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Fig. 1. Distribution of damage by 1976
North Italy Earthquake.

+- Venzone, Gemona, Osoppo 7 & i1 %)
@ UERE%ED 5 BRI » o DA RO EKh s e 35 0.
Fo@THEEDK X H 7 Osoppo ZETOHIITH 50m o XoFLKKELTE D,
FMHE 20m OFEORC—FE L TH HVHTEILRIIIE TR TOIRIRTH S, Hibk
PEG O Z ORI BT 10 m fiho 2 el b /e e nwd EThsb. Tk
Gemona (¥ Fig. 2 12787 X 5 W HEYI GBS o2 TR L 2 ORI R » VL,

LR TV B g

ERAHTH B, WG Z GEVCFREE (A)



448 ferkAG= - RS - AR

DWBERW LD o fe DR L, o BEER [ UEE L ORERE B) 2T & 4 /o7
LWH L THES.

D X5 BEEC ST A HIBOMBIT DLW T T TIL WL DD N IR TS, A
5 (1977) RIS R R0 © D HITEY
DRUFF A IR, Hlic X - Tk L
TWw%. —JiHERMTTZE L LT BOORE
(1972) IAMESTTREXE v E%
T % 0 ORGSR DT 5.
Shiz—HEDd b D & LTI ORI
\\ X Sandy Soil Alluvial Soil ﬂ%ﬁﬁbﬂi@%iﬁﬁ?, EiéIIJZB Z\ ‘0i¥ffﬂ@
, ' DA LCAN D AT o B & 2

Fig. 2. Schematic Topography. HBEO T X bR L TRIFUNAC
(1973) DUIFEAHD. FioMil (1977) WEIFUEIEY RIET 2 S0 X - C, F iR
TORD TR 85 7% W UTLE ORI R 0TI E & AR O IR T4
R LT 5.

L, WIRORITINFETL SR D X 5 B/ R Sl & o8 A
IR OB E B 785,

T T CAFICTE, BEHES e, WD RS AT IR TES A Fl VT A IS R
W LD XSREL B ED Bl s, WL OonOREH 2T ey, ERHTES 3
2y BRO B HEER 2. it Fig. 2 © (A) © X 5 AT R\ CORTI Ko
W X 0B SR D WIREL & WH 2 L TH 5.

Mountain

2. B W A &k

Fig. 2 WREn5 L5 lbilir e 7 a4 L (Fig. 4 F) FREHREC X 2 BHHEAST
ﬂ%ﬁf&of\:.

i L7 = 275 213 1. M. IDRISS, J. LYSMER & (1973) 1= X h [ S h iz QUAD-4
THd. 2O w77 MI-OFBEHEOGEL (M Em, WMEEK) 8 v
UTE L S 2 % Sl 2 M TR IS A 2R DB X 510> T . Lo LIEm:
JEEZRD D ORGSR KEDP D DT, & & TSRO D BRI % 5
e, PHoOKE k=741 Fig. 4 TF) oBGREED 15 DT L. =54 10
(Fig. 9 T), &7 1T (Fig. 19) Txiidzo 18 MTFice o7 it L. KUHLE-
MEYER, J. LYSMER (1978) DR{HIC X o TRENIMO LM 72 LT3, % 2 pufy
WHE, =MBELEON, WHORRIL L o)t M. IDRISS & (1973) 12 L
ME IR TSR VTUL 5.

ATBOEEEAKE L oA E L, =ity b e X027 P ool
ELl7=2%, Jb1 207 WEGERIEEOD EWEEOIRFhsn by 10km Jto
Tolmezzo IRV THIR TS NicF — 2w e,

AR AV e B HBEEPE DI KN EE 1345 &,



WIE D HEE I KIZ TR OLT

(O 7 (7 =
1940-5-18, NS 51
oz 7+ (NS
1952-7-21, NS A
odk1 &£ v v (Tolmezzo)
1976-5-6, NS J7m
TH5b.

~326 gal

~173 gal

~332 gal

449

FRMERIE T A O D S WHARE LT TS b0 LT 5.

3. MfERE (EFTL Y

Fig. 2 i3 X 5 e coluiEmh o B RIEHEC X 5 WFTIC X - TRD B e
i Fig. 4 ToX 5k 2kmiige F v vz, Fig. 8 iRt & 5 REHESERIT - 7z,
EHEHARI 2 B L FHERRI ST T 2 0T, o7 A Dk me bk Tl
XL R BT, RROERY CRE, EOWrBEABENY AABREEL, &
DR A Table 1 i Lic. C JETOMEENK 0.05 X U & T 54 4« DWETE
BULHBE R O PIIREER & LT RERMTH 5. LRI IFERT) D RIS
PAEBERECIIZETE CWRWOT, T ORI % £ T OWMBELTIE S
2 BIDKERFELICDOTHS.

RIBEDEER etk & ULTIR D 2 DDGEEFH 2 7.

1) WG & AP, LT IimiE

T
a
@)
S
3
D
<
| |
A l L
1500 m
TFig. 3. Finite element model.
Table 1. Values of parameters in Model I.
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Volume Poisson Ratio |Damping Coefficient| Shear Wave Velocity
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Table 2. Values of parameters in Model II.
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Fig. 9. Maximum acceleration at surface (Model II).
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18. Effects of Topographical Features on Earthquake-Induced
Damage — A Numerical Study—

By Yuzo SASAKI,
Kyushu Electric Power Corporation,

Yozo FUJINO,
Institute of Structural Engineering, University of Tsukuba

and

Motohiko HAKUNO,
Earthquake Research Institute.

It has been recognized, to some extent, that certain topographical features change the
nature of surface or near-surface earthquake ground motions. One may conjecture this
from the distribution of earthquake-induced damage with respect to the area. From the
viewpoint of topographical effects on earthquake damage, an example can been seen in the
distribution of the earthquake-induced damage due to the 1976 North Italy Earthquake.
There most of the severely damaged houses were located either on the slope of mountains
or on the alluvial soil layers adjacent to the slopes.

To clarify the ground motion characteristics in such locations, a dynamic response
analysis by the finite element method is carried out. In the analysis, two types of ground
models are employed and the horizontal earthquake records at Tolmezzo, North Italy (1976),
Fl Centro (1940), and Taft (1952) are used as incident waves. The principal result is
that vertical ground motion is strongly induced on the slope of mountains and on the al-
luvial soft soil layer adjacent to mountains due to the topographical feature. The magnitude
of the induced vertical motion on the alluvial layer is found to be rather sensitively de-
pendent on the thickness of the layer and the angle of the slope.

The houses damaged by the North Italy Earthquake were mostly made of bricks or
blocks piled on top of each other, and are considered to have little tensile strength for
vertical loading. As a conclusion, the characteristic of the damage distribution in the
North Italy Earthquake can be explained by the strong vertical motions induced by the

topographical feature.




