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7. Characteristics of Vertical Components of Strong-Motion
Accelerograms and Effects of Vertical Ground Motion on
Stability of Gravity Type Quay Walls

Tatsuo UwaBe*
Setsuo Nopa**

Eiichi Kyrara™*

Synopsis

Characteristics of vertical components of 574 strong-motion accelerograms were studied in order to

know the effects of vertical ground motion on dynamic stability of structures. The followings were
made clear.

D
2)

3

According to accelerograms of the maximum acceleration more than 50 gals the ratio of the
maximum acceleration of vertical component to that of horizontal component was less than 1/2.
The occurence time of the maximum acceleration of horizontal component was different from that
of vertical component. At the time that the safety factors of sliding and overturning were smallest,
the ratio of vertical acceleration to horizontal acceleration was less than 1/3.

The stability of the gravity type quay walls were analyzed taking account of the vertical seismic
coefficient according to the current design method of port facilities. As a result of this design
calculation, the vertical seismic coefficient had little influence on the safety factor of a gravity type
quay wall.

* Member of the Earthquake Resistant Structures Laboratory
**  Chief of the Subaqueous Tunnels and Pipe Lines Laboratory
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HEE, #WINEENDH D, COWMETH I D 3DDER
DLTHREE R I k> TWB, LXEL, BINEEDE
BEARZ P ARDWTL, BAIGEINEE & Aiiin
BEELOLYET L v, BRI UCIEERLIGE A




HEERD LTHRS O &L EHREEOLRE

o S5-788 H=0.0650 o N-$ s E-/
o o, o U-D
O
< 0
[
(=4
32 9
o o~
29
L5 vf
o -
x &
29 e
x -}
w <
6>
oo o oo o
°oF o o
b o e S S
o o °
0.0 0.s 1.0 1.5 2.0 2.5 3.0 3.5 4.0
UNDAMPED NATURAL PERI0OD (SEC)
Ba-37 mEEHGEEAR7 + A (S-783)
5-788 H=0.0S0 o N-S s E-W
2 s U-D
Q
u
@
N
=
[a}

MAX RELATIVE VELOCITY

0.0 0.5 1.0 1.5 2.0 2.5 3.6 3.5 4.0
UNDAMPED NATURAL PERIOD (SEC)
E-38 HEEILEA27 A (S-788)

S5-788 H=0.050 oN-§ s E-VW
¥ a U-D

(CM)

MAX RELATIVE DISPLACEMENT

0. b.s 1.0 1.5 2.0 2.5 3.0
UNDAMPED NATURAL PERIOD (SEC)

B-39 EfrEA~<27 b (S-788)

3.5 4.0

RIMAEAGTJEE AR P ADER, BELI N
TWBERBDOL T — FITOVTHTL, BEEHIL0.058
0.10& L7z, ThbDBREEHIIBEHMIRMTENESR
TRINTVBLEARZ FADEFRER UMETH 5,

SIS R T uE, S-577, S-578, S—655, S-770 D
BRCOVWTRETRS, KFERGOIEEAR2 b D
FrriziE—H& LTk H, S-633, S-674, S-733, S-741,
$-788, S-882 DEETOVWTIL, KERDEETRS
DEBEARI FADOUI—BLI-bD LR Bl -
1o TDMDIUKDERTOWTIRAFRS & LTRSS

5-577 H=0.050 o N-§ s E-W

#

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
UNDAMPED NATURAL PERIOD (SEC)

Bd-40 EEHREAR7 b (S-577)

RATIO OF MAX ABSOLUTE ACC.
TO MAX BGROUND ACC.

5-577 H=0.050 o N-S T A E-W
_ 8 e U-D

>~ &
- 2
- N
8d
J<o 8
(']
>
w b
>
= e
-
w
u -

wl I
x
% M—M—“
= ° .

0.0 0.5 t.0 1,5 2.0 2.5 3.0 3.5 4.0
UNDAMPED NATURAL PERIOD (SEC)
E-41 FEREZEA<7 b (S-577)
$-577 H=0.050 o N-S aE-W

-
Z~ o s U-0
w =
=0
)
[&)
< <
- |
o
o)
a L)
w
>
;: [
<
)
w
oL -
x o 5
=

o

D.g. 0.s 1.0 1.5 2.0 2.5 3.0 3.5 4.0
UNDAMPED NATURAL PERICD (SEC)

B-42 TG ER_27 +rr (S-577)
DEEAR7 FAXEER UEEY R LT, E-28
~3312 S-655 & S-770 DHBLBDOEZRT DG AR
7 YRR T. ZOROBEOERELNZ0.05TH B,
B1-28~33 13 BEERADIEBE A7 b AHKELULT-BH
KA, BO-34~39 IR ERA R S IEEARZ b
¥RLTVWBHITH 5, B40~42 w3 BRI EAR 2
FARDCTDRERS TRIc»> TWBHFELTS-577
DHEERT,

ARG TR LR HISBTEEHE LTI AR
+2THBOT, TR, BRDOLEMEBOHE
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ERELE-BESS - BEKX—~

&7 196843 A0E MRUMIHEOHE

B A B 19684F 3 4300 48545
B R o AE: & 34.2°
it 135.1°
& X:0km
< /=2F2—F 150

BAmEE (ea) |mspmp
N-S |[E-W|U-D| (km)

B R | EE8ES

FgLE-S| S-265 | 172.5) 252.6) 405 5.2
B 4a-S S-210 3.1 3.1 1.6 160.0
??{;g'j<ﬁ§ HZGT | 70 | 85 | 80 6.8

AELD
43D | 12.5 25.00 13.1] 5.2

RE
57TRbtk | 35.0 60.0 32.5f 5.2
B2

CDOWTORIC L K5, BEHDOET X DHRFDL
E LA, ERBHTES X5 BRI 1,
7012, SEEEONG E L&D 5 bElEk-S < Bl
IHEERILSETH -1, FOLTORENETR
G EKFRG ETRICHIEEARZ b &g » T
%, ZOHIH-SDOMBEETAINL-TTHBN, A
TN — T DMOME T & 2 4E FKE-S DR oVTik
0 X5 @ RBdbhieh ot

3.5 19684 3 A30AMELTGFHEDOHER

19684F 3 A 30 B AL AHE TRAE L RFBE OB
TS TR S h - mBRR R, BB LTRSS
DREAIMEEI A EWS ETCHERETSH0
Thol, Thift, & Tz BB OWTHR
5, B-ICHEORERL & & cBShRaERNT
B o HEBES & LARPIRTBIGR OB A TR
h-BERFEYRT,

LRES S-2650MBILFE D LTRSS OEAINEE X
Ml B L < 405gal Th h, EEEMhEL ERPRS
MEBL, BESTREBEcHTHEIUIRETH -, K
F2 AW TIBEFE I T HH9, BTG
HEEIhT i o T, B-43 REEShilivy
Rte i L, CORNIESF KT BILTH S,
BB D FIRIRTHWAESZD 1 XI5 1sec 777,
B1-43 iz XIUTARFRAIGEE & ETFRAIEENFE
THRAE TR TE b, ETFRAINEEYRE LA
T3\ TAKREIEELAY 25gal, KPR A I B 3 5
A Ui BRI 35\ C B FARERIZAG 40 gal & 755 Th
%, ¥, ETRSOEHD 0.3 WX HRARET

HHN, EEC—Is¥OASL6EDY, ThEHEMI
E % CIERE & RET I TFHE R0 058 & e
B, Lichio T hiify 20 Hz OIFF GRS &8
MLTVWAEHEHRIR S, BESHSHBRASH™
R DKE2RGD7 — ) =ARZ b ABRIH T
BH, Zhick s &N-SHGOEBIREBIL S He, E-
WS D SiEEEu 2Hzth 5, 7cds, SMAC-B2
B OB AL 20Hz CTREMH 1/10 bz &%
MR B &, EVERIRIEY oS oM EE YR
HT A BARRERYETS,

L L, ZOMBOBRCHCEEEh30, HED
DETHERSMNEBCKE L, »OKFERT DRAIEE
LMD KERLDTH o b rhbbd, ML
Tl 5 AHBEROHEIEETH oI LW HIHET
Hho TRIXTOHED< 7 =F 2 — F2i5 THREMND
Eotc k52 EdH DA, HMERH N ERR
SOBNSDTH ol &, »OMEBEHO LTRSS &K
PRGOBAIMEER TR TREL OB Enb, B
Ll x DIREBOPENRTHIBERE S Lbigh ol
LHERIRSD,

4. BHXBEVORELCRET LTEORE

—o+ARBEHOWMBRTIT, XL LTBEEN
BubhTnbZ LBl icdk 5 W ThHd, 0
B, BHRBELLCETHRER T EFELDY, &
BLiVWb0bdHd, Linl, BitsHs LTETHD
BEOEVGEIECHEWTY, Abr0HTLETHLZE
BLics EEMHEL, BANCIZYLREHERY B
RBLORE>TBREND B, #oT, BRI
HEEw &0 X5 k@B s aitFle LT, ETEOR
A BEUNCHE LTk = &3, MERTEOSH LD
TeDIZERETH D,

RETIE, ETEH EHORBCRISTEERZUL
METBLD, ETEEDYIEECEME LABATH
TEBRHARTo o BT, 3. THELAKLENRZEEDL
TAEMEELRYSEC LCEE LSEBEXZRAL
T, ERGHEYFoOENRERCHT b RERTY
Flev, EEORHEVWCETHIRERCRIETE
BB L

4.1 BEDFHRERCRIETHE

I HEE LR, EEHD 1 APBEREERDH
BREEYAVTT -2 L5200, KRETIILH
Lis R S hic @ viBms 5 L3, RRHEeE
FOBEXT->T\ 5,
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RRILRO L THRS OFH L ENREEORE

- 250 E

fad \'5"\,,.\_, FAS TOT VO N B N NI WP R DR A e
y
v

gal

— 250 N

- 125 1 .

B N —

L25° S (S—265, WAKAYAMA JI—S, 04 :04 on MARCH 30, 1968)

E43 S-265 FoSKILZE-S DHEIEE (19684 3 A30B ML A OMED
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EREE-HFEHS - BB X

¥, BlicB by —v vo X5 kRGNS, &
NICKFER YO LT AR iEE botc &35,

Z DR, AlEOEEICH T 2RLERIRATELIL
5o

(3) X hRDdAKLRyY SF (B) &35, LKL, BE
EREEOHE A THAK, HEIIELFEOKF 2K
SO BRBAIEE 250gal &icB X 5, LILBCE
BEFEULT5S, SO LTRE oL LRy, i

Pt =k @l GES, 250 gal 1o d 5 LHIOARRKIGEE & Ftic,
T F-8IRT, = =T, SF(0) 133X (3112 38\ T £,=0. 25,

o, SF: ®R&XR, p: Bk &BoOMO ¥ X5k
B, kn XV ky: KER IO LT HROMEELXES
OIMEETHRLIcbDTH S, FBETIX, EHXRE
CERTByr—y vEBAOHDOE ISR Y2ERL, —
5 e=0.6 L LT UTOHERT> T\ 5, HIEDEE)

k=0 LB, &% —ARDIWT—EHEO0.24 L1 D,
2T, ETBRS P RERCHET IREYRET

BI-DEROEREELTEHRL, FLRBICOVTRDIFER

* F-8 1R d,

SF (0)—SF (A)

T BEERE LTI, KO3 7 —ANEL bR, De="5r (0 X100 @
#1e, KERRKINEEDOARIMEB LILBAT, 0K Do _SF(0)—-SF(B)

p= X100 (5)
DEeRY SF(0) LIELC LT, B2k, KFE SF@©) .
BRINEEE L TEOMEE L X HAWT, BAZl20Re D=Dz—D, (6)

RrR Q) XoRD, ToRMER SF(A) L5, #H
3z, KF - EFAHRAOEAERXRECEHR T, X

F-8D Dy X h#HLARI K, ETF - KFHOREKX
ENRRPCRE TS EE L BORERIL, LTHYE

-8 KFE) & ETEHORAIEE L T H LIEHT2RER

RRES | REFAR maww s | GERN | sray | SF® |0 OB o
S$-235 1968~ 5-16 F #S 232.3 2.32 2.00 3| 17 | 14
S-252 ” A B-S 259.2 2.27 2.19 5 9 | 4
S-577 1971- 1- 5 AT F-S 97.3 2.28 2.13 5 12 7
S-578 ” BEEER-S 61.7 2.29 2.21 5 8 3
S-585 ” & S 81.3 2.34 2.19 2 9 7
S-612 1971- 6-13 B B-S 55.1 2.37 2.19 1 9 8
S-634 1971- 8- 2 gl %-S 69.9 2.31 2.18 4 9 5
S-647 1971-10-11 B B-S 127.6 2.35 2.29 2 5 3
S-655 1972- 2-17 % Mm-S 73.1 2.35 2.31 2 4 2
S-658 1972- 2-29 IWTFE-S 56.0 2.37 2.23 1 7 6
S-669 1972- 3-20 A B-S 54.4 2.22 2.11 7 | 11 4
S-670 ” F #H#-S 56.9 2.26 2.13 6 | 12 6
S-674 1972- 5-11 gl B%-S 95.2 2.35 2.23 2 7 5
S-733 1973- 6-17 gl %-S 167.8 2.33 2.20 3 8 5
S-741 1973- 6-24 gl B-S 59.1 2.29 2.20 5 8 3
S-770 1973- 9-30 BE%HE-S 71.7 2.38 2.26 1 6 5
S-782 1973-11-19 BETH-S 61.0 2.22 2.11 7 11 4
S-786 1973-11-19 KGR - S 60.3 2.20 2.16 8 | 10 2
S-788 1973-11-25 FkILE-S 60.5 2.31 2.24 4 7 3
S-804 1974~ 1-25 i %-S 17.2 2.12 1.90 12 | 21 9
S-813 1974~ 3- 3 BE®E-S 98.8 2.36 2.28 2 5 3
S-845 1974- 7- 8 BEEE-S 49.8 2.30 2.16 4 10 6
S-857 1974~ 9- 4 A B-S 73.3 2.30 2.21 4 8 4
S-877 1974-11- 9 EMg-S 64.8 2.32 2.22 3 7 4
S-882 1974-11-16 BEEHE-S 75.2 2.34 2.18 2. 9 7
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BREZO LTRSS OFN & ENRAREORE

BLEBELY, X% 10% (FKA21%, B/N4%)
B LT3, —F, Dy @i R&h3 LT - KFEHOR
234 DELEER LI-BADKLEORY OBRER,
¥ 42 (K129, B/IN1%) THB. b LSF(AY H
RIBEDOHBROEHYF LK LT3 Th
i, ETE#ER LisvBaiciy, I %BRERLRYBX
WHELTH D, ET - KEBOBEKfEX A IBaT
i, DerbXREB XS, 5 BRERELR Y BN ST
LTWBHEXTIRL U5, ok, RBERRITELS
hEEEEDOHRCHALTVBZ &b, K80 SF
(AR % - B O L TE & KFEBHOHIT, B-1Tic 7
END X5, BEAENOILUTTHDESELS,

P EDBEH:, KPERAIEE 250 gal, ¥ Iof£#H
0.6 LV HE&HEDTTRDDHD, BEYOLLETRIT
TETHOFEYIRBT AARRIDEEL LR S,

4.2 EHXRBORECREFTHE

ETEH EEHCRIETEEY WO THhAR, B
DREEL O & DBTOREY © X A RERITAT
27, {BL, EBEBEEHHTIRTRIECRYER
ERZEEIRTWEWOT, SEOREFEITH
EEREYER LHEORELOWT, LTS
b,

LOFE
LI T T T
%,
AL B & v g BEKE
%] W A
T U oly,
B

B4 &= HK BB

ENARBRELTCE-YU2ELD, SEEBEYERL
LB, K3 OREXZT TOBMARERY 1. (1
—k) LB, Thit, BH:bd ro(1—k,) &icnD
T, L OKRPEMGEER: 7" X r—r.(1—4k) £ 3,
—75, 82N f BEoBRR T SRB h B iz
DT, KPRH>TENEZFF 28B4 TH, Bl
BRBHEEFLY, BT, SEREYZERLLBEOK
PO (B2 oRE) RRRTHEHLINS,

K’: fh —_ 7 kn
r"’b—fu F—7To l—ko
r
=K i

T K3SEREYEE LcB40Ehickts

ABETHY, KiI Kb COERETH D, A, £
EREYZRLIcBE0BREOKDPER : W 3KRT
5zbh3,
W'=W—-bV—k,W
=W—-r.Q—k)(W-W")—k, W
=W (QA—k)rw (8)
I, W SAEBEYER L\ Ko BfoKs
#E, V: Bho#4HE, Lo-T, BEKELUEDETD
+HEGE: Cii3, BEFELh T 3 XFEEEDOLDOY
8- A8ARL VKyAVWTRDBZ EhHKRS, BY
KELUTFOETOLEGRE C. i3, K #Avtiif - E
BWARSORED, &7, B-40 A, B fcsdsrt
ESSEE : pa, P BEARIL L - THELZBNDBZ LI D,
24=C,(1—k,) (w+ry)) (9)
p5=C(1—k,) (w+7ry,+7'y2) (10)
PlE i~ BetBHRY Av¢, RILEOERD
—5.5m BEER LU —12m ORBEEC T 5 REHE
Totc, B0-45,4612, Th*¥h—5.5m, —12m KEEE
DMERTH %, AEFH X RICETLDTH %,

oo st

QIS V/me

243
S HWL +33 1.8t/
<20 ‘03 X
r -2 RW.L #1.1
—gLWL200 ' 101/ad
| [es 930"
=33 &___4
r'sl0Ved
[ el L X r xrr 2
[ACTT- BT - 4

E-45 EHAREOHEE GrEf-1

ane- 2

33 Q= LO/mE
MWL +L70 X )
4——“‘00 rci8t/mt 9:33° PWL +080

&, r'z1.0/a
=35

] EATE

42.40 =
EENE =35 ~14,

' l0 Vs
s=30° EZD

E-46 EARRBONER GHIH2)
ISR REDS L, B10 0L >Kkb, 2T, B
SIEDWTERT S, &y — R 1~3Ti3, PR S
T BREOREMLME LT h=0.1 %8, k=0
ULk DBALHILLY, R - EESOLTOR
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LtBRELE-FESS - AHX—

=9 J 4% #
B OH % B H) " Fi-1 5 B #l-2
7 % (m) —5.5 —12.0
ES o & (m) +4.3 + 3.3
H W. L (m) +3.3 + 1.7
L.W. L (m) +0.0 + 0.0
R.W. L " (m) +1.1 + 0.8
R E GhER) (t/m?) 1.5 1.0
s ® $=30° 7'=1.0t/m? B#W ¢=30° r'=1.0t/m?
¥+ ¢.=0.1040.0652z (kg/cm?)
7/=0.53 t/m?
= 23 % A $=40° 7'=1.0t/m? $=35° 7'=1.0t/m?
P4 8 » | RW.LUE ¢=30, r=18tm’ RW.L LE ¢=35° 7=1.8/m?
” T ” 7/=1.0t/m? ” LT ” 7'=1.0t/m?
BhEER LI B h % ER | BheEELRY B h % ER
Bt B B (Ym) 119. 65 88.23 483.82 280. 54
' O & B (m ¥=5.00 z=3.15 y=7.55 £=8.35
#10 £ & #F B # R
EXAMPLE [CASE . . B = # BRI BATHE RO EF
h v
No. | No, azea| e s ek 0 B e B ) e e oo
1 10 1 0 1.06] —| 1.52 —1 55.43 — 27.60 — )
2 | » | 0.0s) UP | 1.03] —0.03 1.48/ —0.03| 55.47 0.0007| 26.65 —0.03]
3| » » |DOWN| 1.09] 0.03 1.56| 0.03)55.72| 0.005 28.56] 0.03
4 |o.05 o 13l | 189 a1 2507 A
5 | » | 0.15 UP | 1.23 —0.06| 1.77| —0.06| 36.98 —0.08| 22.24] —0.11
6 | » | 0.15\DOWN| 1.38 0.05 1.99] 0.05| 43.83] —0.09| 27.93 0.11
2 1 |0.15 0 1.16 —| 2.62 —| 36.61 —| 32.43 —| 2.8 —
2| » |0.075) UP | 1.10| —0.05| 2.46| —0.06| 35.26] —0.04] 31.11] —0.04] 2.50(—0.13
3| » » |DOWN| 1.23] 0.06] 2.76] 0.05/37.99| 0.04| 33.75, 0.04] 3.18 0.11
4| » | 0.08) UP | 1.12 —0.03 2.51| —0.04| 35.71) —0.02] 31.56| —0.03| 2.63/—0.08
5 | » » |DOWN| 1.21] 0.04 2.71] 0.03 37.53] 0.0333.31] 0.03 3.08 0.08
6 | 0.100 0.100 UP | 1.41] 0.22] 3.15 0.20, 29.24] —0.20| 26.69] —0.18| 5.54| 0.94
7 ” » |DOWN| 1.61] 0.39] 3.61] 0.38 33.00, —0.10| 30.09| —0.07| 6.20] 1.17

X WEER A—D itk
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HWERER O L TERS O L EHAREOLE

HEB L TKEEOHPIIBUTE B Th-
P2, Teds, ETEF B A WBEEYEELT, ¥—X
5, 6 ICF VT k =3k iz oW TR LIc LT 5, Bk
IUEEHRTHELBOFEML W6 B THL DT R
L, BKIUCRATEORAISHIOZELL T B,
coZ ki, ETFRMEO XS LBae LT, X8
WROLECH L THCERBIRE LXRLTW3,
KT, Bl2imonTiHhErT 5, & & LTREELAR
ﬁ%Kﬁ?éﬁi%&ﬁkaOJS&%U,h:&-%
ha sk ST B RERERDILTH, BOERC
5L OUNAIBBUT ORI BEoT v 1o, #
K, 3.3 DRRYBFChL=shoBEERBL, K2
ROTILIL A BT CH B, ¥ — 6, 7T12, ETEHN
HEHAZRBEAYHEEL WS, T0BE, KFHD
R RAE LB ERBFTHHAEERLT /#=0.1

L, BHhicReRT A=0.15DBA X DKM
CHALTH Y, EBHBORDNIBLLTCWBZ &0
b, BFORECEETIEAR, KEHIXEHTH
>TETEHOESIZ/PIWZ EAbhb, #i-1, 21k
WTHREBUERCET 2 REROENKEVZ A
HIID, DMV TUIKEFHEDER L e E
FEDMB O TR Y BRI T EEEC L F-> T
50T, AFETIEE4T T NYAOMBEYRTCH
», Thll EoBFHIERT 5,

Bl vBELME -3, EEOMEBRE
WTETEH A BEDORECRIETHEIE «BBUT
THHDT, KFBEORZXBRAELYAVTLES
FOFHENTETHDZ L THB, BL, ETHOHE
K 2B a i, BEYOEEBBETIRENR
bhicw X S EBERBHRLEE LSS,

BUESERERI S RARROABTAYE

— EX.2 CASE-1 (Kv=0}
=== EX.2 CASE-2 (Kv=Kh/2,UP)
== EX.2 CASE-3 (Kv=Kh/2,00)1)

B-47 RUEMEERXZT s BRBBOAM T VE GREHH-2

5. & &

BEReBOACREERCESE, BWEFHO LTRSS
BT aetET, KPHEE LTHEOMENEE
BUIBEHOREHEYER LI, UTikiETH
bl » L ERE TR T %,

1) RPEAEEA 50gal LA EDFEEGic 0T,
ETRAMEE & AFRRINEE (KF2RTD 5K
Zu) kB (ETARPRAMEEL) 2 1/2HTFT
ﬁo'f\:o

2) LETKRFPRAMEERCESY S 2BHAELT
KPRAMEEDKA R &, CIREEE, ~7/=Fa-F,
WBEHY & )BT Lich, Hc iR

Dbhichotc,

3) FA—BEETRER CRREE, ~/=Fa.—
Fou & oh RS0 ETARERAMEERII O
THRELACESR HErX ) ETAERAIMEE R,
e hRig- X R LIS,

4) EFTBAMEE L KFRAIMEEH AT 5
DThY¥EBLT, BEYHFBORUEECALT, b
- & dfEicRBI e ARERNIT 351 5 LT INEEE & K
MEEOKRYHITHCTO W TROIEE, T
13T Elentz,

5) LTHROD7—V=ARI LA LEEART b
AMRDWTEAY B Il oTc, BIRELE 1dkm LD
BOLETRD EAXFRGD7 —V =X P MIZRER
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EMEE-BHHS - L0 H—

BRIS AR 7 AR TR LT i, IBREARS FAKRD
VTR R B ERIER TE R o T,

6) 19684 3 A30H oFFKILFFED B i Eic
BT, BRERS. 2km OMEBHE A SFHKLZE-Sic
BT HEH0 ETRAIMEEL $405gal THH, LT
BARMEE L LTRFERESDOTH > 7, FFkIL
BB A BBRROGEIEETH >,

7) BfToBBEEHORTEC X > TEHREEC
DWTHEAROBRELXEZ R L RETE LR L,
ZOER, SERE LcESREECOWTI, SBEH
BORBEDHEINE o, (19764 3 A3LHZM)

] F3

FEz, HEBRNEEORRECAS L 2 A KTH
b, BEHERERIIC-TIbo T\ B H4R IV
RELAFEFOMBRICERIN TV H 2 HE
wRTH, b, BEXEDELHBER, BELD
NEBEYBEULTRELIHELY 52T T30k HEEES
£, 1EHEREHRER, RAERDHHEERCH LD
CRELTEREOHMELRLTRETL 5,

& £ X B

1) AEB&WS : BT HRBERTMERG & 5 &,
19704104, pp.2~3

2) RS B b VAR AMEREHEEN(E), 1975
3H, p-34

3) A% S FMNUEEREH BRI, 197449
H, pp-18~19

4) BEXEEHS - BEREDRITELE, 1967841,
pp. 2-9-1~4

5) BREEME: T BEETERTELE, F3H
e, 174K, 196746 A, pp. 203~
205

6) BAHEKIDS : BRETEREL, 196914,
pp. 14~.19

) BHEEE, KARBR, ER¥—: BROWESR
wBAT B ) —EIRE A2 F v - 1964—,
ARG, #1288, 196548108

8) A.K. Chopra: The importance of the vertical

component of earthquake motions, Bull. of the
Seismological Society of Americal, Vol. 56, No.
5, Oct., 1966, pp. 1163~1175

9) BOHERE - HTH K - ERETET: SERERC X
BEMOLEHEAO—F), F4EEFHMETS > v
Howa, 19754118, pp. 743~750

10) +-HEE - IUAFE—BR - BHEX—: EESHREERN
HAEBER (L0 1), EBEHER, No.34, 19674
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