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. Background

Inexpensive and Quick Monitoring
for Infrastructure Structures
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. Signal Processing for Structural Monitoring
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. Existing Drive-by Monitoring
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. Existing Drive-by Monitoring
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. Existing drive-by monitoring
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. Existing Drive-by Monitoring
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. Existing Drive-by Monitoring
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Purpose
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| Modeling

PBIERTHE HlET I

Bl BEsxET L (18tE) T Massm, 9.00%10° [kg]
o g s L Unsprung-Mass:m,;m,, | 5.00x10%  [kg*m?’]
BRI EMARRERTETL Damping (Sprung-mass):c,,.c,  2.00X10°  [kg/s]
444444 Stiffness(Sprung-mass):ky .k, 450 x10°  [ke/s’]
ten 00 Stiffness(Upsprung-mass):k, .k, 6.00x10%  [ke/s?]
ds ms Distance between axles: d,+d, 3.00 [m]
ZSZT —> Tzsl
® * ¢
— )
d, dy
=57
ke 2 ky Cer BRETIV
Zu2 Myz My Zur Length ) 30 [m] ...
... Number of Elements 6 .
Mass per unit length values of all
k
Uz | T2 o Tuclementsipd 3000 [kg/m]
W Flexual Rigidities of all elements:E] 1.56 X10'" [N Xm?]
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. VBI System ldentification

—

Input Profile:
w (t) = (t) + y(x1 (), 8)
Uz (6) = 12(8) + y(xz (), 1)

|
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z(t) = [Zslr Zs2,Zy1, ZuZ]T

xz)HimonizL L,
z(t), z(t)lZNewmark BiETE&

The equation of motion of Vehicle System:

Myz(t) + Cyz(t) + Kyz(t) = f(t)
f@©) = [f (), d3f (), kyauy (t), kypua (O)]”

2] o~ = f~  Contact Forces:

H

dy
dy +d,

d
d +2d mg(g — Zs1) + my (g — Zyq)
PO={"" "

m(g — Zsz) + mya(g — Zy2)

}

y(x(),t) = L®) y(t)

L The equation of motion of Bridge System:

Mgy (t) + Cpy(t) + Kpy(t) = L(t)P(t)
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. VBI System ldentification
OEMIREZ(ONBES>N S z(t) = 251, Zs2, Zu1, Zu2 |
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z(t), z(t)lZNewmark 8/ ETHE
The equation of motion of Vehicle System:

f@©) = [f (), d3f (), kyauy (t), kypua (O)]”

Input Profile: i
w (£) = 11.(8) + y (e (6), ) T o] - T Contact Forces:

H

u () = 12(t) + y(x2(), t)

|

dy
dy +d,

d
d +2d mg(g — Zs1) + my (g — Zyq)
P)=<S"" "

m(g — Zsz) + mya(g — Zy2)

}

WS L
y(x(t),t) = L{O)Ty(t)

L The equation of motion of Bridge System:

Mgy (t) + Cpy(t) + Kpy(t) = L(t)P(t)
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. VBI System ldentification

—
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The equation of motion of Vehicle System:
Myz(t) + Cyz(t) + Kyz(t) = f(t)

f@) = [f (), dsf (), kyauy (t), kypua (0]”

Input Profile: t,
uy(8) = 1, (8) + (s (£, £) 2] = 5 1., Contact Forces:
Uy (8) = 1y () + y (2 (0), ) o—o *
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|

dy
dy +d,

m(g — Zsz) + mya(g — Zy2)

d
d +2d mg(g — Zs1) + my (g — Zyq)
P)=<S"" "

}

y(x(),t) = L®) y(t)

I

The equation of motion of Bridge System:
Mgy (t) + Cpy(t) + Kgy(t) = L()P(t)
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. VBI System ldentification
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z(t) = [Zslr Zs2,Zy1, ZuZ]T

(RFICTy P IREf () D HET)

—

Input Profile:

The equation of motion of Vehicle System:
Myz(t) + Cyz(t) + Kyz(t) = f(t)

F©) =[f (), dsf (), kuaua (8), kuzuz (O]

Uy (t) = 1p(t) + y(x2(0), t)

wy (8) =1 (8) + y (g (8),8) T = = T Contact Forces:
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|

d
d +2d mg(g — Zs1) + my (g — Zyq)
P)=<S"" "

1 .. ..
d1 + d2 ms(g - ZSZ) + muz(g - Zuz)

}

y(x(),t) = L®) y(t)

I

The equation of motion of Bridge System:
Mgy (t) + Cpy(t) + Kgy(t) = L()P(t)
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. VBI System ldentification
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Input Profile:

The equation of motion of Vehicle System:

f@) = [f(£), dsf (), kyauy (t), kypua (O]

uy (1) = 1p(t) + y(x2(2), )

w () = 1) + y (g (8),8) T = = T Contact Forces:
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|

dy
dy +d,

d;
ms(g - 251) + myq (g - Zul)
P() = [d1 + d;

ms(g - 252) + My, (g - 2u2)

}

y(x(),t) = L®) y(t)

I

The equation of motion of Bridge System:
My (t) + Cy () + Kgy(t) = L(OP()
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. VBI System ldentification

—

Input Profile:
uy (1) =1 (t) + y(x1 (1), 8)
Uy () = 1(0) + y (2 (1), )

|
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The equation of motion of Vehicle System:

Myz(t) + Cyz(t) + Kyz(t) = f(t)

f@&) = [f (), dsf (), kyaus (8), kyaua (017

z(t) = [Zslr Zs2,Zy1, ZuZ]T

) A f N
3 s
2] s f~  Contact Forces:
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d
ms(g - isl) + 7nul(g - 7ul)
P(t) = dlczdz
d, +d, ms(g — Ze2) + my2(g — Z2)

y(x(),t) = L®) y(t)

L The equation of motion of Bridge System:

Mg (t) + Cpy(t) + Kpy(t) = L()P(t)
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. VBI System ldentification
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Input Profile:
uy (1) =1 (t) + y(x1 (1), 8)
Uy () = 1(0) + y (2 (1), )
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The equation of motion of Vehicle System:

f@) = [f(£), dsf (), kyauy (t), kypua (O]

z(t) = [Zslr Zs2,Zy1, ZuZ]T

2] o~ = f~  Contact Forces:

,
P(t) =
0=1"7

ms(g - Zsl) + 7nul(g - Zul)

ms(g - 252) + muz(g - Zuz)

}

y(x(),t) = L®"y(t)

L The equation of motion of Bridge System:

Mg (t) + Cpy(t) + Kpy(t) = LOP(¢) ‘—|

L) : HEE R A~ Y 7

20

20




. VBI System ldentification
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Input Profile:

uy (£) = () + y(xq (6), 1)
Uy (1) = () + y(x,(0), 1)
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The equation of motion of Vehicle System:

f@) = [f(£), dsf (), kyauy (t), kypua (O]

2] o~ = f~  Contact Forces:

d1 + dz
dy
dl + dz

d . .
ms(g - Zsl) + 7nul(g - Zul)
P(t) =

ms(g - 252) + muz(g - Zuz)

}

y(x(t),t) = L@ y(0)

L The equation of motion of Bridge System:

Mgy (t) + Cgy(t) + Kgy(t) = L(t)P(t)
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. VBI System ldentification

—

Input Profile:
uq (£) =1 () + y(xq(6), 1)
Uy (t) = () + y(x, (1), 1)

|
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z(t)

The equation of motion of Vehicle System:

= [Zslr Zs2,Zy1, ZuZ]T

f@) = [f(£), dsf (), kyauy (t), kypua (O]

ZszT

T Zs1

y(x(t),t) = L@®)Ty(t)

Contact Forces:

d
P(t) = [

2
d1+d2

ms(g - Zsl) + 7nul(g - Zul)
dy

ms(g - 252) + muz(g - Zuz)

}

L The equation of motion of Bridge System:

Mgy (t) + Cgy(t) + Kgy(t) = L(t)P(t)
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. VBI System ldentification
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Result - Objective function shape[0% Noise]
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. Result - Objective function shape[1% Noise]
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Conclusion & Future Works
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. Comment & Question
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