, ¥F2EHR
BEBIABEL. ERILFR2VTRIBRAEILTEY, ZhllTFo H—18 Fay4 r#ileFL




HERENLY 5. SMOCAMMEREE, REEHER—1 B—1 CANBGEEE RN
RARF, ¥ AKEROVCRERHNOWER 5» O y y  [TE[TIRECNEE [RAERE AR
HENTHY, BEOFRERERE 0y 7H O A MRERHEE,

BICEMD S BE LR, © 0 BEOCANBEREES, WRE
WD 5 KAOMRLS » TRIELT 22 Ly Rl L
WA L5955, BALFE LB HLEERLCRELR,
K& Vs, v, BEABRGEEE BXTV v ETh3,

300 0,040 4.0 2,80
400 0.040 10,0 2.80
660 0.040 15.0 2.80
800 0.030 | 20.0 2.80
1000 0.020 | 35.3 2.80
1000 0.020 1.1 2.80
1000 0.020 3.8 2.80
1800 0.015 10.0 2.80
2000 0.010 | — 2.60

¥lelolo|e|e elesle

v5={.§%;g;gj_}*vpgojvp ...... ®
(3) MM HER
HERRER— 18R, RhOZREERTHY, ARt
HiEERTH B, Yok errbLcBohiy A RO T~
YEZR7 M VORBREBRE BEAEITOWTIR T ~9H
FTORBBARCREATR—RE 530N LT, LFRAR ~  Aawaw
BHEDVEMERE—KLUAEY, EREXBOT—) 227y anR
DEWHAGE S, SHIFIT5 I FOBRBRSRTL S —H LT
BY. ZORKHERCHERRENO Y 2AERO7 —) 22~
7y AEBERUCTHS, 2, ETHEARKRS>VWCRSIEL—
BqLREV, FABRTORRRHENRTERRBOHRBIERN L O
SUBHEA L BV, ThIZY ARRE ¥ AEEOGEERNRY 4
Ke S A BBOBEERENLTHONZLDOBE 550

B ABEERS OB 5O ELLN S, ' LR
b) ZEREM
(EF®AR)

a) ¥uER
(LFRAR)

TJ—)2R<7 bN (gal.sec)

7—9x2a<27 bx (gal.sec)

4. BbYK

ARORBREIFCHAS N I BB EX 5EBRoV

T L, UTOREREL NI

® FEERBORPERIXRERER Lo T—RNRBEShEE
BB T, BEERRRISSBES S BEM FERO20% % o PR
TO HATROXNBEORRULIMESIY, P

@ HALRKEHZVIALENRD IR BEERIFLED0
BEFNVCHRTREIBSHANS D, LEXKELT 58,
BEGRIMMT 3, 56 ZEEF E>VTbANRR &
V. MERY 5 BEBERREENEET 52 L RAMETH 35,

® EHERKHAMRIEEREOKTEELZNGEELTBY, BER
HERUEHECESWMA L I RTOEUNRETRS B, &

244 PORBEHRNESE2Ec REME2 = 7 EL THBIE BT AN L
HELULHR BEARR>VWCRBRBEZYRERERE N, B—-14 7—=YxXZNRZ N
B33 1)Schnabel,?.B.,Lysmer,J.and Seed,H.B.: SHAKE, A Computer Program for Earthquake Re-
sponse Analysis of Horizontally Layered sites, Report No. EERC 72-12, University of California,
Berkeley, 1972  2)MAMA. RHEE (v v 27 4 V¥ 20BN 2 A J1BERE & SR TR,
5 AEH Vol.8-4, ¥ aBifity ¥—, 19856F  OMAMA. KHMK. KAGRHE ATH AWz

ikt & HNAB OBMER ST, BUNLETPHERRLRE, LETPS, 1989E

F7=Y TR N2+ A (gal.sec)

J=Uxzx~2 b (sal.sec)

LT

A
j
‘wl\\_/\/ \V\/\' WA J

—90—



