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ABSTRACT

The strategy of seismic isolation is one of the most popular and effective methods
of seismic protection in modern structural engineering. It reduces the impact of
earthquake on the superstructure by setting isolators with small stiffness. But at the
same time, most of the earthquake-induced displacement demand is concentrated at the
level of the isolators, which causes instability and damage to the isolation bearings. The
inerter is a two-node inertial mass element with mass amplification function, which can
get rid of the single-node connection mode of the traditional suspension mass element,
and work together with the spring and damping elements to form a complete vibration
control system. The fluid inerter is a new kind of inerter device, which realizes the
inertial mass amplification by the use of the liquid flow.

At present, researchers have carried out some studies on fluid inerter system and
its application in structural vibration control. But few existing studies have discussed
the design parameters of actual devices of fluid inerter. Meantime, the mechanism of
nonlinear parasitic damping is not fully discussed, and the parameter optimization is
mostly limited to the RMS of structural response and other general statistical indexes.
Therefore, a new hybrid control system is analyzed in this paper, which combines
seismic isolation technology and fluid inerter device. By the parameter study of the
fluid inerter system and the analysis and optimization of structural reliability, the
displacement response of isolators under the action of near-fault pulsed ground motion
is better solved.

(1) The mechanical properties of a fluid inerter were studied. The constitution of
inerter force, damping force and spring force are discussed, and the main model
parameters and design parameters are determined. The theoretical analysis and
engineering design methods of the fluid inerter system are discussed.

(2) In order to solve the nonlinear problem of parasitic damping in fluid inerter,
stochastic response of the base isolation and liqiud inerter hybrid control system is
calculated through the statistical linearisation technique. The parameter analysis and
energy response analysis of the hybrid control system are carried out.

(3) Combined with the pseudo excitation method and statistical linearisation
technique, the dynamic reliability of hybrid control system under non-stationary
random excitation is analyzed based on the first excursion failure criterion, and the
optimal design of hybrid control structure under non-stationary excitation is carried out.

The effectiveness of the hybrid control system under near-fault impulsed ground motion
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and far-field ground motion is verified by nonlinear response history analysis.

Key Words: seismic isolation technology, inerter system, fluid inerter, hybrid

control, optimal design.
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E,, =~ mi, % di FoRHNB] LA TESARER, £, (0= [ f,%d Fom
M BRGNS RE R RE . 2R AR TG E A i, BT AU -
AE, =AE, +AE,, (3.34)
Horpr, HRE THUEETEIEEA AE,  +AE, =0
AP, $5oc T MR R ash iy ss — i [F) 3 LA x, JEXS (e ¢« #EAT ARy, A

t t t t t t
[ m%5de+ [ e, b de+ [ kxgydi =] m gdi+ [ fhdie+ [ f,8de

(3.35)
BorJa, ATLME BT R = R R T 7 e
E, 1)+ E,, (1) + E,, (1) = E,, (1) + Ef,xb (1) + Ef,db (1) (3.36)

ﬁ¢,Qmmzﬂﬁﬁm%%MﬁﬁﬁﬁﬁA@%E%%%o%EEN@%
A, BEBINUEE TG AE, , + AE,, =0, EXATLINEN:
AE,,=AE,,—AE, , —-AE,, (3.37)
wJa, WRTE R Gz sh 105 =P [F) 3 LA x, IR ) ¢ #E47 8y,
[ s gyde+ [ e 5 fde ==, fokgdt ==[ kxyigdi—[ fu5de (338
B ), TSR TR R RE R -1 7 2
E,,O+E, ,()=—-E,_,(t)-E, ,(1) (3.39)
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+ 1 O-y ?
Vﬁ :ZO_—yCXp(— 2@-}%) (422)
Mi=08, BIRTIRRIRB ()AL IR g FINER . WA B p(0) NS5
M, X 4.21 THEAR RN = 0 KBRS T S5 /I7E[0, TIR (8] P 13 J7 ] 5
o Kk, EHERMFBRES, S5/Rsh JmT SR LR IR N
P (T)=P{n}(T) =0} = exp[—joT v (t)dt} (4.23)

iS5 K i N AR T A BEN LIS AR, B4 np(T) t7& 142 Poisson 1 FE, HIZE
ZHR A ¢ oK, B
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2
P(T)= exp(—v;T) = exp{—zlﬁexp(— P D (4.24)

2
7o, 20,

Xt TR S RO AR P RSB AR 18 DL, np (T) WIASF P2 Poisson i
e, BEI AR I GO, A RISARTF R y() MESEGSEE (1) B
KAk, GBI FERE W] AR AR RN -

P, (T):exp(—J-OTV;,(t)dz‘):exp£—L Tmexp( s Jdt} (4.25)

220 o, (1) | 2020
XXM RIEE -8, BT, SHEI8) I 5EREN:
P, = P{max y(¢) < f, Nmin (1) > 3,}
=exp [—J-OT v}l (t)dt} exp [—Jj Vs, (t)dt} (4.26)

— exp {- LT[V/E O +v, ()] dt}

f—'},@:ﬁl:ﬁlﬁ, A

—exp| ~- [ 2D exp| - L vexp| - L
PsZ<T>—eXP{ 2 aym{exp[ 2a§<r>j+exp{ 26§<t>ﬂdt]

cexn| L[ EO B
s
Poisson I TR B E NN y(1) 5 TR B R AEFEAS R F A 2 18] & AH BT 1Y,
(BT 28 I AR S R U, 35 78— RGP Ok 2B R AL BR A, DUIAE R — Ik
PEIA R PR AR R B PR ) ] BE 1% 2 1R K o Vanmarcke 50033 T 1 VGH B IR
HEN], I HAR G AL ZE IRBUIRM Markov i #2, F&H T a0 F i) 5 FR R ERE R A8 1E A

(4.27)

3
—exp| - | % P
P (T)=ex _lJ‘TO-y‘(t) <ol — B 1 pl: \/;q(t)o-y(t)}dt
’ =T OO'y(t)ep 207 (1) | B
‘e"‘{‘z@(z)

(4.28)

- _ﬂ N c
A, g(r)= /1 L0 4,()=] 'S, (o.)do (j=0,1,2)-
— UL, W TR SRR AL, TR SR R y(0) A2 RN B I AR 2 AR
AT IERE, G SRR A S RS 22 R — B A H /K. JITEL Poisson i 72
e (E R 2 HUB L T P A2 10, 117 LT Poisson I FRABE HO TS HE A AT

67



[FGF RS W2 A i8S P R 405 SE kR 7= TR & T 7T

SEPLAERSE T 5419, WK SCRITET Poisson IR B 0 5Ky 1y T e
F4H7.

4.5 I TRBENLRE TR AR LR

4.5.1 ft4Lio]En

N T 0ot J il o 5 5 A O 8 VR 5 4 A S A AR T R BE LSRR R AR
0 AT P B, K B R SR AL AS i N (9 R SR AR DM AL H A eR A, [R5
J8 b Bl A5 A s PR BT W N, S S A5 AL T R R R IR AT R TR R A
F SR ASAE — 5 B AT FE LV R N

s 8 7 S LA W IO 14 R B Py s SO B E PR REFR AR T

J, =P, (4.29)

Horbr, KRR PrRosba R ZALAE 0 N x, 72T (8] [0, 7] PN B AT 8252 B4E S
FOMERK I DL 2 5 B AT o5
Pfzl_Ps(efﬂ,T)zl—PDxb(Tﬂ>ﬂ, TE[O,T]] (4.30)

X, 0=[r,,n,0m, 1 BT AR A B 1) &
KK 3.1 Frosii G mR R, FESs MR AR 5 r, B
JAMIR Ts = 0.5 s, JEANEGSEWBEIRIAN T =3.0s, EHSMEE m =
3.3x10°kg, PFHJELL &=0.05, FREES S my=6x10"kg, FHJELL &=0.10. %
JEAEFRBE LI R SR, DG BY R A Clough-Penzien B2, B Z4UIA
Wr: =157, §&=06. & =157, & =0.6, EEHHINEE PGA = 0.3g;
Loy R A A 4.5, ZHBE T 1,=08.14,=7.0.¢=0.7.1,=155,
88 = J= A F M 9L R AE 8 X 0.2 ms
(7 Fof 225 F& b 8 35 4] PR I o 7 1R BE AR AR Jar A Iy Jo PAVEREFRARAE Y H b bR
B, WA RG-S, s Lo ga AT, T LUK IR AL 1 R
SIS R A
minimize [J,(8) ,J,(8)]

(431
subjectto 0,<0<0,

X 0=[r,,n,Ln, ] iR KK AR, U HbR Jpy JoNBRRZ AT
FERER LS Mg R REAR bR, 0, 0, AN R 0 IR AU AR

XA A BE LB ) AR PR AR B R b, AT & H SR B 1 UL
{EL[R]N H D0 A R R A 2 A2 A IS 18] P AR T SR G T ZR AL AR 1
AT, TR S
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452 hLER

1.4

I3 o o =
8' = | =2 =1
1.3} o= = = N
2 g D
Ll P < I | |
Iy | | |
L1 e \ | | |
) | | | [
By Ll | 75 1 |
- N |t |
0.9 %! = | Is
my =2 | $ It
0.8 f 7, =8 | SN I\
| Iy SEHIRY
0.7~ 7a™* I I S U R N
ny =5 | [ ==
0.6 - ' ' '
107 1074 107° 1072 107! 10°
Jp

K 4.3 AT RRBENLEU T R TIERETE AR Jp 5 J. (1) Pareto HHY

Bl 4.3 BIEANFEERNIEEL na , KT 1HEREFES Jp 5 Ju 1) Pareto FI#. M
BT LA, 7ERIME £ =0.20m BI04 T, i oAb n] DA RR 2 J2 0 2R 80 2
P& 1/10 ~ 1/10* AEERIIKF o B 2 (10 R B0 26 5 50 45 g o ek 58 e 12 7 3 2
[AAFEA B 2R R, TEAOK B MIEE (J<1) BT, 7TLMRIE
R 72 S 4 75 A B T S Y Y

Bl 4.3 b briE T — RV R Z AT SE IR AR Jp 628 CRAMER Pri =
1/10. 1/100. 1/1000~ 1/10000), 7€ mBTHSHIBETT S0, AT LIARYE L
Prik e 75 ZLE BN R IR R E ] S An e . B 4.4 FIE] 4.5 R8T AFRGE
J2 MR ZR A AR AE T 5 AR R B AR 1 T H S B S A B S U AR 1B o
B% 7% 2 PTEEVEFR AR Jp HIFE HIAR R RS (IR BME R ARG ), o B )3 A 2%
or, ~ WRHEE N AR RO K 1 U R, X R 75 B K
TR RGHE A L, EFTIRA RGN, PR G5 R SRS 1
RE TR SR AN HE A, PTG Y I VERE TR bRz hl bRt o

//d:4—e—7/d=5‘

‘%ud =2—o—y =3

35(# 3.5 25,

~ Q q

S 2 3 ~ e

- o £

30 e = ® — 20 N

3; X4 2.5 = Q

S RN N

S an dm o

& Q « - & 15

= g P = o

g \ ~o- ~

q
20 - 1.5 . 10 . 0
10 107 107 107! 107 107 1072 107! 107 107 107 107
RAUIFE T, RAUIFE T, RAIFE T,

(a) WIEHLARCEEE o
Kl 4.4 ARSI T SR s 24

(b) BRBEE A A2 rs
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‘ o7 2 o0 n-=3 740 ,]c.:a‘

6 7 7
9.5 x 10 6 x10 3 x10
q
) 5 2
~ £ N
2 o @,
o 5 8 = oY
; d Q. o3 S L5 \\\
o1 £ B A
¥ ; % 8 %o B
E‘;‘05 S~ e TN = N
: ; =1 ~No = 05 ?
0 - 0 - 0 -
107 107 107 107! 107 107 107 107 107t 107 1072 107t
KU ], RUME T, RAUFE T,
(a) WPENE b (b) FHEERE ¢ (¢) BB RH e

K 4.5 AR E N F R R 2L

4.6 AFLe 1M N B F2 o

W ERRACE RN B — 2 Z @A, B E— RPE RS IR T
T AR FE 73BT, o) Atk B 75 5 Y A 158 250 VR 6 28 Wil 1k R 1) S B R PR R HEA T
6. 24500585 3.7.3 HiHE, HERE 3.2.
4.6.1 mIMRBRKEZIT

FRAE 2 BT RAGES B, SR-G 2% R T2 It FE R BE 7% )25 o] 5 58 79 T i A P 42 1
TR o T B A b g B R R R Gk T i ], B R E NI ERNMARERE
L b 3R 2 R I A 21— B FE B sk )y, b R0 AR 6T 7 2 B 1 2 i) A
SRR/ N R 553 s o 2 AL TR () A s i [ B R 002 A 7 5 A o o R e 42 1l
BRI FEAE E AR ARTOR, PR T T3l 3k e 8 A 1 42 il 75 3R AT A& M7 %
FEbR Jo CRISZ 45 0 FE 4500 5 R 52 4% [ B 45 M R T2 o s e 2 LD BUEAS KT 1
BInT. 7ERRRREMF RME f=0.20m MIELL T, B afEimmlE H N R A TTRES
B 2 RBBNE KA, W2 TSR NIA R 99%, T LK i 38 br Jp
WM 0.01. 2 [RARAS 25 256 B rh iU v] e e e SO e 3 (1 G BRI, U A2
WIEELL g, =3 . AR 4.5.2 FTHIMRAGEE R, T LIS B 0 A (R I A 158 75 2% B 1) i
M SHON: WEGIEBCEE r, =358 e B2 K42 = 2.6 cm. $BHEE
MK =213 m. B3R 2.5 FIISHOCR, AT LA 51 B RS R A 0 255 1
ZHR: BERTE b =1.35x10kg. FHJE 2% c,=2.13x10" N-(s / m)>. BHJE 5%
c,=1.07x107 N-(s / m)"7%,

B DL IR IR AR E R B S B R AEUE, RAES 2 EHR IR RSN
Wt g5k, ATCAR TR AR 2 2% BRI ER 4.2 HIEAN IS5 s ETE
12 BB RS 5 ZEAT 6 R AE TAE IR KRN S FAR A i Ak -
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*® 42 WABIERESHBOT

ZH Ha ZH il
TR 1 0.125m R e P B n 7.5
WEGLAR 7 0.380 m WRGLKSE L 1.000 m
BRI AT s 0.026 m EIEEE H 0.150 m
BRI 1% R 0.450 m MRS p 1000 kg/m?
W TR e e R ER A 0.100 m ARG R E 0.001 Pa-s

4.6.2 MERICFRIZEL

NEIE PA AR A 285 SR A R, 97 RS W J2E R B T R A 7 S5 A 3
730 8RS B AT R, T SO 2 7535 BT Wt J2 b 7% 50 FH 3t 37 Hb 7R Bl kAT 43 2545
H T

M RSP R TREAF 72 0 NGA-West2 i&%&ﬁ%ﬁﬂx 3 I 60 4%
s EIC S TR A w45 M O FE A0 M. o, S8 —41 NI 2 BEAE 20 km LR .
THURE I RE LA K T B H R % Eﬂi&tﬁ}z‘mrﬁlﬂﬂiﬂ%?ﬂz, &K NF-P 24, id
SEAF BRI 4.3 Fron; 88 AUNWNZEIETE 20km LU L B S FR S K T 1
=il BT ok B = e, I NF-NP B, 105%M5 B UK 4.4 iR;
S =MW REERT 20 km HEIZ MRS ICR, HIFR FF AL, 05 80K 4.5
Fime =#Hidsrd, AL ERMIER 20 2B 5.5 DL ERSRE L%,
HHAHHERIAE T RAEITEEN 2 G Rl A EA 2
A N A

R 43 kil Wz ke R RISk

iy R i RELK
F5 HEHM Bl Rk 2 A FE MRS e BR 2 A
(km) ©) (km) ©

1 Tabas, Iran Tabas 7.35 2.05 6.188 | 11 Chi-Chi, Taiwan CHY006 7.62 9.76  2.570
.. S . TAPS Pump

2 Irpinia, Italy-01 Bagnoli Irpinio 6.90  8.18  1.713 | 12 Denali, Alaska Station £10 790 2.74 3.157
Centerville

3 Westmorland  PorahueTest 590 1666 4389 | 13 €ape  peach, Naval 7.01 1831 1.967

Site Mendocino Fac
Superstition ~ Parachute Test Parkfield-02, Parkfield-Fault
4 Hills-02 Site 6.54 095 2394 | 14 CA Zone 9 6.00 2.85 1.134

Gilroy-Historic
Bldg.

6 Loma Prieta  Gilroy Array #3  6.93  12.82  2.639 | 16

5 Loma Prieta 6.93 1097 1.638 | 15 Niigata, Japan  NIGHI11 6.63 893 1.799

Montenegro, Bar-Skupstina

Yugoslavia Opstine 710698 1442

7 Cape Petrolia 701 818 2996 | 17 Montenegro, Uleinj-FHotel 40 556 ggy
Mendocino Yugoslavia Olimpic
Jensen Filter Plant L'Aquila-

8 Northridge-01  Administrative  6.69 543  3.157 | 18 L’Aquila, Italy a4 630 538 1.981
o Parking

Building

] . Joetsu

9 Northridge-01 acoimaKagel o fo 5 0 (78 | 1o Chuetsuoki, i akiku 680 1194 1400
Canyon Japan o
Kakizaki

10 Kocaeli, Turkey  Arcelik 751 1349 7791 | 20 DPafieldbNew on 560 122 6230

Zealand
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R 44 Prigil = ok R RR LR

e R aw mm TR pe e s g WA
(km) (km)
Cholame - Shandon Mammoth Lakes- Long Valley Dam
1 Parkfield Array #12 6.19  17.64 11 01 (Upr L Abut) 6.06 1546
2 San Fernando CaSta‘cR'o(l)lg Ridge ¢ 61 1963 | 12 Irpinia, Italy-01 Auletta 690 9.5
3 San Fernando Lake Hughes #12  6.61 19.30 13 Corinth, Greece Corinth 6.60 10.27
4 Fruili, Ttaly-03 Buia 550 1198 | 14  Westmorland ~ SuPerSHtionMin s o5 g 55
Camera

5 Tabas, Iran Dayhook 7.35 13.94 15 Coalinga-05  Sulphur Baths (temp) 5.77 11.42

San Juan Bautista, Turangi Telephone

6 Coyote Lake 24 Polk St 5.74 19.70 16 New Zealand-01 Exchange 5.50 8.84
7 Norcia, Italy Spoleto 5.90 13.28 17 Morgan Hill Gilroy Array #3 6.19 13.02
8 Impem(‘)lévauey' Cerro Prieto 653 1519 | 18 N.Palm Springs Fun Valley 6.06  14.24
o [Imperial Valley- - hute Test Site 653 12.60 | 19 Chalfant Valley-01 DiShop - Paradise g0 y5 45
06 Lodge
10 Livermore-01 Antioch-510GSt 580 1513 | 20 Wh‘merolfam’ws' Arcadia - Campus Dr 5.99  17.42
4.5 Pk i s
, K72 , k7 2 1
FE B me TEE lpn g b gy BRI
(km) (km)
Santa Barbara
1 Kern County 736  82.19 11 Tabas, Iran Boshrooyeh 735  28.79
Courthouse

2 Kern County Taft Lincoln School 7.36 38.89 12 Tabas, Iran Ferdows 7.35 91.14
3 Southern Calif San Luis Obispo 6.00 73.41 13 Norcia, Italy Bevagna 5.90 31.45
4 Parkfield  SanLuisObispo  6.19 6334 | 14 Impe“*géva“ey' Coachella Canal #4  6.53  50.10

Cedar Springs 6.61 92.59 15 Imperial Valley-

5 San Fernando Pumphouse 06

Plaster City 6.53 30.33

Cedar Springs, Allen Imperial Valley-  Superstition Mtn

6  San Fernando Ranch 6.61 89.72 16 06 Camera 6.53 24.61
7  San Fernando Fairmont Dam 6.61 30.19 17 Livermore-01 APEELCSS%I;IIayward 5.80 30.59

LA-Hollywood Stor

8  San Fernando 6.61 22.77 18  Livermore-01  Del Valle Dam (Toe) 5.80 24.95

FF
9 Friuli, Italy-01 Barcis 6.50 4938 | 19  Livermore-01 Frem"m']]::[s‘ss“m San 520 35.68
10 Friuli, Italy-01  Conegliano 650 8041 | 20 Livermore-01 racy-SewageTreatm g o) 55,

Plant

A R I 1 U — AR S B A B R I R NS U ] 4.6 BT e X EG AR BT %
IR B C R IE R, 0 T B B Bk L R = S (NF-P), 7]
LA 2 S B AT S 22 A R IR ey, 3% 5 ek BT i 2 il ¢ (NF-
NP) ALz (FF) BN IE A BRI 5o it O A K 39 A e
FR AR, AR W Z ik R R AR T A AN, BRI E s SR S
A TN IR A 2 ) S R RO
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g)

S (
a

(g)

S
a

(g)

S

A& (2

Ca) ST M 7R b 7 90 S5 7

A& ()

NF-NPE!
—_—E

(b) AW )= T ke B b I8 S o7

2 T T T

A& (s
(¢) IZEIAHLRE P S B 1

K 4.6 FIrik =1 1= I N BE A E X b
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N T RWPrIEFRANC IR SRR, B 4.7 5l 7 S 4BhES G
RS, RMSWRIZ IR AR AWE 4.7 FSEPRrmtE oLl LA I,
P B RR B E KA R K 5.5 2 8.0 ZIA 5370 A,  JF Ho T A [ I 2 RE A
Fr B ISIAT IR M o BT I8 = ik v 2R 3t 5 30 5 TG Mk v B R U8 (4 23 AT 1 L T LA
ik R R S S AR R G TE R W R BE ARG A B uh gk B bk AL S
TERRAN /N, Wi R R BOR 1) & uhid k3] .

8.5 "
i | nh -
| o NF-P
8o | O NF-NP| |
I -
[m] &) | A VAN
= 712 DJB‘_UDD 0|
2L %, da
6.5 9 -0 I
O ONNO) |
6ro O
06 &
9.5 1
|
5 l 1 1 1
0 20 40 60 80 100

W (km)

K 4.7 PrigthiRic R s WR R oC &R

4.6.3 FFELMBTIR T ITER

K BT A 1L R Bl SR A% IR GRS B2 VA — AL BEAT AL B, BX ¢ — WA N3 2 PGA
= 0.3g, MTRES N 35 A AN E PR S B0 R PR I AR E PR 20 TR, DUSE STt
S5 AN [ 2 S P A5 0o B R A A R . SR A DU B Runge—Kutta 3%, 155
SRFEAIL[E E AR 45 (Fixed Base) JCIEMAREH (BIS) A A 7 5 2 Ak
iR BRI A (BIS-IS) {E& S RAE T IR REM N, o VR 4 2 i 2540 25 1
JENLRE AL 2 XN BE AT Ge vt o0 A, RS DL B N AR AR AE R4 20 S63R
BN RPPEIRRE (MAXD) APPSR IRE (RMS), AP R & iR R EA
[l St =2 Bl T~ AR = R RE

A 4.8 MR RS AR Hrb, B4.8 (a)y (b). (o) AT =
ik e Bt R 9 AU W 5 I k2t R R 8 7 e R U8 S TR 5 AR B ) 1
Ul
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I

P& )Z

|—@—Fixed Base —@—BIS —A— BIS-I5]

6
5
4
Ko
2
1
Base
0.05 0.1 0.15 0.2 0.25 0 0.02 0. 04 0. 06
R AE (m) NRBHRE (m)
6
5
e d
%g
3
2
1
0.2 0.4 0.6 0.8 0 0. 05 0.1 0.15
ImEERRE (2 IEEHFRE (2

(a) W)= ki B Hh 72 i

‘—.—Fixed Base —@— BIS —A—BIS—IS‘

6
5
4
Ik
%3 3
2
1
Base
0.05 0.1 0.15 0.2 0.25 0 0.02 0. 04 0. 06
R RARE () AR TIRE (n)
6
5
I 4
ot
3
2
1
0.2 0.4 0.6 0.8 0 0.05 0.1 0.15
EEREKE (2 IR ESFRE (2

(b) W JZ Tk R Hh 7= i
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|—@—Fixed Base —@—BIS —A—BIS-I5]

6 6
5 5
4 4
1N il
w3 = 3
2 2
1 1
Base ZAS Base

0 0.05 0.1 0.15 0.2 0.25 0 0.02 0. 04 0. 06

ks KME (m) AR HFIRE (m)
6 6
5 5
L d 4
3 3
2 2
1 1

0 0.2 0.4 0.6 0.8 0 0.05 0.1 0.15
EEHRKE (g TEEHFRE (g

(¢) wipHhZE Pk
K 4.8 MFETFHE S48 5

MBI B, ME T IR PURE GG RN, MR (4
L) 1R L B A Tkt P58 o2 P i ARG, 2R TR A7 A W Lt Y S 9D, LRI E B
)z (Base) ALEEH TARKMINIAZ AN, FEUT W= kit BRI b S K Alik 24
cm. KRR BE RG0S 2GR R RS TIR MR (SROL), FRRZENAL
M S R AT B S R, S AU T LAB 31 50% LA o[RS, TR 47 ] 45 F i) n i
JEE Wi 7t 47 1) 65 B K- JEL e PR i 8 45 R B A 5 T B R A A TR AN AL,
113 328 5 i o e AL /D B3 s (BT Do G547 0 R )42 ) 5 BV B N
Ve H LA R 2 S I A U IR S IR R 2] 7 HU H bs, —Jriid i R R S
P T AR S R B L, by — 7 TSI AR A R G T IR R R BRI

A, R 4.8 (a) ~ (o) FIAN, FERHRERE 45 M 7E T Wr 2 ik B 2 R
P A 82178 KT FLAE AR vt 72 U Bzt b M M R A T IR R, 3K 5 SRR B 4
FE R MR R BAT W Sl 22 5, 6l 17 U B = ik 2Rt o G xS Ak o 7 45 440 ) AN R
Wi o 111 R P VR S AR, SRR R ST W 2 R A S 3 A R ek
RERIUASE , (EILITJZ Bk i ™A 207 MBI IE 2] 61.97%, HAEKT
FEL SRR AIIE (55.36%), U BAALAT 7 B R LAAT 200 i iR 25 A E
AW S ik R R N B IR BN BE -
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N TN Bk g AT B B AR A U B, FE R RE Sl S AR AT s R,
SrAREL 3 2 AR MER RN AR . B 4.9 B 4.10 A 4.11 43 52 0 W2
Pk e R 2 35 T W 2 T Bk v 7Rt 7 S AR S 3 4 P K S h 4%
iRl 2. X T2 kb BB, B 4.9 ha] DUIE 2 Hh i 22 3
Fik e 182, EE T 5 2 (1 R R A b R AR TR AR (AT P, 5 R ) It R I TR] P AR
k. FRTTLAES], BRELN (BIS) T2 05 B i 8 EL 5 44 a6 5E 45
4 (Fixed Base) BRI, HH HRMHRMBBE RGETRA S (BIS-IS)
JG, MR RN N AR T AR . XTI A R A R R AR A R,
HEA FRBLIE L.

Fah, B AR [ 2 B A AR T 3.6 TR TR A EHIA R
RE S0 B AT I 45 SR o % (Bl T 28R BR R 2 7 (CBFETH e I 55 77D BERR
BRI AIE DL PR SRR RE R B TR R 2, W E A0 R i B,
AH N ()3 [ PR A R OK . PTBUE Y, FEAH R A = Sl T, BIS-IS IR & 45 &
Guitri R AR SRR R S50 (BIS) U RIM/IME 2 . IXUFSE T E 245
A DA o 7 85 ) 1) R B S 20 AT 49 B, 20 HUR SN BE R A S R R
A RHFERL B IE LT, BN AR T 75 R R S5 A T DU AR T /D
JOST /NI RE SR8, 3K T R A R 2 2 B 1) AR 5 SR T FARAIG, ANTT R R 1 K112
BRI 2 B BB A .
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[FRIGERSE 22 AR ST AR A R G5 28 R (TR S I T

%i'5: NF-P-2
- HiEFiF: Irpinia, Italy-01
£ itk &f: Bagnoli Irpinio
% Al 0 WA M BNl O X 000 ] & [ e Fixed Base
— — —BIS
BIS-IS

0 10 15 20 25 30
B8 (s) 4
(1) bR Z AL s
0.8 T T T T 2
—~ 0. =
o)) zZ 0
% R
= -2
=
0.8 ! 1 : ‘ -4
0 10 15 20 25 30 -0.2 -0.1 0 0.1 0.2
B (s) Arf% (m)

(2) TUZ NI e 2

(a) NF-P-2 HuE A T K45 K i v

z

(3) Jy-hiAs i al h £

1 %w'5: NF-P-13
—~ 4 HiFEFF: Cape Mendocino
E ] 1K Gk Centerville Beach, Naval Fac
®
A 4 e Fixed Base
— — —BIS
. . . . 1 BIS-IS
0 10 15 20 25 30
B8] (s) 4
(D FBREABNE
0.8 T T T T 2
— 1 =
o E 0
%( E R
B -2
B |
08 | \ | | 4
0 10 15 20 25 30 -0.2 -0.1 0 0.1 0.2
B8] (s) R (m)

INERE (g)

0.8

-0.8

(2) THZ s i 2

(3) J3-Rraz i nlh £

(b) NF-P-13 7R H T B £k i

(1) MaREAL R 2

RI1E] (s)

|
10 15 20 25 30

A8 (s)
(2) T2 s i ) 72

71 (MND

%5 : NF-P-19
—~ M Fi4: Chuetsu-oki, Japan
E SR Edh: Joetsu Kakizakiku Kakizaki
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