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Characteristics of Ground Motions at Damaged Ports
during the 2011 Great East Japan Earthquake Disaster

Atsushi NOZU*
Atsushi WAKATI**

Synopsis

After a large earthquake, it is quite important to estimate strong ground motions at the site of
damaged port structures to analyze damage mechanism and to determine restoration policy.
Although several strong motion records were successfully obtained at damaged ports during the
2011 Great East Japan Earthquake Disaster (Takahashi ez al., 2011), the records do not necessarily
represent strong ground motions at the site of structural damage, because, according to recent
knowledge, site effects can vary significantly within a relatively small area, even within a port.
Thus, in this study, microtremor measurements and aftershock observations were conducted at
damaged ports and strong ground motions were estimated based on the observation results. First,
microtremor observations were conducted densely within the ports to reveal the gross distribution
of the site effects. In particular, microtremor characteristics at the strong motion stations and at the
sites of structures were compared to know whether the strong motion records represent the strong
ground motions at the sites of structures. Then, if the strong motion records do not represent the
strong ground motions at the sites of structures, aftershock observations were carried out to reveal
the site effects at the sites of structures. Furthermore, strong ground motions at the sites of
structural damage were estimated based on the site effect replacement method. The results of the
study can be summarized as follows:

1) Gross distribution of the site effects within the ports were revealed at 8 ports where microtremor
observations were conducted.

2) At 7 ports (9 points), detailed site effects were revealed based on aftershock observations.

3) Strong ground motions during the 2011 Great East Japan Earthquake Disaster were estimated at 4

ports (6 points) based on the site effect replacement method.
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Asd 1.00 234.0 2.04
Ac2 2.90 119.0 1.56
Asd 1.80 270.0 2.04
Md 10.55 194.0 2.04
Md — 314.0 2.04
J—1(EAST)

1500 —
1000 —
500 —

50

01 EFASH AT E
EH0F

T

YJ—21(NORTH)

NNERE (Gal)

=500 —

-1000 —

100
B (s)

150

200

50

T
100
B (s)

T
150

B-4.33 #EEShI=Y —2 | O LHHIEEICET 5 2E I

200

F-4.7 IIEEEY — L 2 1251 B HIEE L
o RE ) SHHE (ms) | B (ge)
o 9.30 2130 5.00
Asl 8.30 315.0 204
As2 5.00 176.0 208
Md - 314.0 208

- 65 -




1000

500 —

NNERE (Gal)
o

=500 —

-1000 —

0V EFAL B AT E MR J—V2(EAST)
THAERE
T

1500 —
1000 —
500 —

50

011 EFIL A ARFEHE J—22(NORTH
THAERE

=500 —
-1000 —
-1500 —

NNSERE (Gal)
(=3

150
B (s)

200

400 —

200 —

50

)
bl o
Ly
T

B (s)

150

X-4.34 #HEINZY —2 2 OTFERNEMEICEIT 5 2E #

200

£-4.8 /AL S BAREHICE T A T T L
i JEE (m) S HHHEE (m/s) #E (g/em?)
TV NE D 1.55 90.0 1.77
A 5.65 220.0 1.79
GEAN 5.30 260.0 1.75
EfE L b — 480.0 1.80

201 1S FAL 5 KT i bt B
T ey E0E

55 18EE (EAST)

NNERE (Gal)
o

=200 —

-400 —

600 —
400 —
200 —

50

201 1S FAL# 5 KT Rt B
T ey E0E

100 150
B (s)

551858 (NORTH)

=200 —

NNERE (Gal)
(=3

200

M
L)

-400 |
-600 T T T T
0 50 100 150 200
BRI
K-4.35 HEE SN2 5 SHREAD TPRARICHS 1T D 2B
£-4.9 DA UCEEERERREII AU B FLIP @i Az E T L (B )
H B Jo) o’ v G K ov
m m/s ton/m* ton/m’ kPa kPa kPa
ik o 1.3 30 1.8 1.8 0.33 1620 4225 115 8.6
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WERMPOHE M4.1) Z2BINL, ZOHERIZES 3 5]
BHCORERD 7 — Y o/ E AV,
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T—VZ AN MUIZERLDZ EIZEY, Y= 2128
57—V AT MEHELE., 20O, V—r212B
A SEERRE L, S — 1 LIS DA b R
HElz, ERM (2006) OFETHE L. Fiz

(V= 21T8BF2 EW {5r) = UNGIRE-GB ITBIT D
EW i%%3) X (B MgtgEsstEotk)
(VY= 2128F % NS #47) = UMHIEFE-GB ITEBITD
NS J&5y) X (VA FEEERRED )

DEIHEEEIT-T-. 77— U IOV TE, V' —
1 L[AER, 2009 4F 2 A 11 BfEERHOHE (M4.1) 1TX
% 3 BRI TORED 7 — Y A& V.

HESNEZ7—V)RiEE 7— Y iz Hn, V—r
2 CORBOMEBEHOHET 21TV, &I, R4 TITRT
V= 2 COHEET VAR, 8O BRI X
0, TEERIE (R-4.712802 S IHEE 314m/s O Md
J&) TD2E ZRD=. FERER-4. 34 IRT. 22 TOHE
EHIRB ORI G R WAL 0.2Hz DL ETH 5.
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V=3 ERFLTI 2T s BHREICE T 2 EHO
HEEIT-o T2,

A FE-GB T DA MEIEREE: & 5 BHRBAIC T
YA EIERE (K-3.59) DA/ M iEHE-GBIZEBIT S
REGFKDO 7 — ) AT MNVIZERLDHZ EIZLY, 55
WIAICBIT A 7=V = AT MVEHEE LT, DR,

(5 FHRIAIZIIT D EW ik4y) = UNAIESE-GB I2BIT 5
EW i%%3) X (B MgtgsstEott)
(5 FHEHIZIRIT D NS iisr) = (IMHIEFE-GB IT81T 2
NS &%) X (A hHaREEEE D L)

DEIHEEIT Tz, 7— U AT OWTIE, 5 51
SHCHEI SN TSR (R-3.14) OF T, FANEDH
B LRbLEYEEZ LGNS EQ2 Ditskd 7 — U Tl
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HESNEZ7—) =iRiEE 77—V oiF 2 FAv, 5 5
SHCOREOMEBOHEZITV, 612, &-4.81TRT
5 FIRIHCOHEET VAR, #O BEE KSR X
0, TZMHEE (R-4.8 128175 S HEE 480m/s DEE
V) TO2E ERDIZ. FRAER-4.35 177, 22
TOHEE BRI O RA T 02Hz LA ETH 5.
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BLUGLERDS (BB HERR ~ DR BRI R & WA IR T
13) HUEE DI ET OB L KE ITZIT TRV ER
ELTEZ EDOZEMEICHONTERT .

SR LI H A D VB I T AR RIS TR IR 2R B & 7R L C
BY, HMAEMRI CIXBHCE RNV LR TTITO D -
TWb. 22T, ARSHENT 7 v 75 X FLIP (lai et al.,
1990) % FHv>, SREEBLAIHA O HE o R IE O 28 8) 2 3k
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BB EREN dm e TV D, £72FK-4.9 oWE 1%t
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WhFHIND (R-4.36 £). £z, REROHBOWEE
EAS UG EICHE SN DR b D 227 RV,
X-4.36 HIRTEIICE—7DIETE2RTEELIT, A
A7 MVEEDMEEBRAA (0.7Hz AT A6 1 &2 EES &0
S FATIR AR BIN R =7 RV DR S H HRREFHR LT
W5, £ T, ZOHEET MTAERIERERR S OO
FMEFHTHET N THDHEEZ, ThEaHEALTUT
DT EAT 5. 7B, ZOMBETFVITEENR LD TH
0, SHOFRICLVLFTEIN D AEEER S 5.

FCER LI T VIS R TR SRR (PO
1825m/s, S PHEE 784m/s, HE 2.0 glem’) ZEML, IR
MEDO KR 7RI 2 2 & L C AT Db & 920 L,
HiF s J O OB Ik U CHuUE 0 FERRIE 26 8) 0D 3 8
N E O SO HONT OB E(T- 7. TAN
TOHER T, MIrOMEE L, BFEORKITRV, 22
TN EFE-GB BT 28IHIEEO b D& AT Lz, fif
HriZ EW B4 % ANJ1 UTo BT & NS 5oy & AN J) UT- T &
FhL, FHEEROIMEEKEIG, ZHETLREOF
igc, 7=V =AXT MVOREEEIT> 7. BN D
T ATTE ORI A 0.001 5L Lotz L (Zok
THRITRIB OIRE 277 7), WRIC 1S, 245 L Lot
1To7-.

X-4. 37 (ZEHRFE RO AT MO AT KT D E
R W OISEDRIE THNE I D O IZ AN O
BEICARAT L2V T T D03, HlEOISENIERIETH D
728, ANPEORMEIZIE U THOENEL LTS, KT
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e A

3Hz L VIR E B3 5RY, FEHEEORETIZ L
A ERN TNV, HEFHOFHHETICB N TR BIEEE
AR L7\ DI IR IR~ DR B DRI R & W R AR I8k
(0.3-1Hz) THHEWIH HEEBETH L, MEBAHAD
e (VN EEF-GB) 1ZF5 0T 2 B FLeR S Hi o JERRIE 2%
FOREL R IIZT TRV ERE LD LT T
bodrEEZLND.

5. ZR

AR TH I B ONTT—F %6 LI, HE iV A
7 MV A NEEERE & ORR, BEOY, A NHEERE
PEEIE & OBURIZOWTEEREZ1T O

51 #EIH/N ARY LLEH A HMEIEEHE & DORE®

AW TITH I 7 OIS (9 HiR) 1TV TRES]
PNZ S & B MEEEEEOTl 2 £ LTz, = OfE R,
TS OB FERDIZ B W THEBRIFRERIZ LS A M
WEHIE LB H/V A7 b AAD T35 BTN D HS IS
KL VIR TERVAH B AL -T2, 22T, Zh
BOT—ZIZFESNTED THBIH/V AT MLt A K
IR E DO BURIC O W TEERT 5.

BRI T APREYVH/V 227 L&Y NIRRT &
L= ORR-5.1 THD. ZOKNL, K8 HV A
7 v & A NIRRT O RICIE B R HGRERA H D 2
ERDND MENH/V AT MVICE— 7 03 b D 55121,
FA MEESEDIZIER CARKICY—2 2 F T 52 L,
B H/V AT RVIZHB e ©— 27 B WBAIZE, Y1
b HETRAR LS B B 2 =2 OV A D D T & ORI
JERAHI-G, K-NET KfRJER L) R Enbnd.

B-5.1 OB H/V A7 ML e 34 N8R EO &
—JAEEB IO - & EGiA LD RS 1T OLD
W75, ZZTHEN H/V A7 ML X O SRR
DR E—7 2R SRV OV THEH AL D 21T-
TV, ZOREZLHEICE—J7ABRBLIOE—7 &S
OxHGERE ey hTHER-L.2 ITRTERBY &S,
FPE-5. 2 BN T B — 2 AR OV T, W oS
BRIIIERICRITTH D . B H/V A7 b &1 M
WEAREIED & — 7 JEE R AT e PGBk & R 92 L1139 C
WCBERE DAFZE T B HRT STV B 28 (Bl 2 1ZE A, 2010),
AR TZOZ ENEDTHRIEINTEE 2D, —FH, K
B2 IR TE—/EEIZONT S, B— 7 EE L g
LTELDEEIREVLOO, BWHILHALHBEEES
LTW5. 2. Tik~7=L 9z, EEM (2010) 1%, 2
JEHI A RE L7256, 8 H/V A7 FLr e A NMEIE
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RO B — 7 @ ST EZ R T LB TnD. BE—2 5
S OMBEIZOWTITBRIEE 2 Rilaai » o83, D7l &
H AL DTS B kb5 & LI AR ORERIE, EREM (2010)
DRFAEZZRHT LD THD. B —2r & S OFMBEICE L
T, $4E) H/V A7 "R LA U —IR ORI & o=~
&N D BUE OIEVER 22 MR (KRS « B, 1992) 12HE 9 IR
0, FHBEIMEZEERRAICHAT 5 ERTE RN E VIR
ARSI TWD. FEGERO G O HE ORI 2 5
ETDRMPBEEINDZEbH D0, BIFEELBRET
ETIEHRL, LA, MEERH L EEAHRELT, &
FUZRA D £ 512, ) H/V OBhia FOfERICEE 4N
Z TV BERH D L ICEDbILS.

7ok, BREFEB LIX, WEYH/V AT Funn YA R
MR A E CEDINE I PP EETHD. B-5.2 % RD
RV, WiEOE—7 @S IIHBEEEZET L &35 203720
DIEBE2E o TWnD. £, ZoZ LDz, ek
i (ILBHEX) ERREOFICA NS L oL, 1 b
HIRFFER SO —2 2 HF T 2126 Hb 53 (0.8Hz
IR L 14Hz 131), #E BV 237 S VAR E A
DE—IPENTWRNT—ABHFET S, Z0LH57%
EMD, BB H/V AT M EOY A NEIRREOHEE
WZIE 72 0 OFRFEEEDE S ONBURTHD. Wt~ T, &
FREEY OFEET O T2 IR A HEE) & i E T D A
i, BT OMBERNICE SO T A N ISR & G
HTEDREELV.

5.2 H4 MEEEMELBEE S DOBR

AHFFECRiG & Lm0 P, RERZEOTH%ICE
J DA ESEERE O BN K E WEB LFEL TV D,
FIT, TITHERCENLOWEEZGIZ, Y1 MR
Btk L & OBMRIZOWTE LR ZITH . (R D%
IZBWTH A MERARMEOZER K E WL & L TREED
WITE G, B, NIRERNGIET S, 0 bE R
WECITHIERENC X 2 E I Ch 57, LITFICENT
IXEICA B L N IRHER A R G BEET .

AL, MESOBENS, #ME BV A7 FR
0.95Hz H 5 W FEEN L ETFEERACY—2 2 F73 5
V=1 &, BB HNV A RVR 0 THZ TR — 7 &
BETDHY = 2K TEDHZ L33 THlRA_Z@Y Th 5D,
ZAUTK LT, AL RO MR I L 2 =R A R
L&, B-5.31RT LI, Y= 2 I0E T HEALNIREE
FEE ((13m) TIEHWENAKRE VDKL, Y—r 1IZFT
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REAH/NY £t 44 MRS

F-5.1 o NEEEEE & B H/V 227 MLORFRELIL TV A R0 —E
WEIH/ VARG L H A METREEE
% 5 3 Hh = ER B ith E—VRE#H | E—v5s |E—VRKH | F—ras
(Hz) (Hz)
A EED K-NETA % 0.44 3.01 0.56 5.11
A BEHRA 1.15 13.95 0.92 15.95
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