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Experimental Evaluation of Modal Properties for Estimation of the

Railway Bridge Dynamic Performance
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ABSTRACT

Resonance of railroad bridge can be broken out when natural frequency of the bridge coincides with
exciting frequency of moving forces. In order to avoid aforementioned unpleasant response of the
structure, exact determination of dynamic structural properties is important to understand dynamic
behavior of the structure under moving train loads.

In the present paper, a 25 meters long full scale IPC girder and 15m Precom girder models were

fabricated as a test specimen and modal testing was carried out to evaluate modal parameters including
natural frequencies and modal damping ratios. In the modal testing, a digitally controlled vibration
exciter as well as an impact hammer is applied to obtain frequency response functions more exactly

and the modal parameters are evaluated varying with structural status.

1.A &

HArugke] FAL AAlo 93 7127 F 4 (exciting frequency)®t W&o 1775 F(natural
frequency)7t €3 A5 wAEH, o]Hst FAUABL SHAT] B AAH o] W]
A Ast 2 A Sakgtel vl U %S = Ak EAstes we wge] A5
gk F7bE fal wEe] sAATH AbE = 54 SZAAE AFs] gotete e wg F83
=3

i HEwwkd= 7] PSCAHY wwF e, thekgt 219 wgko] AQtE i 9lom, thekA
207 o3 IPCAY L, 18 7o) ZAHE Zo vjde &2 9 Precom Bl o] 1 oot}
olggh AP wHFES W a&o ozt AP, Fust solA B FHE ki glon o
d fFAg FES ddAHeR FHAF SHAA ETS 7HA 5 Aok wEbA], olelgk AlE
2 wFES] HEW A& oA ditetsel o sAT s HUME 2 o wg
olo] SkA FEAS Fofste A7 dastt (HAAY 9, 2005).

o 7ol A= 26m AzFe] IPCAY S 156m Precom AW 37HE AlZste] i#zls¢F 1H4]
H 59 B HTE FEU7] S 54249 F35 V&l EEHRE SdA &3] &
¥ E3 -SRI T AEESHTEE MUATY - ZSEIALE-Mailisikim@krrire kr — ZHX}

** M| f-BACHstm Z2ottist E2Zstal ma - ZstHbAL-E—Mail:nskim@pusan.ac kr

()
—
o
Al

E =/
RE M| RRIST AR X2AHTA Mol . ZstdlAL- E—Mail:jwhee2@rist.re kr
e M| -RIST AR Z2HTA MAATZ R -E-Mail:pg289@rist.re.kr



€5+ 23 (impulse hammer)<] ol 7}117](V1brat10n exciter)E °|&3tth A A= &
35w 7tE g FALAtstE sA A A =& YRR AHEE ¢ Ao, Zes
EfA 2 gd vd e e T xE w54 WsE a#@silth

2. 54 & 43 Ms

HAEWHEE IPCAY Y 5SS otetr] fst] tha9] & 13 Z2o] sxdo=w Ads 9
ahelth. Test IF+H Test IV77WV<]b AlgeAle g F2A WstE e IPCAYY F548S
a7] sk FEsk3lth. PrecomAd e 49 19 20 YEH A 2 dAHS 2t 16m AY
1M, 4AE 45 918l cover depth AeAAA wxE 2Egk A 7He] AFA(CB1 ™ CB3)
2 A= Q)

E%E}]MEg ’“EEUL w AL8% 7ME =AM (accelerometer)9t WA LVDT)S YH+= =2
1, 3o Yepdidet A8 A= A% 5.5kg, FIHFUGS O~25OHZ°]‘1], 7F 71 H]
A% 100kg 2702 T4 o Zlﬂ% 7FA9 80kN, 7H FaFt9 S 0 ~10Hzo ALS 71
e 2 2789 A5 FAHYE  (sampling frequency)—t‘ 500 ~1000HzZ )\E;g—g—,}
Nyquist frequency ¢! 250Hzﬂ}?<]«] BAo] 7F53lEE slgloen, o= FxE9 uHAES
e AT w FES SAHAULAAG L AlsE T

o

=)

—ﬁr:u o

N

i &

X 1. IPCAY #4848 &4

Test Case ARy ZA A3 53
Test I | ah5- €l-dwt 2185 PSCAHY Aelelre] $A48 43 =AY
Test I | PSCAY] &eiB7} $d5 el A HE 438 =4 9 74
Test Il | €#}B7} ¥ PSCAHU A dE-alde] skt 71743 Adejola] 28 43 A4
Test IV | &#B7 FAH PSCAE A 244 did 25 21783 el A3 53 =4 9 714
Test V | EHBE7} 3% PSCAT tigh Is=s gRlatr] fg 43 43 =448

1.438 0.01f0. )5

0.2

O
o H._ LVDT ~IPC 3O

a9 1. IPC 25mAY @i = 2 Toe|AEo ALEE Ao £3

05m  19m 23m 24m 2.4m 23m 2.4m

1200 |4—>|4—>‘4—>|4—b|4—> 4—>|4—>|

al || | | Q A A Q |
A |
1< fon 7
=" l .|
[F i ’<_
ﬁ o9 | &+ 0.4m 142m 0.4m
O 7r&=7)
A Hay
(@) A@A 99 (b) 7+ 7R A

EA 2
a3 2, Precom 15m AY A3 Xﬂ o gl Al A el ]



3. 54 =

3.1 IPCAH

13 4% TEST IVelA A3amdge st $23 g4 Al doJx APSD(Averaged Power
Spectral Density) 3 (Bendat et al, 200005 uYehdt}t 7AHE APSD 2 H-H
half-power band width methodZ& ©]-&3}o] FHeIth. A Az 7HX7]E o] &3
AFS Fsiglon, ARyl A A A AT TolA TS dor7] f5te] 7Hx17] €]
NAFIGFE A Y sttt 32 E steady-state response’} AojA = T Fu
TE ztom o] FXFugA dojxl 7t TpEEAA S AlZto]lH e AFH TS el 3.
7¥2) 8] = logarithmic decrementZ ©]-&3to] 3439t}

X 2E A A A F 1/ 54 A3E vepin 3BT FAAE
el TEST Ie w]sle] &gB A F2 TEST I+ 23557 ¢F 5.32% 71892 &
ool mme AN dld }Jr, =S 2033 A4l TEST Vel vlwste] By, elel 7170
°] Al 2.53% s7Fla2 & g e, o] Ayriy @ &
Zl’g*"ﬂ -4?1* °§§}°] EATSE & 5 A

i

}

)

N

S

b
ria

=

el ®l
1ox10 7 swxv 7 N 5 1ox10 7 )
74629 Mid hammer Y1 Average(N=15) a0 Mid hammer Y2 Average(N=15) 74629 Mid hammer Y3 Average(N=15)
1.0x10° 4 2.0x10° 1.0x10°
124.38965
0 124.38965 -] 10
5.0x10 e 1.0x10 5.0x10 287508
29.78516 179.44336 2978516
2355957
23.4375 29.66309 154.90723 28161621
154.54102 281.37207 |14.89258
489258 1501465 7287598 12561035 1550293 20814941 22875977
. e , 0 , : : , , % A S — ,
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Frequency(Hz) Frequency(Hz) Frequency(Hz)

a9 4. FAANE A FEEAA (Y, Yo, Yo)olA ozl APSD o<

6900Hz Y(2) 2070-2RPM(6.900Hz) Y(2) 6.900Hz Y(2)

6.896Hz

4.0x10° 4

[T
fiiie

2.0x10° 4

0.0 T T T T T T T T T 1 0.00

Y i ' . Y y . o 1 2 3 4 5 & 1 8 9 10 Y y y y ¢ ;
5 57 58 59 60 61 62 5 10 15 20 25 30 35

Time(sec) Frequency(Hz) Shifted Peak Number (m=4)

a9 5. 7FA 7] 9 Yo, Al S5, APSD ¥, Logarithmic Decrementol 2|3+ 712]H]



K
Do
it
jaicil
g
Pl
)
2

o
=
Ho
™
offt
R
o)
o
b
=
S

X
=
F—_>'"~,
R

A
A3 (1/2) Et4 714 |84
1st Bending Damping Ratio 1st Bending Damping Ratio 1st Bending
Frequency Frequency Frequency
TEST 1 6.95 Hz 2.19 % - - 6.02Hz
TEST 1I 7.32 Hz 1.25 % 6.73 Hz 2.68 % -
TEST III 7.45 Hz 2.70 % - - -
TEST IV 7.45 Hz 1.43 % 6.90 Hz 2.57 % 6.79Hz
Ao A Faet AFREsAN Ay EHHE B A AY AGERSl TEST [ 204
6.02 Hz, &efu 34 3 044s < TEST IV 7204 6.79HzZ vrebskeh sixd et A
iﬂﬁﬂrL 7Ez17100 olgk FXIAIA A & dA R on, FAXNFY A= dHoR & oAE
TEST 13} TEST IVelld ®th FAIA A8S o 4F5FES A49E A3 oF 430kgf/cm’ =
M AR 400kgtem®sh 2 Afol® EhIA ol B4 MAE WA Aow eyt
Tk, 77 o) sk FrrEE a9 (eF lton)w AEREY WA A ZF(SF 75ton)el BlSte] wjg- ZHo
B2 ZR7]e] % NS 240wk JHF AoE PuHdn

oA YERG Aol o]l FAH oJsk Ay iRl olgk Ay 7te] A o] EAMS
$1ste] TEST VoA 13 AeR=s A7) $3 4488 By B8 /&AM E A5t
Tt A 2ol FHE dQlo R FAAFHANA ALEH FAUH spxlgo] Agrol
Aol tia] J FiE F5e Adow FAHSY. weis FAAFAA dojH /e TFE F
Ao A Aol a{F-ZF5o] Hgle] FHoz & oz Yeiwth F /g RHow
Ay Bmgo 12 IeEEE Ags] AdsH £ Aoz dAdEr)

a9 6o RHE FAAYS T3 13 AFEE fFadols el 4 ok oA FAH3g bl
of ol %—Zﬂ,éfﬂ FH Ao 12 3 2/ E5Fe AA sd IRz fadolrt

Wel 3 7}011*15 713

—o— Measured Mode Shape
== Polynomial Curve Fit

] Magnitude of | Normalizatio "]
A Ak e)
ZhE A | S m) Power Spectrum n 08
Yo 2.0 5.33E-10 0.107 06
Yl 625 272E_9 0548 0.4
YZ 12.5 4.96E_9 1 02+
Effective Length = 22.073m
v 1875 |  2.69E-9 0542 ol S T T R
Ys 23.0 5.4E-10 0.109 Location (m)

19 6. Curve Fittingoll & 43 FAA Y A 13} AFR=2] FaZo]

#Zavle]l et 7= half-power bandwidth method XUt AFEsSHS o83
logarithmic decrementol] &3+ F4H¥Ho]l O Als = = ¥Wyolth ey 2
el o] 54 7hER S A7) ®istel whel 7R H| o] wstrt
o]X AR E-SHol A3sHA exponential decay’} LoJyA+= ——L‘\ﬂr
7hEE S A7)o] wet ®istshes A HlE Htd ghs 2 AdAe
[PCAY S HE AREZFE) ddel tigk FZanj= 17 49 TEST Ve
a3t

AFAY IPCAY S AfFxlsrs XA 1.62%°] xk= vz & dAet2
2 A 5 7|EY AAREE datsts Al o] &t Attt A&

o]

[e) g ] A )
Aule] A9 25%0] #Aau] Ago] 44T Ao guHEt) od AWANE AxetE FH

LL
mﬁé



Hol A4 ¥ JYARE BEFo] AuuPe BANTS Flsw B8 5 Ak

3.2 PrecomAH

Ard el 7pzlE gl 7bEE SR o 2R E FREE 27|98 Matlab] WAd+S Agatglon,
THEAA 9 FFol= Los Alamos Lab.olAl 73 DIAMONDE AF&-3}9 ).

el 28 73 3 39 IEAE AR Ao 2R e FxEe) 13k R 23F AL
WAoot Regdds b, deAAE B fxEe) o oH% e S Regd 8oa
FATTE d& 5 ddew, Al el AgAel Wete] d3d A AdkE e 5 ARl Al
GA Abole] Mgt LfAlEge] Aol Al W] Aol IQlsh: Ao deEh

FAPHE AbSets A AREIA FRE] TRo] o Foix=A Flsky] flste] 17e] 7F
SEAE AR 2AHA F7hR dAsglon, REYGo RS P SR g A 2
A BEo REGGeM = AR dFo] of el wa s A JERted], oA 1 91A
of AAE W AR ] Al o Aow FAHG

¢
v
[
|
x
.
-
LY
-
o
|
x

.

(a) 12+ 2= (9.57Hz) (b) 22+ = (29.42Hz)

CB1 CB2 CB3 B
12 R= 9.64 9.44 9.64 9.57
22 RE 31.74 29.97 30.38 30.70

FTAYPHE ALES
AREEY FEEe 1A I
9Hz <A o EAFe] Az, 7}
T35 8Hzol A 10Hz7FA] 0.1
2 WAV SRS S5
8.8HzS] 7HFatroll Al o] SHo] #3
9}\1:} o]74_0_ 7]. L;q_E. /\]-d‘l?} 7§h?‘oﬂ 3]

_E

04

* Experiment
035 /\ — Fitting Curve|

0.3

0.25

02 -

s
N
L
b

2 & 19 (o X 19 %

Acceleration amplitude (G)

A A/FE55 9.57Hz By oF 0.77Hz W2 01 .
aoa H7N e R AR dgonw A o6l v

Bahrlele & Zof Wt ekt 1PC7 0
E‘]‘Cl] 75‘»—?494- IQ_'F/"I O]Tﬂd /é] mq 73%% EE _O 8 82 84 8.6 8.8Frqueniy('_'z)9,2 9.4 9.6 9.8 10
ol A SRS FaAFe vt HAHA
= oagkA T ol e JFE EFF] g 1 ¥ 8 RV AdYS w3 FASTH H4
o7 ARG, 1% ol 7t /R ES mE AR $He) A%, 1AFEA ] FRF o] £2
< 283k curve f1tt1ng g A3E A YEL

|



Ates Aste Ho F2ES FFZAAE S e ZAE Ao gl Ao
AR714E dHA Kk AdHolw, &5 o FRES vy FAYEVL FF gy Ho] 1 V5s
3] g AdEelth el YR wkel o] 200€ stEs Alskek § 1A afzlEae oF
4.6%, 27+ AFHETE °F 6.8% Ao, 8 Fol= A7 18.4%, 9.7% #arcte ARE
s T AJT
E 2. &g o AfEs W
13 2= 22 RE
&4 (Ha) 22 (%) &4 (Ha) 22 (%)
&4 A 9.57 0.00 30.70 0.00
200% A8t ¥ 9.14 4.56 28.62 6.78
e 7.81 18.38 27.73 9.66
6. 22
Avwgd c2ugy) g2 iy s dAHEe] F35S AHHoz v Ho] Fzle] i
7hedo] A AT Aol dastgol] tidk sA A Al AARE VEe] EAAE
Agatar 3 HA Al 7P A e Al MR sk R v o] A Soll= THgeRt o Es A ¥
ok Aol ME Huwd A8 A =ol7] flte] AEZ AE dEwHE 25m
IPCAHYE S} 156m PrecomAHd tste] REHAEE 835t tf3 2 428 =E390h
a. =AM o3k FAAY Al AAEIY diste] FEd HREs FRE F Qs BT
FA gl ot nfXEFrt A F8E AL, AN E A4S gow F44E F ot
b, ZPAEHA Al 2 REH2E Ay didde] 113l o Y T7F dFdo] das
gl AT
C. N
&+, ATE T3 EEH EY 542 =} A= &
A% B7HE AT Zlolw, dol A Algw HEugel digt R ~E 9 JFAF o3
e 78t 288 &5 Aot

ot AF-F IR ILA,

—

A4 9 (2005) IPCAY A AE Aol o3k A=u=F A8

FndE7]=dT .

2. M. Saiidi, B. Douglas, and S. Feng (1994) "Prestress Force Effect on Vibration Frequency
of Concrete Bridges”, ASCE Journal of Structural Engineering, Vol.120, No.7, pp. 2233-2241.

3. Bendat, J. S. and Piersol, A. G. (2000) Random Data: Analysis and Measurement
Procedures, 3rd Ed., John Wiley & Sons, Inc.

4. Doebling, SW., Farrar, CR., and Cornwell, P.]., (1997), DIAMOND: A Graphical User

Interface Toolbox for Comparative Modal Analysis and Damage Identification, in Proc. of

ry

of

Sixth International Conference on Recent Advances in Structural Dynamics, Southampton,
UK, July 1997, pp. 399-412.

5. Ewins, D. J. (2000) Modal Testing: Theory, Practice and Application, 2nd Ed., Research
Studies Press Ltd.

6. The MathWorks. (1999). Using MATLAB, version 5.3. Natick, MA, USA



	Main
	Contents
	Return
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


