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Characteristics of Ground Motions Observed at Haneda Airport
(First Report) Characteristics of Surface Waves

Atsushi NOZU+
Tadashi ANNAKA**
Yoko SATO***
Takahiro SUGANQ#*®#¥*

Synopsis

Earthquake ground motions have been observed at the New A Runway, the Sky Arch, the
New B Runway and a railroad tunnel at Haneda Airport. The Port and Airport Research Institute have
been in charge of collection and analyses of the data. Through the analyses of the data, the authors
would like to retrieve a wide range of technical information which would play a vital role in the
future construction of facilities not only at this particular airport but also at other airports which are
located on soft soil layers.

In the present technical report, as the first step of the research, the authors investigate the
basic characteristics of surface waves (back azimuth, phase velocity and wave length) at this
particular airport. These characteristics have significant effects on the seismic performance of long
structures such as runways, submerged tunnels and pipelines because the ground motions acting on
various parts of a long structure show phase difference, which is mainly due to the transmission of
surface waves in case without significant horizontal heterogeneity. In the present report, F-K analysis
is applied to the array records at the New A Runway to examine the characteristics of surface waves.

As a result of the analyses, it was revealed that the phase velocity of the fundamental-mode
Love wave, which has the shortest wave length among various surface waves here at Haneda Airport
and hence which is the most dangerous from the structural safety point of view, is approximately
400m/s at the period of one second and approximately 750m/s at the period of 3 seconds.
Accordingly, its wave length is approximately 400m at the period of one second and approximately
2250m at the period of 3 seconds. [t should be noted that these values may become even smaller if
the ground show a non-linear behavior during large earthquakes. The observed dispersion curve
agrees well with the theoretical one obtained from a subsurface structure based on conventional

articles.

Keywords: Haneda Airport, ground motion, surface wave, wave length, phase velocity,

subsurface structure
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FERTL—BMEE—E (Fo)

No.

LLE SN
I RE (Gal)

7(1989/04/26 02:18 140° 298’ SOUTHERN IBARAKI PREF 6.3
8(1988/09/05 13:.07 140° 08.3" |CENTRAL CHIBA PREF 210
9{1989/10/10 15:28 140 035’ 204

RS

R

CENTRAL CHEBA PREF

11 1989/11/02 03 25 143° 034" |[FAR E OFF SANRIKU 29
1211989/11/25 16:02 140° 07.1" |SOUTHERN IBARAKI PREF 1.0
13[1989/12/20 23:32 139° 34.8' |EASTERN SAITAMA PREF 44
14 1990/02/12 02:46 141° 01.2" |E OFF IBARAKI PREF 24

139° 52.27

16[1990/03/03 00:07 SW iBARAKi F’REF 3.9
1711980/04/12 05:51 135° 385" (WESTERN FUKUI PREF 5.0
18|1980/05/03 16:45 140° 36.8" [INOTHERN IBARAKI PREF 6.0
18(1990/05/14 17:14 140° 04.7" |[CENTRAL CHIBA PREF 73

1990/06/1 5 22; 05

Feostaa e

22 140° 107" |NOTHERN GHIBA PREF 33
231990/06/27 06:54 139° 07.0’ |E OFF IZU PENINSULA 91
24]1990/07/04 03:32 140° 07.2’ |SOUTHERN IBARAKI PREF 8.0
25 141° 066’ |E OFF IBARAKI PREF 37

19880/08/05 1 2:36

1990/08/24 22:11

139° 38.9°

TOKYO PREF

1990/10/06 23:33

140° 36.8'

NORTHERN IBARAKI PREF

31

1980/12/16 14:23

140° 3.2

CENTRAL CHIBA PREF

225

32

1981/03/01 0740

139° 42,6

TOKYO PREF

15.9

33

1981/06/28 20:11

139° 515

TOKYO BAY REGION

35{1991/07/20 14:40 139° 22.8 KANAGAWA PREF 8.9
36/1991/08/06 2349 141° 09.6' NEAR CHOSHI CITY 6.5
37{1991/08/11 06:41 139° 59.1 CENTRAL CHIBA PREF 5.2




-1 FmM7—EHES K {e02)

No.| mmmamw | G | EE B BIRAS | RABR | oz | MEBR
38(1991/09/03 17:44| 33° 41.0° |138° 49.9° [NEAR MIYAKEJIMA ISLAND 33.1 225 6.3 29
39|1991/09/29 13:13| 35" 450" |140° 06.2° INOTHERN CHIBA PREF 794 36 4.9 13.2
4011991/09/29 13:42| 35" 456" |[140° 07.7° INOTHERN CHIBA PREF 816 39 42 7?3
41(1991/09/29 14:00 | 36° 454" {140° 07.7° [NOTHERN CHIBA PREF 81.1 39 4.3 13.0M
42(1991/10/19 08:31| 36° 05.0° | 139° 55.2" |SW IBARAKI PREF 59.0 81 43 4w6A

—45 1991/11/19 17:24| 35° 36.3° [140° 015" |CENTRAL CHIBA PREF 81.2 23 4.9 444
44(1992/01/05 20:38| 35° 35.0° | 140° 04.9’ (CENTRAL CHIBA PREF 81.2 27 4.3

1993/09/18 11:18

1993/11/01

E OFF IBARAKI PREF

SCUTHERN IBARAKI PREF

46(1992/02/03 07:47) 35" 12.6" [139° 46.2" [TOKYO BAY REGION 92.3 38 41 12.3
4711992/04/10 23:31| 35° 424’ 1139° 37.8" |TOKYO PREF 89.0 22 4.9 26.9
4811992/05/11 19:07| 36° 31.8° [ 140° 32.4° INORTHERN IBARAKI PREF 56.2 128 5.6 9.5
49|1892/05/20 17:23] 35" 12.3" [ 139° 46.4' |TOKYO BAY REGION 91.7 38 4.8 30.4
5011992/06/01 22:51| 36" 402" [141° 16.4" |E OFF IBARAK] PREF 43.8 183 5.7 3.8
5111993/01/15 20:06 | 42° 5507 [144° 21.4' |SE OFF TOKACHI 100.6 905 18 9.3
5211993/01/19 23:39| 38" 37.2° {133° 52.1" |SEA OF JAPAN 489.2 624 1.0 45

46

37

59

1994/05/27

1994/08/14

139°

142°

TOKYO PREF

E GFF MIYAGI PREF

40

6.0

60

1994/09/04

1407

CENTRAL GCHIBA PREF

ity

4.2

8" |TOKYO BAY REGION

6211994/10/25 15:06| 35° 10.7° |138° 59.2" [HAKONE REGION 3.9 83 4.9 4.(;
| 6311994/10/29 23:43| 34° 52.3° | 140° 43.3" |SE OFF BOSO PENINSULA 708 V'114 4.9 3.0
6411994/11/04 19:06 | 36° 03.1" | 139" 54.8" |SW IBARAKI PREF B 56.3 57 43 55
6511996701710 03:00| 35" 56.0° |141° 25.9° [FAR E OFF IBARAKI PREF 43.3 “ 155 6.1 3.8
6611995/03/23 07:24| 36° 05.7’ | 140° 01.0: SW IBARAKI PREF 56.2 64 49 211
67]1995/04/18 20:26| 35° 03.7 |138° 35.3" |NORTHERN SURUGA BAY REG 24.1 121 4.5 8.3
68]1996/05/20 03:24|35° 164’ |139° 46.8 89.9 31 3.9 6.0

et

7041995/07/30 03:24 | 35" 54.0° | 140° 35.3’ |[SOUTHERN IBARAKI PREF 42.6 82 5.1 52
71119965/09/26 20:45| 35° 33,5’ |140° 08.1" [CENTRAL CHIBA PREF 79.3 32 4.4 11.7
72|1995/11/12 06:01 TOKYOQ PREF 49.0 29 9.3




-7 PFETL—BRRGE—E (F03)

75[1996/04/06 05:12| 35° 32.2° | 140° 05.2' |CENTRAL CHIBA PREF 78.1 27 40 17.8
76[1996/06/16 15:50{ 35° 305" |139° 48.9° [TOKYO BAY REGION 66.8 5 8.7
77|1996/07/10 23:06| 35" 13.9° {139° 30.7 |SAGAMI BAY REGION 104.6 43 40 6.8
78|1997/02/19 10:04| 35° 33.8° | 140° 08.9° |CENTRAL CHIBA PREF 76.5 33 40 14,3
7911997/02/20 05:21 | 37° 23.1" [141° 09.5" |E OFF FUKUSHIMA PREF 88.5 238 53 44
80(1997/03/03 23:00| 34° 574" [139° 09.7 |E OFF IZU PENINSULA 14.0 87 o 53 4.6
8111997/03/04 00:304 34° 57.7° |139° 10.5° |E OFF IZU PENINSULA 0.0 86 47 5.2
82{1997/03/04 12:51]34° 5717 1139° 104’ |E OFF 1ZU PENINSULA 26 87 5.7 7.5
83|1997/03/08 21.07] 35" 36.8' |140° 10.2' ICENTRAL CHIBA PREF 74.8 36 42 10;

84(1997/03/16 14:51| 34" 555" 137" 31.7' [NE AICHI PREF 39.1 216 5.8 75

Zi e

A MG t S it SRR
1997/03/26 18:30| 35° 38.1° |138° 41.1°

TOKYO PREF 39.6 13 3.7 6.5

8711997/05/12 12:13{ 35" 22.3' |139° 46.3 |[TOKYO BAY REGION 61.4 20 3.6 7.8
88[1997/06/30 11:57 35° 33.4° {140° 08.2’ [CENTRAL CHIBA PREF 75.4 33 3.8 5.1
89{1997/07/0% 18:36| 35° 33.1" | 140" 07.7' |CENTRAL GHIBA PREF 71.3 31 4.6 217

9111997/11/02

07:13| 36° 036’ |139° 55.4° |SW IBARAKI PREF 51.3 58 4.3 " 5.0
9211997/12/06 15:40| 35° 423’ |140° 07.2' INORTHERN CHIBA PREF 56.0 35 4.8 9.6
83(1997/12/07 08:02|35° 44.7° [140° 07.6' INORTHERN CHIBA PREF 52.8 38 42 7.4-
54(1998/01/14 02:17] 35" 352’ |140° 14.4’ [CENTRAL CHIBA PREF 758 41 4.9 383
95(1998/01/16 10:57|35° 12.3" [ 140° 18.4' |KUJUKURI GOAST BOSO PEN 57.5 61 48 101
96/1998/03/01 02:38; 33° 32.6" | 138° 252" [FAR S OFF TOKAI DISTRICT 3124 255 9.6 35
97|1998/03/08 13:46 | 36° 05.1" | 139" 51.5" |SW IBARAKI PREF 51.7 60 44 7.2
9811998/03/23 18:37( 36" 222’ |141° 10.5' [E OFF IBARAKI PREF 45.0 155 53 38
99[1998/04/09 17:45( 36° 56.4° |141° 01.8' |E OFF FUKUSHIMA PREF 93.0 191 5.4 5.8
100]1998/05/03 11:09| 34" 57.3' [139° 10.6' |E OFF 1ZU PENINSULA 28 86 5.7 4.&?
101(1988/06/16 03:45] 34° 58.2" 1139° 56.6' |SOUTHERN BOSO PENINSULA 73.9 66 48 1.3
1021998/07/20 10:43| 35° 38.2" | 139° 32.6' |TOKYO PREF 27.2 24 3.6 ) 6.3
103{1998/07/31 10:12| 35" 33.2" [140° 09.9° [CENTRAL CHIBA PREF 733 34 3.9 3.9

1998/08/20 1540 28° 54.2" |139°

e

W OFF OGASAWARA 457.0 737 7.1 1.7

106|1998/11/08 21:40| 35° 36.6° {140° 03.2°' |CENTRAL CHIBA PREF 78?0 25 4.6 433
107]1998/11/28 00:22 | 35° 37.7° [140° 05.8° [CENTRAL CHIBA PREF 67.0 30 43 12.9
108)1998/12/03 05:15| 35" 356.4° | 140° 02.5' [CENTRAL CHIBA PREF 66.7 24 4.2 ‘!2.6;
109{1999/03/26 08:31| 36° 27.3" [140° 37.0' INORTHERN IBARAKI PREF 57.5 125 4.9 4.6
110[1999/04/08 22:10 w43° 35.8" [130° 485" [NEAR VLADIVOSTOK i 598.0 1171 7.2 1.7
11111999/04/19 08:14| 34" 194" |139° 42.7° [FAR S OFF B80S0 PENINSULA 120.9 136 4.6 1.1




=-7

HHETL-—EHAF &S T (2 04)

124

TOKYO BAY REGION

95

No| temmasm | HE | BE Baing, BEES | BRER| o) p, | WERX
112[1999/04/25 18:13} 35° 31.0° 140° 17.8° |CENTRAL CHIBA PREF 92.4 47 4.2 10.7
11311999/04/25 21:27| 36" 277 |140° 37.8° [INORTHERN IBARAKI PREF 579 127 5.1 3.2
11411999/05/07 21:48 35° 12.8° |138° 20.7" |CENTRAL SHIZUOKA PREF 19.9 136 4.7 3.2
115|1990/05/13 02:58{ 42" 56.7° | 143" 545" |KUSHIRO REGICON 103.6 392 6.4 2.3
116{1999/05/22 09:48 | 35° 27.0° {139° 11.7" |[KANAGAWA PREF 235 55 4.3 6.2
117]1999/05/28 12:11| 35° 309" |139° 30.4" |KANAGAWA PREF 384 25 35 2.9
11811999/06/06 16:42 | 35° 32.0" |139° 51.0' |TOKYO BAY REGION 154 6 3.3 18.2
116/1999/06/17 22:39| 35° 456" |140° 08.6° INORTHERN CHIBA PREF 70.2 40 3.7 3.2
120{1995/07/22 18:571 35" 22.8" | 140° 23.5" IKUJUKURI COAST BOSO PEN 62.6 58 40 24
121[1999/08/08 06:39 | 35° 501 {139° 57.6" [NORTHERN CHIBA PREF 116.0 35 4.4 44
122[1999/08/11 18:27| 35° 24.0° [139° 498 62.5 17 4.0 13.0

49

31.9

12

1999/12/04 14:06 | 35" 54.2° (140" 44.8" |SOUTHERN IBARAKI PREF 98.6
125{1999/12/06 07:00| 29° 54.1" | 139° 13.4" {NEAR TORISHIMA IS 434.8 629 5.9 2.1
126|1999/12/16 22:28 | 36° 37.5" {139° 26.1" { TOCHIGI GUNMA BORDER 10.9 124 4.1 1.2
127|1999/12/16 22:47| 36° 37.9" {13%° 26.4° [TOCHIGI GUNMA BORDER 11.5 124 41 26
128|1999/12/27 00:05 | 36° 08.8' |138° 52.1" |SW IBARAKI PREF 54.2 67 4.0 26
12911999/12/29 01:06 | 35° 11.1' |140° 09.5" [SOUTHERN BOSO PENINSULA 54.3 53 3.7 3.9
130{2000/01/09 13:02| 37° 164 |141° 42.3' |E OFF FUKUSHIMA PREF 458 257 50 1.2
131}2000/01/12 11:09 | 36° 27.1" | 140° 35.5’ |NORTHERN IBARAKI PREF 579 124 44 1.5
132[2000/01/28 23:21 | 42° 589" |146° 42.9° [OFF NEMURO PENINSULA 55.6 1013 6.8 1.4
133]|2000/02/11 2057 | 35° 30.0° {139° 03.0° |[EASTERN YAMANASHI PREF 17.9 67 4.2 3.9
134|2000/05/16 19:40| 36" 265 |140° 42,7 |E OFF IBARAKI PREF 50.8 129 4.5 2.1
135]2000/05/18 21:52{ 35° 37.0° | 140° 05.3’ |CENTRAL CHIBA PREF n.e 28 44

137{2000/06/06 17:25| 35° 31.6' |139° 39.0° [KANAGAWA PREF 28
138{2000/06/10 08:31 [ 30° 25.9' [ 138" 14.1" {NEAR TORISHIMA IS 528.0 586 6.5 1.6
139|2000/06/29 13:02 [ 34° 0B.6" {139° 21.6" {NEAR MIYAKEJIMA ISLAND 174 161 54 12
146|2000/06/29 13:53 [ 34° 07.6° | 138" 21.4" {NEAR MIYAKEJIMA ISLAND 16.7 163 5.1 1.0
141|2000/07/01 16:01 | 34° 12.3" [139° 13.3" [NEAR NIJIMA ISLAND 15.4 1568 6.4 3.6
14212000/07/03 12:36 | 34" 07.3" | 139" 20.7° [NEAR MIYAKEJIMA ISLAND 18.1 164 4.8 1.2
143|2000/07/06 22:52 | 35° 14.8" |139° 22.7° |[SAGAMI BAY REGION 150.5 50 4.1 21
14412000/07/09 03:57 34° 134" [138° 15.2" [NEAR NHJIMA ISLAND 13.8 155 6.1 1.8
145|2000/07/12 12:19} 34° 11.8" |139° 17.6’ [NEAR NIJIMA ISLAND 176 157 5.1 T._Ow
“{;g 2000/07/13 04:25| 34° 10.6° [132° 15.5" [NEAR NHJIMA ISLAND 6.5 160 5.3 0.9
147}2000/07/16 03:28 | 34° 08.6" [139° 19.1" [INEAR MIYAKEJIMA ISLAND 18.0 162 5.2 1.2
148{2000/07/15 ‘10:30 34° 254’ [139° 152 “NEAR NIIJIMA ISLAND 5.4 134 6.3 6.9




-7 PET—ERE&E—E (Fos)

No.| wmmawm | SR | EE Bz TRRE | BAEME | 3yoga-y | JREX
149]2000/07/16 01:32 | 35° 28.1" {139° 27.4’ |KANAGAWA PREF 105.3 31 38 25
150}2000/07/20 06:18| 34" 09.6" [139° 18.6" INEAR MIYAKEJIMA ISLAND 140 160 5.2 0.7
'155 2000/07/24 06:26 | 34° 08.4° }139° 19.3" [NEAR MIYAKEJIMA ISLAND 190 162 5.3 1.0
153/2000/07/24 06:52 | 34" 11.9° |139° 145" |NEAR NIIJIMA ISLAND 9.1 158 55 1.3
154{2000/07/27 10:49 | 34° 11.5’ [139° 17.5' [NEAR NIIJIMA ISLAND 12.1 157 56 1.7
155|2000/07/30 09:18 | 34° 00.6" [ 139° 22.8" [INEAR MIYAKEJIMA ISLAND 143 175 58 18
156/2000/07/30 21:25 | 33° 57.7° |139° 24.0' [NEAR MIYAKEJIMA ISLAND 18.2 180 6.4 5.7
157|2000/07/30 21:48| 34° 003" [139° 23.6' [INEAR MIYAKEJIMA ISLAND 18.4 175 5.7 0.6
15812000/08/03 06:42 | 34° 13.1" | 139° 16.9° |[NEAR NIIJIMA ISLAND 157 155 5.1 1.3
15912000/08/03 21:13] 34° 13.8’ |139° 15.7° INEAR NHJIMA ISLAND 103 154 5.3 08
160]2000/08/03 22:18{ 34° 14.7° |139° 144’ |NEAR NIIJIMA ISLAND 11.9 153 5.2 0.9
161|2000/08/06 16:27 | 28° 51.6° | 140° 04.2" |W OFF OGASAWARA 4300 742 7.3 58
162|2000/08/14 16:33 | 35° 45.9' | 140° 09.4’ INORTHERN CHIBA PREF 74.4 41 4.0 2.0
163|2000/08/18 04:53 ! 35° 415" |139° 425  |TOKYO PREF 36.5 17 36 50
164|2000/08/18 10:52 | 34° 12.5" |138° 154’ |NEAR NILJIMA ISLAND 1.2 157 6.0 1.1
165/2000/08/27 08:42 | 35° 453" | 140" 08.4' [NORTHERN CHIBA PREF 76.5 39 42 47
166/2000/09/09 20:48 | 36° 01.6" | 139" 39.1' |[EASTERN SAITAMA PREF 66.9 54 42 20
167]2000/09/11 07:49 34° 30.8" {139° 13.4° [NEAR NIJIMA ISLAND 9.0 126 53 16
16812000/09/29 08:56 | 35" 31.3° | 139° 44.1” |TOKYC BAY REGION 85.8 6 45 142
169]/2000/09/29 09:55| 35° 30.5" [139° 43.1’ [TOKYO BAY REGION 85.3 8 4.1 6.7
170|2000/09/30 23:23 | 35° 30.6° | 139° 44.0' |TOKYO BAY REGION 83.6 6 37 3.0
171§2000/10/11 15:15 | 85° 31.9° [139° 43.4' |[TOKYO BAY REGION 85.5 5.9 4.1 185
172]2000/10/14 20:19{ 34° 06.6" {140° 31.3' |[FAR S OFF BOSO PENINSULA 87.0 174 49 5.9
173}2000/10/18 12:58 [ 36° 55.2° |139° 42.1" INORTHERN TOCHIGI PREF 9.0 152 45 2.9
174{2000/10/19 16:25 [ 36° 55.1" |139° 42.4' INORTHERN TOCHIGI PREF 11.4 152 40 1.8
175(2000/10/24 08:11 | 35° 45.2' | 140° 07.0' [NORTHERN CHIBA PREF 748 38 4.2 140
178]2000/10/24 08:39 | 35° 45.1" | 140° 07.2" |[NORTHERN CHIBA PREF 72.3 38 3.8 25
177|2000/10/27 13:21 | 26" 376" | 141° 265 |NEAR CHIGHIJIMA ISLAND 4108 | 1000 6.3 1.3
178|2000/11/14 04:13 ] 35° 450’ | 140° 08.2' [NORTHERN CHIBA PREF 73.8 39 40 6.8
179|2000/11/16 18:31 | 37° 28.8" |141° 36.3' [E OFF FUKUSHIMA PREF 50.6 269 50 1.2
180(2001/02/25 06:56 | 37° 11.6" |142° 154" [{EE 8 240 287 5.8 2.7
181(2001/03/31 06:10| 36° 487" |139° 234 [#HikEJLER 8.0 145 4.9 1.7
182|2001/04/03 23:57 | 34° 59.7" {138° 06.5' |32 LR 33.0 164 5.1 42
183|2001/04/10 10:04 | 35° 17.9" [140° 22.0° | FEE R AR 98.0 60 45 70
184[2001/04/17 00:40 | 35° 36.9' |141° 07.4’ FEEEH 40.0 121 48 2.2




£-7 PHTLV—EUER R (2086)
No.| wBmemm | A= | BE BRI RIS | R | qyogay | MERX
185/2001/04/20 01:45| 36° 02,6’ | 139° 48.2' i3 E BELE 63.0 55 40 40
186{2001/05/24 13:23] 35" 53.4° |140° 08.8' | & EEES 74.0 50 42 75
187(2001/05/25 15:55| 35° 44.9° |140° 416 | FEEEE 50.0 85 48 18
188(2001/05/31 08:59] 36" 11.0° [139° 488" |FiHIEFLER 55.0 70 45 3.6
189(2001/06/01 00:42 | 34° 583" [138° 07.2" |§%[ S iR 320 164 48 0.9
190 2001/06/25 01:27] 35° 36.6" | 139° 334’ [{s=)| BB 32.0 22 40 14.9
191(2001/07/20 06:02 | 36° 10.0° [139° 495" |Fi E M 56.0 89| 48 6.8
192/2001/07/26 03:33 | 36° 01.6" |139° 48.7' |15 F IR 85.0 53 4.2 2.7
193|2001/08/14 05:14 | 41° 003" 142° 254" | EREEAMN 43.0 647 6.2 1.1
19412001/09/04 23:55| 36° 450 [141° 30.1" |[&KHEE 45.0 204 5.2 20
195/2001/09/18 04:23 | 35° 252" [ 139° 487 |HETL 45.0 15 42 311
196{2001/09/25 04:35| 36° 18.6" |140° 06.2" | EELR 71.0 89 43 1.9
197]2001/10/02 17:20 37° 435 {141° 490’ |{B&Eih 41.0 302 54 1.9
198/2001/10/18 06:30 [ 36° 05.0° [139° 515 |ZXIREFH 49.0 60 43| 3.7
199{2001/11/17 01:31 | 35° 369" [140° 04.9" |FZEBILHLE 73.0 28 44 02
200/2001/12/01 11:26  36° 00.0° |139° 02.6" | EEFA A 1410 83 4.1 - 25
201|2001/12/02 14:24 | 35° 387 |140° O07.V |FEBILFHEL 70.0 32 38 2.1
202(2001/12/02 22:01(39° 237" |141° 16.0° | SF B RMEERLE 122.0 446 6.4 35
203|2001/12/08 04:07 | 35° 322" |139° 08.9° |#z=)I| B FHT 240 58 45 109
204(2001/12/19 00:07 | 35° 19.7° | 139° 20.8" |#H4&Z 101.0 36 38 103
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F-8 F-KEFOMSELLORR(ED])

AFES R BE U v A7 ISR GHEE KRR ROEER
(B) &) ) (B (m/s) (m)

EW 14 15 25 -

EW 18 35 45

293 2357 4243  RayleighiE

NS 16 40 50 257 471 753 Lovefg
NS 20 70 80 270 544 1088 Loveil&
up 1.8 35 45 - - - -
ub 20 65 75 - - - -
UD 31 55 65 — ~ - -
EW 21 40 50 306 1534 3221 -
EW 11 45 55 - - - -
EW 14 60 70 - - - -
NS 16 15 25 307 1715 2744 -
NS 16 55 65 - - - -
Ub 10 40 50 - - - -
UD 16 50 60 — - - —
NS 1.2 20 30 — - - -
UD 36 50 60 293 1347 4849  Rayleighi
UD 35 75 85 - — — ~
EW 20 15 25 61 4961 9923 = N

EW 13 15 25
EW 15 35 45
EW 50 80 110
EW 60 80 110
NS 1.3 16 20
NS 15 30 40

260 2794 4191 Lovei

|

ggga;aaaaaaa883335‘Ssgmmc}mmmmmmmmmmmm#wwmmmmm—n—u—na—u—s—t

NS 20 15 25 57 3922 7845 ERE
NS 15 50 60 245 1024 1536 Lovelf
NS 20 45 55 261 4339 8677 =07 9, 4
NS 20 100 110 95 539 1078 Lovell
UD 50 90 110 - - - -

UD 40 140 160 ~ - - —

EW 13 30 40 339 439 571 Love;&
EW 23 45 55 257 1644 3781  Rayleighii
EW 15 50 60 206 1569 2353 Lovelff
EW 17 80 70 131 2236 3801 -

EW 21 75 85 227 1330 2792 -

EwW 37 95 110 214 751 2779 Lovell
NS 1.7 15 25 212 4650 7905 =37, 9574
NS 20 30 45 257 6576 13151 =17 93,4
up 22 55 65 252 654 1440  Rayleighiff
UD 30 80 80 - . - - -

EW 60 100 140 - - - -

EW 7.0 100 140 - - - -

EW 80 100 140 - - - -

NS 60 100 140 - - - -

NS 70 100 140 - - - -

NS 80 100 140 - - - -

UD 45 100 110 229 1643 7392  Rayleighii
Up 6.0 100 110 223 1720 10318 Rayleighii
EW 55 100 110 93. 1720 9459  Rayleighi
EW 47 110 120 185 4472 21019 KR
EW 16 30 40 80 1221 1954  Rayleighi¥




-8 F-KERF O BEZTO/R (FD2)

msES KO B 0 @2 247 IEFW HHEEE  BE  RORRE
(F) () #) (BE) {m/s) (m)

20 NS 16 35 45 I 64 1248 1996 Loveiff
20 NS 23 90 100 I 231 832 1913 -
20 NS 23 115 125 I 221 994 2286 -
20 Ub 48 100 110 IV - - - -
20 Uup 57 100 110 I 82 1386 7900  Rayleighi
20 UD 32 125 135 1 153 1172 3750 Rayleighif¥
21 NS 11 30 40 IO - - - -
21 NS 16 35 45 I 278 4961 7938 =y 91
21 NS 15 50 60 H - - - -
21 NS 21 75 85 I 269 718 1508 Love;i
26 EW 10 10 20 m - - - -
26 EW 20 10 20 I 268 2341 4682  Rayleighi
26 EW 15 25 35 I 10 4240 6360 VN
26 EW 20 40 50 1 278 1654 3308 Rayleighi¥
26 EW 18 50 60 I 13 1092 1912 Love&
26 NS 15 15 25 I 255 1017 1526 Love i
26 NS 15 40 50 I 271 1538 2308 Love i
26 NS 12 50 60 I - - - -
26 NS 18 70 80 I 289 715 1251 Lovel
26 NS 30 65 75 IV - - - -
26 NS 50 50 60 I 241 945 4725 LovelE
26 NS 80 20 60 I 244 950 7600 Lovel
26 UD 10 15 25 W - - - -
26 Up 15 40 50 W - - - -
26 Uup 18 65 75 i} 258 625 1094  Rayleighl
26 UD 20 85 95 I 263 690 1380  Rayleighii
27 EW 13 30 40 1 — — — —
28 EW 18 20 30 I 68 5714 10286  EhE
34 NS 16 25 35 I 352 2495 3881 Rayleighl
34 NS 14 45 55 1o - - - -
34 NS 16 55 65 I - - - ~
45 NS 14 25 35 10 - - - -
53 EW 12 25 35 I 13 406 487 Love®
53 NS 11 25 35 I - - - -
53 NS 15 40 55 IO - - - -
53 NS 38 80 100 I 120 1652 6279 Loveif
55 EwW 15 45 55 i 67 851 1276  Rayleighii
55 NS 62 150 170 IV - - - - -
55 NS 78 150 180 I - - - -
55 Uup 35 60 70 W - - - -
55 Uup 29 70 8 I - - - -
55 UD 46 8 95 IV -~ - - -
55 UD 60 90 105 IV - - - -
61 EW 14 20 30 IO - - - -
61 EW 18 50 70 I 288 1063 1913  Rayleighiff
61 EW 38 65 75 I 289 3763 14209  EFEK
61 EW 35 90 100 I 329 3288 11508 -
61 EW 40 125 135 I 33 2060 8240 -~
61 EW 55 150 160 IV - - - -
61 EW 70 170 180 IV - - - -
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61 NS 45 135 145 1 307 1075 4837 -

61 NS 60 140 150 IV - - - -

61 NS 80 125 135 IV - - - -

61 UD 35 110 130 I 276 1355 4741  Rayleighiff
61 UD 45 125 135 ¥ - - - -
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69 EW 12 25 35 I - - - -

69 NS 10 20 30 W - - - -
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73 NS 63 30 45 ¥ - - - -

73 NS 72 5 65 IV - - - -
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73 Uup 60 20 40 IV - - - -

73 Uup 70 20 40 ¥ - - - -

73 Ub 48 70 90 I¥ - - - -

73 Up 38 70 90 ¥ - — - —

74 EW 28 25 35 I 278 1654 4548 Rayleighll
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74 NS 13 40 50 - - - -
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74 UD 23 70 80 I 256 733 1649  Rayleighi¥
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85 EW 12 45 55 I - — - -

105 EW 12 20 40 II - - - -

106 NS 18 60 70 I 189 1275 2294  Rayleighif
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