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Z 2T, x(R)ITREEES, f(k)I13sh 7, y(k) I3 HIE

Thd. FEATHIA LBIIRATRIND.
A=eAT, B=(e”T—1)A'B
ALBIIKATER SN, CIIBINTIICTH D

A=lm ol [ nhB=ln S0 ©

k = 0DIFZNZHN T 2 RUTHEE D MERT 235612
ST, HADITHNEEZ%.

©)

F(k) = [f; (k) £, (k)] ™)
ZIZT, riIANOERATH D, ZONINTHIET D
B Z W24 H)
A(k) = [y, (k) yr (k)] ®)
BEHI, Q)L VAT DOITHNZHIGT B ISEDITE
LLTwNargnRgA—2nEG6n5.
A(k) = CA*"'B ©)

y(OIFBRIORY L THD.

22

N IATINES N AT RT A —H B3R & § HATHIT,
RALVEbIND.

Hk-1) =
A(k) Ak +B—-1)
Ak + 1) Ak +B)
: : (10)
Atk +a—-1) Atk +a+p—2)

ZIT, a7 a5, BEET A MR EMES.
FEIREN R A HEE T D BRI, NEXT IETIERL 72 H
HRENZE D &N T WATHIDVER DM T S, (10)20
WZ~ a7 NG 2A—=2QRERAL, NPT NATHIE
ST D LR EED.
CA*-'B
CA*B

CAk+B—1B

H(k—1) = CA**FB

CAk-I:ot—lB CAk+a‘+B_2B

C

A<l AP-1B] = P,A¥1Qp (1)

CA‘O(_l
ZT, 7y ZATHIPL T AT, QplE I HlfEAT

ﬁUT&;é. ERA {EIC K B AT AOEHDOT=ZD, (11D

[ZBWTk = 1& LTIZS5E ORI IEA1T D .

H(0) = USV” (12)
ZZC, uuT =1, Wl =1Thb,
S, 0
S=o o (13)
DOEFATHI TH D, ZnLx, 1), (12)xL Y H(0)
TR THEZ BN,
H(0) = USV" = U,S,V} = P,Qg (14)

ZIZT, U, VIIATHIU EVOEHIOnFIH SRR S
HITHNITH Y, PR~ T MVETH D, 12, X
KO kROBRIELND.

P, =U,S,/%, Qz =SVl (15)
(11), A5REV~a7 T 2 —2 ORI EONS.
C
P,=U,S/2=| CA (16)
CA;X—I
Qs =S/’VI =[B AB AB-1B] (17

EXEY, P, D&M OMIT L VEREATHIC, Qp D)
DOry LV EEEATIIBAGEOND. T, miTBRIA
DETHD. ARk = 20[HITONTE R 5.

- >
— —

H(1) = P,AQg = U, S,/*AS)/*V] (18)

16), (17), (18)\&L V{REATHIA, B, CORDLILS.
A =S PUTH()V,S,/? (19)
B = S./*VTE, (20)



C =ETU,S.? @1
ZIT, Ep, Enl3P, B EUQei AREATS & Hli
DIZHDITINTH S

(2) HERESZERE (SSD

TERA I ZERE ONIMEEY OISE D HIRREE S D
HEEZ1TH. At SSI 1% SSI 23 0, LUFITAANTE
THEMT LHE SSI OFREFIEE~T. RHAT » 7k
BLOk + ULTBT DREEEX,, Xy DHEEER,,
R BEHND L, fitEA ) X— 3 BT VR
T 5 Z L CHEEIRREZEI AR S D, Ihva iy 3L

[ZE o TR Z LIZ XV IRKD VAT DATHIE D,

pfe e
EXOOMIFTRITHNER L T D, IRIEEREHEE
To02, T—=2 T8y 717501 ZIRD L D ITHE
&9 5.

[Y_o Y} YN.—l 1
Y _ Yk Yx Yik+n—-2
0k=1 = [y Yr4q Yi+n-1 |

Yok-1 Yok y2k+N—2J

Yojk-1 Y,

N Y0||2k—1] - [Yfp] @3)
ZIT, kEETAUE, NekZ A PREES. Y,
Y (ZENENBUEOR AT » 7 Oila R LORKOT
— X EMERT. Y, DY ~OFEATHNEP, LEFRT D
&, PULATBLATTEIO, & RREHEETTHIR, DR TR SN,
O VTR RAE SR 2 O TIRRD L ) IckREN 5.

P, = 0, X, = USV” (24)

0, = U§/2 25)
EROBHRNS, R EZP, &0, L0 QOKD L ) ITHEE
Enb. 2B, 0,DRFEICHET A0 ESIF1I~mITAHL
DHLIEATHITH D, mAzER~Y MLETHS.
X, = 0iP, (26)

FIRRIZ, Yg DY ~DIEATINE P, LEFET D L,
01 EX 1 DEHR L VX DMHEE S LD,

Pr-1 = 0k—1)A(k+1 @7

K1 = O 1Py (28)
22)2(23), ROXANAT D & AT MMTFINEL,
VAT MTHIO1L~mATE Y LT b OMREATSIA,
m + TTLAREZE H L72 b OMMREATHICTH 5.

(3) HET AHETE/NTA—4

AWFFETIT NEXT-ERA D7 1 v 7475 e, &7 A
v NEB, FEEAZ FVEnE, fiE SSI 0T REK,
YA MEN, FRART FLVEMIZOW TR ZIT).
NEXT-ERA D7 1 v 7 4755 & Rl SSI DET /LIREL

23

=1 BHEMEOHEE ST A—4

No | EHR e R | BRI | A2 | 1A 4R
Eik (m) | I $ (m) () Wk (Hz)

1] 15) 1 PR J AR 88 78 0.01 0.9
2 | 15) R BB 85 76.5 0.01 1.0
3| 15) 1 IR J AR 137 123 0.025 0.7
40 1) S H7 1 119.4]  29.85 0.005 3.43
5| 2 ki 1380 720 0. 05 0.13
6| 3 i 1056 728 0. 005 0.16
7| 11) T —F 1 115 113.75 0.01 1.73
8 | 11) ST HE 225 87.4 0.005 1.45
9 | 11) S H7 1 479 240 0.005 0.37
10| 8) T 5 PC A HT R 365. 4 42.6 0.008 2. 64
1| 9 L A5E PCAE T 380 50 0.01] 2. 7R
12 9) | WiEERCT — A Ui 47 16. 1 0.01] 8.5fJ%
13] 9) BT PCTAT A 30.7] — 0.01] 6,552
14| 3) i 1056 728 0. 005 0.16

firg |7wvrmam| £y 20 b 5
Vol Zi |esaum| E® | <211k W=

7 /!

1 ERA 10 4
2 ERA 5 4
3 ERA 5 4
4 ERA 12 0.5| RAFRIEX0.5%
5 | NExT-ERA 23~28 20| 4 S A500L4 |
6 | NExT-ERA| 200 (400) 20(10) () VR A E R
7 SST 75~85 30 28~34
8 SST 40~45 30 10~50
9 SST 140 (60) 30 20~26 | () 1EE RIMEERF
10 SST 250~400 — —
11 SSI 20~100 — —
12 SSI 20~100 — —
13 SSI 20~100 — —
14 SST 100 (50) — —

VI NATE, T T 1y JITEIDITEOREI L,
FTTHY, VAT LATTRINDERRIEROHIZEES
WTIREEND D, N TH, T—2 71w 7175
OITEIINE DT — RERIET 55EAET WVikEE2n L
THMENH Y, TTHINSTEDLEES, —EOIRET
— RRRETHREEMNH D, /A ReGielhaii kv
KREVMEETELERDHY, 10nLl ESLIEE V) ik
HHW, BT A NRIIANCTIUTE, T2 T av
TTHNDFNEDOPRTEIZMETH DH. NEXT-ERA 15 TIIFHA
FIRERIS DR D ) A X Gdiendk 5, whE o7
—HEHEHATHIFRRENEWV I HERH Y B, FiE SSI
THE T Ay FENEWIE IR ERO LR /NS
STELHLEVWIHIHERDH D 0. FER~T FLVEE,
(1D DFE AR T DX AT THIZ R TS
TORFRUEOR A RET DT A—=FThHDH. VAT A
DO/ NEBDT= D, FRAY FVEE/NE L LTED/N
SV A BRET D 2 &L TAETII RV A REHY
RS ZEBTEDN Y, WETEBHEAIEERE—F
LI BRNTLE S 720, WEIRMEERET DMENH
5. AT ZNDD/RT A—Z TN THREFTH
D, WIS HEERERARIETHESD TRE VLD
Ths.

F-1 B E IO GHERL-AEREOEH L b
TWBHEE/NT A—F &R d, /NT A—Z I
HOBLODOHERLTEY, NEXT-ERA JE13/8T7 X —#
R L WA D Ip o 7728, ERAVED S D



CL
e ——— B mm
= —
= § \
8 3
& — v

2243 | 2757 ‘ 5 x 2600 = 13000 J_ 2757 J 2243
]500l 20000 1500

23000

(o)

X1 AfESMELE X

(a)FM81
CL
?:8 — B mm
2
1L .
L 3000 5 x 2800 = 14000 3000 ()‘
#50 20000 450
(b) — &

X2 BEsMEE X

HAHFETRL TS (Nol~6) . No7~14 L SSID D
Thd. £EV, 7oy 7978, 7 REIL 20~100,
T A L MRIZAB0BBMEHE TS, FRERAT b
JVRIESTHER 11)C 10~50 & LTV 5203, SR 4), 5D L
INHFFFYEOEIC BRI Z 3T T2 3l b & 5.

3. XREBRLEBHETIL

ARETIL, RGAGGROME & fATE T /DN TR
T 5. thalkd 5 [EAMERET & FRERE Nk 2
FEISE ORI, WHAAREREMTY 7 o7
ANSYS 2024R2 DE— X JRNT L AT L, BRI RIS
TEfRAT Y AT 2% FT-.

24

Ly
* [R]147
@A

(b)B 1
®-3 fRTET IV

®R2 MEEE

. AR A
A o Pye fif &
HiAL KA D
RN/n®) 0 77 7.84 T. 84t gt 7 #5
E 7138.0| 6109.5 i, iR
v SR X 16) L v
/) E, | 200000 237.9| 203.7[g=p,/30
E, 237.9| 203.7|g,=E,/30
V gy 0.4 0. 4|Gyy=Ey/16
BTVl | vy, 0.3 0.6 0. 6[Gzx=Gxy/10
vy, 0.9  0.9]0n=0x/10
N — Gy 116.1] as1.8|= 7 %
(/) Gy, | 76923| 44.6| 38.2
Gy, 44.6| 38.2

(1) HARBR

HEERIIEA, 2 17T AR, BBTHY, \Wih
HLABDOT —FHETHD. B I T A BIIEE 23m),
IEE LAmOARERCTH Y, BFHRIL 20204 Th 5. 7
U TR, FRHPED S A b
WHNTWD. B2 1R T B fITER 209m), 1EE
50m)THY, ATERMEICI VRIS TWD. 25858

X 1999 = TH D, T —F ORI I A THERA 2
FAWVSIL, FRAIZITMHEMERS 2 AV ST 5.

() BIETIVEEESENE

REFERO— X % e, B-3 DFFHTET V& /ERk L
7. BT IR ER T, T—F O HRDHE
FHELTND, Avialdd—F Ay =afiEic Ly
TERE L, R A X1T 05m)E LTWA. KHOFRIEA
ARERAE, BIRDEIEE CTH D, RICCRT, 7 —FHEK
MEOFMEITT —F & T ORI 5 L Tn5.
MEVESRIIR-2 IR TEAE AV TWDDS, ARER O BT
B &Y TIREE, TR SRR O G EH R IR O
iz, ZOfoY v 7158k & W AMHEMEERE TR
16)Z5BICH M LZ. A7 Y sk 17)ofE% v
TW5. R4 ICEAMEEITCHE LN 1~4 ROE AR
B CRENE— R0, AL CIEREDS 20(Hz)
LFDE—RIZEB LTS, 228, HWfEires v
ITFEET LV TH DD, AREMIEAZR GO BES



ARG Bf&

5. 76 (Hz) 6. 29 (Hz)
1
"

8. 64 (Hz) 6. 58 (Hz)
2
"

13. 73 (Hz) 11. 99 (Hz)
3
S AT

15. 67 (Hz) 17. 60 (Hz)
4
"

M4 EAERT TR D BEAIRE L IREE—

o
()

o

o

-0.1

IR (m/FH?)

BEfEE)
(@) WRHEESN )
%
N
E
o
{é
et
i |
2 g4 L L J
0 50 100 150 200 250 300
Bl ()

OHEE LIRSS (BAE, o)
-5 HIEHESN ) & HERE L7 & o—151

ZEN YT, MM EIOLE & i LT AW
EROFBENRRE 720, HEINLERREESII NS
72D EFPREND.

IS DFHTET W A EHEE > BAER L7z e KM
FE 0.1mv/AD HDFIRHMEN N1 A SnE T il L, 50
AT THE O R ONHEISE 2R 5. IR
DFAEBRIXT —F - B & T O R oA ()
L, BEBHITRLTWA. IRZIAE d=0.001(FD), &
BRFRIZ30000) & L, BEEEEL002s Lz, AL
WIRARENN ) & 15 ST O 2 &5 1T

4. HFENTA—FDET (NEXT-ERAK)

A, B EONLEEISE DS NEXT-ERA {412 L 0 fREhFF
PEHEEL, T ry 7T, 7 AV MR, FRERRY
MR EHEEREROBWR A BT 5. FHAAAREI A K
O HEEOSHAIIR-3 IR O & 5. [EARE
B L HETE/ T A —2 OEAfRIT Stabilization Diagram 2 & -
TRHils % B9, F£7-, #REE— NI OW T EEEZ

25

—————— TT T T T
5
100—5$T———%§——€—{ ——————————
£ PP A S G p—— — —
= | & |
Leoroo---dd bl bl
o o NExT- | ¢ ?
g 40 ERAGE %”*C \
0)-——ERE|s- - 51— ——
g |0 o |
0 | |
0 5 10
RENE(H2)
12‘)IBg T I I \
oo BE___ 1 P S R P
| pii [ IE [
Bogol 1 S P 777‘77*%77
<2 S
fal
540[ © NExT 7;%7777}7;&777}77@777
~ | ERASE | IF g [ &
0-——BFE| - - — -1 & &
| B | @ oo ‘ é
ol [ [ \ \
0 5 10 15 20
RENHI(HZ)

B6 7oy ZATHEI KR D IREEHE S R

0 40 60 80 100
709017515k
1.2
r T T T N
BB L 4 s
| =85 Y
08l | ‘\ I \ | 9
T hadl L I I s
Sosl S/ am & R
<§( - | | | |
S S IO PN BRI
04 | | | | |
L | | | |
02 | | | | |
ol \ | \ \ .
0 20 40 60 80 100
F0vD1T51%

®7 7wy 775K S MACHH

St 5+ CH D MAC (Modal Assurance Criterion) fi
ZHV, k0 FET S 9,

|¢‘eig'¢est|2

|Deig|’ Destl? 29)
T T, Geig FEAMAT TR OIVIAREIE— R D
4 DOINERBROEEMH L7 H DT, ¢egld NEXT-
ERA JECHEE LT IBENE— R CTHD. IREVFHEDOHEE
VIHAERRNT Y 7 R =7 MATLAB YRR L7701 /5
Y9 LAY

MAC =

(1) TBEvI1T5IH

RN EBEI, T uy 27175 % 10~100 OFIFHTE
Z, BT AL NEIX20(0D), FEEANZ MUVEIF25ELT
REVREEDOHEE 21T o 72, BB 127 1 v 7475 Tx3
2 HRENEHE B R 5L Stabilization Diagram %773~ FERAY A
T, TEDBREBOHERETHY, XHDON NEXT-



IR PRl SR S R
Rs0 - ———— e O B~ — — —
¥ | ) Lo L
Wg0f——— o=~~~
RO N [ 9T
D 20 ERAL [@—— 04— ———®- & — — — — -

- ES IR -

0 ﬁg*ﬁ | | | | L1

0 5 10 15 20
RENH(H2)

Ll Tl - T \

Y . R S S B S U S
~ R L | |
Rs0f————— N -
W Il [ \ I \
Wa0f —— o
Tl e
N 20 ERAE |—® ———+— —0- — —+— — 0~ —

—— & Ul I | |

] = R e I

0 Ll | | | |

0 5 10 15 20

RENE(H2)

B8 &/ Ay MEICKT AIEBHHEERESE

003 | | T | | T
0.025
& 002f— —=—===
iz T N
jfg 0015
B o001

0.005

30 40
IRV ERED)
|

30 40
IRV MRED)

B9 & Ay MEICKHTAEEEROEL

ERA VEIZ X D IREWEHHEERE R, Aol A fEfRHT I &
% EA RS A R LTS,

BERME IR CRERNMGE SN TV DA, ARGIE3, 4K,
B &L 4 IR C—ERAHEE SN R DR TE 5. 7'
v JATHER L HEERE R OBIRE R D &, 7 a v 74751k
D10 DEXDOH ARG, BIEE bixb BARRERNES
nTna, B7i27 vy Z79580cx4 5 MAC fEOZE
fbZrmd. ARED 4 REakrE, i 08 LLEOERED
NTWA. DLEORERLIY, AR, BiEELT v 7T
FIEHY 10~100 OFPHClIIMERE A BT O B4 TREL
IRV MG SN b DD, 7a w Z717580E10~20
BRECTRWEEZLND.

@ wIAVEE
v A MEE 10~60Ff)DOFFETE X, 7 a v /T
FIEIE 10, FRRAY BRI 25 & U CIREVEEOHEE

26

70

T T T
ool MB_ 1. s oo
I Lo 1
W50 ————— 4P —— Pt ——— -+ ®————
Zaol b
; by b __
AL N
# 20 ERAZG [ —— 04— —— & 40— ——— |
-——EHEE|__ L Ll
10 - T~ it
0 AT | L L
0 5 10 15 20
RENH(Hz)
70 T 1 I
60_E*E___J._(@;___J__d;____l___@___
Y o |
5ot ————— 4@ - —— == —— o — — 90— —
= ! I |
=Sl e e s Eets oty ety
: P S B S SR SR
R I S .-
7 20 ERAL |—® — —— + — —0- — — o — — 90— —
——-EaE| I |
10 . it St e Bl ey
0 L I L |
0 5 10 15 20
RENH(Hz)

B-10 HREAZ BVRICKT 2 IRBEHEERE R

100

20

BEEOES
B-11 RRREOZTE)

otz B8ITE /A v MEICKH D IRE S s
@ Stabilization Diagram % 759"

X, 72y MRIZBEDOTHEE LI REEI L
HEMATOREREIFE S Lz, £, IS 02Xy
WEEHEDOHEEIZBWTITE 2 A v FEOEN KX
EWOIRTN D D12, B A L MRICHT s
R Uz, BQITHERZRTD, AFTEIC T A Rk
DEBELTOR2WEEIH L 00, HTOEEIH
HZNEEEDEIELNTND. (-, BZ A b
FIT 1020 TREWEEZ HND. 728, MEOHS
AT %7 MAC BT A #67C 085~1.0, BET 090~
10 CTh-o7-.

(B) BHEARVFLE

BRRA7 MVEZ 10~60 OFHTEZ, 71 v 71T
ST 10, ©7 A2 FRIZ1000) & U CHREEHEOHEE
177 B0 (TR~ R LE O Stabilization Diagram
BN

K&y, #FE7 SLVEN 20 LLEOGAITHEE LT
IREN & A AT OFE R2NTIF—E L, 10 OLAIE
—IEOFEENE LN TRV, BRAY MLER/NEL
FTERE—RFRRRELCLESTZT=OEEZLNS.
&-11 12(14)2) X 5 LIV D R MEOEE 278 LT



120

T T T
1%-Mﬁ———% ——dpd————do & ——
OO‘ |
ﬁ 80f————— D >SN ooy D S
T S SEEE S
WA e esst]? 0 T 0
sol-—-EEE |6 - o1 L&
g0 © 19
0
0 5 10 15 20
RENE(H2)
120 Tl I
B#& | | |
100F == ——— G- —— =~~~ P
LU REEEEEE SEREES SR o
ARl st SEEEES S
1h ‘ ! !
WA s essl| T T T T T L T T T T T
20 |-—-BEHEME |-~ b1
mr_| o °  ©
0
0 5 10 15 20
B (Hz2)
B-12 7 VREIT T DIREEHE R R
12 :
|
1' ________ 46 -
& —©O_ |
@ 0® i
éam————————————— LA
04 T e e T
02 ]
0 R NS S |
0 20 40 60 80 100
TR
[ | | I |
B e
08___j_‘____L____l_&,_‘__j_l__
w4k IR 3%/ 2k
Qo6l———— [
04 N N R N R
04f———— I i e ity Bl
l____ [ T RS B B
02 | | | | |
0 | | 1 | |
0 20 40 60 80 100
EFILRE

®-13 &7 /WREIZIKR 5 MACTE

5. KX, BREOFRZ) 12~19 282 5 L FRE
DB L, 20 2 X5 L7727 IciR T
TW5. MACHEIT ARG CTHREENY FLVED 10 D5
00~0.1, 20 I EDEAIE 085~10 THY, B IETHE
AR RVED 10 DAL 00, 20 LIEOEAIE 10 TH
St TIVHORERND, R MVEIT 20 BLEE
FTHUSLE LTEHEENTREE B2 bid.

@) HENTA—FDOEREGERRE DLLE
NEXT-ERA JEOHEERE RS, 7 a v 7475158 10, &
T A MEI0E), FERAZ MVE20 &5 & Bt
EREREISD Z ENTE 2, AENISEIC ) A X EEfE
LTV, -1 OBHEMIFEOHEE T A —& L Ll
T 5 EAEROFECH IR /2 5 b 00, Ta vy 7175
Bt s Ay MRITHEBABAENITRISEME & 72> T
5. RN M LRIZOWT BRIl Z ED TN D

27

~
o

T 1 T
B B o S R L EEEEE
@50 777777 TO—— P f——— O P — — — —
| | |
W40t ————— o=~ -~~~
.
D2 o HESSI|e—— 0 -0 1o~
e EHE | Lo Lol
O A e e R
0 | L1 L1
0 5 10 15 20
IRENE(H2)
0 BiE Tl | | [
T e S R
@50-——————r—@————r——@————c———@———
| | |
A R e R e
D e
D20 o F#SSI|-® -~ 40—+~ @
ol —EAE|
by l L
0 5 10 15 20
RENE(H2)
B4 &7 A bRICHT B IRBE TR

SCHRIFEE DORDIRY BT 672070, GO Rrs
HOEBMNO R YR BHEEZ LS. ULLY,
NEXT-ERA £ CIREMHEDHEE 217 2 56, BEENTIEL
[FIREEDHEE T A —Z ZRET TRV EEZ DD,

5. HEFE/NTA—FDIRET (R SSI)

AR & (A CHMEEEISE D DRt SSIIZ & v IRENREEA
HEL, ETWKE, B AV MNE, FRERT PLEL
HEERROBMREZET D, HROFMIIATE RIS
Stabilization Diagram & MACfEIZ X V479 .

(1) ETILRE

T BB, BT VREE 10~100 OFIPATE %,
T A NRIZ200), R MVEIE25 & U CHRE)
B DOHEE 21T 7. B-12 ITETKED Stabilization
Diagram %753, RTEERREIC RS AKE, TES BIGD
HEERETHY, KPoONFRE SSI I X 2 IEEHEE
FER, HRRONEAEATIC L D EA R A R LTV D,
*7-, B131Z MACfEA T

B-12 £V, ARBITET AREDS 40 DL EOBEITRHE
ESNIRERN RSN, B30 MACHH b HiEZME T3
MR TE 5. BIED MACIEIZW T D EH 09 LA &
2o TWDN, B12 OIRE¥E RS &7 NRED 60
PLEDEAIC 4 ROEA IR L 0 R EWVFERHEE S
TR MG CTE 5. ZNLOREEND, 7 WKk
1L 10 CRIEDN N B 2 Hivd.

Q wIAVEE
w7 AV NEE 10~60f)OHEIBHTE %, T WIRER
1310, R MR 25 & U CIREMRIEOHEE A1 T



A*% | | | | |
R ey M R I R
ﬁ 0.02 ___%t._%%:P?___
= — 1R | \ | \
R ey > [ e R B
—e— 3R L __ _I___ 1 ___I___L__
0005 R —Y I [ I [
0 . ! ! ! ! !
0 10 20 30 40 50 60 70
TIAY MRED)
003 BiE | | T | T |
= I I I [ I
L e iy Bl Ry
\ I I I | I
0015 e ]
g ooll—=l
R 2 B [ e N
—— 3R L]
0005y . 4k | I I \ |
0 : | ! | \ !
0 10 20 30 40 50 60 70
TIAY MRED)

15 &7 A2 MEICHTABEEROZL

ol B4 1287 A v NRICKT S IREEHEER R O
Stabilization Diagram, BJ-15 (2% 7" A o MRSk 2 i
ER T

KLV, BETEZ AL MR 200)DEED 4 RS
(CREHEE SNVTRER N B 5208, BEQE A AR Rz
WREIZHEE CTX, WORERH NEXT-ERA {ERERICH
TF-OEELIH D HDODIHFT EDENESNTZ. 7B,
MAC fEiX AT 084~10, BH&ET090~10 TH-o7-.

(B) HEAVMLE

R MLEE 10~60 O TE R, T VKRE
Z 10, B A MREAZ 10/) & U TIRERHEDOHEE 21T
o7 E16 IZFERAY R LE O Stbilization Diagram, [E-
17 R R E O E B 2 v T,

X-16 LV, NEXT-ERA {EDfER L [FEEICHE R~ K
NVED 10 OERIT—HORMENMEFONTE LT, B17
Tl FAE DTSN 8~20 DOEPH CHEEUE AL )
L, 20 ZZ % ERIZE070 N> Tnvd. MAC
BT A TR FLED 10 OEAT 00~0.12, 20
PLEDSAE1E086~10 TH Y, BE TS FLEN
10 DEFAIE 00, 20 LL EDOBATE 090~1.0 ThH - 7.

@) HENTA—ZDEREFEME L DLLE

A SSI OHEEFERN S, T WRE 10, B A2 b
£ 10(0), HR~7 FLVE20 &5 & BIFRHEER R4
1552 LM TEIZ. R OBHIMIEOREE T A —H &
BT 5L, BT AU E T AL NRIINRD /SN
BEipot=. ABFEIY I 2 L—y a L ABETH
0, JARXEZFELTORWEELH DA, BHENED
XD &/ NSVMEICTE D FREMENRSH 5. R~ K
JVRT BRI 2 BB SR S U7 STk DS D 72 o T2
STHER 1O EAE & B ME & 7o 7.

28

70

I ME_ 1 _ e
%0 TP a9
W50 ————— 4P — A ——— =@ ————
= | | |
T B e B
o b S SN It St Sty
- 0]
# 20 O RIHESS[lOo—— 04— -~ 40— ———
. & | | L1
10 EI@E“‘ It Aaiieale & iy
| | | [
0 5 10 15 20
IRENE(H2)
70 B - — I T
oo Bt e
W50t —————4-—@®———4——-———— o0 —|
- | | | | | |
RO T TR T T T e T T T T
<gt--———-Ll-d-—-L-b b
4 Ld [ | o
420 O BIESSI-®——— 4o ——+4—— -0 —
,,,@ﬁﬂg | | | | |
10 T T T T T T T T T 9
0 ﬁg*ﬁ- | | | | |
0 5 10 15 20
IRENE(Hz)

B-16 A VRIS 2 IREEHEERE R

10°
ol
B 10° \
* |
|
|
|
5 !
107 10 20 100 1000
HEBEOES
17 FrfEoZE)
6. £&O

AMFZE CIIANE OIRENREMHEE | A% R E 54 8
T5H70, ERNIZEEE S TW SRR 7 —F 16 % %5
|{ZNEXT-ERAJE & RIHESSIOHETE /8T A — H T DUV TEH
FENTIC TR 21T o 72, BLTICAIIZED £ & &R~
1) ALY —FAEDOBEAZ RSO B ES E 5 % 72 VT

TIVEAERC L, RIS ST 2 e L. Bohie

DM FESSZ D> HNEXT-ERATE & AIEESSIT K V) RENFFE

DOHEEZATV, 7 a 71758, 7 WIkEL, B A

v NE, FRRAT MVE EHEERE R OBMRE AT
2) NEXT-ERAVE CTlE 7 v v 7475148510, 7 2> b E

10R)), #FA~R7 N VE20DEAC BAF 2 REV I EHE

ERERPMEONTZ. Ty 71 E 7 A v MR

BEERFZE CHOW DI TN D /8T A—F L [EFEEDE T

BV, FR7 MVEITRERES R CE O R E

DEENNOZE BB TH D L B2 HD.

3) B SSI TIEET LRI 10, &7 A M E 1001, *F
HAY MVE 20 O EIZ BAF R IRV RFEHEE FE R0
Bohi-. BEFAEEE BT A L NRIFEHIIZECH
WHILTNWDRNT A—X LD H/NEWVMETH Y, R
A7 RVESGER 1D E RIFEEOETH - 7.



SBOMBE LT, AWEOGHELR L hORFEREOA
fEaRR e LIRSS T — 25l =i L, ARTET
FFONTHEE T A —F 2 LT-BROHEEREEEIZ DU
THREZTT ) PETHD. F£o, AWFETIT2RITOWF
HET VA AN, AR ORGSO BRI MR
ERAEROHERE /X T A — Z I RIT TR OV T, 30T
BTN T EAEIRATIZ 1 2 Wt 2 S L 7=\

REFERENCES

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

HARGRAL, GASERS, BORE, LREZ, = RE—,
KR\ - HERRENFHANC X 2 MR sk TG O[5 A
REVRFIEREICBIT 2 — B8, LA AMRE S5
FOCHSEE, %8 66 B, 2010. [Miyamori, Y., Yumura,
M., Ban, K., Yamazaki, T., Mikami, S. and Oshima, T.:
Modal identification of curved steel plate girder bridge
based on ambient vibration measurement, Journal of JSCE
Hokkaido chapter, Vol.66,2010.]

Dionysius, M. S. and Fujino, Y.: System identification of
suspension bridge from ambient vibration response, £ngi-
neering structures, Vol.30, pp.462-477, 2008.

Xianfei, H., Babak, M. Joel, P. C., Ahmed, E. and Sami, F.
M.: System identification of Alfred Zampa Memorical
Bridge using dynamic field test data, Journal of structural
engineering, Vol.135, pp.54-66, 2009.

Farrar C.R. and James III G.H.: System identification from
ambient vibration measurements on a bridge, Journal of
sound and vibration, Vo0l.205, No.1, pp.1-18, 1997.

Juang J. N. and Pappa R. S.: An eigensystem realization
algorithm for modal parameter identification and modal re-
duction, Journal of Guidance, Control and Dynamics,
Vol.8, No.5, pp.620-627, 1985.

Akaike, H. : Stochastic theory of minimal realization,
IEEE Trans. Autom. Control, vol. 19, pp.667-674, 1974.
Overschee, P. V., and Moor, B. D. : Subspace identifica-
tion for linear systems: Theory — Implementation — Appli-
cations, 1996.

Elisa, T., Enrique, G. M. and Filippo, U.: Fast stochastic
subspace identification of densely instrumented bridges us-
ing randomize SVD, Mechanical System and Signal Pro-
cessing, Vol.225, pp.1-21, 2025.

Keunhee, C. and Jeong, R. C.: Stochastic subspace identi-
fication-based automated operational modal analysis con-
sidering modal uncertainty, Applied Sciences, Vol.13,
pp.1-18,2023.

PR SC, HACORHE, AT =, RARPRE : SERA)
B — NHEE O 72 & DG R E S 12 BT 2 MR bT O
B, Ml T U, Vol62A, pp.226-238, 2016.
[Nishikawa, T., Tashiro, D., Nakamura, S. and Okabayashi,
T.: Analytical study on parameter determination of system
identification methods for operational modal analysis,
Journal of Structural Engineering, Vol.62A, pp.226-238,
2016.]

HARKH, PIESC, PATEE=, R - FRE
T =& e T T e R AR 4y ZE RNE O [ E S 2 B
DRt s TR SR, Vol.64A, pp.343-353,
2018. [Tashiro, D., Nishikawa, T., Nakamura, S. and Oku-

29

12)

13)

14)

15)

16)

17)

18)

19)

20)

matsu, T.: A study on parameter determination of stochas-
tic subspace identification by the bridge vibration measure-
ment data, Journal of Structural Engineering, Vol.64A,
pp.343-353,2018.]

Altunisik A.C., Kalkan E., Okur F.Y., Ozgan K., Kara-
hasan O.S. and Bostanci A.: Non-destructive modal param-
eter identification of historical timber bridges using ambi-
ent vibration tests after restoration, Measurement, Vol.146,
pp.411-424,2019.

J. M. Caicedo: Practical guidelines for the natural excita-
tion technique (NExT) and the eigensystem realization al-
gorithm (ERA) for modal identification using ambient vi-
bration, Experimental techniques, Vol.35, pp.52-58, 2011.
Reza, D. N., Farzad, T., Mazen, W., John, P. C., Sami, F.
M., Joel, P. C. and Ahmed, E.: Study of time-domain tech-
niques for modal parameter identification of a long suspen-
sion bridge with dense sensor arrays, Journal of engineer-
ing mechanics, Vol.135, No.7, pp.669-683, 2009.

AMRIE S, BARGRE, RAKFERL, TIEEM, RHESE
S EBHERIC L D EEAEE AT DS OIR
R MEHEE, S PR SCEE, Vol.S9A, pp.340-352,
2012. [Komatsu, M., Okumatsu, T., Okabayashi, T.,
Shimozuma, T. and Fukada, S.: Vibration characteristics
estimation for the structure with closely existing eigenval-
ues by realization theory, Journal of Structural Engineer-
ing, Vol.59A, pp.340-352,2012.]

FPInnovations: Canadian CLT Handbook 2019 EDITION,
Chapter.3, p.7, 2019.

B EHRIIERT : SUE 4 AM LN R T v 7,
pp-134-135, 2004. [Foresty and Forest Products Research
Institute: Fourth Edition Mokuzai-kogyo Handbook,
pp.134-135,2004.]

OKFIE, BWEEEE, P30, ff=n, =%
Wb, NERER R RN X D B IS Y O S E
HJEWHEE FIE, SLEARPHRE, Vol25, Nos,
pp-35-40, 2011. [Tokunaga, M., Sogabe, M., Uehan, F.,
Tanimura, H., Murono, Y. and Ono, K.: A estimation
method for equivalent natural period with microtremor
measurement, RTRI Report, Vol.25, No.6, pp.35-40,
2011.]

Hhf, OHUERE, 1Az, AR N T A
DR REN Y & F— R LRI L 7o
e LR, EARFERELE A, Vol66, No3,
pp-516-534, 2010. [Yoshioka, T., Itou, S., Yamaguchi, H.
and Matsumoto, Y.: Structural health monitoring of truss
bridges based on damping change in diagonal member-
coupled mode, Journal of JSCE A, Vol.66, No.3, pp.516-
535,2010.]

Hhgh, RZEe, CHERE, REBGE W T 2
DIRENFFE D [FE & B S KAT I P Rg ~ D
W, MG TomUSE, Vol55A, pp.295-305, 2008.
[Yoshioka, T., Yamaguchi, H., Itou, S. and Harada, M.:
Identification of vibration characteristic of the steel truss
bridge and influence of diagonal member damage on
damping, Journal of Structural Engineering, Vol.55A,
pp.295-305, 2008.]



A STUDY ON PARAMETER SETTINGS FOR ESTIMATING VIBRATION
CHARACTERISTICS USING SYSTEM IDENTIFICATION

Tatsuya SHIMOZUMA, Humihiko GOTOU, Daisuke OIKAWA,
Shozo NAKAMURA, Takafumi NISHIKAWA and Hiroshi WATANABE

In response to the growing issue of deteriorating bridges, studies to detect bridge damage from changes
in vibration characteristics have been conducted. These previous studies use such as ERA and Stochastic
subspace identification. To obtain accurate estimation results using these methods, it is necessary to appro-
priately set the estimation parameters. However, study focusing on timber bridges remains limited. This
study applies NExT-ERA and Stochastic subspace identification to estimate the vibration characteristics of
timber bridges. The resulting estimation parameters are then compared with those from previous studies on
steel and concrete bridges. The results showed that satisfactory estimation results can be obtained when the
parameters are set to values equal to or slightly smaller than those reported in previous studies.
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TORSIONAL ANALYSES AND TESTS OF TIMBER SLAB
REENFORCED BY STEEL CHANNEL

Hideyuki HIRASAWA, 1kki MIHARU, Jun TONUMA and Takanobu SASAkI

A type of hybrid slab consists of timber beam and steel channel member is presented for an emergency

timber bridge. On the slab subjected to vehicle load, the hybrid beam is twisted by the vertical force acting
off-centering. This hybrid beam is assembled by some bolts. If a lot of bolts are used in the hybrid beam,

the timber and the steel are integrated rigidly. However, it takes more times to assemble the beam if a lot of
bolts are used. It is necessary to assemble the emergency bridge in short time under the disaster condition.

To find the appropriate number of bolts, loading tests were executed using test pieces with 3-, 5- and 7-
bolts and warping torsional analyses were done. As a result of tests and analyses, the most appropriate

number of the bolts is seven which agrees with the result of analysis of the integrated model.
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Compared with other types of bridges, wooden bridges allow natural frequencies to be measured rel-
atively easily through vibration testing. By using natural frequencies corresponding to multiple vibration
modes, it may be possible to evaluate changes in the overall structural stiffness from multiple perspectives.
However, in vibration measurements of actual bridges, it is not always possible to obtain all natural fre-
quencies stably because of the effects of measurement conditions and other factors. In this study, four types
of natural frequencies obtained from finite element analysis of the Kajika Bridge were used. One natural
frequency was treated as a missing value, and the remaining three were used as explanatory variables. The
missing natural frequency was then estimated using Gaussian process regression and multiple regression
analysis. The estimation accuracy was evaluated using five-fold cross-validation. As a result, the mean rel-
ative error was less than 0.1% for all target natural frequencies, indicating that missing natural frequencies

can potentially be estimated with high accuracy.
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Comparative Life Cycle GHG Emissions of Cross-Laminated Timber, Stress-Laminated
Timber, and Reinforced Concrete Bridge Decks for Forestry Roads

Hinata TANIGAWA, Takanobu SASAKI, Ryuya TAKANASHI and Kei SAWATA

Many forestry road bridges in Hokkaido are experiencing significant deterioration, and replacement of
bridge decks has become increasingly necessary. Timber bridge decks, such as cross-laminated timber
(CLT) decks and stress-laminated timber (SLT) decks, are expected to contribute to carbon neutrality com-
pared with conventional reinforced concrete (RC) decks. However, few studies have comprehensively com-
pared their life cycle greenhouse gas (GHG) emissions while accounting for maintenance activities, includ-

ing protective coating and preservative treatments.

This study aims to compare the life cycle GHG emissions of three bridge deck systems: a CLT deck
coated with polyurea, an SLT deck made from larch glulam, and an RC deck. The assessment is conducted
for Bridge No. 1 on the Okutani Forest Road in Akabira city, Hokkaido, Japan. A 50-year service life is
assumed, and GHG emissions are evaluated from material production through maintenance and end-of-life
treatment using the IDEA v3.5.1 life cycle inventory database.
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CONDITION ASSESSMENT OF HAKKAI TIMBER PEDESTRIAN BRIDGES NO. 1 AND NO. 2 IN
OSHINO HAKKAI

Daisuke OIKAWA, Tasuku KANNO, Shunichi TSUJI, Kouichi TAKAHASHI and Yasuhiro KODA

This study investigated the structural condition of two timber pedestrian bridges (Hakkai Bridge No. 1 and No. 2)
in Oshino Hakkai, which have been in service for over 30 years. Global flexural stiffness was evaluated via vibration
tests using smartphone accelerometers, while local deterioration was diagnosed using stress wave propagation tests
(FAKOPP), pin penetration tests, visual inspection, and hammer sounding. Based on the measured natural frequen-
cies, the estimated reduction in flexural stiffness was approximately 24% for Bridge No. 1 and 21% for Bridge No. 2;
nevertheless, three-dimensional numerical analyses confirmed that both bridges currently satisfy the required structural
performance. Conversely, local diagnoses revealed significant internal decay at the main girder joints and pier mem-
bers of Bridge No. 1, and at the girder ends and deck members of Bridge No. 2, highlighting a discrepancy between
visual soundness and the progression of internal deterioration. These results demonstrate the critical importance of
a comprehensive assessment that combines global vibration-based evaluation with local deterioration diagnosis. Fur-
thermore, this study proposes future maintenance strategies, including planned bridge replacement, taking into account

increasing tourist demand and universal design perspectives.
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B
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E, F, P ax MC P op

g &5 kN/mm?> N/mm’ kN %  kg/m’
¥ S1.2 522 Mean | 345 Mean | 80.4 |ghlS - BAMT [12.0 405
S5.2 535 520 | 37.2 33.66 | 86.7 |HAW 11.8 418

S7.1 484 CV. |296 CV.|69.1 [@ghif 12.0 401

S8.1 5.01 5.4 323 85 | 754 |#hlS 122 403

S14.1 5.57 34.8 81.1 [dhlS - HAKT [114 401

E/* H2.1 7.10 Mean | 56.9 Mean [132.8 |#lF - BABT | 8.0 476
H5.2 7.11  7.14 | 57.8 52.44 [134.9 |ghlS - BAMT | 72 467

H11.1 || 735 CV. | 487 CV. [113.5 |#hlT - BAMT | 7.1 457

H16.2 || 7.06 1.7 | 463 9.6 [108.1 |#lS 7.9 459

H18.2 | 7.05 52.5 122.5 |#hlS 7.8 466

Th=Y A2.1 6.28 Mean | 45.8 Mean [ 106.9 |#HIS 10.1 473
I A4.1 6.43  6.26 | 45.8 44.23 [106.9 |#hAlS - BART [102 480
f&E A5.1 6.14 CV. | 364 CV. | 849 |#hlf - BABT [10.1 483
w A8.2 6.03 27 | 467 10.0 [109.0 |&alS 11.7 468
All.l | 6.40 46.4 108.3 [dflS 9.5 492

hs=y K7.2 6.72 Mean | 49.8 Mean [116.1 |#RIS 11.9 562
K10.1 || 6.70 7.20 | 46.4 50.87 | 108.2 |HAMT 104 567

K15.1 || 7.10  CV. | 542 CV. |126.5 |HART 98 574

K182 || 7.84 7.2 540 6.5 |126.1 |#ES - BART |103 581

L K22.1 | 7.61 50.0 116.6 | AR 9.6 578
~FhviN B6.1 831 Mean | 653 Mean |152.4 [#alT - BAMRT [ 89 561
B8.1 822 8.11 | 59.4 57.40 [138.6 |HART 8.1 573

B15.1 || 8.08 CV. | 563 CV. |131.3 |[BAHNT 73 593

B16.1 || 796 1.8 | 48.0 10.9 |112.1 |EBAMT 75 586

\" B16.2 [ 8.01 57.9 1352 [HAUNT 7.7 594
e 4.1 5.13 Mean | 35.1 Mean | 82.0 [lS 13.8 402
S5.2 537  5.06 | 352 3595 | 822 |®lS 12.0 421

$9.1 495 CV. | 361 CV. | 843 [@ghlf 129 411

S10.1 5.03 4.2 389 49 |90.7 |#hlf 13.1 411

L SI1.2 | 4.81 34.3 80.1 |mAlS 13.1 403
e/ * HI1.1 727 Mean | 55.4 Mean [129.2 [#hlS 7.7 483
H4.1 751 743 | 534 5292 (124.5 |d#hlS 82 476

H6.2 722  CV. | 522 CV. |[121.8 |#hiS 73 467

H10.2 || 7.48 2.5 | 534 3.5 |[124.5 |ghiS 7.9 473

H13.2 || 7.68 50.3 117.4 |#lF 7.7 468

Th=Y A3.1 6.73 Mean | 43.0 Mean [100.3 [#RIS 9.8 488
i A7.2 723  7.14 | 47.6 50.04 [111.0 |#RlS 10.8 508
f&E A102 || 726 CV. | 53.0 CV. |123.6 |dflSf 9.9 500
W Al12 || 738 3.5 | 532 93 [124.1 |glS 9.5 511
A12.2 || 7.07 53.5 124.8 [dflS 9.7 522
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K5.2 8.84 8.70 | 60.4 61.03 |141.0 |#lS - HTART [10.6 756

K9.2 893 CV. | 587 CV. [137.0 |galS 9.6 573

K13.2 || 8.52 2.0 615 3.5 |143.5 |#hlf - BABT [ 9.7 577

K14.2 | 8.58 64.5 150.4 |l 109 574
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B4.1 793  7.73 | 69.7 68.17 [162.5 |#hlS 83 563

B6.2 775 CV. | 640 CV. (1492 |ghlS 82 564

B8.2 740 26 | 717 5.7 |[167.4 |#lS 8.5 574

Bl14.1 || 7.85 71.5 166.9 |#LS 84 569

) C6 492 Mean | 25.6 Mean | 59.7 [d#hlF 63.2 424
C7 586 5.08 | 363 33.86 | 84.6 |dlS 66.5 463

C8 544 CV. | 413 CV. | 964 |glf 55.8 458

C9 476 11.1 | 35.0 17.4 | 81.8 |@hlf 69.8 443
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BENDING PROPERTIES OF EXPERIMENTAL LVL-RAILROAD SLEEPER

Rintaro UEDA, Makoto IMAI, Yoshinori Ohashi, Ryuya Takanashi,
Takanobu SASAKI and Teruhisa MIYAUCHI

Development of LVL (laminated veneer lumber) railroad sleepers is in progress to secure a new substi-
tute for the conventional solid lumber railroad sleepers of which the sourcing capabilities are shrinking, and
to maintain and expand the demand for Japanese wood resouces. Bending properties of 5 experimental LVL
sleepers of Japanese cedar, Japanese cypress, Japanese red pine, Japanese larch, and Japanese white birch
and 3 commercial solid wood sleepers of Japanese chestnut, Japanese larch, and Kempas were examined
by bending tests according to JIS E 1203. The tested solid lumber sleepers showed remarkably different
results between wood species, implying that the bending properties of commercial solid lumber sleepers
are broadly ranged. The bending properties of the experimental LVL sleepers of Japanese cedar, Japanese
cypress, Japanese red pine, Japanese larch, and Japanese white birch were distributed within those of the
solid wood sleepers, regardless of the laminated direction. Thus, it was considered that those 4 experimental
LVL sleepes had an equvalence to the solid lumber sleepers in bending properties.
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STUDY ON ADHESIVE LAYERS IN STEEL-PLATE-INSERTED GLULAM BEAMS

Kodai HATTORI, Taisei MUMANO, Jun OKADA and Humihiko GOTOU

In this study, finite element analysis was conducted on steel plate-inserted glued laminated timber (glulam) com-
posite beams to investigate the effects of bonding defect ratios (30%, 50%, and 70%) and bonding defect distributions
(patterned and random) on structural performance. The analysis results showed that, as the bonding ratio decreased,
the stress transfer capability between the steel plate and the glulam deteriorated, resulting in reductions in stiffness
and stress at the midspan region. In addition, it was found that not only the bonding ratio but also the location of
the adhesive significantly affected the stress distribution and deformation behavior. Furthermore, stresses exceeding
the shear strength of the adhesive were observed near the ends of the joint, suggesting the possibility of debonding.
These findings indicate that maintaining a high bonding ratio and achieving uniform adhesive application are essential

for preserving joint performance.
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