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Seismic coefficients of coastal parapet levees considering
the dynamic response characteristics and applicability to performace verification

Eiji KOHAMA®*
Ryota NATSUSAKA**
Hirofumi FUKAWA **

Synopsis

This study aimed to develop the design method for evaluating the seismic coefficients of
coastal parapet levees with regard to level-1 earthquakes. In order to examine the applicabil-
ity of seismic design method by using structural frame analysis and acceleration response
spectrum, seismic coefficients of various coastal levees were calculated by the proposed
method and seismic performance of the levees were verified.

It was clarified that the influence of the horizontal subgrade reaction on the footing and
the configuration of steel pipe piles is relatively small on the horizontal seismic coefficients
although the natural frequencies calculated by the frame analysis vary depending on the sub-
grade reaction and the configulation of piles.

Seismic performance verification was performed on pile stress of the pile foundation para-
pet levees and forces for the overturning and sliding of the spread foundation parapet levee.
The stress-resistance ratio of piles decreased with the horizontal subgrade reaction on the
footing, and increased as the diameter and plate thickness of the pile decreased. Considering
the horizontal subgrade reaction on the footing increased the resistance-force ratio for sliding
of the spread foundation levee and set it on the danger side, similar to the case of the pile
foundation levees. Thus, it was recognized that safe side evaluation is obtained without the

horizontal subgrade reaction on the footing.
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practical design
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203, OB IE R L ORI X0 #
5. B-5.4 1%, B®-5.3 128157 —F > 7 {lH HAEHK
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(a) TYPE-1 (b) TYPE-2
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% s BKobe
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S 04
g 03 -
- 7 P
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5 g
0.1 z H
/4 A
1 | 75 W7
Ground-1  Ground-2  Ground-3 | Ground-1 Ground-2 Ground-3
(4.18Hz)  (TASHZ) (9.08Hz) | (TA9HZ) (11.24Hz) (12.62Hz)
F=FoOMERBERLRL | T-F - VAEIERERSY
(¢) TYPE-3
®-5.3 7—F o/ flmIERO A I X 25 R HEE O g
prm . = . - M
foemh - RRATTREE, MEEh - MU (BAREIED
09 30%
= Naha & m Naha
- S04
w O Yokohama b 0O Yokohama
S 209 :
b= sos aKobe 5 : B Kobe
o 0 = 15%
° alwakuni o O Iwakuni
E o = 10%
g 0% B H
2 I i 5
T 10% : = p—
2 7| S o L
g JH é £ E .5%
|_| 2 -10%
Torses
20% 20%
Ground-1 Ground-2 Ground-3 Ground-1 Ground-2 Ground-3

(a) TYPE-1 (b) TYPE-2

m Naha
15% O Yokohama
10% @Kobe
05 B Iwakuni

Change rale of seismic coefTicients

o
" 7] u 7= ﬁ

Ground-1 Ground-2 Ground-3

(¢) TYPE-3

B-5.4 7 —o o 7 Ui MR IR N o0 B SR 25 s
e« A MEIEO (L, B Rl (B IREIH)

%, HURIRPLIZR A ZBE L2Ga, SOMREETE 10 R KD A K IR SRR & MR CONMREISE AT K
~45%BRERAEMBREDOMEIIRE S Lo TWVD AR, NOFRE, BARBEOEBICEDZbDOTHD. L
Yokohama ¢ Ground-2, Ground-3 {23\ Tl 15%FLE AU, TR oD [ A HR B A (3 M BE A 16 R O MR SR LT K
KFLTWAr—2bdHo7-. ZHidE-5.1, B-5.21c D BB, 7 —F 2 7 O MBEHREUE R E D 5
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(328Hz)

00HZ)
BA00-6mm

(a) TYPE-1

DEO0-Femm A00-Fem

(b) TYPE-2

B-5.5 MLFKICOZEINIT K 2 IRA IR O ik
e - PRAEREE, BEh - MRS (EAIREED

DIFH DN Hz FEEm <, T OfHEOIREIE T Naha i<
Twakuni % COJEE AT MUITIREIEK & L bic k&<
7Y, FoTHAREBEEIIRELS L. — K4,
Yokohama J @ Ground-2, Ground-3 TIi%, % Hz »H
10Hz R E TR OB L & bR MTw 5
RMZB/NLTEY, 7—F 2 7l ORI ITIX R E
BET D LI 2 EFRDE O CRAFRE T/
XL o TWA.

B®-5.3(c) TR EEERBER A D TYPE3 TiX, 7—
I 7 O ARSI R A B E LA IS Ul S
WCBWCREAREET 3SHz FREEE I L T\ 5. 7272 L,
7 —F 2 ZE RSO A I b B3 E A TR K
EPEBA LY & < (4~13Hz) , ZOREK
TR FVHBITH E D HEBES BN &b, fik
AL I L C, ARSI DRI I TIT R & e
BAEC o7,

X-5. 5 (IR OV THE MO T A S L &8
EHAEOREREEOHKBHMREEZRL TS, EHH0
HERAL, BROREZ/NEL L LI2X Y EED
BEFERDEIIMRT L, ZOREEHICBIT A7 hL
FROFEL B> THREAERBEE KT L. TYPE-1 1%
£& 500mm /& & 9mm 2> H £ 400mm JE & 6mm (22 L &
TRY, BEHEEIIRKT 20%EE (Ground-3,
Twakuni #%) {&F L7=. TYPE-2 {3 800mm /£ & 20mm

NHEE 600mm E X 9mm, & 5HIZF 400mm JE X 9mm ~
EEnSE, MEHBEIZZNENRKT 30%RE L
S0%REER T (EH S L Ground-1, Iwakuni #) L7z,
TYPE-2 O X 5 ITHLDFE T Z KIEIZE(L S 2 & EH AR
EOELBRELS, BMEHBE~OREHLRE V.

5.2 HEERE

(1) #uHEAEL (TYPE-1, TYPE-2)

AT CoR o 72 WA BB L & 0 Hh R e BE (IR D & R
L CHMMENTET VITER S, SENICAE Uik
OIS EICSWT, KA, A2 & v 1B
e Lt DERE-S. 6 1RT. 22T, difAEck
FOEBOMOIG IREDOSH G L R, FERICEM
5 MR O KRB A KRB 2 R IXRIZ OV T, FK(3)
BT A6%4% a2 1.0 & L7, BRIGHIE TYPE-1,
TYPE-2 OFEMOBKIC LY, 4.2 ITFRENHHEE
HoTwa, B-5.6 I2BWTiE, 7—F > 7o ik
EHIZhoFEL, P TE 2 (LI gGEOE LR
LTW5.

£-5.1  MBRHUTROF I LD EEMIEME ) Ol (TYPE-1 (9500, t=9mm) ,
ok B Ground-1 Ground-2 Ground-3
i % = = = = =
REREE 0.41 0.60 0.46 0.56 0.49 0.58
OEHAEME A [KN] 161.5 236.4 181.2 2206 193.1 2285
fé&;’;ﬁg} — 100.1 — 105.8 — 105.8
®-Q@[kN] 1615 136.3 181.2 1148 193.1 1227
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TYPE-2 W Naha
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t=20mm

| ﬂ .E
- 7 |
v f
i IHA IH;
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(5.00HZ) (795Hz) (933Hz)

iR RERIIRS Y

Stress-resistance ratio

0.02 I IH 1
0,00 £l

(|u|| 1 G |r|-:
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FRiFEERE AL L
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H ; 7 i
Z # / .
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i v ;
8 / #
0.1 & ’ i
; I r; I :
0.0 2

1 Ground-2  Ground-3
(3.00Hz)  (3.28Hz)
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(b) HiEEITTDEIIZ X A H#: (TYPE-1)

Ground-1 Ground-2 Ground:
iz) (435H 48IH

DEO0-20mm

(d) HFEITOZEIC L D (TYPE-2)

D400-9mm

BSOS RAE (a=1)

foesh - YRR Db, B MRS (BEAIRENED

7 —F > J Al O MK EUT O F I L 5 ks T
%5& (H-5.6(a), (o) , TAT@ﬂﬂ B LOAN
WIZRWT, MBI REZE L% wmmﬁ¢
@ﬁ?#%%ht.lﬁji,lﬁﬁwx(w_

7 —F o ZMEHEE TR A 5356 OERm I iz on
T, R TS A ISR T DO LR TR L
T2bDThD. ANHRKRIMBEE DK/ LV E OB
FEDDLN, HBENEREEELAVEALD b,
TYPE-1 TH K 80%FE, TYPE-2 Tldf K 70%52E M
it 3N 2. BIEIC R T L 51T, MBI %
BET D L EEOBEFREEIIH AL, FMECEs b0
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')
2 -4
= BKobe
%
I B Iwakuni
e
7
=4
o
& 80

90

Ground-1 Ground-2 Ground-3

(a) TYPE-1

®-5.7 7—F 7 mtERIENnSE

fEsEh - VRIS 7 b D28 {baR, At - AR S
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=
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Z s
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T =
Z 50
TR

O, BERZBEIIENT 20084 oz, LML
#-5.1 | TYPE-1 T Iwakuni i DA T TéﬂMﬁﬁ

IFROAEIZ L DEEEREN T, 7—F > Z iz < 7
EFEOENERT LI, 7T—F T MEHIERBED
LI X BBERIEME ) DL, 7 —F v Ul O HgiE
NEHTEY SV T—F 2 ZAlE O IR i
BEMRIEMEA ISR L CHBUINCIER 2. Lo T, 7—F
VR IZRBE D5E, BERETICIITA D L D
BEGRIEME S & 7 —F v 7RI MR IE R ) O/ 1Tk &
<720, fERELUTHUSHOER 3RS LT3,
BFREWREL/NS L LESGE TIE, SUSTIOERm T

Ground-1 Ground-2 Ground-3
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(c) HUEERPUT RO A L 2 HEE (TYPE-2)

B-5.8 ALBSAFICH
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(d) PEEITCOZLIZ L A (TYPE-2)
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teirsginL 7z (B-5.6(0), (d)) . TYPE-1 Tif, Hui
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400mm AE 6mm &35 2 & TERM kI 2 [ZREIC
K& 72o7=. TYPE-2 Ti, £ 800mm AI/E 20mm % £
600mm A/ 9mm & 2 & AEAM /1L 3~4 FRREIZ,
& 400mm HWJE 9mm L5 L S5~8 fFREICKEL oo
7o, o OERM A koL, &-4.2 TR N5 K
M THDLERET— AL POBERTFRRERERTHY,
HTE Tk 7= R FH A DR FIC L B8 37,
INHDOBRFTIE, WITNOFGFIZBWTHHUR IO
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FEFIERER IR Y
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FiEEERENEIhRL

(a) TYPE-1

EBEITHRF L TV D, HFEELC IS D S Y 2
LIdRR D 2 Lo, BRI EEN S Tl < KRN
M LEDM ORI DL ZT THH PR ED Z &
NE, WUSTIOERINAL 1.0 1IZH L TRBNRH -2
TENREZLND. F1o, 7—F o ZE O MY A
BIELI2E, HUSTIOERm TR E b LT
WA OFEAR & 72 o 7o, MAEMEY OERWEBIZB N T
T—F 7 ORI A BB LW Li3% <, W
BEOHUSNEDBAEICB VTS, 7 —F v 71l Mz
FEBELRWI LTIV EEMORFEITI ZENT
5.

R-5.8 121F, MBED[E A REIEL 2 K D D BR OB H AT
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istance-force ratio
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(a)

i < mi VR b, B o Hoz

ERIRRIZ, BLEEFEA~OHBER S OHEEIZ AV D R )
REEOXGITEB N TR a & 2.0 & L, KRS
WTTHUS I ORI e 2 B LR 2R LTV 3.
E-5.6 Lltigd oL, 7—F 7 liEoEERITaE
EELEGATIHERMAOEITIZE A EEN ST
A, HARRPUZ R A BB LA WA TIREAM X4
RTOTF—A BT LTS, E-5.9 1%, K-
5.8(a), (c) COMA~OHMEK IREBEXGITEBNT a=
20 & L7z & EoERMAkIZoWT, K-5.6(a), (c)

D a=1.0 DFHITHT HHEBOETRLIEZLDOTHD.
7 —F o JRIEHRERE EE L WS E,

oKX,
a=20¢t925ZLICEVIEHMALIT a=1.0 DEA L
DH 10~20%EIFRHD LTWD. 7 —F o Z{AIH Hiig
P ® 255 1IEZ ORI K& <, MR~
IR OENBERIM IS G 2 2 EBIIRE L 72
WA, 7 =T Z IR BV IE A IS, i~
M R % 2 5L L2 & CHUSER T 5K EJ7 16
M VRN U CERTR D bt/ & < 72 0 falrl o FF
flit oot E\EZOND. LoT, 7—F 7l
EHEBE LRWEFITBWT, FicEk+ 2 iziEn
DU IR EITEE O 1 fEE T2 &Ik Z2fllo
REEITHZENTESD.
EIROBEFHCINT, BRE B EERARONEEO K
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5 WEEE R
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B omAEAE (EEE#EX, TYPE-3)
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M (A IRE)

P3N T 12mm (% 400mm PR
Ground-3, HBRHKHIITHREEEL) ThoT-.

MEt CHW B REICRB T 5 NEMS BT B~
DM 11555 (ka=1500aN) 13X, AL OHEST 1A 3 a5
ERAEEDTRDOONTZHDOTHS. AR L Wk
7o MR S REN I BN OB R L & BT H DT
Y, PREIEMEIC ST 2 MU RIS AL 3
lem DL EDEE LTEHEINTWS . AR CcoOMR
ERAEEEARFOPEENITIRKT 2mm (2 400mm
WE 9mm, Iwakuni #%, Ground-3, HWRIKHLITE jEE
L) THYH, i lemZE27Zb00 1 r—RXH o703,
FEAEDTr—RAZBWTHEEZNIL lem L F Th o7z,
Lo T, BWEFHTIST DHTBHZENLITHRTE B 4E T o Ml I
TMRB A ER OREAEN L AL T TH Y, MK IR
ENEBEEO LD L H/NE L Teo TR MR
L, fallll& 72 2 AlREtE 25 2 2 M EIER. Lo T,
kgD L1 1 K ERE) o> HE T R A F e O ) BR A
WRFIZ I\ THRIB FETEIC K A MU I AR B2 VWA 2 L i
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K(13), (DL VIBREB LI OIBEIORELZITo72H D
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