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Load Carmrying Capacity Evaluation of Single Span Bridge using Impact
Factor Response Spectrum
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Abstract In a previous study, the impact factor response spectrum and corresponding method for evaluating the load
carrying capacity of bridges was suggested to improve the existing evaluation method. To verify the applicability of
the suggested method, which is based on the frequency of bridges, the dynamic characteristic test for an actual single
span simply-supported bridge was conducted. Through a field test under ambient traffic conditions, the dynamic
response of the bridge was obtained using wireless accelometers and its fundamental frequency was identified. The
peak impact factor was determined from the identified frequency and the impact factor response spectrum. The load
carrying performance variation of the bridge was estimated considering the performance reduction factor, which was
calculated using the current and previous natural frequency and impact factor. From the result, the load carrying
capacity of the bridge was decreased, but the capacity was still enough because its value is greater than the design
live load. Through the overall procedures and technical details presented in this paper, the suggested evaluation
method can be applied to actual bridges with the acceleration data measured under ambient traffic conditions and the
impact factor response spectrum.

Keywords : Impact Factor Response Spectrum, Load Carrying Capacity Evaluation, Natural Frequency, Single Span
Bridge, Vehicle Load Test
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( L) PL? 3) Table 1. Properties of sample bridge
Uy, | —|=
staticl
2 48E1 Completion date 2007. 12
( L ) 2P.L3 D ( " ) ) Main girder PSCI girder
u (= =
dynamics 27T E]ﬂ'4 o Span length 50.0 m
s Width 11.0 m
Uaynamic Eyt)*usmtic(g) 96 Effective width 100 m
= Vs = ?Dl (tr) -1 Expansion joint finger joint
Ustatic 9 Bearing support elastic support
Design load DB-24, DL-24
®)
Accelerometers
80 b
70 n X
S 60
E 50 4 ‘\‘ —— Zero Damping
E =X~ 2% Damping
= 40 1 “ === 5% Damping
g 30
b—Et 20 .
=
S 104
0 N
10 4 100 200 300 400 500

Fundamental frequency-span length of bridges ( f;” Hz-m) Notebook Receiver

. Fig. 2. Wireless measurement system configuration
Fig. 1. Impact factor response spectrum
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Fig. 3. Positioning of accelerometers (a) deck (plan) (b)
deck (installation) (c) bottom of deck (plan) (d)
bottom of deck (installation)
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Fig. 4. Receiver in the field test

Table 2. Specification of the accelerometer

Classification Specification
Battery 37V
Power dissipation 0.24~0.6 W
Weight 65 g
Sampling rate 50~1,200 Hz
Internal flash 2 MB
Resolution 0.039 mV
Input range 1.22~3.78 V
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Table 3. Measurement temperature

Bridge surface
temperature (C)

11.4
18.6

Air temperature
()
12
20

Classification

AM.(Case A)
P.M.(Case B)
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Fig. 6. Dynamic responses of the Case A. (a)
accelerations (b) results of lowpass filter

(109~115 sec) (¢) FFT

734

Q
for]
[72]
e
>
Jo
offt
1o,
ol
o
R
n
o
o

k%)

24
=

3.3 7|Z Liol={E7t Antete| Hjw
z7] &F A ASE E Hrre g afxlEr
(3.514 Hz):= A7 Al 3149 4](2.739 Hz)9}F 2ko]7}F =LA

uehston, EeAlolA o 8] Aakgt 5 & AT

g

s
g

351315

Acceleration (g)

oo - Trr T ToaT T T | A
| | | | | |
R 1320 1325 1330 13351315 1320 1325 1330 1335
Time (sec) Time (sec)
) (a)
x 10~
| Ch‘2 |
| r |
I e
| | |
e R B I L |
| | |
5 R T e e e
2 WJJ I I I
E bt . .
E. 20 0 5 10 15 20
£
< ' Ch4 ‘
| | |
I e e e
| | |
I I e e e e e |
| | |
e a—a——_—_
\MA\ | |
s L L
20 0 H 10 15 20
Frequency (Hz)

(b)
Fig. 7. Dynamic responses of the Case B. (a) results of
lowpass filter (1315~1330 sec) (b) FFT



s o ﬂ_ ﬁ oF do oF T =
r T, 0 =]
5,5 ﬂ_WLLOﬂ%ﬂHMM m 3 W N ATM% T
QB = L Mo |2 Z golelglal 2| % = o T
.mumama S, A m%b ,D|&L_| ol m,.ﬂo]Lumo ﬂw S Bl = MO. S = ﬁﬁmurmbd_” g0
fEE gHel T owma NPT o ° ol o & & o
SEA A o N - W oo E i
== T L g 2 Mo o B & ! 8 = 7o AF ~
N& R o R = TR Ao g |z o - Cl) R
Lo on [ T g 2 X T o= s |z Ro=| o = = 3 = o oy Nr
T gglszs 2 N s & EW Ml | BN S P R e T
i R O | 0 [ e T o
ER Rl B RGO B W w3 i
T e g £ |= [\l mﬂWaW il
< | — L
s R, |l s z |z o X
2 Trozewmgm  E|IG] |3 g)sE |2 Y i Teke
3 - o} of = 10 b slelg|lc|s|&|S o B Ay
g 8 % o H e o |E|=|E| E " T E R
& g me o T w AF 2 |5l2l8|5|z8|8|€slfs BT
t B O RE® S omw 2 |EE\0 L E|Eeg e ==k
g ! o X ®o 5 14 2| g =1=18 2|8 8 o o
2y ME L FRET 2 215585 e T W OH gy s
7 ER m%_nﬂ.oum_rmdr.uﬂl < BIT|E|E| B2 |2 o e oW A
,,,,,,,w,lFoo. %ﬂ%%%ﬂﬂr P & MFCWW %%QQN
oo o o o o O o O . — g ~~
R BT A F A Q — o oﬂﬂ”%liodﬂdl .% 2 @ ﬂAMM&LAo
(%) 10108 1edw] Yeaq iC o T W R T do ~ NI
U R ST . EREBEAT T E T ToATLETW b
= "OBN AT . L B o ome mE T o 5= & N mo T A A =
o o} ~ 3 & = T - AN A
R = B wv_m oF N o oy g T "L NS W =
R T N o T T o BT g T
g o= e —~ o] & ~ D Y = B < o = No X
TERL TR B T T =Imwm g 7
o = o F N T A~ s T oo W N N2 o o
SR DN S & = H o= e T D
N B E T od o & g g TEToow ¥ L 5
T pr e RO ST i dmdE LA~y %
Iz ol g E N TE B S S U N Ak
! ' 1o ] — | — o oo g B 2 e 0 T =% ~
Q= i B OB o o o = o X5 ARG
i it T R\ O o WO ) oA NT
Telay P . PR X T EIVeeer LB 4B
va#ﬂﬁeﬂlm_#.%\wuﬂwﬂ wow%c._qw - ﬂoAEOMﬂﬂoidr.ﬁmlm‘xﬂeaW:v
®ONRE R < SIS < — - BT [Soq Sl
= q_ﬂow A_w oo = N N %o ATmﬂ Slal o ) wa fan) ,E o N o xOﬂu B
wor B Fopox® T N L w A O A - A < S
WHE D mh ogom T = x I® R MR aw Ll e T
TG S-S > T a4d= 5 £ = ﬂﬁﬂo@ﬁz%Vﬁaﬁﬁﬁr
prﬂoar.ﬂﬂwmgwmeﬂ X %}%@ﬂ Ay mﬂﬁlprwm%w./.ﬂwgﬂwcmw
WG H T o I I O N Rl R SPSC
o B U w ooy T L H T O BT g . SR ERD Ry W
B B 5 X @ % oy OF . R =l ° g - & %o XX H om 5 5 K
i il < SO do Qv LB it = Q X ) B AF L == R
Vel gmm == T E W T 4 SO I .
oK W N AR ome R ST R F T - S armENTET O "W

} 2ol XujE vy a53FS 2.344 Hz7| A

21
735

o
O o
b3l
Al

L

4

2 (@)l et

BRI

o

) Apdzko®

[¢)

L

=
nn

}

k<
hal

B

S

7]
s, A (7l 9

Z1F(HeH, e, A

=

o]t
2

)

=

=
o

b 771 kN

9

=

1,077 kNo] Ak
[e)

Q.



FFAS & =B AT A125, 2016

t
yo, ot

rlr

N
-

!

4y b
MN
(o
it
v
o
S

= 8 4
)
1o o
pod)

o2 |o
o2
r1° el

A

oo ot
L

o,

o,
2
o\
N
el
v
i)
o

2
e
i,
o
=
[ﬂ:
24
&
o
2

fr
-
il
=
ol
(o

oo

i

)
&
o

oZ o
0y

[>

R

m

L

X
I
il
)

ol
L

o,
)
w
il

o
o

o
N ol
5 xR

=

2
frtl %le’i [

mooff QXY

.oiéﬁ
E L o

+

1M o g

ol
-
9,

e
MoRLOW g 2o

d ool o

ro, 12
oo X
o 5

o
0,
)

P

|
0o o
2 gy
N 2L
o o
poy
o
rﬂ;

(o}
O,
ANdlo

By

Orp

ol
T
N

[
9
o %

lo,
of
o
=2,
D)
SO
S

o\ rlo L 1o fU > ox of
i1

e
M o

oft o
=)
o
N
-
o

4 =

References

[1] Ministry of Land, Transport and Maritime Affairs
(MLTM) and Korea Infrastructure Safety and
Technology Corporation (KISTEC) Specific Guidelines
of Safety Inspection and Precise Safety Diagnosis of
Bridges (in Korean), 2010.

B. K. Koo, T. E. Ryu, J. B. Lee, Y. J. Ryu, "An
Improvement for Impact Factor Determination to Traffic
Loads", Journal of Korea Institute for Structural
Maintenance and Inspection (in Korean), vol. 6, no. 2,
pp. 217-224, 2002.

H. Roh, M. Ryu, K. H. Park, "Development of Load
Carrying Capacity Evaluation Model Based on Bridge
Frequency Response", Journal of Korean Society of
Hazard Mitigation (in Korean), vol. 15, no. 4, pp. 1-8,
2015.

DOI: https://doi.org/10.9798/KOSHAM.2015.15.4.169

J. H. Lee, S. H. Han, J. C. Shin, "The Examination of
Load Carrying Capacity Based on Existing Data for
Improved Safety Assessment Method of Expressway
Bridges", Journal of Korea Society of Civil Engineering
(in Korean), vol. 29, no. 6, pp. 597-605, 2009.

D. Y. Kim, K. S. Kyung, J. C. Jeon, H. H. Lee, D. L
Chang, "A Reformed Rating Method for Highway
Bridges Based on Statistical Analysis of Existing Data",
Journal of Korea Society of Civil Engineering (in
Korean), vol. 19, no. 1-6, pp. 847-857, 1999.

K. S. Kyung, Y. I. Lee, S. J. Lee, "Analysis of Load
Carrying Capacity of Bridges Based on Field Data with
Serviced Time", Journal of Korea Society of Civil
Engineering (in Korean), vol. 35, no. 1, pp. 31-38, 2015.
DOI: https://doi.org/10.12652/Ksce.2015.35.1.0031

(2]

(3]

(4]

(5]

(6]

[7] Daewoo E&C, H.D. bridge initial inspection report (in

Korean), 2008.

736

0| & M(Huseok Lee) (3]

02008 29 : FHiela iy
B (TR

e2013\d 2¢ : Soistu diEhyd
AABAE T} (T

020134 39 ~ 2015 49 : &%
&t ERICA J&7]|&dT4

Post-Dr.
e20161d 5¥ ~ @Al . TV
sAdTY FEREEATAE Ad7Y

Y 3} M Hwasung Roh)

01999 29 . st oiEhd
EEYT} (F2FTAAD
020073 99 @ FHFHUS-H
22 gk BRI (R
shdkAly
020073 99 ~ 2010 1¥ : "=
FFAATHE(MCEER)
}5k2}
¢2010 89 ~ 2013 29 : 3t B33 st)
SERiTA
02013 39 ~ A A& EEFTTI} Zug
<ok
e, Wlesl, e, LAYETE
Ht & =(Kyung-Hoon Park) (™3]

01998\ 84 : FFuFu i<
EEZ 3} (24
02006d 2€¥ : goistu sk
ExsFehy (23D
©1999d 39 ~ 2000 29 : Y
gt AL
020001 3¢ ~ @Al S
£ATY FESFATE FAA
T4
<AAEop
AeFEsh TIHEA A AY o 7] e




<<
  /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


