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Performance Comparison of Traffic-Dependent Displacement Estimation Model
of Gwangan Bridge by Improvement Technique

Soo-Yong Kim', Sung-Woo Shin’, Ji-Hyun Park’*

Abstract : In this study, based on the correlation between traffic volume data and vertical displacement data developed in previous research using
the bridge maintenance big data of 2006, the vertical displacement estimation model using the traffic volume data of Gwangan Bridge for 10 years
A comparison of the performance of the developed model with the current applicability is presented. The present applicability of the developed model
is analyzed that the estimated displacement is similar to the actual displacement and that the displacement estimation performance of the model based
on the structured regression analysis and the principal component analysis is not significantly different from each other. In conclusion, the vertical
displacement estimation model using the traffic volume data developed by this study can be effectively used for the analysis of the behavior according
to the traffic load of Gwangan Bridge.
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Fig. 1 Yearly Traffic Volume Graph
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Table 1 Cumulative Traffic Volume for 15 Years

ks dt
Sum
k K d t
425,869 24,817
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. 100
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B ATl ALgR A7 W) Elolele L5 adlo] o
W9 RS MASIL, BakFo) o3 Wel AL B4}
7] $15hed gk v H gt Aokl Aol g B4 o] of

J. Korea Inst. Struct. Maint. Insp. 121



&3tk

A W FHF HolE e A5 ATALH o2 RE TR
o] & ]85t Table 201 YERH vle} o], -2juyet
o &L E R AFEFv IEEE SPAE 7 - 74l
wet AxKky), 28 2Ksv), TB2Hpv), HB=2Hdv), HBsH=4}
(hv), B33 ) & 6T 2 stal o, Fttin
QAT AI 2R A BFshe A2 AsAtde ol wet
Z32K(kv), 28 ZN(sv), NBRKdv), B3 1) 2] F4F0 2 AFS
ek ok Fettiwe) A9, L= o) S} thy
2k, @ sEatet Ersleaxls 22 daket Sak= 3
ghete] EFstal glom, weha B Aol Ao X ulE
Fe 450 2p5ol| thsll A E vlolEl & ARE-SHAT

HAAEO 2 T ENFTR] SR WEH ZAM] H8E =
AFE T (129 Set HA A A ZF o= sk Wi ol
H| =31 9L 33t al 8 w7 <ol] 2)-8-5) = 272} vl aLs
B HPAH= 15 F 1000ccH| 7 583 282 15 5
1000cco)’d 582k} 15215 ol ake] sgtto) oL, Ak
2%4F, ETAFE 5T~ 12F7HA & T4 zpo) 7} ok

Table 2 Vehicle Class Categorization

Class Class Class Class Class Class

I il I v Vv VI
Expressway kv sV v dv hv tv
Gwangan(Br) kv sV dv tv
3, A BollA dEstazol asshsol 232 o2 s
sh= W91 e Tsb7] fsiAs, " AlS Al oA a e
ol EAsh= BE Ao agstsel v it 1o}
Fasitt, ey AT 542 W AS Aol A o] algF
ol EAshH= A alFshkEel

SOl A A8 nl

offt
o
ol
)
=~
b
0 {
B
&
=2
o oftt
2
X
A
)
_315‘

a
A\
>
o
=2
>
fo
X
Jot
%
)
o\
111
El
of
0l

=2
2
L
Ho
X

ol A o] ARbE A 74 wTHE AASE AT Hlo]
X

B2 3}tk ?HA Fig. 30| YR vle} o], 2458 nF&F
dlo|E7} 3 5= Feot o @249 3ot w U A7re

H1t 3.5kme] Ag] ztol7} o, B ATt A AHE-ShH= A}
T T2 wT 2 U AS AR el M o] A 25E
2 nF I Ao 7B = ATk whef AFge] 3 S}
2$EE AT, o]23h Xpol= Ape| B 7Y £
E o83t A BAD = Aok ey Bt we] e &
T WG AT 8o wd WEFe] =L wEEel B
obx 2 F L7t DA S Rt ok, ol %
245 F8Y £20 Afol= wF i AT uIHFARTl
ofsf o5 A3tE= 5 alF EE50] vil¢- vlEdsith e

alll

122 SHRRPESXICHS X2 F5HE| =2F) X233 H4F(2019. 7)

ToAME 2 5] JAANA LS
© 2 AslsiiA ATl mE 25 w5 g 3
i HA3E Egfxo U E 1] AAIAE B4 vk 3L
S AR A Y o o) 7P 2 A 0 E BAE T
(Park and Kim, 2017). ©]of] w2} & Ao A = 25 w5
HlolEle] FHAIZMS 1AIRE 1A 0 2 A3 B35 A
H WEHS AR A HolE R A7 wiell, 102 3t
Ao g FRE A% e vlolHE AR IHE 0 A=A
Lok Utk B AT E 108 1 o2 14759 =49
21z} 670 2] H ) Mgk 2L H 2 W95k FollA ko] AUzt
I} HEh AU F HAH L Ha T HERhH S 24 HE
SHATE 1AIZE 51t AlS dlole & Hul M9] ¢k HA W
9l T BAol A83t A, A B4 A Hdake 285
7R HUgk 2 HEEE A 859 S Aol A o
B tlolE e} SAA el O A el wiEeld,
gt ae] o)2i st A2 A3 Aol = FARHA e
T} (Park and Kim, 2017; Park et al., 2018).

b

A : Measuring Sensor

B : Toll Gate(BEXCO)

C : Toll Gate(SUYEONG)
*A~B : 2.5km, *A~C : 4.5km

Fig. 3 Location for Data Acquisition Point
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Fig. 4 Yearly Traffic Volume Graph

Table 3 Traffic Volume and Composition Ratio by Year

Traffic Volume Composition Ratio
YEAR (Thousand unit) P
SUM ks dt ks dt

2003 21,043 19,627 1,416 9327%  6.73%

2004 21,514 19,764 1,750 91.87%  8.13%

2005 22,316 20,659 1,657 92.57%  7.43%

2006 23,118 21,575 1,543 93.33%  6.67%

2007 24,593 22,951 1,642 93.32%  6.68%

2008 24,590 22,927 1,663 93.24%  6.76%
2009 26,648 24,809 1,839 93.10%  6.90%
2010 29,086 27,293 1,793 93.84%  6.16%
2011 31,555 29,690 1,865 94.09%  591%
2012 33,132 31,559 1,573 9525%  4.75%
2013 34,395 32,936 1,469 95.76%  4.24%
2014 36,144 34,570 1,574 95.65%  4.35%

2015 38,079 36,573 1,506 96.05%  3.95%

2016 41,437 39,748 1,688 95.92%  4.08%

2017 43,028 41,188 1,839 95.72%  4.28%
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Table 4 Traffic Volume and Composition Ratio by Data Set

Composition Ratio

Data Set Year N

ks dt
Training 2006 144 93.15% 6.85%
Test I 2006 144 92.99% 7.01%
Test 1I 2017 168 95.87% 4.13%
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Table 5 Independent Sample t-Test for Each Vehicle Type

Group N Mean Std. Deviation
i 2006 288 145.46 85.98
2017 168 330.58 191.78
t-value / p-value -11.837/0.000%*
s 2006 288 2379.94 1353.09
2017 168 4514.82 2452.59
t-value / p-value -10.397 / 0.000%**
d 2006 288 30.41 27.26
2017 168 34.47 28.90
t-value / p-value -1.500/0.134
2006 288 157.68 142.07
2017 168 174.20 144.04
t-value / p-value -1.192/0.234
ks 2006 288 2525.413 1436.5303
2017 168 4845.411 2639.8519
t-value / p-value -10.519/0.000**
ar 2006 288 188.097 167.2792
2017 168 208.679 171.4635
t-value / p-value -1.256/0.210
**p<0.01
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Table 6 RMSE Comparison by Model

Data Set Data Collection Term MRA PCA
Test | 2006.10.20.~25. 13.263 mm  13.707 mm
Test II 2017.08.16.~25. 15.084 mm  13.151 mm

31, PCA Model & MRA Model©ll th3}e] 200613 &= Test |
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Table 7 Independent Sample t-Test for Each Model Type

Group N Mean Std. Deviation
2006 144 62.31 18.14
PCA 2017 168 62.31 18.74
t-value / p-value 0.000/ 1.000
2006 144 61.97 18.31
MRA 2017 168 73.22 2291
t-value / p-value -4.816/0.000**

#%p<0.01
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Table 8 Summary of Training and Test Data Set by Model

Term N  Orignal Update I Update II Update III
2006.09.20.~25. 144 Training
2006.10.20.~25. 144
2017.08.05.~15. 264
2017.08.16.~25. 168 Test(II)
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Not Used —
Not Used Training
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Fig. 5 Box and Whisker Plots by Displacement Outlier
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Table 9 Coefficients by MRA Update Model- 1

(Constant) ks dt
Unstd. b 37.424 .004 083
Coefficients  Std. Error ~ 1.546 .001 .005
Std. Coefficients Jé] 268 .642
t-value 24.202 6.650 15.938
p-value .000* .000* .000*
Collinearity ~ Tolerance 745 745
Statistics VIF 1.342 1.342
osdsummy %I Mt €6
*p <0.01

MRA Update Model- [ oA &= T3l A 2d 443
HHF} TEUFIIIRE 81202 E2 FAFE R
R 6599 A g Bl om, 7 2 2ke] alEks) 7 th3
Sk alE w2 dr) 2709] HarellA 99% o)k AdE
Btk Het B53404S Uevl= VIFEAR AT
HA] 100]8k= Wit vg3Ad o] fle Aoz E4=HA
o™, ANOVAEA ] +9g&% 0.0002.2 =3o] f2|a}
Al e A g ol A3l 2 o= a4 = .

J. Korea Inst. Struct. Maint. Insp. 125



Table 10 Coefficients by PCA Update Model- I

Table 11 Coefficients by MRA Update Model- II

(Constant) 151 152 (Constant) ks dt
Unstd. b 63.416 9.641 14373 Unstd. b 32.679 .002 112
Coefficients  Std. Error 776 778 778 Coefficients  Std. Error ~ 1.360 .000 .005
Std. Coefficients 8 445 663 Std. Coefficients 8 187 760
t-value 81.674 12.395 18.479 t-value 24.024 5.243 21.352
p-value .000* .000* .000* p-value .000* .000* .000*
Collinearity Tolerance 1.000 1.000 Collinearity Tolerance 11 711
Statistics VIF 1.000 1.000 Statistics VIF 1.407 1.407

R =.798, R* = .637 Adjusted R* = .635,

Model Summary F =247.556, p = .000

R =.875, R* =766, Adjusted R = .764,

Model Summary F=424.831,p=.000

*p<0.01

PCA Update Model- I o|4= ThE3] AR 5ol ShA] =43+
BAS B3 WSS 243519201, KMO ko] .626, Bartlett
Testoll A p<.01 & UYER} SHPHF Sho) 2Ag A0 = 1}
Bttt AR 2449 270 SHHTE 4 FHYlow,
2 EARE 96.982% E LFEFHTE

TFRE BHo= AAHE F 7 80
-85} PCA Update Model- | & 8A-HF=
ANOVA £419] F-value:= 247.556, 72| &H&-
o8 UJEPFOom RS 7890 8 =2 AMAS Kol RS
6379] AW ES Bk FAAE U s, 62)0] tig 5218
E2.01 °3lE 25F o st A2 el (Table 10) 3| AR
ol At Ao 2 4=tk MRA, PCA Update Model-

[ & 3|72 o= Jeps 2] (6), ()3 2tk

Y= 37.424+0.004.X,, +0.083.X,, (©6)

Y= 63.416+9.641.X,, +14.373X,, )

9 2d 20 Z Test II Data Set2 ©]-&35F] =3 At
MRA Update Model- I o|4]= RMSE”} 15.416mm, PCA
Update Model- I o] 4= RMSEZ} 12.973mm 2 e} MRA
2d3} pCA BY 25 RMSEZF A3 Ao A /e o =
o] RMSE (MRA:15.084mm, PCA: 13.151mm)$} ] w5}
T zko] glo] FARE BHo & LrESTY.

42 AH0|E 2H 1

A7) AME= 20179% A2 EFolyd HolEHE o]8sly
3.4.2.9 83} Test Il Data Set © & 7AZ3}a12} gk} Hlo|E 9]
TH71ZE220173 89 SYFE 8 1597HA] F-264719] T
OJE}E Fig SollA] AAE vlel 2o =4 E=3E = o PFE(No. 108)=
AASK, F 263712 EFold Ho|EE o] 83te] A+
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*p<0.01

oA e nETFe] g AN FAHARY PPESE
2aE-e AT

2017 MRA Update Model- [1 0| A= B2} 2] o] 2] 2|g}3H
3|7 = o] Table 113 2Fo] AR 0 H, kA AF3H nfe}
o] kso] aF F7 el whek EEs] Ao gho] SolA| AL dro
F23} Al oA = 2 0 2 UERT 53 R 766202
AYATS 233 MRA 22 F 714 57 Yebsgith

2017 PCA Update Model-IIoIAE KMO %ol .643,
Bartlett Testo| 4] p<.01 2 YEI} SHHES S40 A4S A
O &2 UEhgith FAw BAE R 27 SHHETE S4 HU
om, FAEAEE 97.762% 2 VERTE 5ol o3 43
¥9] 57 welo] Table 129} o] UERoM, R 7472
AMYATE 233 PCA 22 5 7 =4 YERiTh

2017 UHlo]E 2o Test I Data Set(2017.8.16.~8.22.,
N=168)<= ©|-8-3td 753 27} MRA Update Model- IT ol 4
+ RMSE”} 12.663mm, PCA Update Model- Il o] 4= RMSE
7}14.837mm=Z VEFSHTE. MRA, PCA Update Model- 112 3
A2 oz vehi™ 4] (8), (9) ok &k

Table 12 Coefficients by PCA Update Model- II

(Constant) fs1 752
Unstd. b 58.274 8.777 16.644
Coefficients  Std. Error 679 .680 .680
Std. Coefficients 8 403 764
t-value 85.874 12910  24.481
p-value .000* .000* .000*
Collinearity Tolerance 1.000 1.000
Statistics VIF 1.000 1.000

R =.864, R* =.747 Adjusted R* = 745,

Model Summary F =382.984, p = .000

*p<0.01



Y= 32.679+0.002X,, +0.112X,, ®)

Y, = 58274+ 8.777X,,; +16.644.X,,, )

43 AUH0|E 2 1II

o 7)ol = 200613 =24 20173 E0l| 283 EFlo]yd H]o]
B 55 o]83te] =S ¢ o|o|Esla, Test 1l Data Set
(2017.8.16.~8.22., N=168) 0. & 71Z3} 1.4} it} Ho]E] ] 4=
717+ 200613 99 209 F-E] 9€25U7}4], 20061 10-€20
UEE 102 254714, 2017 8 5L HE 8€¥ 15U7HA] &
552711 2] Blo] Bl & Fig 5ol A vl o] = =5 =2 A
FA EEZ o] 47)(No. 9, No. 197, No. 217, No. 396)=
A AL, F 54871 2] Edo]d HIo|EE ]85t HdyA+
of| Al 7 wEFel ot AWM FAEY WHES R
A8 AR MRA Update Model-ITo A= F2 2
o] 2ol 233t 3] 7] = edlo] Table 122} 7o) A=A o™, o
A A3 ne} o] AAP At wEF STl uet 2E3}
AG(5)S] T 0.1442 YRS z3ke] 71 A LR
I WY EFAFY FE3 AlG(6,)E . 758E MRA Update
Model- [Tl Hlw &l fFARE G&Fe]-S vX]= 2 0= YEeRgth

Table 13 Coefficients by MRA Update Model-1II

(Constant) ks dt
Unstd. b 32.763 .001 .105
Coefficients  Std. Error 1.005 .000 .004
Std. Coefficients 8 144 758
t-value 37.582 5499  28.867
p-value .000* .000% .000*
Collinearity Tolerance .847 .847
Statistics VIF 1.181 1.181

R =.826, R? = .682, Adjusted R* =.680,

Model Summary F = 583.295, p = .000

*p<0.01
5 a@ake] wEFge] S7F 20179 %] A wTTF
S EHPAFE R e

953 MRA Update Model- 1T o] 4
(8,)°10.760 2.2 714 =571, 2006\ £9+2017d % Ho|E| =
23}Fsle] 2ell@ s MRA Update Model-To A 5 0.758 2 &=
Al Yebgk=d] o] 2 ¢k A 3= Training Data Setll 200613 7}
201795 wEF vlolg7t 2349 AAE AlsH

PCA Update Model-Ill 9lA4}= KMO ko] .586, Bartlett
Testoll Al p<.01 2 YEh} ST F40 A3 2102 1
ERstth FAE S4E A 270 SRR 4 HUoH,
FARARE 97.413% 2 UEHRTE F4% £4 0% vEhd 2

Table 14 Coefficients by PCA Update Model-1II

(Constant) 151 fs2
Unstd. b 60.948 6.326 16.520
Coefficients  Std. Error ~ .550 550 550
Std. Coefficients 8 289 756
t-value 110.884 11.498 30.027
p-value .000* .000* .000*
Collinearity Tolerance 1.000 1.000
Statistics VIF 1.000 1.000

R =.809, R* = .655 Adjusted R* = .654,

Model Summary F=516.911, p=.000

*p<0.01

o] 8RS SR RAFE AR A7 Table 14
o Zro] UERRT

Update Model-IIl o] Test II Data Set(2017.8.16.~8.22.,
N=168)< ©]-83t 75¢H 27} MRA Update Model | A=
RMSE7} 12.369mmZ Y 2d-S Z351e] 71 =2 o=
S B2, PCA Update Model | A+= RMSE~} 13.906mm
Z YERITE MRA, PCA Update Model(I)S 3] 74 © 2 1}
el 2] (10), (11)3 2T},

Y, = 37.763+0.001.X,, +0.105.X,, (10)
Y,=60.948+6.326.X,,, +16.520.X,,, (11

& 2dof tsle] HHo]EE AAIG o]f= 200610 =2
Edo]yd HolHZ /gy 9 =do] 100 do] A3 FA)
o= H-go] 7FsgtA|of| thgt o wFol Atk whEbA] YR
A3} Hulo|E o] AL Fotate] 43 B Table 159}
2t MRA Modelol A= Update Model-IlIo|4] RMSE7}F
12.639mmZ 714 =& o] =8-S Je Y, PCA Model o]
#1= Update Model- I ol4] RMSE7} 12.973mmZ 71 =&
of| =8-S Yeh)QIT) 3 el RMSES] B9 S A n
MRA Modelol A= H 4 12.369mm*E A 15.416mm=
3.047mm= YEREA, PCA Model ol A= #H 4 12.973mmF
Bl 14.837mm7}A] 1.864mm = WEFTE £3] MRA Model 9]
MAPE® A= 13.923%%-E] 22.069%7F4] 1 H7} 8.146%
2 YeP o, PCA Model®] MAPESIAE 14.343%%-E]
15.104% = 71 ¥$1710.761% = VFERSTE

MRA Model®] RMSE®IA w2 gkt & gho] PCA
Model& Z33}o] RANK 31513, MAPES] 9|5 8.146% =
PCA Model®l| B3} vl -9- = A] YRSt
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Table 15 Comparison by Original Model and Update Model

Training Data Set Test II Data Set
Model R Unstd. Coefficients Std. Coefficients RMSE MAPE
bo by b, ) 8, (By-py)  (mm) )
Orignal 0.625 35.471 0.004 0.088 0.246 0.636 0.390 15.084 20.938
MRA Update 1 0.659 37.424 0.004 0.083 0.268 0.642 0.374 15416 22.069
Update 2 0.766 32.679 0.002 0.112 0.187 0.760 0.573 12.663 14.325
Update 3 0.682 37.763 0.001 0.105 0.144 0.758 0.614 12.369 13.923
Orignal 0.619 62.305 9.559 15.672 0.410 0.672 0.262 13.151 14.343
PCA Update 1 0.637 63.416 9.641 14373 0.445 0.663 0.218 12.973 14.933
Update 2 0.747 58.274 8.777 16.644 0.403 0.764 0.361 14.837 15.104
Update 3 0.655 60.948 6.326 16.52 0.289 0.756 0.467 13.906 14.538

o] A= MRA Model©] AW S| <] o] S8 S ol A
FFo] Wstel RIZFeHA ¥h-g-ste] U0 ETF AL 0=
Q8= S dFskal dth

$HH PCA Modeloll A= Update Model- I |4 RMSE”}
12.973mm = 713 S 3ko] YERA1, Update Model- 1T ol 4]
14.837mm = 71 %2 gho] &1tk MAPE+= Orignal
Model°l| A 14.343%, Update Model- [T ol 4 15.104% % L}E}
3T} ©]2] g A= PCA Orignal Model oA ¥l w4 &2 4=
2] RMSE2FMAPEE B 01 310, $4] Table 701141 Al
A SYEE t-Test®] Aot AR S Btk A
g 4= 1t} Wb PCA Model-2 w5 30| Z715tt ks 8
59| Update 10| AH&7Hs & A 0.2 ATH T

A 3| YA 2] oA 53K b0)> HH-g o r|shH, 7} 3]
AL, b2)= FHU 2] FEM ol tidh afFay) g u

Algsht, SHHTES] Tl i FaFE o) =7]
FiA o 2 vwshE ARE AlFekA] etk 2y
S} S| A8, 5,) TV SHHETEY T5ATA o
A FEFE S v wshE A RE Al F-gch Table 15004

A 338} 3] A A 2bol 7t YER L Qe o]
AHT7E 2 alE o] T E WsIRIA] e ApE
o] ARG U F 3s 2R T ohFe 8<lo] Q)

al
)
=

=

A=A

L b

SRR O o TR T
N

%': TR =E R

ou} o] FFOR FEFHA W solshs A
&

H

2o

A Eol|A AFg vke} o] Aojm oy AbF B3 £ o]
ek a kel A= ol el AR o] UATH(Park et al., 2018).
w2} 200613 = 2291 MRA Update Model- I 3} 20179 %
=29] MRA Update Model- 11 0] %33} 3| AA15(3,, 6,) S
o] &3t FFE S uFSIATE A7|A wFHFe| viEL 7t
2o 15w HEE ARt iy S5-2kHdt) 2] a5HH]
£9] 6% 3231 2006~2011'A=(6'F) 9}t 4% HA321 2012~
20173 5(6) o] B S2t alE & vl&-o HsP i H =
1237Fe] 2 w5 HlE 94.82% (ks, 365,819 )2}

A
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5.18%(dt, 19,9947 t)E -85} THTable 3).

2006 %= Training Data Set. 2.2 TH= MRA Update Model-
[ o] TEH o) iz YW S el 443
2 ks)2] EF3} S| AAGH3,) 0.2683, HNBEF2Ndn ] &
=3} 3| AAIGH(6,) 0.6425 ©]-831] FEHHFR A2 HS o
tiste] SJAGRA NP EF2Hdn) 1H9} T FFE S
A& 7 28 2k ks) 7t 2 THRJAA A EFH o2 43l Bzt
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