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INFLUENCE OF TOPOGRAPHY TO EARTHQUAKE
GROUND MOTIONS

By Kojiro IRIKURA

Sinopsis

The influence of topographic features on earthquake motions at the rock outcrop was studied
from examining the nature of particle motions of P waves. The apparent angles of P waves,
estimated from particle motions diagrams in the vertical plane, vary in dependence of the
directions of seismic arrivals.

The evaluation of the topographical effect on the motions at the point on the irregular surface
was made, by applying the method studied by Aki and Larner to calculate the scattered wave
field in a layer with an irregular interface. The calculated values of the apparent angles of
P waves’ motions explain well the observed values. Some problems were discussed to obtain
the input motions to the base rock from the observation at the rock outcrop.
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Fig. 1. Topographical map in vicinity of obser- Fig. 2. Cross sections of L, L,, L; and
vational points. L, lines shown by Fig. 1.
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Fig. 3. Seismograms and particle motions
of P waves’ motions at the rock
site (0,) from the earthquake 6,=
78° and ¢s.p= 13.0 sec.
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Fig. 4. Seismograms and particle motions
of P waves’ motions at the rock
site (O;) from the earthquake, 6,
=160° and ig-p=12.4 sec.
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Fig. 5. Upper; azimuthal variation of apparent angles of incidence determined
from particle motions of P waves in the vertical plane. Open circles and
solid circles show apparent angles of incidence from events of 15>¢s_p>
8 sec and from events of ts_p <8 sec, respectively.

Lower ; effects of slope of rock surface to apparant angles of incidence
calculated from half space model with dipping surface. i: true incident
angles, i:apparent angles of incidence. Dip angle of slope of rock surface
is assumed to be 15°.
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Amplitude of surface motions for
P waves of different wave-lengths
incident on a cosine-shaped ridge.
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Fig. 7. Amplitude of surface motions for
P waves of different frequencies
incident from different directions,
6,=30° and ¢,=-—30, on real
topography in vicinity of the rock
site, 6;.
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Amplitude-frequency characteri-
stics of surface motions at the
rock site, #,, for P waves inci-
dent from different directions, @,
=30° and @,=--30°.
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Fig. 9. Amplitude of surface motions due Fig. 10. Amplitude of surface motions
to SV waves of different frequencies due to SV waves of different
for the angles of incidence, ;= frequencies for the angle of
30°, on real topography in vicinity incidence, 8,=30°, on real topo-
of the rock site, O,. graphy in vicinity of the rock

site, O;.
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Fig. 11. Amplitude of surface motions due | ! |

to SH waves of different frequen-
cies for the angles of incidence,

9=30° and 6,=-—30° on real Fig. 12. Amplitude-frequency characte-
topography in vicinity of the rock ristics of surface motions at the
site, O,. rock site, Oy, for SV and SH

waves incident from different
directions, 6,=30° and @,=—
30°.
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Fig. 13. Fourier spectra of radial compo- Fig. 14. Fourier spectra of radial com-
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Window length for compulation
of spectra is 5.12 sec.

P J#18 D particle moiions OHHEOMHLD, H8 EOBRSTIIERFRE KFEHAO narticle
motions DFZ—EDTNIZDH 3 BHEIIHIST 505, B EOSTRZNLOMGIBLVELES, £
T2 HAMOL L b EEBIC X 2 HIEEEERD 56, SV & SH BRMCEEL, WSS TEITICH
WEDREHTH D, £L 5D SH P& SV BRAMHcaT NG VEs RODHE 0 BIERE 2R 5 DH%
b7 —PROHEEEL OGNS,

Co & 01 50D S BBHDOR Ry b vlbes 3 &, TR (EHAD o ANT 2HEE 0SS (Fig. 13),
0.5Hz tHEICBEE €~ 7 H3d B DI, A (LD »S5As0HE Fig 14), 20FERMALIE—7 1)
10, ABFRICE BRI P vEHDORNOFERRELT, (1) O ATOMESRE, 2) Co ATORBOK
EELIC X BHE, D2 OMBEZ LN, (WKDWTR, FIETHR~NRE, 1Hz ATOREREETR <
7 bV, BERASOESRET/NE L SH Bico0Tid —5~—8%, SV k> Tid —30~—35%)



AR BRORBIEEOROHTE DX E 1

BRSO, BRIAHOEARETFASE SH B0 TiE —3~13%, SV Jico0Tid 7~15%) RES
N3, -7 Fig. 13 FEHAL) TR<7 vkl C/0r © R EP VEs Bisds 1Hz DT OB
Thk&EREERL, —F4 Fig. 4 GEAAH) 02hsid, RABROEBEMERTHIAIOE (R KO THAS
12324, ZHERESSOBRESEOEEICE UKL, BrEENED2,) 2RT0, 0 A
TOWMELRLS —HEELTNEEELZONS, LeLEKS ZOBRED ASFRICX ZWIBZELT i3,
Fig.13 & Fig. 14 RO N3 €~ 7 BEMOBESEMIRBINLTL, ZhBEREBEOKESFROE
1Lh5 S BORNBSHIC KA BB LTVWBEEELI LMD, COMBROVTIREMNEEHELEZ B4
ICDOWTHEEDERTHREINTN S,

BH DI DRI DEBICEBNTE L O IE NI ISV R R KR, R TERICE RS
T3, THENCHBNTE ~LBEEBEE, IMWMEREEICOH SELH L ET S,

BT — 2 MBI BRI KRR £~ # — FACOM 230—25 245 Ui, BUEaHEIc 2k
kT E R FACOM 230—75 A 7o, ABIEOERAO—EIISHRE KENLEAHRERICK 5,

g2 ¥ x #

1) Trifunac, M.D. and G.E. Hudson: Analysis of the Pacoima Dam accelerogram—San Fernando,
California, earthquake of 1971, Bull. Seism. Soc. Am., Vol. 157, 1971, pp. 1393-1411.

2) Bouchon, M: Effect of Topography on Surface Motion, Bull, Seism. Soc. Am, Vol. 63, 1973, pp.
615-632.

3) Boore, D.M: The Effect of Simple Topography on Seismic Waves, Bull. Seism, Soc. Am, Vol.
63, 1973, pp. 1603-1609.

4) Wong, H.L. and P.C. Jennings: Effects of Canyon Topography on Strong Ground Motion, Bull.
Seism. Soc. Am., Vol. 65, 1975. pp. 1239-1257.

5y ASZRE EFEEZE TS WROBEEYE, FEKEIKHEER F199B, 1977, pp. 39-
57.

6) INBEIR - HEERE - BT  REFEE D O AT E AR ON T #E & C NS Ui
T FOETORE FEAEHEFRRER, F145A, 1971, pp. 203-205.

7 FRWMEE « HR R - AFZRE - Ky A BERIRT BRI N5 BEEDO S oIk
WT, FERESHSHRAESR, #1858, 1975, pp.11-21.

8) Irikura, K and J. Akamatsu : Earthquake Motions Observed on Ground and Rock, Bull. Disast,
Prev, Res. Inst. Kyoto Univ., Vol. 25, 1974, pp. 263-280.

9) Phinney, R.A.: Structure of the Earth’s Crust from Spectral Behavior of Long-Period Body
Waves, J. Geophys. Res., Vol. 69, 1964, pp. 2997-3108.

10) Aki, K and K.L. Larner : Surface Motion of a Layered Medium Having an [rregualr Interface
due to Incident Plane SH waves, J. Geophys. Res., Vol. 75, 1970, pp. 933-954.



