ISSN1346—-7832

I TBUE A BB BT AT

2SRt PR
RS

REPORT OF
THE PORT AND AIRPORT RESEARCH
INSTITUTE

VoL.50 No.4 December 2011

NAGASE,YOKOSUKA,JAPAN

INDEPENDENT ADMINISTRATIVE INSTITUTION,
PORT AND AIRPORT RESEARCH INSTITUTE



VS 2 PRI A 2 AT S (REPORT OF PARI)

% 50 & % 4 5 (Vol.50, No.4) , 2011412H (December 2011)

B R (CONTENTS)

1 PEK 23 AR(2011 42) SAR T AT i i R AR 0 R P
.......................................................... “[‘/\9‘&% {E%E, J[ID{H:’ E,EJ}'EE‘ 3
(Characteristics of the 2011 off the Pacific Coast of Tohoku Earthquake Tsunami

""""""""""""""""""""""""""""""""" Hiroyasu KAWAI, Makoto SATOH, Koji KAWAGUCHI, Katsumi SEKI)

2. BPHEIZ SR S LT B Ol T R T O ket
.................................................... 7J(/(:|\:<;:, %"méﬂg’ 7':2 %’jz’ /J‘%ﬁﬂﬁa ceee 65
(Study on Vertical Bearing Capacity of Steel Pipe Pile Driven into Mudstone
"""""""""""""""""" Taka-aki MIZUTANI, Yoshiaki KIKUCHI, Takayuki SUGIMOTO, Eiji KOHAMA)

3. BEAFRARBE 69~ % #8 2 THEaR OAHTR 20 R & 2 OFHliTE DB %
................................................................... MJII z %H{_j“-':ﬁ 28 7k/\:</u"""'107
(Development of Design Method for Anchored Sheet Pile Wall Reinforced by Additional Anchorage Work
................................................... Yoshly-ukl MORIKAWA’ YOShlakl KIKUCHI’ Taka'akl MIZUTANI)

4. DB HIERIC K 20X E W HUR B O BB E L 72 B IRO € 7 ML TE

(Modeling Semi-Short-Period Ground Motions from Crustal Earthquakes Using Characterized Source Models
.................................................................................................................. Atsushi NOZU)

5. NHINERICIS T DR AW 9 12 OB IS & £ DX R
................................................................................... MEEE, S 197
(Experimental Study on Mechanism and Countermeasures for Wave Overtopping of
Long-Period Swell in Shimoniikawa Coast

................................................................................... Hiroaki KASHIMA, Katsuya HIRAYAMA)



PRE 28 RN IR SE T
%5 50 &% 4 5 (2011. 12)

YRk 23 4R (2011 A7) AR T AP R EE I oD Rk

A& GhER A Ee -0 EDee B e

2 B

A2 [E HRIE I IR 8 NOWPHAS @ GPS #IREE, I FIEIREE, WM oBElT — 212X - T,
2011 43 A 11 B 14 BF 46 2y O 5k 23 4 (2011 4) BUALH T B HIEE IS X 2 Bl o 51k % 3R~
. TOREEZENTDHE, LUTOBY THD.

O FALE M ~E &R D 6 Hd GPS WiRET (RRiEKE 125~204m) Tid 15 K 12 53 ~15 FF 19
AP E 2.14~6.13m (MBIE TOEEEMIE LB OMHE) ORKIEETHE L. SFmEihT
IR RV DS 7 RV . FO% 1O, 2 BREICY S ERY, B EICHV &
DERSTLIRERICAZ D, BHHEH CIERKEORIC 6.00m (FIEHZOMHE) 51w,

OMBESEOR R RG GEEAKE 21.3m) NEEOFH 1 HoRPE TRAZGHETH, §&
% 6.65m (FHIERTOfE), WEHIE 3.22 m/s I8 LTz,

@ 1% GPS BiREN, REGRER, WIMLEIOIEICEEL, BATE< kol

@B HERE, ABAME - \HE, Bk, EEOAS—Y 7 - BARENEO X DI, Hibi
5 REE OB B < BENL - HS T B EE S S e, ARYEE ~ BRI o KON R
TSI E, ZRUATIIH LD E DR NS o Tz

ORI L 2L EOWNOBIMIC L > T, EEOWHEE AN EHET AR —FThd L
o L.

F—T— 8 EEREBERRGE®E (77 7 2), 2011 FHUCHT R R, GPS
REE, MESEE, WINCEE

*OYEPETE AT SRR AT TR (RIIEG ST ZER ), MRS AT S B R AR
o MRS WAL IO RS WAT R T — AR
Rk R SEREIE RS WA T — A ) — & —
T239-0826 fhZ3) I BRZHE AT RWA3 T H 1% 15
FEEG : 046-844-5048 Fax : 046-842-5246 E-mail: kawai@pari.go.jp
http://www.pari.go.jp/bsh/ky-skb/ks-jyo/kaisy/index.htm, http://www.mlit.go.jp/kowan/nowphas/



REPORT OF THE PORT AND
AIRPORT RESEARCH INSTITUTE
Vol.50, No.4 (Dec.2011)

Characteristics of the 2011 off the Pacific Coast of Tohoku Earthquake Tsunami

Hiroyasu KAWAI*
Makoto SATOH**
Koji KAWAGUCHI***
Katsumi SEKI**

Synopsis

The profile of the tsunami triggered by the 2011 off the Pacific Coast of Tohoku Earthquake
Tsunami, at 14:46, 11 March 2011 at the Japanese Standard Time, observed with the GPS buoys,
coastal wave gauges and coastal tide gauges of NOWPHAS (Nationwide Ocean Wave information
network for Ports and HArbourS), has been investigated. The major results as follows:

(1) Six GPS buoys, drifting on the sea surface at the location of 125-204m in depth, on the To-
hoku District coast recorded the highest tsunami crest of 2.14-6.13 m at 15:12-15:19. The
South Iwate GPS buoy recorded major seven tsunami crests. The first crest looks the compo-
sition of a sharp short crest with a mild long crest. The Central Miyagi GPS buoy recorded
the tsunami trough of 6.00 m following the highest crest.

(2) The coastal wave gauge at the spot of 21.3 m in depth in Sendai-Shiogama Port, Tohoku Dis-
trict recorded the tsunami profile until its height and current speed reached 6.65 m and 3.22
m/s respectively.

(3) The tsunami arrived at GPS buoys earlier than their nearby coastal wave gauges and coastal
tide gauges. The tsunami height increased on the coast.

(4) The tsunami reached locations far from the source on the Tohoku coast, such as the Kanmon
Strait, Ariake Bay, and Yatsushiro Bay coast, on the Kyushu Island; the Pacific Ocean and
East China Sea coast of the Ryuku (Okinawa) Islands; and the Okhotsk Sea and the Sea of
Japan coast of the Hokkaido Island. The tsunami began with a negative wave on the Pacific
coast of Hokkaido and Tohoku Districts and with a positive wave on the other.

(5) The Doppler-type Wave Directional Meter, named Kaisho-kei in Japanese, detected a verti-

cally constant distribution of the tsunami current speed and direction.

Key Words: NOWPHAS, 2011 off the Pacific Coast of Tohoku Earthquake Tsunami, GPS buoy,
Doppler-type Wave Directional Meter, coastal tide gauge
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1| ik 604W | 5 49.8 0.8 437 51°58” | 141 28° 06” | F

2 | ArrEEHE 611W | S 25.0 1.6 |43 14’537 [ 141 16 06” | — AR
3| W 603W | USW 52.9 0.8 42°26°38” | 139 49” 03” | F

4 | HFh&E 220W | USW 24.9 20 |40 51°10” | 140 44" 21" | F

5 | B 201W | USW 51.0 1.9 40 39°34” [ 139 54 42 | F

6 | BKH¥E 101W | USW 29.4 2.3 397 447167 | 140 00° 26" | — B FE

7 | HEEE 102W | USW 45.9 1.2 39 007317 | 139 46 45" | F

8 | Frie vk 112W | W5%al 345 12 [38 00717139 07" 34" | — [ faf@EmsELI
9 | EILHEWE 114W | IERGE 32.7 1.2 [37 14097 | 138" 16" 26” | F

10 | IRAREILEE L 115W | 55 20.0 1.2 36° 46’407 | 137 127 187 | — FEAR SR
11| (RRE ILEIRAR 113W | 55 46.4 1.2 36° 497157 | 137 04 29”7 | — FEAR R
12 | fmEHE 105W | 551 52.0 1.2 37° 25517 | 136 54 08" | — ELE dan

13 | &R¥ 106W | 55t 21.1 1.2 36 36’507 | 136 34° 03” | F

14 | & 117W | 55 36.7 0.7 36 09°47” | 136 04” 30” | F

15 | SEH 122W | 55t 50.1 0.7 35° 46’167 | 136 02" 22” | F

16 | SELH 310W | {5t 41.1 0.5 357 40°05” | 134" 40" 46” | F

17 [ SR GERN) 313W | USW 11.1 0.5 |35 397327134 39 58" | — 754
18 | Sk 304W | M5t 30.9 0.5 357337167 | 1347 09" 41” | F

19 [ 5k 312W | USW 12.0 1.5 |35 31°56” | 133~ 16 36" | — T75A4
20 | M Ek 305W | MGt 50.1 09 [34 54719" 132" 02" 117 ]| — AR B R
21 | BERH 406W | IESRGT 21.1 0.6 |34 00°43” | 130 47 35" | — BHEEAR
22 | TH 405W | 5 39.5 1.8 337557267 | 130 28 05” | F

23 | FERE 404W | USW 31.9 1.7 327427477 | 1297 45" 23” | F

24 | JEARHR 420W | ZEFRG 4.2 79 [32745708” [ 130 337 53" | — AR A R L
25 | A 402W | 5T 54.6 0.6 |28 2707|129 31 18” | F

26 | AiHI 702W | BT 51.0 1.5 26° 14’477 | 127 41" 08” | F

27 | BRI 609W | MfE5Et 52.6 0.8 44°19°03” | 143 36  24” | F

28 | Sk 613W | M5t 50.0 0.8 |42 54’387 | 1447 23’ 50” | TA

29 |+ 607W | M5t 23.0 09 [427 397067 | 1437 41" 08” | TA

30 | APk 602W | M5t 50.7 09 |42 327387 | 141 26 45" | FA

31 | e/ NIEHE 202W | USW 43.8 0.9 [40 55°30" | 141 25 27| T

32 |\ 203W | USW 27.7 1.9 |40 33739 | 141 34" 06” | TA

33 | AEH 219W | {5t 495 1.1 407 13704 | 141 517 36" | T

YHEEYS 213W | USW 242 1.3 397387227 | 1417 59° 09” | — T — X R
35 | £k 204W | USW 49.8 0.9 [39 157547 | 141 56 06" | — T — X R
36 | nEHE 218W | 55 20.8 0.5 38°20°49” | 141° 157 16" | — 7 — e
37 | MBS 205W | USW 21.3 32 387157007 | 141 03 58” | T

38 | HHEHE 214W | USW 17.1 1.7 |37 517287 | 140 58 527 | — T — X R
39 | /A 206W | 55T 23.8 1.6 36° 55047 | 140" 557 187 | — 7 — X e
40 | WAk E g 209W | Gt 30.3 24 136 237427 (140 39" 127 | — T — F g
41 | R 222W | M5t 24.0 2.8 357 53°55” | 140 45" 147 | — T — F gk
42 | 5B gE 217W | 5t 28.8 0.7 |35 1813”7 | 139 44’ 52” | F

3 | T7TIhE 901W | {5t 21.7 1.1 357127397 | 139 44" 04” | TA

44 | Prrdk 212W | USW 483 1.0 [34 40’357 [ 139 27 08" | — B FE b
45 | THE¥ 504W | USW 51.1 1.0 |34 38°48” [ 138 57 117 | TA

46 | TEKHE 505W | 5t 51.8 0.6 35°01°16” | 138~ 327 05" | — HaR IR
47 | ek 501W | 5T 22.8 0.6 347377177 | 138 157 33” | TA

48 | 5B 506W | MGt 26.9 0.5 |34 55127 | 136 44 257 | — B GAB
49 | il 301W | E5ET 54.7 0.6 337257597 | 1357 44° 50” | TA

50 | phEHE 306W | 5 17.0 0.5 347 38°50” | 135 16 36”7 | — BN AR
51 | fEE/ DB 320W | 5E 20.8 1.5 347 02°24” | 1347 38" 37" | F

52 | =iEdk 307W | M5t 27.7 02 [33 167117 | 1347 08" 42” | TA

53 | mandk 309W | Gt 24.1 0.5 337 28748” | 13335 127 | TA

54 | BEJIO# 308W | USW 27.9 0.6 |33 01°54”[133 037 29” | TA

55 | XimdE 409W | USW 9.6 1.4 |33 47°59” [ 131 04 20" | F

56 | MBS 411W | 1ESRGE 48.3 0.4 [327 267367 | 131 43 427 | TA

57 | EfEH 407W | IBERGE 35.0 0.7 |31 26702 | 131 06 36" | — FAR B R
58 | IR EEE 408W | ESET 35.0 1.7 31 317067 | 130 33° 08” | F

59 | B EE 701W | 5 39.6 0.5 26° 14’327 | 127 57" 557 | F

60 | FEH¥ 703W | BT 44.1 0.7 |24 5056”125 15 13” | F

61 | Ak 705W | 5T 34.8 0.7 24720°29” | 1247 07" 39” | F
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No. | HiE4 i | B R R ALER S
code
1 B 614T | 7—A 45° 11’227 | 141° 08’ 16” | F
2 B 604T | 7 — A 437 57°02” | 141 38 06” | F
3 LIS 611T | 7—= 43° 12’577 | 1417 18° 26” | F
4 AR 610T | 7—= 43°10°59” | 141 02" 00” | F
5 WA S 603T | 7—= 42°27°14” | 139° 56’ 44” | F
6 b 619T | 7—X 42759127 | 140 30’ 36” | F
7 LA 620T | 7—= 41°52°14” [ 140" 07" 317 | F
8 BRI HE 621T | 7—=A 42°10°27” [ 139 31" 05” | F
9 Rk 220T | 7— = 40° 507107 | 140" 45" 47" | F
10 K H A 101T | 7—X 39° 44°46” | 140° 037 57 | — Hgas R
11 174 FH 102T | 7—= 38°55°03” | 139° 49” 25" | F
12 | Brig 21T | 7—= 37°59°26” [ 139° 13° 02” | F
13 e Rk 120T | 7—=* 377 56°26” | 139 03’ 40” | F
14 | KRR Lk 19T | 7—= 36° 46’317 | 137° 07" 05” | F
15 RARE LR 113T | 7—= 36 47°35” | 1377 03” 44" | F
16 | ERE#E 118T | 7— = 37°02°58” | 136" 58’ 06” | F
17 i b AR 105T | 7—= 37° 23’517 | 136" 54’ 10” | F
18 SR 106T | 7 —*A 36 37°04” | 136 36 10” | F
19 | B 122T | 7—= 35°39°30” | 136" 03" 55" | F
20 b I BEFY =] 435T | 7— R 33° 56’437 | 130" 57" 277 | F
21 T B#E S 117 430T | 7—= 33°55°29"[130° 55 37" | F
22 TRH¥H 5 431T | 7—= 33° 54’55 | 130" 55" 57° | F
23 TR KL O & 432T | 7—= 337 54°48” | 130" 54” 18” | F
24 | dbFUIN BERD HE 437T | 7—= 33°53°32” [ 130" 53° 29” | F
25 JeIuEE B B 436T | 7— A 33°54°34” | 130° 52° 45" | F
26 RGNS 4337 | 7— A 33°56°54” 130" 52° 37” | F
27 | FEEE 414T | 7— R 337287017 | 129° 57” 42” | F
28 | WS 423T | 7— = 33721417 [ 129 34” 32" | F
29 B/ 424T | 7— A 33° 47377 | 129° 41’ 177 | F
30 ElRE s 418T | 7— A 32°43°21” [ 129 50’ 05” | F
31 HEARPE 40T | 7—= 32°45°08” | 130" 33 53” | F
IRESE 416T | 7— = 32725477 [ 130" 12° 35" | F
33 J\ AR 415T | 7— X 32°30°43” 130" 34" 00” | F
34 | BimEdk 615T | 7—= 44" 56°19” | 142° 35° 217 | F
35 | BOplE 609T | 7— =% 447217187 | 1437 21" 43” | F
36 | AR=E 617T | 7— =% 43° 19’277 | 1457 35" 16” | F
37 | FEX A 618T | ZEFR 3 43° 04’427 | 145° 06’ 59” | F
38 | HikHE 607T | 7—= 42°17°49” [ 143719 207 | T
39 | [ BT | 612T | 7 — A 42°09°51” | 1427 46" 157 | — KR53 w3 KM
40 W NBUE R 623T | 7—= 42° 36’217 | 141 49° 02” | TA
41 NPT 624T | 7 — A 427 37°47” | 141 37 16” | FA
42 EESS 625T | 7—*A 427317177 | 141 19’ 14” | FA
43 EVS 626T | 7— =% 42°20°40” | 140" 57" 12” | FA
44 | Zrik 622T | ZErh 58 5 42° 06°36” | 140" 35" 30” | F
45 Lo/ NI P 202T | 7— A 40° 557357 | 141° 23 177 | T
46 | )\ Tk 203T | 7—*% 40°31°59” | 141 31 207 | T
47 | APk 219T | 7— = 40° 11°32” | 141 47 487 | T
48 | A [ ERAIT] [ 204T | 7— R 39° 16’247 | 1417 53 217 | — T —
49 Rk 218T | 7— A 38 24°29” | 141" 16" 00” | — T — X B
50 [ fiEHEEHE &) [ 205T | 7—R 38° 17177 | 141° 01° 177 | — T — X R
51 T 222T | 7— A 357 55°46” | 140" 417 38" | — T —
52 | AUy (Biik) 21T | 7—= 357287067 | 139° 38" 13” | T
53 R 217T | 7—= 35° 18317139 44" 36” | T
54 | Ak 901T | 7—= 35° 137397 | 1397 437 16” | TA
55 T Wk 504T | 7— A 347 40°31” | 138" 57° 33" | TA
56 | =ik 507T | 7— A 347 44°00” | 137 19° 13" | TA
57 B [RBT] 320T | 7—=& 34°00°33” | 134" 35 14" | F
58 | ZAIGHE 316T | 7—= 33°23714” | 1337 177 33 | TA
59 5 54 315T | 7—= 34723704 | 1337 49” 23" | F
ALER] FRED: By A7 B 209 500~ 4 v %, THI: RIGINLEZ LS X, AR KUEMIEZ ERpBIZ2 08, —
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60 FAHE 318T | 7— =& 34° 21’537 | 133741 127 | F

61 % R ek 319T | 7—=x 34° 16’30 | 1337 44° 44” | F

62 Sk B 317T | 7—2A 347 07°36” | 1327 59" 01” | F

63 — W B 413T | 7— = 347 02°02” | 131° 35" 18" | F

64 FEHE 412T | 7— R 3375619 | 131 14’ 35” | F

65 TRIMEN 429T | 7— = 34°00°51” | 131° 00" 157 | F

66 e T T i 434T | 7— R 33°56°56” | 131° 01" 07" | F

67 Xij FH 409T | 7— = 337 47’377 [ 131° 00" 02” | F

68 BT 4387 | 7— R 337 17°55” | 131 30 13”7 | F

69 S e 419T | 7—= 31° 54710 | 1317 27" 23”7 | TA

70 EA T 407T | 7—= 31°28°30” | 131° 06" 32” | TA

71 RS Rk 701T | 7— 2R 26°19°25” | 1277 50" 24” | F

72 R 703T | 7— A 247 48°29” | 125 16" 44” | T
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