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13, S.EICFLE L= AHAI Ty B R & YR REE L
WELRTH 5.
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4. BbhHYIc

AHWFFECIE, FIEEIRBREOHT 7= D AIRENC X 0 #REE
THENCRE IRET 5 = & CERERC L MR A2
LHREY X 5 EHRAHTICEHE S U7 B OBREIR 2R
LR EFHOT S 720, HIEEPIRD D X5 Tv-
ARX BT NVEEERIL L. DTFICE LN fR L
7
c BEY I ab— g X BT AR RERE
BEAL LMY x5 LEMEREHO TV-ARX £
TV J 0 HEE S A7 b E A IREE O 2B 3
—H L=z, RETT /UVITBREN 72 E A R

DOEEBPEZ HNDZ L, BEHRICLAMEOH
AT CEX D Z LRGN E o T
WIIME EREDRR & 722 DRI IS 1T B B E A 1R
B OHEE I IAIRTRE AL ~3%FEE CTH D, 24
IMETHD Z L PHERS .

FERIEPEDAE U 2 fElds K OWE & FERE ik
DERE 72 HHIMEDFFEN AIRETH 5 Z & AVR
2 =i,

FET — 2 A CHERL LTZAGY X 5 FEAHE
FHDO TV-ARX BT VAT 5 2 & C, MghkiginE
FEIZI T IR I, HEE U 7B B RE)
SEHAIC L DHRNB L O ORBEHENTS. Z L
T, € LTHIBRENORE Y R 2 L— a Ol
FHCHLIR O FAEE D2 M 2GS 5 2 L NS OFE
Thb.

T8k 1 BERINMESENT
ff%%u/w 7< 20 =[Bq, ..., Bm, O, Ep, @] D RITHER
EERHEm@)ITENENLLFOHEY ThD.
7T(ﬂm+1) = N(Bmﬂzv)
(m=1,..,M—1)
n(B1) = N(Bwm, Zgo)
7T(0 )= IW(er er M) (1.3)
m(Z,) = IW (Zyg, Vyo, M — 1) (14
T, IWIEY o1 v — NOARW OWERDE D 734 T
HD. MyEOMERELDNE D B Ev,, o387

1.0)
12)

BIEGD D 4 0 — MM ORI,
W (271120, vo, Mo)
—1y-1
T ol-Xp{_IEQ%?E_)} (15)

LEFRIND BB, 7k,
1}, —

Movg Mp(Mo-1)
2 21 4

Mg Mo

Vo — Mo + 1) (1.6)
Zol 2 f( 2

mo=

Thsd. FEXAHFOTrO)IHITHIO FL—A%E, X
18)FOrOHiFH o~ EZhEiurd.

27 2023

Bt T Y o T B A & W R
T[(B1|B_1, O¢, Zv, a, W) ﬂiﬂ1~N(ﬂp1,Em)’C“E§> @ , /\\‘/])
AOREELL Y B d5 X OBy UL F £ 725 D,

WTWI;
Bg1 = Zp1 | Zg0Bo + 7 L7
wTw
251 =Zg + = (1.8)
W = W, ey Winoy, --w‘ZVM—l]T 1.9)
Wl Wm_z, ""WM—Z
WB =
~ ~ 1.10
[W, — Aja — Wy By, ..., Wy — Ay — Wy ] (10
o T T F DR & TR B

1(0¢|B, Z,, @, WIIX@) TH Y, <A XDEH LV o
BELOv T T &2 5.

M

0B =%t ) (= Ap@t W) (1D

m=1

le = UGO + M (1.12)
L, T T DR & R R K
1(Z,|B, 0., @, WIEIHXEBYTH Y, <A XDFEHEVE,,
BLO, 1 TULT &2 5.

2:171

M-1
= sz + Zm:1(ﬂm+1 - ﬂm)(ﬁm+1 - Bm)T
Vyp =V + M—1

(1.13)

(1.14)

TR BERELXZTHH-BERFETIL
RREZEE WY () (LY T DL, miEs| HE[F U Hiilfd
B2 3 D5 A I BRI AT DBEDAT,
A OEE) SRR GE HE15E 7 /L (Moving Load
Model) 1324(11.2) CRENA. 7721, ZtoH () 14)Ic
IRSIANETAREIHCTHY, diag( )i IHEIMIN AR R L
LTt 1A Cdos. 7333, BTk 222 fasiuzu .

Ppa (0
Y(t) = %¥” (I1.1)
Yy (O
"ot B m“]w(t)+ f;c: MI70

(1.2

+ ,fb] w(o) = [7]

Fy
E, =]

Cw ; nn(xw+vt)

e R (e
_H<

_ (0 (x<0)
H@%{1uzm

»—v—«c“
——

(11.3)

xw

}w

(114)
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B =[B; By, 1T
L (IL.5)
_ P
By, = 1.27TnL—b
M, = diag(mb‘l, ...,mb‘Nb) (I1.6)
Cp = diag(cp 1, ...,cb,Nb) (IL.7)
Ky, = diag(kp,1, .., kpn,) (11.8)

KALYRT MLM (SR T, RAEZE R T /A L TR
T ITHIET 1 Sy 720, Runge-Kutta 4

728 D — WA 2 T R RE e A ARE D SR AT REL 725

AHIFZECIE Dormand-Prince (23585 Runge-Kutta(4,5)/A =
O\ YA AERI T 5. M%7 VTR N TEEL odeds LL
T Matlab | Z32ESTn% 1.
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NONLINEAR ANALYSIS METHOD FOR VIBRATION OF RAILWAY POLES
ON BRIDGES UNDER TRAIN PASSAGES

Tadafumi TAKASE, Kodai MATSUOKA and Kiyoyuki KAITO

Restraints are caused by the wire when the railway pole vibrates significantly under the resonance. This
study proposes a Time-Varying Auto Regressive eXogenous (TV-ARX) model that clarifies the relation-
ship between the pole displacement and the pole’s natural frequency that increases with restraints of the
wire. The proposed model is obtained by reformulation of the existing model, such that the bridge defor-
mation is replaced by the excitation force on the pole. The model is validated using a bridge-pole numerical
simulation. The result shows that the model can accurately estimate the instantaneous increase in the pole’s
natural frequency and identify the region where nonlinearity occurs.
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