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The Mining and Materials Processing

Institute of Japan
Synopsis

Fiscal year of 1990, the committee’ s activity was commenced from
accumulation and Analysis of the observation data on ground motion and
- underground wter behavior for earthquake in the Omine area of the Kamaishi mine.

As the expansion work of the earthquake observation system, two independent
type seismic meters were installed at the levels of SL 725 and SL250.

Tao carry out the committee’ s activity, two working groupes for observation
of underground water behavior and for nemerical analysis were organized.
They have studied each of their objects.

In the report, chapter One explains the guidline of current year reserch
activities of the committee which have cantinued for 7 years.

Chapter Two explains installation works of the independent type seismic
meters SMAC-MD, and the specification of the seismic meter are also described.

Chapter Three shows the observation data of the ground motion and under
ground water behavior caused by earthquake which were accumulated for one year,
from Febrary of 1990 to Febrary of 1991.

[n this chapter, the results of analysis of the obtained data were also
explained.

The results of reserch and study on the evaluation of aseismatic character
istics of structures in deep ﬁnderground are described in Chapter Four and

Chapter Five.



Chapter Six explaines the summary of the resuits which were obtained by the
committee’ s reserch and study activities. As the recommendation, the items of

the future study are also explained finaly.

% Work performed by the Mining and Metallurgical Iastitute of Japan under

contract, with Power Reactor and Nuclear Fuel Development Corporation.
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7 3.3-201) _ List of Max. Acceleration (1990.2~1991.2)
No. 1 2 3 4 5 6 T 8 9 10 11 - 12 13 14 15 16 17 18
Earthquake SRR | Shih B | 5FRG | 5FRS | SRS | aFE HFRA ‘EJIIL%?"F EFRAERR SRR | SRR SRR BRI |
1990.2.21 | 1990.3.4 | [990.3.20 | 1990.3.24 | 1990.4.7 | 1990.4.27 | 1990.4.30 | 1990.5.8 | 1990.5.12| 1960.5.12 | 1990.5. 13 ‘ 1990.5.17 | 1990.6.2 | 1990.6.8 | 1990.6.14 | 1990.6.25 | 1990.6.29 | 1990.6.29
Origin time 05:48 13:48 07:02 06:57 06:27 20:58 11:3 15:32 13:52 13:54 15:30 |, 10:08 18:39 11:12 07:42 04:08 08:25 16:15
Latitude 39.8° 38.5° 38.2° 39° 197 39° 297 40° 06’ 39° 05’ 39° 427 31° 0¥ 39° 08° 30° 43° 38° 53/ 39° 45° 38° 56
Longitude - 14L8° 141.6° 142.0° 142° 047 | 142° 08" | 142° 58" | 142° 08’ 142° 22° §13T° 06" | 141° 39" | 141° 59" |- 141° 16" | 141° 48" | 141° 36°
Depth (km} 70 50 b 51 55 21 47 R3] ‘ 272 20 65 u7 57 69
Magnitude 3.8 3.4 3.5 3.3 37 50 3.9 3.9 } - 2.1 3.2 - 32 39
Epicentral Distance (km) 56.7 89.0 125.5 a5 45.9 142.8 46.9 74.9 ; 4707 18.6 53.7 57.8 51,2 411
Hypocentral Distance (km) 90. 1 1021 135. 1 51.6 TL1 144.1 66. 4 82.6 i 544.5 21.3 84.3 130.5 6.6 80. 3
Obs. pt [ Location | EL. ()| 3¢ Max. Acceleralion (gal)
X 2.57 0.49 0.76 [.74 2.24 2.49 0.91 270 2.70 L35 217 0. 53 0. 85 0.73 0.79 0. 95 11,85 {. 50
K-1 Dgrégﬁd 865 | Y 3.4 [.08 1.33 2.52 3.01 4. 75 118 4. 94 L77 .22 2.7 110 1. 46 0.76 1. 40 112 13.83 0.76
Z 2.06 0.66 0. 86 1. 56 172 340 0.71 1.92 2,55 1.74 L.57 072 0. 85 0.63 0.90 0. 68 8. 47 0.61
X 1. 43 0.22 0.42 0.68 L4 2,08 0.41 1. 36 0.91 0.73 0.93 0.39 0.8 035 0.38 0.58 5. 98 0.41
K-2 Ugfglrmd 30 1Y 1.32 0.39 0.52 0.88 181 2.00 0. 44 1.38 0. 83 0.78 0.68 0.48 {. 61 0.47 0. 66 0. 56 6. 23 0.22
Z 0.4 0.24 0. 31 0.68 0.83 1.13 0.39 102 1. 85 1. 37 0. 63 0.29 0.65 0.30 0.23 0.41 2.7 0.24
X 1,97 0. 26 0.40 1. 43 1.3 0. 80 0.54 LU 1.21 Lo 1.4 0.41 0.51 0.33 0. 52 0.59 559 0.24
K-3 U;;(r]gznci 550 |'Y 1.98 0.24 0.40 1.06 1.83 0. 81 0.38 1.88 0.77 0. 96 0.59 0. 44 0. 46 0.35 0. 52 167 4,20 17
A L1 0.27 0.48 0.85 1.04 0. 56 0.55 0.99 1. 68 1.22 0.48 0. 40 0. 40 0.31 0.27 0.48 2.71 0. M
X .00 0.21 0.33 1.28 1.23 0.63 0. 36 0. 95 100 0.93 0.65 0.30 0. 61 0. 31 0.37 0. 44 4,88 0.35
K—1 Ugcrlggnd 550 |Y 0.85 0.27 0.30 0.81 0.03 0. 60 0.30 118 0.81 0.72 0. 1113' 0.3 0. 26 0.31 0.3 0.37 J. 36 0. 21
Z 0. 81 0.21 0.24 0.71 0. 56 0.55 0.37 1.03 1.46 119 0.34 0.19 0.39 0.15 0.16 0.3 2,67 8. 22

5 X NS <(horizontal), Y: EW Chorizontal)

BRI VT, SESTHSRIAR (19013, 11 BIAD) 1ok o7

, L UD (vertical)

-3l - 32—




F 3.3-202)  List of Max.

Acceleration (1990.2~1891,2)

N 19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 A 3 36
Earthquake HFE | BTG | SFEARE EEk | SRR | SHRh | EREd | eFRE | TR | SRR EFRh | s HFRG | RRRPE | SRR EHRRHRDT SR
1990.7.16 | 1990.7.18 | 1990.7.22 | 1090.8.9 | 1990.8.27 | 1990.9.5 | 1990.8.15| 1990.9.19 | 1990.9.19 | 1090.9.23 | 1090.9.23 [ 1990.10.2 | 1990.10.5 |[1990. 0. 12 | 1990. 10. 24 | 19890, 12 11 | 1990. 12 28 | 1991.1.13
Origin Lime 21:35 2L:11 09:10 02:58 18:44 14:45 01:47 11:36 17:29 13:05 19:06 08:48 19:14 11:14 20:28 10:08 12:28 22:13
Latitude 39° 17’ 39° 42° e 127 38° 587 39° 587 I 38° 447 39° 3 | 89° 15 30° 3¢/ 39° 3’ 38° 46’ 39° 45 36° 21 40° 07° 41° 29’ a8° 59/
Longitude 142° 08° | 141° 50 | 141° 427 | 141° 39" | 141° 57" | 142° 04" 1 142° 03" | 142° 05" | 142° 22" | 142° 06" | 143° 07" | 142° 06’ 142° 217 | 140° 34" | 142° 31" | 142° 01" | 141° 27
Depth (km) 54 67 11 110 50 60 60 50 45 50 0 60 45 100 28 64 85
Magnitude 4.8 3.8 2.0 - 3.9 43 4.1 3.9 3.8 3.6 4.9 3.8 3.0 4.8 4.1 4.9 -
Epicentral Distance (km) 40.3 46.6 112 46.3 77.9 71.8 7.2 51.5 60. 7 53.9 128.8 70.1 77.1 34L.5 116.4 4.3 30.8
Hypocentral Distance (km) 67.4 81.6 15.7 119.3 92,6 93.6 93.1 7.8 75.5 73.5 128.8 92.3 89.3 355. 9 119.7 252.8 9.9
0Obs. pt | Location | EL.{m}| 2% Max. Acceleration (gal}
X 15. 68 1.18 0.42 0.85 2.05 3.62 221 4.16 0.87 1.06 0.74 L24 1.03 1.76 2. 34 0.88 0.82 1. 40
K-1 Ogrgsﬁd 85 | Y 16. 8t 1.25 113 1,05 2.66 7.46 2.31 7.74 1.15 1.8l 0.89 2.19 1.58 1.83 2.68 0.87 0.83 272
zZ 13.41 0.89 0. 48 0.54 - - - - - - - - - - 1,20 0.49 0.70 1. 50
X 9. 99 0.92 0.33 0.32 - - - - - - - - 0.49 0.74 0.75 0.27 04 0. 70
K—-2 Uggggnd 50 |Y 0. 00 0.68 0.52 0.52 1.28 2.56 1.3l 2.93 0.43 0.40 0,31 1.29 0.47 0.71 0.98 0.41 0.31 0. 87
Z 5.41 0. 69 0.21 0.25 - - - - - - - - - - 0. 94 - 0. 37 0. 63
X 1.3 L1 0.20 .69 1. 68 2.47 1.08 L. 37 0,42 0,32 0.40 0.63 0.53 0.96 1. 06 0. 32 0.51 0. 84
K-3 Uggggnd 550 1Y 5.05 0.20 0.38 0.46 1.48 2.39 1.35 1.25 0.34 0. 30 0.29 Lo7 0. 31 0.61 1. 14 0.35 0.50 0. 90
Z 3.31 0.79 0.21 0.20 1.03 1.90 0.83 128 0.27 Q.27 0.29 0.74 - - 112 - 0. 68 0.69
X 8.94 0. 57 0.24 0.32 0.87 1.80 0.98 2.03 0,38 {. 53 0.3 0.93 0.83 0.78 0.77 0.29 0.36 0. 62
K-4 Ugggznd 550 |Y 821 0. 46 0.23 0.21 - - - - - - - - - - 0.84 0.26 0. 41 0. 56
Z 3.46 0. 43 0. 14 0.19 0.70 1.70 0.61 1.01 0. 26 0.22 0.22 0.79 0. 40 0.46 1.08 - 0,40 0. 36
¥ X:NS (horizontal), Y: BW (horizontal), Z: UD {verlical)
BEOIETISOWVWTI, ﬁ%ﬂﬂﬁ—?&%ﬁﬂ(lgm. 311 3PE) Iodin7:
—33 34—




& 3.3-2(3) List of ¥ax.

Acceleration (1990.2~1991.2)

No. 3 38 39 40
Earthquake BiEEY | BFRESW | EREG | SFED
1951, 1. 16| 19981127} 199123 | 1991.2.3
Origin time 23:49 18:56 00:00 06:17
Latitude 38° 15’ 39° 487 39° 407 39° 31°
Longitude 141° 85’ 141° 59’ 142° 117 142° 237
Depth Ckm) 48 68 50 53
Magnitude 4.7 4.6 4.3 4.0
Epicentral Distance C(km) - 118.8 58. 1 60. 3 66. 3
Hypocentral Distance (km) 127.9 89,7 78.3 84.9
Obs. pt | Location | EL. fm) ¢ 3% Max. Acceleration (gal)
lx 2,09 6.71 2.45 | 3.58
On the
K-1 ground 865 |Y 4.11 13.04 5. 16 3.77
Z 3.20 4,21 2,45 3.08
X 1.48 3. 67 1.95 1.06
lInder :
K-2 ground [ 950 | Y L77 3.51 1.95 1.31
Z 1.65 2.91 117 0.90
X 1.85 3. 71 1.74 1.20
Under
K-3 ground 850 1Y 2.06 4,93 1.20 0.81
Z 1.58 2.81 111 0.96
X 1.31 3.58 194 0.80
Under
K—4 ground | 550 |Y 1.55 2.80 1.50 0.85
Z 1.24 2.10 0.91 0.60
X 1.80 60 Xl - 0.80
Under
K—5 ground | 725 |Y 2,00 38 (- 0.90
yA 1. 50 317 Wl - 0.70
X 1. 60 407 Xl - X1 -
Under
K-8 ground | 250 | Y 1.80 341 |1 - ¥l -
A 2.10 314 - %l -

W1 AT, R U A — LA UL FoMiE

¥ X:NS (horizontal), Y: EW (horizontal), Z: UD {vertical)
BHEOHTTIT >N\, [BRTHIERER (19913 11 ) ick»1:

—35+ 36—
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LAROERFIH USRI TOMBFELEE L TVs =1000n/s. VB =2000
/s, T=0.4sec &9 3 &, H1 =100, «1=0 56%&5%, ZHhSDMEIZES. 3-5
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TR LIt K - 5, K— 6 imoBAEEE R L T30, RHEIBI 2
ERAE & » TN DS 2 SERFIBRANRIE > T B, o, INSOHE
oKD T =Y LANRY P, ST 2R MBI UHBEERE5% & L
FBOIEEZNT M EERZAIGRCE 3.3-10, B 3.3-11 3 X K3, 3-12ic
"o

B43.3-10k O T~ YL AN P OKEEELEDHD ERDE DTS, 1H~
0Hz OB RHEADANY MUCEBT 5L, 3-0HBOX. 75 LU zH5
[ ESITHTEBOK - 2~K— A S THEELMONS D, HEBOK— 11275
HERIET Ty MEANRY FNVEREFRTEMICH B, T, HTEBRLOHLE
BT I ON XS T 4~6 Hao YERST 3 Hz, 7 Heliik, z R T
4 Hz, 10 Hz IR OB BEI G 28Mich 2,

KIZ, N7 =27 P VOBRIE x. yELU z RS & bIcBll - o BRETR
T
HERIEPETFRMOMBOMBEISEZANY bV, x, vy LUFz0T
NTDRRSr 0T BEB I U THIRAE T L T 5, BHFBEHEomBOM
BEILEZANRT PO xFHEE LTy HA bR, HTF BB U fe
THRT 35, 2z BS TIIMERMR S TES S TIUIZITRBEOEER LT 3,
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= No. M A (km) x (km) D (km)
pic3
1 3, 8 5 7 g 0 70
=
F 11 3. 96 75 8 3 35
= ‘
th 38 4. 6 58 9 0 6 8
=0
39 4, 3 6 0 78 50
5 3. 3 35 6 2 51
5
F 6 3. 7 45 71 55
1=
P 8 3. 9 4 7 & 6 4 7
19 4., 8 40 6 7 5 4
4 3. 5 126 1385 5 0
=1
b4 17 3. 9 41 80 6 8
=
s 36 - 40 9 4 85
37 4. 7 119 128 48
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E 3.4-3 A— 1) TR & O BE U fo ke & IR o 1L
M E| ue Uvs e Pe PGS (Pak) Psv FEEB(SY)
EQ. No (REf) |8 M | (EEME) (@ i
o &) en/s) | Cem/s) | () [ kel af) | Ckel Aof) | (hgfZenf) | (kgf,/caf)
KWpP-1 — 0.018 59° — — 0.120 0. 217
1 KWp-2 — 0.018 89° — — 0. 004 0. 001
KWP-3 — 0.018 | 119° — — 0. 115 0. 153
Kwp-11 0.021} 0.060] 229° 0.189 0.214 0. 473 0. 364
17 KWP-2} 0.021| 0.060| 259° 0. 250 0. 086 0. 160 0.118 -
KWP-3 | 0.021 | 0.060 | 289° 0. 240 0, 165 0. 267 0.324
KWP-1| 0.016 | 0.220( 138° 0.129 0.216 1. 808 1.996
19 KWp-2| 0.016 | 0.220| 168° 0. 077 0. 081 0. 849 0. 908
KWe-31 0.0i6}1 0.220| 198° 0. 084 0. 192 1. 203 1.703
KWe-1| — 0.059 | 195° - — 0. 277 0.521
24 | k2| — | o.059| 295° — — 0. 480 0. 165,
KWP-3 -— 0.059 | 255° — — 0.211 0,194
KWP-1 —— 0.051 | 241° — — 0. 329 0.475
33 KWP-2 — 0.051 | 271° — — 0. 006 0. 296
KWpP-3 — 0.051 | 301° — — 0. 337 0. 446
KWP-1 — 0. 113 70° — — 0. 527 0. 593
38 KWp-2 — 0.113( 100° — — 0,274 0.310
KWP-3 — 0.113| 130° — — 0.881 0. 653
i p. =100t m, Vs =2000m s. Vp =4500m/s. Vyp =1350m."s
E k=Vps /Vs =052, =V, /Vs =173
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q; #AHEKkE (cc/min )
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D R (mb)
THY, {35 2 —F DL
a=—1.95X10"*cc min*
b =298 cc./min
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Tho, Bk, [REDOT— 7id, BEMAOIALENI45kmiTAIE T 5 B i #HRE
DL DR,
CoFic L BRE (Y : BkBREE) 2HAMICToy PLZLONE 3.4—
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AT » 120 UANOBIKIC OV TOERABRT TORNL. RICF VY —RIT
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BE (hr)
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Me KBEE A E 13689 15.52

0 F AR HEE 25,49
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613 | eL1 | eLo | eL7 | eo2 | se.r | 597 | 9.9 | 6Lz | eL4 | 6.8 | 62z | 622 | 629 | 6L.2 | 096 | 460

3
4
5
T ead el | eis | a0 | es7 | es1 | 630 | 633 | o644 | 648 | 636 | 64.0 | 641 | 646 | 641 | 068 | 498
e O L o TN OO OO B OO OB/ OO O -0
8
9

608 | 69.7 | 69.8 | 70.4 %émmmsmm%{fxwdi:mjmmwi mymM@ﬁm_mgmmms 606 | 074 | 535

%5 a0 | sa | 0Lo |88 | @90 | 893 | 8.2 | e | @3 | 4 | 27 | %9 | 839 | 6Ll | 158 | 9.8
967 | iea 9 [Ttz | Tloso | 1663 | ls42 | is54 | 1950 | 1947 | 1945 | 1846 | 1957 | 1943 | 159 | 1651 | 080 | 1506

10 o = e R T e ] B ] B M = = ik e o =

KH-1—-11 689 | 68.3 | 0.3 72.0 68.4 1 68.4 69 5 70.2 | 69.5 1 9.7 0. 0_" 68. 8 0. 2 N 69.7 0. 90 95.5
2 9.7 | 9l | 93 9__ | 91 926 | 9293 | 94 o [ 94 l... ) 92 1] 93 4.__. 93 1 92.8 92 9 92 9 9.3 0 75 73.8
94, 3 g2.8 95.1 97. 4 94 2 92.8 94.6 94 5 93 4 94 9 94 8 92.9 93,0 93 9 94,2 l 18 73.5

3
4 1%3_}%5"1%0 107.8 | 1056 | 1043 | 106.0 | 106.5 ngmj%o 1%3_y@§:jmd 1%6 105.0 135 %o
5
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MEERIEOIEINZE XA B oShibd, REOERM M Tl HREOMIE

PRE LIS,

@ HTFTOHMBEOBRIIBEEENE (BIBREESEMIIH S,

© HETHIEEID A Y MVERIEH B EE U CEEICE S,

® HTHREHZEOHTEFATIE. ERMEOMEE L. EROEEICL SHIE
DE EAER STV,

(4) HEIC L AHTOKREE LIZBET 5 XXEAAE
1Qﬁmjﬁ%ﬁﬁbko%6&t$ﬁﬁﬁﬁo§®%@f%5o

D H5¥4 L TEREIND (2 TOME) (3 U THRITHICH TR ORI
HBHERELBNY, 2OFHE NN OHhOHR) 100 U TR E B R
SNTHD, HBC X HRMUIZBILH B LWL T L,

Q@ HBREWROH T ROEEIHE - HEO O LS LEMITLORET S
DO TR BRI & S, F7o, T RKOEBHFATHHTLOTHS
DPOHPH DN T HEBS N TN,

REFOERER ALY T, FEEOBRTREENSSBRE TN EREZERT

B5LEDEDEIITE S,

SRERERIRE REBOBRFHRD S ORE EEEDERAE
HTESTORMBEYE | HITESTOMBEROER | - FHEOEE
DFFH FHO®KEH (ZROEHEDY I a2l —
Va v AFEECITD)
HIBRIC & AT KSR | BT KRBT D ® - XERAE
{LicBid 5 XBHEE ,
HTBEY O BRET | SRELHOFHR - SEERRETHI O E
BEOEFIWEE {
- FHEIE H D H A S
HBOILS - BER | RBRFHCAV ATV | - BRI ORE
WFEORE - 85 | OKE y

- BHERTHIORE
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5 . HiIFE&ESi colED A & REE 2 o© 3 0

5.1 RLw»ic
EEHOMTUACHEL THTRBOMBEHFELRET I LREETHS. &7,
@ﬁmﬂﬁﬁ%%%%mmﬁﬁmﬁﬁ%%ﬁb,%@ﬂ%%%ﬁ#%:&ﬁﬂﬁﬁ%%ﬁ%
EWEHTLLETARAKRTSH S, COBETR, TOEBERCEAT, HicHERINLT o
—FledoT, HFTERTOMBEHB/HE EMTHENOEHLRHE T I I EE2EE L .
HMEHE, BR>» SRT2UMBEHLRMLATHALLbOTHZ0T, BB,
BROBHEOSHE ST, MAMMROMERFIE PSR ENCoBFIEOREEKELS
UTU%.Eu—%%wéiw,ﬁﬁttm%ﬁm,Eﬁbé%?%ﬂﬁﬁﬁﬁﬁﬁﬂﬁ&
TEHETI2HEELLCORREBERELTEATVWE, —F, vYialbva YRETTH,
i, HIEHESEL(FHsLTERLE, BTPHCRD N IMBED SHALEH L4
(B D EELZETHS,. TOK, HF, MEF—2HELLEA A TSR, BIF
BROBEBEL2ELEET20HBRRERLI TS 3. BIFTENIEESE CHES L, KEHER
OERESVE T, ME, HEBMEEERBLAL, IVEEBREFVWEFALVERAVWL Y 2 v
vs VERWT B THEE R 5 TV B,
COXIBEHERCVL 2P ORTHRC>0TR, " HWRCHT 2 HERSE (117 (
1988) — —” E(VD)” (1990) V"9 THE L. B, IR ECHMLToE¥Ol ENEL 3.
MEICE VW BGOSR W LEEMIBEBRICY LTRIEREREY, $-EETHESNE
EHTAEECHLTE, EREXRESEN TS 3. i, BRNLHREEREE &U KR
W LEEBEBOMBII:, ToRMEABCRERERE:R, oA RCRERERE
FRVAMELEALND, —BNKEAE, COBRER-HREZHEESRbHDT
H5., LEOHEETRINSOBEOERNLLEBERFEOHEIR ATV B,
:@%%%vﬁ,if%%%i%@%ﬁ%ﬁﬁ.HEL@%ﬁmwau%A%ﬁﬁﬁa
SVWTHREOEE:2 b ERBR VWAL TER TOMESH OB LM TEE o7 V&Y
OHMEB T INEBERoOBFAMc>VWTERRS, Chotdbiic, BECHTEEYO
HEFEZRE T 5.

5.2 s RN
5.2.1 WEKBEED S

HEHEBHEE, +FEx-g—3— (Navier-Cauchy) 0EHHFERE, EAohAEBR
SFHRUVVIHEHEO S LT IERFEESN S, +#Hbb, R DcR" (N=2,3) RUB
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BT (=[0, o)) TERsN

v (B:rul{x,t})+pob{x, t)=ptulx t) (1)

MM u(x, 0)=uelx), #(x, 0)=ug{x)
R ulx, t)=1(x, t), (x,t) e S$xT, (2)
t{x,t)=n. o =n.E:u=T(x, n(x)}u(x, t)
=t(x, t), (x,t) € 8,xT
Db ETWHCIETHD, ST, $=51US,, S B D OBRE,
B~y b, CHEE, v GEEET, wEESI by, oo BE
bEH R b, BTN, CREHARZ PN, o 1 EBHF VN,
n: oD EOBAIERA7 b, T(ax,n(x)): RxTon(x)FE~OREHNEET,
( Ye:®WE, (7):HFE  ()=a( )/ at
ThH 5.
b, MEARcELTR, Ccofik, HElERAREOELOCRYD, BEEZTIRERT
HBEVSH, LWHRWIHREFHELZHMELTTAEESA VL,

5.2.2 ¥R EHRIE S
ﬁ%*ﬁﬁﬁ?&@]@ﬁﬂ%ii, HBREHEEORRE o j=Ei ke, enim(acmta u /2
Bodaz i) ofbvic, HEERKSK

8 & ki

o ij(x, )= fet6i i (x t-s) (x,s)ds (3)

os
ERVAE LIV, SR, 60 RIBABNBERTHE. 06, BVEShaBFRELT
i, BREMmEz@ALTVWE, UTTHEBETH 5.
MR OB RAR, BUCRHEEER SR, BREDOBALEAKRTS 3,
HE HMEEERRICAT, BHEOENEEECRET LEVERET AL, BFERO
BRAAB NG, -7, BERBR BBEEDOBINLMELEATLL. T0OBA

i, LoiEicBT somESE, BRCRBHcRERAIRERT GO LERTNLIERL,

5.2.3 Mk BT EY S

Ll BREHOMBERFEMBER, EHEHERT, HARECHLTRIER
L BZMT, BOFRACESMLLTHIENTE S,

f) ZiE, Fourier ERENAHHEMY OMIER, BRI t P+ 3 Fourier
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f(x:w)=,_f:f(x,t)exp(iwt)dt (4)

Vs E, RMRUVQ)ZERLAROBEFTEMBEERS CELBEsh 3,
Lulxiw)+p w?u(x;o)+tob(xiw)=0, L ()=v(E:v{ ))+pw2() (5)
W, wl=u(x;0), XeESs; . (6)
t{,w)=T.u(x; 0 )=t{x;w), x€8$;
BE, HEBHREZZUCHETE, SRBEBEOBIBRE &G L FourierZHR LA 0%
BLUEPHAHERSRR W,
ZHIh-EREMBOERXRET D L, TOMBORIE, Fouriers¥Ziif

1
f(x;t)=-é-{:f(x.w)exp(—iwt)dw (n
n

AT LRI THEBRRDON S,
T, ROIRKKRATERSIOAERF U
L. U(x, y:w)=-1. 8 (x-y)- - (8)
(L WL OoMEFEHZTH2) 28U TR T2 L, ROBOXRRARXRN%2E 3.

e ()=l y;o)ti(yio)-¥ (6 y;0)u (y;w)1dS(y)
tJop Ui (x¥yiw)bi (y;w)dV(y) (9)

ti(yiw)=Tniu{y: e,
Feilxoyiw)=Tii{ar,n (N (x, ;@) (10)
e (x)=) 1, x€b
§0, x€De
THD, Do H D OWMEETHS. ¥R, T;, HERLOA y TOREHRMEETS 5.
03 AE, LRIV REZEMAEOMNKEBA L LTRDBSH, BHR, ThEDEBER
KHohd,
RUOKRT, HEBLLBFL~0BBBFREE BT E, M, ABHBE LT,

ROBOFTEANERS.

“Clxp) . u(Xpsw)=F sW(x, v ). uly; @)dS{y)-F sU(x, 7;0). t(y;w)dS(y}
tfppU(x,¥y;0).b(y;w)dV{y) (11}

CCi, Clxplulxp:iw) &, MELOA xp 20T 28PBREN D 2U0ERS2HES
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s(xg; e ) LOBEHDOEIEE

C(Xa).U(Xa;W)zelﬂﬂojs(xo:e)w(xﬁnl’;w)-u(y:w)dS(Y) (12)
TEAoNnD, 1k, fﬁﬁrbi‘ﬁ xo EHETRLSLTHENIE, -Clxg). ulxg:w)=
1.u(x@:w)/2.-‘ (1 BBy ) ER3. 7, I yw), Wy o) st
ET5F1I BLUVFE2EARE (@) BLUVUN TEREEINLLOD) Ty, £ ()dS &
Cauchy DEMBODERT. 1B, BERFBROVWTIE, HEBFUVEEHES iz,

BaABERAUDE, BREZGEEZHET 2HELEOLEME vs-u-u' (02T, o AN
o) cW LTBEAT LA, B, RNUDO v % o TEEHRZCERASINS
kit B,

B, ABEHREHREFEBELR, UFOL>KEH LEb0sM s EEHTH S,
TR, HHoNH YR EEEEL 7.

-C(xp). u(xe;w)=F§ sW(x, y:0). u(y; 0 )dS(y)

~JsU(x, y;0). t{y;w)dS(y)+u! (xq; @) (13)

- 7B, Fourier ZH ORIV IT Laplace EHEHWT b, B LBEASEITER{LT
EFHCLEWUEH>ETHMRW, £ OMEICIY, TFourier ZEMD /3 2 — % —p RHiTis (s it
Laplace ZH D/ /¢35 2 # —) TEXH| I NIT LW,

BB T Ao RN (8) 2FourierZBL - b O %

7 ii(xw)=6" 1w e (x0) (14)
EECL, DHAMBOERHFERARROL DKL S,

7. (G :vu)tp wlutpb=0 (15)
IR G RBREEEAFYyVI LTSS, SHFHEECELTR

G ijkilw)=2"(w)}é ij§k;+ﬂ'(w)(6ik6j|+6jl 6 i) (186)

THLH, il {w), ' () d¥EFE Lane TEHTH 3.

#€~> T, Fourier XM LABEMTO, EHFHUERHNBUGOEBFERARROL > K
BExohd, UE, WEHIEEL -,

(o) rfuio)+ A {w)teg ()l v v . ulx:w)+p wlul(x: o )=0 (17)
Mt ETE, REOEKE, ob2EHET2 L,
k*i=k(®+ik ', ki P=wcosa ¢, ki lswsina ¢ (18)
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‘C“L—}i_t’pﬂ%. CCic,
o i
= exp{2ia), ¢, a :HEH¥
/1‘"!‘2#- CL2 :
THBH, Fi, BECEL TR,

k'7=kr+ike!, ki®=wcosB ey, kr'=wsing e (19)

o) i
— exp(2i8), c1. B EH

*

M Cr

TH 5. _

BlEkoZ &vs, BHEERMETR, BB B A MMt MR c B S
BRI TENWI EMNGH B, fE-T, BHEERECH T MO FER~0ER(LIE S &
THRWVWTH S S,

5.2.4 MO LT BIOK ML,

LBOLI R LTRDoNARDFRAL, — B BBBS L CREN @I NS, &
SERATCHBIOFBEHSROBELEGT 5. MBI, BABEREREOREEE v
Fsnz, W5 WA, BRAZEREOBRLIHL, BROVKR BT L 0pN
TAYRNZA MY » 7 EHEBETHMUL 2 1T, GaussEAR EOMMABH o & hEEIE & h
B.on®B, BEFNCEET 2 ENTENE, TREBLAC L HAL,

CCTH, BELT, TAVeTA MY s EREBAOCCHBILTIEEERLTE ¢,

WE, BIM f(xt) RBATEE F wBLT, BUEK N 2HWT

f:(E)=SN* (E)f; (x*) (20)
a
EREI, JCIT, x BEAEELE S,
COT, MALZMAEET MIOERASE L, =20 %R (13) (HBoHi, ME
NEWMBAL, FRBLEBEZHEELR) RRAT 2L, mRA%2E 3,
3
) Cik(x)ua(x.w)
i=1
3 N 8
2002 2 (M e ) fop Wy (¥ (E) ;)N (EYICEYAS(E)
i=18=1la-=1 .
3 N 8
=X R R ot (xM8 e Y f e U B (x, y(E)Y w)N® (EYI(EYAS(E)
i=1B8=1a-=1 :
+u M (xw) (21)
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TR, ERo xkf el B EREFHNER B OHiA ¢ DEAEBERTOESETH Y,
HEYRYabEeTryZ2EBELTWS,
cow, REDE, BHEEKROXD BT ERT A,

Wu-Ut=—u'+F - , (22)
COHRAFE2HISA S AEREHEEZRAQDERALTESN2HTH S, - T, AH
BB TERERAOBTH 5.

REDERGE, BRIOEMER@THBRD OIS, #ho2HVT, HBABOZTMK
BRUBNBED NS,
7%, LaplaceEMAMLT bEMIC LTHL T EBTE 5.

5.5 BREREOFHIE T AT Y AT

KDL VERLEsNAEIRBAERNZRENCRS 3, BERROLIBTA
TYXalLkoTWAE, BB, BRAESE, WAL, SHATAV AT ALY » 7 EREHR
WT A4 D GaussTES THM T 2 &, BHREN, HiAoBE 0BG KR, EEo7 1Ty X
A, BEMKEBTEIROLI I IKEDENS,

M N 3 8 8 4 4

DO DO DO DO DO DO DO Wiw(x. Je{E ', EomIIN® (&', Eo™)wt ] (E) (28)
n{x)=1 e=1 i=1 k=1a =1 1=1 m=l

aul

M 3 N 3 8
o, n(XHEBRAACHAREERREL, Do DO KU DO DO DO &, FhEF
nf{x)=1 i=1 e=1 k=ila=1

NERTFHOHOBYRTRARUFIRS BMERALTHCBEEZRLTWS, £k, &
D2 OoDD0HGaussBEAERKLTCWS, OB, BUMALRAY BT 288, Hba-=n
(x)DBEIR, BORBELNIOTLOEEE2R VWL ERTER Y, LL, T0OIB
SREEBRLUBSITERE TR, HHEEOBEAB LB HHOBELABLOL - - BELT
55 CROBBUENEEETHMAEL SR TS S L EERT A, T0RY (HBH
) 2RHBPBZIENBTEDL, COBEOTILNIT Y LE" BRI 74T ) XA (Elenent-
wise Algorithm, EWA) &EMER C &I ¢ 5,

Forra X aTcld, BIR¥EMBE(RERHHECHYRNBHMELEETSOT, [{
CHhOFETHEOEHAER 2P EENSE, — W EOSRILLETI>EAR, 7o
73 L0 LAMOIN—TON-—TEER2TELIRIE{MBILETHE. Tohbicid,
to7Ara ) XAORMOBEREEEEL T,

4 4 N M 3 3 8

D0 DO DO Do DG DO DO W;k(x.ye(Ell,Egm))N"‘(El‘,Eg"‘)w]w"‘Je(E)(Zd)
1=1 m=1 e=1 n{x)=1 i=1 k=la =1
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EL, BicfllosEodor—72RELTNIMONES: (LFcREH#MT) SHET L
b, CoxrictThid, B bHRAUOCIIV-TERESRAOBENE LY, BIAESE LN
R 23EFH:ENE., COTAMTYXTAE" Ho ZAARABEFERT VI Y X A (Gauss-Point~-
wise Algorithm, GPWA)EIMEXR T &g 5, |

GPWARL, _Z7 FPAT oy ¥ —LHVBRLBEOGHRNTHS, B, Thitahs5—Tw
oy H—ICHVTS, BEOTATYIENMEN b AT oo b —ICHVWAEBEORBIL
+HRBELNBLITH S,

5.2.6 BFEMER S | -
BRI L THRSZERL, TOoRZEMTHRS2FEDNCERMCL THERKBVWIZIBS IR,
oo B .Dicl, GEETORBEREIZRLITAER LTV, HEXET
#Uio 1k, FPT(E& Fourier ZH) BEWLN B, ¥ /o, MlaplaceZ#aic i, Durbin ©F
EXEHEHVSh 3.

5.2 T oo BREHE
DEE#EF— 7 b o0 Rl

MoFRATEHELEILR, —EERTEMLT, EAEZHVWEILTHS., REA
M—BRIC—FHKXITHY, RMBRLRLNRIZIOT, 2L LTOBRENEZW/I LTS
CEMTELFANS B, £/, BAORBERNICT > CENTEE0T, 22T hiTHER
MiRARBKERTE3 &R HRNCR, BoRE2ZLYFAEbTE5, LbL,
FlE, BRACBIEBMDERDDEBTERVEVWIKAEANS S, (ORI, ERLE
THSNICRoh A F -2 b &, HEMABREELE, BRRBERT L LN TE S,
BlAZE, T4V 54+ Y 9 2 BREACTHBEFAE L.

B, —REZTHVWIBETS, BREBOIWPOBERI(GZY. CoBE&d, #
Ve 2 e aEAihdL0TH A5,

DEREFAROMEDOFM _

FEARORER, BohABHRLORERORAICRALTRD NS, CO0BAKR,
BERE LA A EL LAFEERNEACRBORENE LIETT 2. Tk, BEEAANER
REBLT2LEREBADCEVHIPENIILEERE S5, Ch2HEERESD (quasi-
singular integral)& w5, COFMIcR, HEBSEEARIKEEZA VI LERVHENH
HTE B, |

Y7Lt b ETR, BEANA» CBRCEBEELETAL, BREOFTAZBLELAS
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BEERCcESELEET, BEESZ VWRTAPERERCER L TR EFE AT X
Wy, .
FRECXH K LTCEPLEALOBHOEOHAPTO o) (COMEBEREREEMR
MT,ﬁﬁ%mﬁﬁbribén%)%ELﬂMt%wmummﬁﬁéﬁﬁﬁﬁﬁ(ﬁW)
mﬁuf,u@ﬁbbm:n%mmtﬁm)%ﬁ%#ﬁ;m,ML,co%%mmﬁi%@
GREACEMHLELRZ, Bt oBERSBBRLOBLICERT I L TE L.
nE, BhHLCoHERE, FeiHHEoBLVERSBENLZY, ThALSKOVWTR, PR
DBBERREELRMATLIILENTE S.

5.9 MITEXTcOMBOY I av—Ya Y
5851 ¥ ab—va VEBIFEFN

MTES COMESHOBELMAENTY  av—ve YORITET -7, BB, 2K
T (PEOES) LU, BRERFC LY, KA TRSW2BMA MRS VAHEK (LEE
HOBAME) KEZEMBEZRDL.

‘ u=ugnexp (i{kyx. p-w t))
I, upRAREOREERL, n REOREGME, piREOETHEERTHA XS b
ATH DB, FT, krzw Ser=2z SLlr, (LBBEORE) TH5.
%ﬁ%?wm,@ﬁ.1w%?%6ﬁm®%ﬁ%@cﬁﬁm%®%ﬁﬁﬁl—1’,&U
BEHEOKENE?2 -2’ 2EFMLLEbDTEHY, B-5.2CRTH0THSE. D
B, A PALBERRSVWIEOBAKSE, W53 EHEUCEFAEZEHELANT O
Tk 5 TFAOEFGER, BROELHIERIEL 000 $ABRORO»SHT0WET
PEEE L. ik, H-5.2 R0t RHEs0sERE. Kk, RREXROS TR
SRR D 2RO T4V T A b Yy FEEERAVE,

5.3.2 BRVIER

M-5.2 (DFLEAEFVOARBHNS VHELLZ20RERUVBROZE M OILERITE
BAR-5. 3 wR?. KFOZHMRAREMRBuLTERLLEL SO (1) THA.
REAL PART J O IMAGINARY PART i, Zh®hiEolh (v—7) RUKE (/- F) BERFER
BB 3 BatEEL, 4, TMEARANBEOASARBE» SEEE (HHDP LD
ABD) wll-fcboThy, PREAEEERKL TS, Uk, BABHF, HRIM0, SV
WU HOEBEF ey, WY, BELOMIE, ROBENS 2.

F=ew /2n =¢y/Lr=kver/2n
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COEFNVELABILBBREH-RIEBEE» SR, TOVHRRBRKRDOLITES,
B po=2.71t/n%, M {REE=6.5x10%kgf/em?®, KT o v rl=0.24
HoT, TOSVEOEREEECRKROLITSH 5,
cr=v [{B/2(1+v )}, p 1=V (65x9.8x10'2, 2. Tx2x(1.0+0. 24)}=3, 084m/sec
SDtHit, EEERDBLEKDELITHAS.
F (Hz) 1.0 8.0 50 7.0 9.0 11.0 18.0 15.0
Lr(m) 3084 1028 617 440 343 280 237 206
M, F=15.0HzCHER206nERY, 201 BEEOHIERBAPHIESEIADZI LIS,
SCTHAWARBFREFATR, CORBRBPEBETEIRARTS S,
T, E-5.2 M) icHGLABIFERER-5. 4R LE. BIRERERER, Lo
SLEIRTH D, Uk, COBASOTHETARANFEOANAZHE» CHE X2 (HiH 560
ABD) illofcboTHB I ELERBERLL,

5.3.3 HROZE

B RS RO ENEL LS.

DHIZTOZREZEREE TS, AEEP/NIVEHBETHZORERARIRE2ET
»H 5.

DL L, BAEEEE(LLILAHoThbELTVIOT, R S5EZ0REERBIRS
TEREHETHS S, HL, REORNE (ERLERO2EFMOEFIR) ZWMhE, &
KEEOBEBEERD S I EHTE 3.

DHH A~ O IRIBBERIE, HERCRE > CEBTERY., BAIF—2» 5 RgHEZEBRL T,
RIEOBRETHELERE LTS Y, HikdTdchid, MBOoEEX 2 KNIKIBR
N2TH A, FTHhLEoHEREBEETEL Y, REBRTRACHIBT S LELEY
B35,

5.4 MTHEVMORLERIHA
5.4.1 BirEF N
irEF it 2ika (PEOTA) &L, B-5.5kRX T LN 3EOERMEVWLERE
REWMTHEBELASEYEZA L. BB, BRACR2KROTA VS A Yy 22V, —
SOZERBREFOLHMATEREALL, -7, TR, 1UHROETAVTE D,
cm%?wv@,%@%ﬁﬁ&@;ﬁ?%%..
BAEM]: BEF pe=2.7t/n°, WEHEKE=6.5x10%kgf/en?, KT v v =024
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ZhEY . BE p=2.2t/n%, FHMEHEE-L 3x10%kgf/en®, HT » v v =030
it,A%ﬁ&bfmasmmmt@&EUsV%&ﬁ%%it.m%,AﬁﬁeAﬂﬁ
FoWBE» SHHEYFER AR L L.

5.4.2 BIEE

A FETOLRISEBROBITERER-5. 6 AT, 6 RAHBEOAHNA, FRAEK
TH D, COBEOEKEP100zR U503, ERTHERTNIBRTINCIELTL
%. %7, REAL PART R U IMAGINARY PART k2 hTh, BOUKRUEFERRRICHEL
RIBEEEHRLTW A,

T, ZRAKBEYCEAZLABEGESDVIRABOERZRENER-5. 7T0L5 TH 5.
coMiR, M-5.60atkBrALHEEBRARBELLTE W,

Wi, ZRBEELOGHOGEEEER-5. 8 kRY. CORR, BBREALORMAE
EAxELLHE~BML TS, M3 ToAoBRTL LAEEBLGNEZHVALLOTS S,
6 ti]\ﬁﬂ&@)\ﬁa‘ﬁj, Fid i $cdh 5. %7, REAL PART BT IMAGINARY PART RE# ¥
h, BEOURUCESSBERERSCEIELABSERELTV S,

It BREERBEYCELLABEEDVLVTAROEEEZREERE-5.90X5TH 5.
ORI, B-5.80BELEBTILDEEHTRRACLTE V.

5.4.3 BITEROZE _

ERIGEEROEEBREE AR & i, AEES0IBEETREROER R T8 &
BThsd SOBAINE, ZTHRAHPNEREBLIBASERSTIVEEASL., BHEHEVIONZT
i, BUAYGESEFEATVE., COBESTHEEN S Z0T, EHOELHWLT
HisETH Y, BERHHUBHRIBRRLLY, O ERMODARHOBEEFYLTEEAS
ETHB. |

;t,gm&%mﬁﬁ@uwoﬁﬁ$®ﬁﬂﬁﬁﬁLt%ﬁmoufﬁ,&&Eﬁ@:a
KEAD, COREOKMMECTRERMELEAREEELTLLIN EBDh 5.

ERoc s, BAKSWTLERETH S, Wb, TRBEEOLCHBERBERFERON
15 Fb i, BHRBALRAEERTAY, $LHATEROI/NEEOREROHMH
TEALZARBLTOE 2B+ s8R (BARPEHSHF S X5%1) HRELWLEER
5.

5.5 M TEREDOREBY T
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— e, MTHEMRM I BEY R L THENKRBELTVWREEDOTVWS, 2o
Bar, LELEMEBOMTERIEKkYPoh TV, LhL, MTHERERBIKYHETR
B, BEEDLDATVARIEERRNILITH S, Thid, BEY BRESThINEFo
BEREEEL, $ARINCHEBCHEINS, RARAKKTHL - THRTHIBEh2
LbHFVELCIRERLEBAERSR Y, UL, HitoBEYWOL S cELEC S
TR, Fhe s FrAREHRALZ LRV, MEBEYMOHBEE LENE
ELTHO LI BRBFCBELTVIL2Z L 5L, HTHEVKRIOX 3 RARHSE
HRVOT, THHWEENKEIELTVWIEEI LR TELS, Uk, BTHEEYWOG
KHBINABEK TR EEEYMERARREARPRCZ CLREELATAELE SV,

5.6 Bbbhic

CCTHBERFRITOFELILTREGENTHIHRBERBEL DVTRR, HRILY
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