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AMPLIFICATION CHARACTERISTICS OF EARTHQUAKE
MOTIONS AT THE GROUND WITH DIPPING LAYERS

By Kojiro IRIKURA

Synopsis

Earthquake motions were observed at a rock site and a ground site in the eastern part of Kyoto
basin.  Soil deposits above the base rock dip from cast to west.

Amplification characteristics estimated through comparison of spectra of § waves’ part of
the ground motions with those of the rock motions are different depending on the directions of
seismic arrivals.

A ray procedure for the calculation of the response of ground layers of a plane SH wave
incident at the dipping base are introduced. The variation of peak frequencies in amplification
factors with the direction of seismic arrivals is found to be caused by the ground structure with
dipping deposits from comparison between the calculated values and the observed ones.
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Fig. 3. Waveforms of § parts of seimic waves
obtained at the rock site (0,) and the
ground site (C;) from a deep earthquake,
M=5.7, H=400 km and D=264 km.

e

Particle motions of § parts of seismic
waves obtained at the rock site (0;)
and the ground site (C;) from a deep
earthquake, M=5.7, H=400km and
D=264 km.

Sy #EE (Fig. 3 © No. 3 D REIMIE) »/kFiE > particle motion 13 & O BEEHHRE § Co & ()
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TITDARY PABRELELINEF-20EX
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Fig. 5. Upper:

4137 M:57 H:400km D:264km  Q(49°
/ wor T o

Fourier spectra of radial com-
ponents, R, and transverse ones, T, of §
parts and square roots of energy spectra,
VEs (JEs={RE4 T%), of seismic waves
from a deep earthquake. Thick and
thin lines indicate spectraat the ground

site and at the rock site, respectively.
Lower: spectral ratios between the

ground site and the rock site.
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Fig. 6. Spectral ratios between vertical compo- 7 & Az SERETIIOm OEZ O SHEHEER

nents and radial ones of P parts of seis- 580m/sec TH b, FTNHEBFOEEL L Ti240m &

mic waves from 3 deep earthquakes. 30m OEEOMIEELEEREEL LD, $5—9

Upper figures show spectral ratios at N . .

the rock site and lower ones show those WEEZHLBENDD, REMECHLTE, BAT -

at the ground site. 25k b T L MANICIEE I N AL
DWEOKE, HmdkIhb,

Fig. 7T R3 DO EREHMBBEITOVWT P D V BAOR RS balh, afV BLEZRZNVF—RRYT b
DFEFIRVE O, @B BRENT RS F—2 DRI R PHOBES.SHM, S BHOWERIS.5HM (2
B L1THHE (BB THE. MEAALLO 2 OOMER (4-112, 4-137) OBE, PHEOR <7 bl
3 1.5Hz Wil ICHE R €~ 27 2H LT 5, LABEHA» L OMEE (3-043) OHE, PHEORA<RI b

SPECTRAL RATIO Co/01
*3-043 038" 4122 __©:143° 437

0725 3
S S R,

1 1 1
i 2 3 Hz i 2 3Hz
Fig.7. Upper: spectral ratios of vertical components of P parts of seismic waves
between the ground site and the rock site, from 3 deep earthquakes.
Lower: ratios of yEs of § parts of seimic waves between the ground site and
the rock site. The lengths of time window for computation of spectra are
8.5 sec for P parts and 8.5 sec and 17 sec for § parts. Solid and dotted
lines show spctra of the lengths of 8.5 sec and 17 sec, respectively.

—_— —



AR BEELE T 2B ORBRY 45

Wov—7 3 1Hs BEIRALNR, EsORARY PO — 7 RITHOWITTIZ 0.5Hz BHEIR A LN A8
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Fig. 7 [TRENB PROARAXY bl aP? 2L VEs DR~y Falk o' ORI BRBOC— 7 HKK
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32 AStANIIC kB mEEtOE(lL

LITREVREOMBHRIIOVWT, ZOHRAFMLREME L 2MNEFEOMBERIT 5, BT
RV B o S-Prime {3 14~24 sec (RAEMEIZ LT 100~200km) T, #D<=/ =F 2 — [F133.5~
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174

Fig. 8. Fourier spectra of radial components Fig.9. Fourier spectra of radial components

and transverse ones of § parts and square
roots of energy spectra,{Es=yRI+ T, of
seismic waves arriving from the westside.
Top: spectra at the ground site.
Middle: spectra at the rock site.
Lowest: spectral ratios between the
two sites. Window length for compu-
tation of spectra is 5.12 sec.

and transverse ones of S parts and yEs=
YR+ T, of seismic waves arriving from
the east side.

Top: spectra at the ground site.
Middle: spectra at the rock site.
Lowest: spectral ratios between the
two sites. Window length for compu-
tation of spectra is 5.12 sec.
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VEs 0¥~ 7 JMEBKEBET 0.5Hz WEICEFT 2HANSEON, ZORMMAII3I~41THE > TV 5,
b oo MBEOBE (Fig. 9), R KA KRMBHBELKE 2B 2R, T RE L VEs O HIiMER
BB T B e — 7 BEBEE LT3, Es oo -7 i3 1Hz YUTREEL2IORA LT,
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TVAEE, 2HABOKT LD EIRLVEZERIMRINDZ LTk b, vEs i3 SH & SV B4 31T
i, HEAEOL 5 —BELE V. 17 Es O, o, 13 8.1 [T~ 7ilc, L LTSH#EL
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Co Co — 102400
w612 see

TCo  — 1024 see
o 8.02 see

0. -

[
ot} /\/\f\\/\

o B

T F cwor |, G0

2 3m e 3w 2 s 1 2 3
Fig. 10. Influence of window lengths to spectra Fig. 11. Influence of window lengths to spectra
of § parts. Spectra of window lengths of § parts. Spectra of window lengths
of 5.12 sec and 10.24 sec are compared of 5.12 sec and 10.24 sec are compared

for seismic waves from the west side. for seismic waves from the east side.
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ERHERC— 7 BB LN,

VEs Ot av' # Fig. 12 OERIZERND L OBIZOWT, AREEMP HLOBITONTE LD TRE
NTnb, EREFF -4 OEX, 10.24sec ORITHRERL, $MR!25.12 sec OBITERT, BEHH LD
WERBEOEA, 10.24BHOBITTR, 0.5Hz 0¥~ BEER S bbH, €~/ O®MEIZ3I~5L%-
TWho 5. 2B HOBITTR, 1Hz LT OBREARBIBRICONT, ¥~ 7 OMBRTHCISHETE R0,

Jo 15-P*I5250c ©=-1624-104 | te-pridTsac G:12* 4-001

1 1 1 1 ) ¢ L

1
1o 1s-priBisec  ©--159° 4-088 |4 T4sec  73° 4123
I i i ‘[ [Jl\‘/ 1 ) 1 1 L ) A
0 Tlsec  -154° 4-036 1855ec 112° 4-059
S

B

237sec  9i° 4-064
5% .
1

I 2 3 4 Hz

Fig. 12. Ratios of yEs of § parts between the ground site and the rock site. Analyzed
seismic waves have S-P times from 14 sec to 24 sec. Left and Right figures show
spectra arriving from the west side and those arriving from the east side, respective-
ly. Solid and dotted lines are spectra of window lengths of 5.12 sec and 10.24 sec.

0.5Hz fHEDRMEIZ3 ~4 K#EE 5> Tnb, LVRAROC -7 1k 1~2Hz OBITA LN LA, TORMK
HEBMBMBHEBICIREY, F-20BIXIEREL, ZIRBULF -2 0 CERBEFAICEL V&
B EBRAXA2DILRTEEV, HUPLOHMBHEOES, 10.24BOBIKNT 1~1.2Hz -2 3ED
HBBEIZOWTIHEEICALR, ZOBRMI3I~TZH5, 0.5HzD =27 3/MhInioLldhbitkin,
5.12sec O TIE 1~1.5Hz KREFAEC -7 84 b0 54, Th & EREFRTREMESSEITNE
(%Y, -7 R A0NEV LY ERARBO -7 3 2~3Hz KB L b5,

IDXSIZVE oMM L EROK, o F oL 1.5Hz DT OERESBR TR BoMIBRAMICLD
REDEBEAE TS, B LOMRBHEIINT S a8 OBRELY~27 1, Ehb0EOZRITHL
TLVERERIZA > Twb, BHF— 205X (5.12sec & 10.24sec) 12X D, a'E OB EB/HOEN
2h 5, HEo~SERRIEERECSEOLS,

ZZTHEMAS L) ORBEA C i L TRASMAEHM (Fig. 1 38) THs LitHiGL,
BUAHE ) ORBRAERBUMTHL Z LIEHIELTVD, ZOZ Lid, BHBELHT L MBEREIC
X5 SHOMMEFEBBEOAFHACL VEAT I LETRLTVILELLN S,

4. FERBEEHT HHBORBEOEHHE

AT X BB O BT RESMBEOTRAFIZ L VBT A L RAKFOMMBEEZLLRIHE
HWTE L, MBEHBEOKEFRNOZLFRBBHFHE~RIZTTERVGRIMREE LAV, ERBEHL T
WAEE T SH O BERKSHC & 5 BRI O 3B J 813 ray theory % \» T Ishii, H and R. M. Ellis?’
RIVFRINTNE, BEDOFEI1IBHEOBAROAENT, 2BUL~OEENRETH 2, 22
TRH2BULOBEICIIRTELAFEEEL L, HEALLEREALYE TS 2R =7V OEREICER SH
BHEEOAETAS LR, SBMOERACHEECORS « BITITL - THRET 5 ray phase O kinetic

_9.._
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Htk & dynamic $% % RHIOITH S 5 720 O computer algorithm %23 2 LT E 5, ZDHETHD
B BAA V2D time domin TD L = # v R % frequency domain (ZZE$nid, MM X 5 MRk

DAY hEFEERD DT EHTE D,

41 FHEEFNL

AR LAEBRABEET 2R T AOBEE Fig. 13 ITRINB L0 T 50 Fl SH B, uo(e) 8¢

!
el PN 1/ N
Ky
ANy g

. HEE

& &
\y£ T

Fig. 13. A schematic configulation of the layers and rays, being incident with the

angle of 6.

Ray paths for Q3,3 21, and Q;,5, 3 22 21 11, are illustrated.

half space 225 0, DAFETAH LB, BERTORE, u(d) I partial ray expansion 12 & Y ROEITHE

baha',
M I
u(®)= 5 3 Quneua(t),

m=1

T=2e(m—1) coovviiinin

Table 1. Rays created by reflection and refraction on surface and interfaces.

INCIDENCE TO SURFACE

INCIDENCE OF BOTTOM
OF THE 2 LAYER

i m Qi,m Qim

1 1 3 21 3 22

1 2 3 21 11 3 21 12

2 3 22 21 3 22 22

1 3 3 21 11 11 3721 11 12

2 3 21 12 21 3 21 12 22

3 3 22 21 11 3 22 21 12

4 3 22 22 21 3 22 22 21
1 4 3 21 11 11 11 3 21 11 11 12

2 3 21 11 12 21 3 21 11 12 22

3 3 21 12 21 11 3 21 12 21 12

4 3 21 12 22 21 3 21 12 22 22

5 322 21 11 11 3 22 21 11 12

6 3 22 21 12 21 3 22 21 12 22

7 3 22 22 21 11 3 22 22 21 12

8 3 22 22 22 21 3 22 22 22 22
1 5 3 21 11 11 11 11 3 21 11 11 11 12

2 3 21 11 11 12 21 3 21 11 11 12 22

—10 —
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ZZTQun IERERACHERTCORS « BITICL> T4 UK ray KL, EBLEHOBKTRR
ANb, half space D LIT2FEE L 720, MET~AH TS ray, Qin LE2BOERA~NALT S ray,
Qi,n” 12 Table 1 [THEIN 3 L4 ) TH 2, order number, m 1[4t « BIFOBRESETHITHLL. i 12
% order @ ray % # 3T 57021 b7z number TH B, m>2 O order T3, i DFHF K number 3%
1BORSIT L Y BT IZEIRT % ray, 8% number BE2FHLOLEFLTCELIEZ LCHERE~IIXT
% ray IZxtiE L Cwv 5o ray (24 b3 numberi,m & ray £5R®D process D% Table 2 (TR X
NTn3, % order ® ray BE X WA+ 50 %% NSEG £+ 5L+, NSEG=m+1T%V, %L T% order
D ray Q¥ % NRCREA -+% L, NRCREA=2""'T3 5, % ray DR LERIRITB~ON5(),
(2), @oFETHHINS,

Table 2

Surface Interface Between
Ist Layer and 2nd Layer
Incident Ray, @; ., — Reflection —» Reflection =~ —— Q41 m+1 , to Surface

to Surface
Transmission — Q;;_1, m+1”, to Bottomof 2nd
Layer
Bottom of Interface Between
2nd Layer 1st Layer and 2nd Layer
Incident Ray, @; »", — Reflection — Transmission — Qy; m.+1, to Surface
to Bottom of
2nd Layer Reflection  —— @4y, m41”, to Bottom of 2nd
Layer

uy:  Incident Plane SH Wave from Half Space.
u : Surface Motion

u®)= £ % Qo) I=2(n—1)

O ray 0RBERER 210 2 A8, Bt LURHOAEORE

% ray i3 Table 1 ITREN DB (4, m) THEIN D, 0y half space DHLDOAHA (BREHFEPHD
), 0y half space »OHE2B~OAHA (ERF AL LOME), Gu: E1BOBEMA, 0. HE2EO
B#A, 001 Bo LBER~OAHA, 05 | BOTHER~OAMAIT Fig. 13 TR N LML, E
BINDL, 07U, m LU0 G, m) Borderm D iBH P ray o5 I O LBBERL LU THERL 2T
AEEWRT 2o Tl SH At half space 26 0, CHETAS L, FEBOSRL L AT TRAES
2% ray BEBHEOBR L 0% A, 026G, m) 2EU 076G, m) BROBIIFAREEI NS, RUDITH
REICEIFE T D ray, Q1,1 (Table 1 T/RANSB L 3123210 path % 5 phase) 1TonT, Afte Bife
RHAOHEIRORTEZ bR B,

Oam=By—Bg, e @) OgF=sin"1(dgesin Bg)  voveeerereneininens 3
07, 1) =0, 540y, — g, oo (4) 0,5(1, 1)=sin~"{4,.sin O,5(L, 1)} oovreer (5)
0,91, 1)=0,5(1, 1)+ 04, - ®)

T A LU 4303 vs,/vs, b KU 0s,/0s, THD, vs,vs, XU vs, 3BT, B2WPIUEIF
OSHEEETS b,
half space 4 b A5 L7c#%, 8 1 BERCTRA LT, £2BERA~K 5 ray, Qu’(Table 1 €3 220 phase)
BEBERLEZTAELI@O~WETIEI QL LRALT, RIE2FE~OAHAIT
BE(y 1Ym0 0(1, 1) b0, — 0, eeememimsrreee et %)
DRTRD LN D,
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MEEICAS LT ray, Qi m REHO%, 220 ray, Qui-r, m (F 1 BIER T 0% H S HET~ AL
T2 ray) HEU Quormet’ (BL1EPOE 2B ~EBT S ray) 2412 (Table 2 BR), Z O ray 4
BEHEORRL AT HIROBIIEDLIN D,

0128 —1, A1) 00(5, M) A0 g, - eereree et ®

8,728 -1, m+1)=sin~1{(1/4,)+sin 6,22 —1, m+1)} - ovorerrmrmniii (&)
R AL (Qaios,mer) DA,

OF2i~1, mA1) =020 —1, mA 1) 404, covrrremeeei e (10)
Ehbo B2HBET~DOAS (Qoi-1t,mst”) DHEEIL,

92L(2i-1,m+1)=02U(2i—1,m+1)+0¢,—0¢, ................................................ (11)

L% %,
B2BEENAL L7 ray, Qi RERETORH 0%, 200 ray Qo mu 3L Qui,n+1 BRET 5,
2Ok ray B EHOKR L 2 TARKORIZEDEI NS,

0,v (21, m+1)=86,(i, m)+0¢;—3¢, ............................................................... (12)
0,520, m+1)y=sin""{dy-8in 0,V(20, mA1)} «oorermreei (13)
WEE~DO A (Qoi,me)) DRAER,
01928, mA1)=01220, mA1) 40, e (14)
Lk bo BLRBEE~NOAS (Qui,nn’) DHER
03220, mA+1)=0,0(20, MmA1)F8 g, =0y, rovreemnereeeneei (15)

kb,
INE3CLTTableliZ) =R FINTWABSE ray {2\, ray path & ZBROBER & %+ 75 order
mE1OTOHLENLREI NG,
083G, m), 0,25, m) >n/2 OB, < ray DHESELEIN L, ZOREREHD 5 VIBEH Lic rayss
HEAPHRAA~NELEAZLRZHIEL T D, > TIDHESEIRZ O path HEREICE LA ray
GHELLRMECRLNS,
(2) ray oFho#HE
%& ray O3, Tl SH 45 half space 7 b A8t L7#%, BHAEEBT 5 path Kb - T, FBROE
RTORY « BRORBOBTHMEEN D, FH SH kb jBLL j-1BIT 0 OHETAS LM, &8
B8 T,5-100) & L URHEHEE Ry, j-1(0) HRORTEHLZ DN B,
2 ing
T f'f-l(’”:mﬁ%%sm : Rf.f-x<0>='§222315§£%:§£
LITHALNBNT A -2 SR 4 03 py/pym (] BORBR), LU vs,/vs,, (vs;: jEHDO S
HHE) TERIN TN D,
half space 26 AStT 2 SH BN % A 255, BMCHERCART S ray, Qs DFEME AL, 1)
EL, BLEEA~NAHT S ray, Qu” 0% % 4L, D &35,
Ay, V)= Ay Ty 5 (0)e Ty ({857 (1, 1)} -overemereeioneiin s (16)
Ay (1, 1)=AO.T3,2(.93).R2'1{021»(1’ 1)} ............................................................... 17)
BIRY Do MBRENAST 2 ray, Qum DM E A m) EF5 L, Quict,mer DRI, A1(2i—1, m+1)
BEV Quict,mo” OEM A2i-1, m+1D) BRORTHL LN,
Ay(2i—1, mA1)=As (i, m)e Ry 5 (0,52 —1, mA1} oo, RRUTIRORRT
Az(Zi—l, m-{—l):A,(i, m)-T1,2[01’~(2i—-1, MAL)} e (19)
B2BEENAHT B ray, Q" DEME 4G, m) £33 &, Quiymer OEM, A1(2, m+1) L
Qo mss” DM, Ax(2, m+1) HBROKDH#BHN G,
Ay@2i, m41)=A4y(i, m)eR, 4 (0,75, m)}-Ty 110,020, mA1)} oo (20)
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A28, mA1)= Ay, m)-Ry 410,56, m)}-Ry 1 {8720, mA L)} oeevesennsseni, @)

ZDES LTS ray OfEMBEKREEI NS, FERBOBHOLDIC, +HHhEvE, ¢ EHLT
A, m)y<e OF, #{ ray QHEMEBIND,

(3) % ray OEKOIE

ray, Qi,m H3E % Y] 5 segment DL 2:m THbo % ray © segment LB ETHEIQ) T~
FETHE > TROOLNTNVD, T 2Tt ha'fspace i b 8, DAKTAFLTHLLBRLEEL, B
O X 0.Y(i, m) ORBEETAST B ray, Qi,m OEREL half space P HDAME Rem 3 TOHM OR, n #¢
fHEEND,

a Oun=8itiml  i:odd b =01 tI,m 1reven
Rim

A
3,

i [E0NG N e

Heo He.t

—_,_‘d';T:‘ N
#ﬂ
4"“
Fig. 14-a. Fig. 14-b.
¢ Bk 0kiim) Vrodd d Ozke OE(im)  1iaven

ok dkr,
Hi

Fig. 14—c. Fig. 14-d.

Fig. 14. Configulation of ray segments of a ray, @;,». The raypath from the observation point, O,
to the incident point from half space is subdivided into n segments. There arc 4 cases of
a, b, ¢ and d for computation of the lengths of the segments.

ray Q:,» @ path ©% segment 1% Fig. 14-a KRIND L) 2B BN 156 n(=2em), TTHIN D,
O #3050, m) KH%T 2, H: BRISTOE1BORES, Hp: BRATOE2EORE, Hiv 34U
H, v: k BHO segment OASFFETOELIBLLUE2BOEE, 01,2 LU 0,5 k FEHO segment &
WESIVE2BTEEDO%ETH, Pk BHO segment ® path DR X, t,: kb FHO segment DHFEDEHE
B 1, diik FH O segment OMIEE TR E S NIOKFEBREhEhER I NS,

i %% odd OB Fig. 14-a KRINZHPARMEY L, RORK L Y& segment OFERVFRDOON D,

01, n=0,7(i, m) Pa=H, ,-cos 04,/c08 (01,,—0.4,)
tp=Pnfvs, d,=P,-sinf, ,

=412 m=m—1

01, ua=0,"(’, m’) P y=Hy n1/c08 04 oy
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tn1=P,_1/vs, A= P 1+ SIN By g _geeercreeninciinii (22)

3¢ segment DFEMIZ, 7 4% odd DRIZ, B R i—i', m—om’ LU non—2 LEEHRLTH
WHoh, FHEEIND, ¢ Peven DB IRITREINL AP AKOBERLBITOEMNZI NS,

i %% even NB¢IE Fig. 14-b [TREI N B J/AITMAHE L, segment DEBDOHEIROBY TH 2,

01,,=0,Y(i, m) P,=H, ,-cos4,/cos(f; ,~04,)

ta=Py/vs, d,=P,sinb, ,

ir=i/2 m’=m—1

Oy noy=0,U(i", m’) P, y=H, . 4+c0884,/c0S g3 n_;

ta-1=Pui/vs, Aoy =Pp_yosin (g ngF-04,) ooorreremmeeeens (23)
R segment @ number {3 k=n—2 L %Y, " #* odd OFZ Fig. 14-¢ KRINBHAITHEEL, K

ORBERHEND,

01,k=0,"(i’, m") Py=H, y+cos8y,/cos(0, ;—04,+84,)

lk=Pk/"s, dy=Py-sin (9, —04,)

i"=(i"+1)/2 m"'=m"—1

0y, 5-2=0,7(i", m") Py_y=Hy, xoy/cos by 2y

teo1=Pyy/vs, dioy=ProgSIN By g oo (24)
i’ %% even ORI Fig. 14-d IKRINZFAWTHY L, ROKXBER I 1 5,

0, e=0,5(i", m") Py=H, -cosf,,/cos (0 x—04,+04,)

ti=Pylvs, dy=Pysin(f; ,—04,)

17172 m'=m’'—1

0y, k-a=0,5(i", m") Pyy=H; y_1-cosfy,/cos 0, 1,

tyo1=Pr_y[vs, oy =Ppogosin (0 kgt 0a,) ooerern (25)

B Eib~7c ray OEBOFIRBROBIE LD LN D,
ray, Qi,m @fﬁﬁ@ﬁg

i=odd OB (22) X { i’=(+1)/2 — i’=odd OB (22) &

i=even D (23) X { i'=i/2m — i’=odd O (24) KX { i"=(i"+1)/2

=7 4+1)/2

(Fig. 14-a) m=m—1 - (Fig. 14-a)

m"=m"—~1
ir=

i’=even Ok (23) &
(Fig. 14-b) | ,r_pr
(Fig. 14-b) | _.._ . 4 - (Fig. 14-¢c)
i’=even D (25) X
(Fig. 14-d)

”

m"=m’—1

i’=

m”

LIZTH 28U Hyx BROKXTEZ LR 2,

tp=dotdoa+-Fdpa, n—12k21
H, ,=H ~tan 04,2, Hy py=Hy+(tan 0y, —tan fy,)e 2, cooooveeeree. (26)

O RL Tt IV de i b=n~1 OMHITHHE NS, hall space 1HAS LTct, BALEES

3 ray OERHE 300 T LCBME O & half space 16 O AS 4% TOATER O, n 13 Fdi T8 2

bhde ray Qi,m OFEWR t(i, m) TRETHITII, half space DHLDAH S, Rim DEBEVWIZLY, % ray
7 half space HDOEJEROBVHHMEI AL E bk, T2 TRE ray OB AEREZO S HER
Al v, C# Fig. 15 TRANIBIEROESRL LT, OC=xzy 3 & 1% OR; m=z £ T 5,

={(xy—x)/cos B4,)-sin b, (i, m)= k;t,‘+P,/vsj
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a
[
1
b
[+]
Fig. 15. Correction of raypath in half-space,
P,. The raypaths of different rays -
originating on the same plane wave-

front are corrected in dependence of
the distance, OR; , along the hori-
zontal surface from the observational
point to the incident point.

Fig. 16. Examples of rays neglected for com-
putation.

FEOBNERL LT, Fig. 16 IZR3 N5 path ¥l % ray OEMOH TR I OFKTRZ -2 4EL
%o TITOHEIL wedge ORED L +4r# ¢, diffraction RELBHRIINIVEHRELTN % O T,
Fig. 16 ITRE N3 ray AR LRI TR D,

O, @IV OFRRHE->TROOND ray FART 2T LKL - T SH HORBFEH BB LN L,
HWEEIZBRT 5% ray i3

Qi m= Ay(iy MYB(E—£(3, MY) orreerrrmreeseet it (28)
T&EbI N5, half space b DAS B % u(t) &35 & time domain D response {Z(1)X L by,
u(;)zm;:_"‘! 17;‘1 Ai(i, m)-uo(t—t(i, m)), T=20(m=1) oo (29)
THLND,

vo() =e®t L LIk, BBEBERD SH O response 15 b 5,
5. HESHOBEREXUFH

LITOMBEER, REFERBLEREOBATRIKE ~HEED contrast TH T 5 LHEIN D,
ZITCHBET AL LTETRUODCEMLLEREET I —BHELE LS, stREICAV T 1O
N5 x—=2—3 Table 3 TRAIN TS, EMITHOXBOEX, 370m LU S sk, 0.8km/sec ®
T, MBEEEOHRLERMBEO P %O spectral ratio OBITERZ L B ZIT LT, BHHEALTREE
ENTnDo #EM% half space L&, ERDPLOAHAGRERBLLAK) * ¢ L35, ¢ 3 Fig. 130
0o TG L T b, down-dip JFRZIBO B, ETRI N, up-dip FRAEEOR, ATRIN S, Fig. 17 i3,

Table 3. Parameters of 1 Layer Model for the Ground Structure.

Layer Depth (m) Dip (deg.) S Velocity (m/sec) Density (g/cm?)
1 0 0° 800 2.0

Base-rock 370 10° 2400 2.5
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HBOMEPADRE DB T, SHEORE 1 e 2 AS LB O time domain ® LR # ¥ 2T

Fig. 17.

INCIDENT SH WAVES | LAYER MODEL

<300 4. 300

urzve
[T el

tVuoe

Responses in time domain computed
Com-
putation is made for one layer model
having 3 different dip angles (5°, 10°
and 15°) for incident waves with the
angles of a=30° and —30°.

for incidence of unit impulse.

BHDo HEHIT u/(2ouo) (uo: BRH L O AFHEOHM, w:
WREOEWM) T, Bl MAKITILI NIz £+ vs/Do
(Dy: Hecos 04/vs, vs: BIEO Sk, H: RGOEX,
0o HBOMPA) TRINTND, Table3 THLH
NTnERF -2 —DEERATHZLITLY, B
*HOBMTY AKICERL TS, Fig. 17 THRK
TRINTNEA YA ZARGHT & Y RAEHZEL
7o ray phase IZ¥ELTw3, Z O ray OEMid
complex TH 2 HLNTn2,

SEATRBICEE SH s A4t Lok, EHERHHTL 2813,
R4t o BB T EITRNBBY Labib, #RMIE
23 CHRL. L Lads, HAGoBReEERMNTE
U5 ray OFUIMMENICERE 22, ThDLREL
Toray LEEROERTA O Y, n/280<x/2+0, 2% %
L, Zoray BEREICHF ST, ERBIT-TLE

5o PoT, ZOHEKRXBHBOHEMEIIRE DKL
BHERCEHETIBEICRBOASL. ZRUBOBHOLRAR YA DWTE, wedge OREHLDLO
AfErERE MR R b0, ZZTOHRIKBARERIEEBRI L TRV, ERENT ray OEMT
EHLINLEB I OHEFILEOBEORRITHIE L Tnb, ¢ B, T%bDb downdip HFHRIEET 5%
A0 (Fig. 17 0AR) &, @ #38, Thbb up-dip FEIEET 2H50#5 (Fig. 17 0ERK)
KHLT, AH2BAGEHESEL, BEIKREN, EROMEMA, 0, 4110°T, down-dip HRITAHA,
o 2330° ORE, HABICL ZEEHBERIMB L Y 2B BINICR L N2 0ITH LT, up-dip HEICAHHA,
@ 35 -30° OB, BEHERHHERIMNB LY SHURKEOATWS, Fig. 18 (T frequency domain &L =

INCIDENT SH. WAVES | Laver MoDEL
xe 307

INCIDENT SH WAVES 1 LAYER MODEL
DIP+10*
T

T T L T

L A e B B
PIOLY s i 2 s t 2
ees0® “e40*
e N M N 2
I ' 1A a} JERVAY ) PR T
SF il I’ID‘:‘ - ;— 300 rls« N oo o~
| N [
ATy / LA I SRS | R I 1
s ase sf 15
PR A M/\
3
2 2
y . m (\/.\A\/? . AL s
T T T T T 0.5 1o
. o° HIvS
PR | R N—
05 )

TAYIAYA

VS

—
[
‘>>
—
=

~

1H/VS

Fig. 18, Responses in frequency domain, com-

puted for one layer model having 3 dif- Fig. 19. Responses in frequency domain, com-
puted for one layer model having a dip
angle of 10° for incident waves with

different angles,

ferent dip angles for incident waves
with the angles of @=30° and —30°.
Dotted line shows amplitude discon-
tinuity along the edge of outgoing
reflected wave for incidence of unit
amplitude.
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RAAPRENT D, BT HBRIIEHREND ray OBRMTERENIEEORRATH 2, RFLERD
HEHORE MM TR, EROEMHI10° Y LOK, ZoFEIKL2HERERKY X { %\, Fig. 18
RREINDLVAR Y ZAOE 7 HBHBEORRITHL THAIREWSLL, ¥ -7 AEBOEEHAICL2E
EREARERL 29ROBEMNERLCRLLEZLTRINTHSL), VAEVRZAORDEAROE—-VA
BRERMITEAL T, EBAOENTI ZEMINI Y, EHAROBNZLZENIYKELDLD
nTnd, JYERBEIE—7 REAARIYKRE(RE-TL 5, Fig. 19 KEHARICL LEZBEOA
HAOBACL 2 RUEBHEOEIL LR T o up-dip (e #18, £R) KAST2R0B4, RIEHRE
D~ BEBRBAHALEVIEL TS 0.5Hz BHEIZH 5. —F downdip K (¢ BIERASTLHED
BE, BRABNOC -7 BASHARRL YBLEMRLT, 0.6~0.7Hz L 1.0~1.2Hz TAbN B85, 200
=72 RRVIMEINTOEN, BEEAFOBEO LR X X(T up-dip FRDBAITHEAS—HLTVE,
BECHEMINTHBROASAHIL, E8E O HTO P HEHBIO particle motion D5, 25°~
40°LHEEIND, Co 5 (M) X008 (BB THOLNEBMREOR <Y P L W HEI N L EE
BER X2 SESFOBMEEY, BAARICHE TAR AL HEOBAOREHHEEE (Fig. 192
B) LHBLTHD, BAMEERMOLBOK, Fig. 1 ITRI NI ZTOBBTI, updip KA
3PM, down-dip HRIIEMASITHIET 2. FMAHOES, Fig. 12 0 ERR TR IERERD
©-71305Hz Y, 2ORINMEIE3~5L%5-ThY, ROEY—7 13, HBHEBZLLZVELRD, 1~
1.5Hz DRICH b bo up-dip /i (@ HEDNAHT B HEI OV T, BIAH HIN LRI EARO -7 3
0.5Hz T, #0#MARKHITH 2. LVEAROC—7 BASANR-30°0K, 1.2Hz REELC— 73
Hobo B THMAD LA TIHBRIZOWTIE, Z0&5 KHiEI N7 Td, 1.5Hz L
FOERBSRICELE, 3ERIVBOAZLRE Y20 — 7 HEKEBNEIEIEE 2IZ—%LT
o, —HEMP L ASOBRE, Fig. 12 0FRIRRINL L5, HllEO €~ 7 Bz 1~1.5Hz & 2
~3Hz B Y, |MMEIZ 3~ T7 TH 5, down-dip HFIEICAH T I L CHEINL VARV 20K LE
ABDOE—27130.6~0.THz ZH Y, ZORMARMS L k> Tk h, BHMAE—HLTAEERNNEN,
ASETHEIN 2T A TRERTI CORBN S #E 2 0.8km/sec & LTV 548, S EBRETHMIC
R ONTHBHEERE 40m 3T S L 0.32~0.58km/sec THMRERLTVD, L Lidb,
HMERED Z OMUMEER, KPEEeF v THELLE, ZZCHBELTW BEEFERICIIGE B
LThiwZ EdbhoTwd, 2 TREFEOLOOMBEFAELT, E1BO S HHER 0.58
km/sec, E2BD%Z N3 0.8km/sec, M2 TOEIIR 370m # LCEROBEHNALIOLELL, $1E
ORI Om P EEHFETELY, BETHILETEAXNVOT, 22 TH 50m & 100m DBEITONT
HEET-PERL, 2BEF0 L LABHEIRL L AR YR DERAEY%T 5, HERLERT
2 =4 =i Table 4 KREINTnB, LRAKY2DEHEMY Fig. 20 TRIN T2, B1BHEABLT
WEWEAED LA R (Fig. 20 OB or—7 ofi@R, AFHEICL Y&V EDEZ VY, up-dip
Hp o0 AHHEOBEOC— 2713, downdip FHEHHOAMKOBEITHL, #lhk-Tnd, E1HE
OHF B LK, up-dip FAAHOFED € — 7 EBEBNIEMALSIELTIRIEL LN,
—7J down-dip HRIAH O €~ 7 /N2 2EFHTL VENT 2. E1BOEZ £ 50m & L1k, £ 1EEE
DBEBA, 04, BODBEIK, ©~27130.6Hz 125525, 04, 251°~2°0HEI1T, EEEEC— /13 1~2Hz

Table 4. Parameters of 2 Layers’ Model for Ground Structure.

Layer Thickness (m)  Dip (deg.) S Velocity (m/sec) Density (g/cm?)

1 0 0° 580 1.8
2 50-100 0°-5° 800 2.0
Base-rock 370 10° 2400 2.5
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Fig. 20. Responses in frequency domain computed for two-layers’ models.

Khbbhd, TLIMEMA, O, xRE(TEE, VARVRAOE—7 OMBREY 04,=0 DEEITH
T b, ZOZEREIFBOREILERMOBEM L H LIRS LZ LHBAMIGECERESBONLTHSS
Ln) ZEERLTV S,

HMEBRTEY 21T, FEEBEZONTOMORES 2HHRICL VHABEFTVOBELEDLT &,
FLUHBFEOBELERORROBGYRELEL LT b,

6. 8 » L

IORXOEMIIT, MEABEICLD SEOHNMEFE~OEBLYHAMCL Y RO I L EDIR, ZORRY
HEFEERHT LI LD 5, BEREEMER L TWE LERI AT RBABO RO BT I T,
KBRS L L ERBE LTINS, BHTEOR BT — 2 ORI RRIROBICE LD L
nab,

1. BRETONRE Y, HEHNRERAT, ERAHOHBHIIELWEEL, BRI UERTOM
BERHHOLBITL Y, ZBHETLS S HoMMMEESEE I N, SO radial Bis & transverse B
BORR7 FAO2MEBOL (il BR) TROLE, Fov—s REBECEMEIIMREBICRE(E
HEONTn5, 2N SHERFOEEY SV ks SH WICHMITAHET 2 LBRBTHL I LITL B,
TITR2BEAMO SERSOBYBHOKBEOLDIT, T3 AF¥ -2~y A OEHE VE (=J8%+35F,
Sz, Sr: radial, transverse KA D2 <=7 b)) BEHEI N,

2. BORBETHET S HER (24sec>ts_p>13sec, 4.6 >M>3.6) OB T, ML &80 JEs D,
T IRREFAEE L TRE - E- 7 BEEERLTVL, TabLEN (M) »oomRED
Bé, R AERBEYT 0.5H BRI LT, EM QL) »b064, ©— 27 Fsid 1~1.5Hz BRI
Ao, LOVEHEREEZ- TR,

3. BRABEOBRE, 50— 7 BRBEBRAFACL VEZELELERLTVEN, BRBBE
DRBLEL FMEBRRARBTEZ Y, MWRBEOAFAVWNI VI, FERFNIICE 2 BEFHEOEIZ/A
nWEEZLNRS,

S AT 2 E COTE SH EAS T 5 seismic effect IZDWT, 2K7EEF AT ray theory
FRAWIGEMEC L 2BEFESRA O, EBOEME10° L LT, £F %18 (H=0.37km, vs=
0.8km/sec) & L7-#4 & 2)8 (H:=0.05~0.1km/sec, H;+H,=0.37km, vs,=0.58km/sec, vs,=0,8km/
sec) & LA v OREFAESE I N, BRAMLBRHEOKKRIIL VRO Z EHHEHEING,

1. W (ZHAD 560 AStEE updip FROEREIHESL, COBAREHELIEBEELTY
2HELELTHERBEBRAICE L TREREREBEN L (BIHEE L TN 5,

2. EM QUAD b5 D AHHI down-dip HRIOEBRICAHSL, ZoBE1EEF A~ CREREE
BIEIC—B L2, 2BEFACHEIBORES LEMOBRICEL ST LITL ), BHMIICHEN—FT
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LERENELOND,

HEBEOMBL L UCHBEENHENHBRABORHELBEL LTS,

FPOYRZOAXDEMIENTEL DB I 2N EWEEBREH KPR, RRMERITE RS
FTho TRBMCBHNTE - LEEBKE, MEREEICOH LB LT 2,

BBT — 2 MBI IR KT KREE R+~ 2 — FACOM230-25 %/ Lic, BffzrEI
RFEMAREREERE FACOM230-75 % Lco AMEOBRA—HIINHE KENERITFREIZL 5,
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