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Abstract

This research studied the determination of bridge natural frequency from acceleration
response of the passing vehicle. The objectives were to develop the approach of efficiency
improvement of bridge natural frequency identification by indirect testing method, and to
consider appropriate patterns of vehicle travel for application. The bridge frequency could be
identified by Fast Fourier Transformation. Moreover, the Empirical Mode Decomposition
technique was applied to specify the vehicle and bridge frequencies by extraction unwanted
frequencies from the measured signal. Consequently, the bridge natural frequency was identified
in accordance with possibility range of frequencies. The research was experimentally studied in
the laboratory using Scale-down Model. Various effects of related parameters such as moving
speed, vehicle mass, vehicle fundamental frequency, travel path as well as the appropriate vehicle
characteristic were considered.

Regarding to the result of this study, it was found that the proposed method effectively
improves bridge natural frequency identification. It was revealed that analyzed bridge frequency
is consistent directly with bridge vibration by observation at the bridge structure. Consequently, it
could be confirmed as the hypothesis of the indirect test which said that the measurement can be
done at the vehicle instead. According to the experimental result, it was observed that at the
94.44% confidence level, the errors of bridge natural frequency identification by using a tractor-
trailer and vehicle without cart are 11.57% and 7.36%, respectively. It could be concluded that
using vehicle without cart was better than tractor-trailer. Finally, the appropriate moving speed
for testing in any traffic lanes without affecting to the error was recommended at 50 km/hr

approximately.
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f (t) Ao useduAaszINUIMUZAUazuing t 1a g
@, A0 ANUDFTTTUFIAVDIAZ WU
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5 v wadlentu
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2-2 AUAINL

m,U + Elu”" = P(x,t) (2-1)

mg, +k,a, =k, ul_, (2-2)
v W kY A 4 ¥ o
TIWITOV UIITUNT fc(t) hlﬂiﬂﬂﬂaﬂ]93ﬂ1553ﬂ££531UL1u3ﬂ3Lﬁ00i]'lﬂ‘lﬂ’l’f‘hlﬂﬂ]'ﬁ]\?
PIUNINULAVLTINAANINTZVUFNANYOIUNINUE Tash §, 1D AUITIVOWIUNIHUL
2 X v Ao VoA a o o I 1 v w1
Gluuuam G.]:N’L;]ﬂj@ﬂﬁnlﬂu\?ﬂﬁﬂﬂaﬂ%‘]ﬁﬂGI"U’ENGI'JEJ'IHW'IWug%QVI11ﬁjlﬂuﬂuaﬂjﬂ1:lﬂﬂﬂ1 g
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Wi@ﬂ']‘ﬂ')']lllﬁ\‘lluﬂ\i%'lﬂlli\‘ﬂullﬂ'l\ﬁl'ﬂ\‘ﬂﬁﬂ "”If\?ﬁ']iﬂﬁﬂﬁ]ﬂuulﬂﬂﬂﬁuﬂ'ﬁﬂ 2-3

f.(t)=-mg+k,(a,-ul_,) (2-3)

A A an = < v 0 q.¥a
HRIUWIMUZIARDUNFHIUAZ WY & 528z X uaziinar t la il uarvzm g

{ o w { [ @ o 1 [ v Jd
u33 P(x,t) Insginnuazmiuiadude o dwnis Vi Tasgunso@ouanuduius 1a

AATUMITN 2-4

P(x,t)=f, (t)5(x-Vt) (2-4)

9
%

#9 5(x-Vt) Ao wadlendu (Dirac delta function) & yaduAd X =Vt duinds

o q Yy ¥ = A A P
‘V]ﬂ“l’iulﬂ AUNITIN 2-5 A9 FUNITNITAADUNUDITEUVFLWIULASITHNINUS
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myi+Elu" = f_(t)5(x—Vt) (2-5)

zﬂl o 9 ] d‘d [ ] 1 d’ a
esnindzmugnitaedleglugUniuiniyasessuedisdie el osmn
JoulaNvow (Boundary conditions) 39 Innswn Tnuavesmsdu ¢ vzeglugiuuy
. . {9 { .
laryasoe (Sinusoid) toudaun13h 2-5 721835013321 1ua (Modal superposition method) 92
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$V13) (O 19 AININUDTTIUBINUDITSNIU Iﬁllﬂ'ﬂ n
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o = |- (2-10)

1 1 2
uaziiio 1y Fou'luilosdu (Initial conditions) Tumsudaumsvesazwiuluauns

270214
Q= —= [Sinn—S sina, t] (2-11)
b,n 1—85 n n

Tagh A, Ao M3 Inedmana lulvuan n NNANAUTIVBIGTIUNINULATEIN
st,n
7 A9 ANNDLHUBINTINMTUU (Driving frequency) VYDIOTUNIHUL

A a Jd a 3 R g a Y Yaa
Sn 19 WITTULABDTLBIANITULT I G]f\uﬂu‘w'li'llllﬁﬂillillﬁ

—2m, gL®
= VI 2-12
S nfrtEl (12)
nzV
= 2-13
n ] (2-13)
Sn = n_ — L (2_14)
Lay,, @,

H H Y
UnUaunsn 2-11 aslugunisn 2-6 ﬂ%ﬁ?iﬁqﬁj NANDUTUDINITNIEIANINUAUDY

A A Ay < = ~ Yo A
LW DU WINULIADDUNAIEANNEI V G]f\iﬁ'lll'l‘ifllellfluvlﬂﬂ\i qun1In 2-15

u(xt)= zlA_S‘é’”Z {sin nfx {sinyt—S,sin %,nt}} (2-15)

1 ] v
109 14 HAADUAUDINITNILIANIHUAVDIALWIU IINTAUNITN 2-15 a2 19
Y
[ Y] a 4 ana a [
AWITONINTLIANIHUAVDIBIUNINUE 1ADINN15NAT1ZH Tae T ouNinTavosganua
v Y
(Duhamel integral method) TUa@NN15N 2-9 TANANDUEAUDINITNIZIANINUAVDIGTUNIHUE
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mmammau'lﬂmﬁumm 2-16
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g, (t) =D {~Ay,cos Wt —Aur cosmt + A, cosat

— Ay, C08(a@,, —17)t+ A, cos(a,, +1)t} (2-16)

v Pl oo
Taoh Ay s Auas Ans Ar, W0s A, Ao duilsednsach illanudeandesny
Y

AMOUNAYAVDIHAADAUDY InauaaIn1an1e 9 1iasaunisae 1

_ Ast,n -
Agy= 2(1-85)(1—#5,185,1) (2-18)
_ Agn (2-19)

Ao 2 - asi)
2Ny 12S; 1 !

n = Y a ( -
A, (1-87) | (1408t )(1-487) (122 (1 ))(1‘%2 (1+ Sn)z) =
A) _ Ast,nSn (2_21)

" 2(1-82) (12 (-8, ))
ASt nSn

Avn = ' 222

2(1—55)(1—%2 (1+ sn)z)

Hay 4, A0 AAAIUVDIAIINDTITUFIAVOIALWMIUAUANND VDI TIUNIHUS

(Bridge-Vehicle frequency ratio) & 1449 n

(2-23)
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" Y d'dy = d @ a ¥ a A @ P a
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Ay, COS(%,n —%)t— A, cos(wb,n +%)t} (2-24)
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A R~ 1 a 9 = Y1
e i WunieFetou amsodeu lan
e =cos(—6) +isin(—0) =cos@—isin @ (2-26)
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Case m, V f e %Error,,,
(kg) (m/s) (Hz)
Cl_mLvL ¢ 3.82(7.02%) 0.71 5.127 -11.57
Cl_mLvM c 3.82 (7.02%) 1.44 5.859 1.05
Cl_mLvH ¢ 3.82 (7.02%) 2.12 5.859 1.05
Cl_mMvVL ¢ 6.00 (9.20%) 0.71 5.127 -11.57
Cl_mMvVM c 6.00 (9.20%) 1.42 5.371 -7.36
Cl_mMvH ¢ 6.00 (9.20%) 2.15 5.859 1.05
Cl_mHvVL ¢ 8.52 (11.72%) 0.71 5.127 -11.57
Cl_mHvM ¢ 8.52 (11.72%) 1.43 5.859 1.05
Cl_mHvH ¢ 8.52 (11.72%) 2.15 5.859 1.05
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Case m, vV fien %Error,,,
(kg) (m/s) (Hz)
C2 mLvL ¢ 3.82(7.02%) 0.71 5.127 -11.57
C2_mLvM ¢ 3.82(7.02%) 1.42 5.371 -7.36
C2 mLvH_c¢ 3.82(7.02%) 2.15 5.859 1.05
C2_ mMvL ¢ 6.00 (9.20%) 0.72 5.127 -11.57
C2 mMvM ¢ 6.00 (9.20%) 1.42 5.859 1.05
C2_mMvH_c 6.00 (9.20%) 2.10 5.859 1.05
C2_mHvVL ¢ 8.52 (11.72%) 0.70 5.859 1.05
C2_mHvM_c 8.52 (11.72%) 1.44 6.348 9.49
C2_mHvH ¢ 8.52 (11.72%) 2.10 6.348 9.49
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Case m, vV f e %Error,,,,
(kg) (m/s) (Hz)
Cl_mLvL s 3.82 (7.02%) 0.72 5.127 -11.57
Cl_mLvM s 3.82 (7.02%) 1.44 5371 -7.36
Cl_mLvH_s 3.82(7.02%) 2.14 5.859 -7.36
Cl_mMvVL s 6.00 (9.20%) 0.71 5.127 -11.57
Cl_mMvVM_s 6.00 (9.20%) 1.43 4.883 -15.75
Cl_mMvH_s 6.00 (9.20%) 2.13 5.371 -7.36
Cl_mHvVL s 8.52 (11.72%) 0.72 5.127 -11.57
Cl_mHvM_s 8.52 (11.72%) 1.43 4.883 -15.75
Cl_mHvH_s 8.52 (11.72%) 2.15 5.371 -7.36
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Case m, vV figen %Error,,,
(kg) (m/s) (Hz)
C2 mLvL s 3.82(7.02%) 0.72 5.371 -7.36
C2_ mLvM_s 3.82(7.02%) 1.42 5.859 1.05
C2 mLvH_s 3.82(7.02%) 2.12 5.859 1.05
C2 mMVL s 6.00 (9.20%) 0.71 5.127 -11.57
C2_mMvM_s 6.00 (9.20%) 1.42 5.127 -11.57
C2_mMvH_s 6.00 (9.20%) 2.15 5.859 1.05
C2_mHvVL s 8.52 (11.72%) 0.72 5.371 -7.36
C2_mHvM_s 8.52(11.72) 1.42 6.348 9.49
C2_mHvH_s 8.52(11.72) 2.15 5.859 1.05
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Case m, V f, fob f1gen %Error,,  %Error,
(kg) (m/s) (Hz) (Hz)  (Hz)
V_mLvL ¢ 3.82 0.70  5.798 5.615 5.371 -7.36 -4.35
V_mLvM c¢ 3.82 1.48 5.798 5.371 5.371 -7.36 0.00
V_mLvH ¢ 3.82 2.11 5798 5.371 5.371 -7.36 0.00
V_mMvL ¢ 6.00 0.70 5.798 5.615 5.615 -3.16 0.00
V_mMVM c 6.00 1.49 5798 5.371 5.371 -7.36 0.00
V_mMvH ¢ 6.00 2.15 5.798 5.371 5.371 -7.36 0.00
V_mHvVL ¢ 8.52 0.73  5.798 5.371 5.371 -7.36 0.00
V_mHvM ¢ 8.52 1.46 5.798 5.371 5.859 1.05 9.09
V_mHvH ¢ 8.52 2.13  5.798 5.371 5.371 -7.36 0.00
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Case m V f, f f e %Error,,, %Error,,,

kg)  (ms) (Hz) (Hz) (Hz)

V_mLvL s 3.82 0.71 5.798 5.615 5.615 -3.16 0.00
V_mLvM s 3.82 1.48 5.798 5.859 5.859 1.05 0.00
V_mLvH s 3.82 2.14  5.798 5.371 5.371 -7.36 0.00
V_mMvVL s 6.00 0.70 5.798 6.104 5.615 -3.16 -8.01
V_mMvVM s 6.00 145 5798 5.859 5.859 1.05 0.00
V_mMvH s 6.00 213 5.798 5.371 5.371 -7.36 0.00
V_mHvVL s 8.52 0.72 5.798 5.859 5.371 -7.36 -8.33
V_mHvM_s 8.52 1.47 5.798 5.371 5.371 -7.36 0.00
V_mHvH s 8.52 2.14 5798 6.348 5.371 -7.36 -15.39
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Case f, frgen %Error,,, FR MR  %or foorr %Error,,,
(Hz) (Hz) (Hz)
V_mLvL ¢ 6.348 5371 -7.36 1.09 005 -0.14 6.245 7.72
V_mLvM_c¢ 6.348 5371 -7.36 1.09 005 -0.14 6.245 7.72
V_mLvH ¢ 6.348 5371 -7.36 1.09 005 -0.14 6.245 7.72
V_mMvL ¢ 4517 5615 -3.16 0.78 0.08 +0.12 5.013 -13.53
V_mMvM_ c 4517 5371 -7.36 0.78 0.08 +0.12  4.796 -17.29
V_mMvH_c 4517 5371 -7.36 0.78 0.08 +0.12  4.796 -17.29
V_mHvL ¢ 3.906 5371 -7.36 0.67 0.11  +0.07  5.020 -13.42
V_mHvM ¢ 3.906  5.859 1.05 0.67 0.11  +0.07 5476 -5.56
V_mHvH_c 3.906 5371 -7.36 0.67 0.11  +0.07  5.020 -13.42
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Case f, frgen %Error,, FR MR  %or  Teor  %Error,,
(Hz) (Hz) (Hz) (Hz)
V_mLvL s 6.348 5.615 -3.16 1.09 0.05 -0.14 6.529 12.61
V_mLvM s 6.348 5.859 1.05 1.09 0.05 -0.14 6.813 17.50
V_mLvH s 6.348 5.371 -7.36 1.09 0.05 -0.14 6.245 7.72
V_mMvL s 4.517 5.615 -3.16 0.78 0.08 +0.12 5.013 -13.53
V_mMvM s 4.517 5.859 1.05 0.78 0.08 +0.12 5.231 -9.77
V_mMvH s 4.517 5.371 -7.36 0.78 0.08 +0.12 4.796 -17.29
V_mHvL s 3.906 5.371 -7.36 0.67 0.11 +0.07 5.020 -13.42
V_mHvM s 3.906 5.371 -7.36 0.67 0.11 +0.07 5.020 -13.42
V_mHvH s 3.906 5.371 -7.36 0.67 0.11 +0.07 5.020 -13.42
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A A A @ A A v
VA UUBDINTUNIIUNIUUS HANIAADUNUINTE NI

Gluumﬁaﬂmmzwm
Case 77 f, fon =7 WErmOrRL” T 7 gpppporten
H) (Hp  (Ho) (Hz) (Hz)
V_mLvL ¢ 0.150 5.798 5.371 5.221 -9.95 5.521 -4.78
V_mLvM ¢ 0.317 5.798 5.371 5.054 -12.83 5.688 -1.90
V_mLvH ¢ 0.453 5.798 5.371 4918 -15.18 5.824 0.45
V_mMvL ¢ 0.150 5.798 5.615 5.465 -5.74 5.765 -0.57
V_mMvM ¢ 0.318 5.798 5371 5.053 -12.85 5.689 -1.88
V_mMvH ¢ 0.460 5.798 5371 4911 -15.30 5.831 0.57
V_mHvL ¢ 0.154 5.798 5371 5217 -10.02 5.525 -4.71
V_mHvM ¢ 0.313 5.798 5.859 5.546 -4.35 6.172 6.45
V_mHvH ¢ 0.457 5.798 5.371 4914 -15.25 5.828 0.52

A o vy =~
ANTNNN 5-7 Nﬁﬂﬁﬂi‘].luﬂﬂ’)ﬂﬂ’ﬂllﬂ
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A A A o A ]
UAFADUUDINTUNITUNINUSHANAQOUNUVINTSNIU

TunduSuas
Case n f fuen T =77  YOError. -7 foen +77 YError 7
(Hz) (Hz) (H2) (Hz) (Hz)
V.mLvL s 0151 5798 5615 5464 -5.76 5.766 -0.55
V. mLyM s 0324 5798 5859  5.535 -4.54 6.183 6.64
V. mLvH s 0457 5798 5371 4914 -15.25 5.828 0.52
V. mMvLs 0152 5798 5615  5.463 -5.78 5.767 -0.53
V. mMvM s 0313 5798 5859  5.546 -4.35 6.172 6.45
V. mMvH s 0454 5798 5371 4917 -15.19 5.825 0.47
V. mHvL s 0151 5798 5371 5220 -9.97 5.522 -4.76
V. mHVM s 0313 5798 5371  5.058 -12.76 5.684 -1.97
V mHvH s 0456 5798 5371 4915 -15.23 5.827 0.50
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