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Development of Approximate Cost Estimate Model for Aqueduct
Bridges Restoration

- Focusing on Comparison between Regression Analysis and
Case-Based Reasoning -

ABSTRACT

To restore old aqueduct in Korea which is a irrigation bridge to supply water in paddy field area, it is needed to estimate approximate
costs of restoration because the basic design for estimation of construction costs is often ruled out in current system. In this paper,
estimating models of construction costs were developed on the basis of performance data for restoration of RC aqueduct bridges since
2003. The regression analysis (RA) model and case-based reasoning (CBR) model for the estimation of construction costs were
developed respectively. Error rate of simple RA model was lower than that of multiple RA model. CBR model using genetic algorithm
(GA) has been applied in the estimation of construction costs. In the model three factors like attribute weight, attribute deviation and
rank of case similarity were optimized. Especially, error rate of estimated construction costs decreased since limit ranges of the attribute
weights were applied. The results showed that error rates between RA model and CBR models were inconsiderable statistically. It is
expected that the proposed estimating method of approximate costs of aqueduct restoration will be utilized to support quick decision
making in phased rehabilitation project.
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Fig. 1. Photo of Typical Aqueduct for Irrigation
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Fig. 2. Schematic Diagram of Approximate Cost Estimate Model for Aqueduct Bridges Restoration
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Usg4l7de] sl d#ae
FEQRlS SHHATE Sk W3]
FX(Simple Regression Analysis, SRA) 2€l3} T538]|AEY
(Multiple Regression Analysis, MRA) 22k tdo 2 I4z7]
< WEShs o] w2 FH BE ASSit) Fl mEld)
g dSsAR|} AEEAH] Alole] Qake-S AEdtaL, o] oAt
&5 FARASIY A8 B EAP) 2k EdlS RA BdE
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CBR 7IH< sjdstalz} k= AHIE fARE 71EAHI 25
F=3le] HA e e WRiolt) dh e Be hEReAR
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2]Z(Genetic Algorithm, GA)S- o]-83}aL ¢t} GAe 8 et
(Solution Population)& F13FA]A wlR|@7px] Y23} 8 F ol
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2. 051X N&

R WA JHRGFE g AN FAM] AP mElks Tpeb)
$13t RA 2d¥ CBR Edlof tisk o] A7 53 RA,
CBR, GA°l o3t o]24] vjde o3t 2tk

£ olg9 me] kB 24 ol RC ehilane]
thele] DB R: SN, SRV B 5
3} 2E(Kim, B. S. and Kwon, S. H., 2009)°] ¥HE%|o]
PSC Boxaro]| thate] 2p2r, F, 29, K
BRPEE SHUTE 3 t53]#E4] 22(Cho, J. H., 2009)
5ol Stk

CBR o] &gt el 559 27] TAMIE Fg317] st
o] ~ZFEAE 7HEe] GA-augmented CBR R dlo] AQEEATL

a3, ]

>
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(Dogan, S. Z. et. al., 2006), =2 thejr= =uUle] PSC
BeamilE tPdo 2 ARde] 7| eAlelx I, AdEHA, F4,
ARFE Fekeclo g = RY(Kim, S. G, 2010)0] 7E=$]
on, Zhakzuie] ik o3, H, A3EAE, A2TE JFkatle
2 3= EE(CBR D} of71e)] 7P, A9, HWaiPd, 77
7PdE ], 712341S 718 ZE(CBR I)o] 7iE=]e] ti(Kang,
S. H.,, 2010).

RAS} CBRE Blugh GHtas 3] thel 7] 243t
HIE o|53PAA CBR Al=gle] oetgo] MRA o] o
o} S veERdtiar sk =7 Fo] Itk(Kim, G. H. and Kang,
K. 1, 2004; Koo, C. W., 2007). AR 73 thal 7fekeA}
H) 2K md oM CBR Rdlo] 9x1go] L Zo 2 BAs}
4ti(Cho, N. H. et al, 2011). 318 CBR =d9] &A=
PINTN7] S5 Aghel digk BA A 7iasl CBR-Revision
Model(Ji, C. Y., 2008)7} CBR2] 4% (Revise)THAlolA RA
ElS 53 BAS sh= CBR 719k MRA R4 Rlo] QIrKim,
Y. S., 2010).
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3] tEslAEa ez FRE AR M 3R
Fropds skl 7 Sl gk 3lARe] 598 B el
ARE Ash, o] AAS ghEslr] $18 ol d(outlier)
o thgh kS slar tE3lFEAe] A-tole vsgAld(Multi-
collinearity)] EAoH S HAEZ T,
oP=x)e] FHHPHell= Hat Diagonal(Leverage), Cook’s Dis-
tance, ¥-E-2H|E(Covariance Ratio), DFFITS (Difference of
Fits) 0] 9™, Cook’s Distance7} LA 2 o] 2&n 1S
ZIfshd o) A= Wit
140 T3] Aol S Alold] M2 g
| Z3}=] o] = S5 nxE SHHS
S T ofE$] sAAIGe] 4 Hdwr) A
gkt dikrow AAAISTE 80 ool H|
Al Kotof ghar el glom o]
7 3712 Variation Index Factor, VIF), 31
Z|(Eigenvalue), “JE] A5+ Condition Index), ¥-*M]-&{(Proportion
of Variation) 5] §Jt}. VIFY] ¢ tlEsgXAdo] glod 14
kL 105 238 tleg4dAdo] tkal she, el
10& 27FhH ot A, 1008 298P 738t ths3-d2de] itk
I I8t Kwon, S. H., 2008).
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WA A H (321, Backward Elimination), H27PA(YHAIA
e Stepwise Selection), B 7}53) 3]F(All Possible Regres-

sion) o] 3k

2.2 AR{7EEEE

A7 RIEEolg ‘TA FAleidel tigh S A= Aol
Zg3sle] 1 s aAS A= Al2E) o 2 Ao]EtiRiesbeck
and Schank, 1989). CBR¢] T} Q1IEA|5 7} T =+ e
A A RFE TFAE AAE o]&siH, fad A2 EAl
A AHIE A= o] nlEfe] o dE= EAIE skt o)
3 & QA Fths Holok CBRe| Wl FE(Retrieve), AXFE-
(Reuse), s (Revise), F#|(Retain)e] #po]F2 o] Fo]ZIt}
(Aamodt and Plaza, 1994). M= FA7} s $4d AH7]
HHCase-base) © 25| -FANFIE FZ(Retrieve)dlal F54H At
#= 24)9] sie(Proposed Solution)© 2 AQFATE o] W] =%
Ahele 2= 28(Reuse)HAY 82 = Slok o2 g
3 Confirmed Solution)o] = sgo] HH o] sl ik
BE 7P} dkal hdso] s (Review) ' #)%(Retain) =
I N2 FARE 2--dr.

CBR A A Alde] 52 1 o] & JFs 7130
(Brown, C. E. and Gupta, U. G., 1994). wgpr] FZ(T= 23))9)
A AY F83 8471 AH 7] fAMEE SR Blolth
FARHIE FE8ks Rk ofg] o] o) ol =
HPH(Nearest Neighbor Retrieval)o] d2] ARE-EaL 9o, F-A}
Jo] AEE VERRE HERE AJA A2|(Distance)E AM83H=
tl APt 7RSS AR AR vAMS 2= (Dissimilarity
Measure)S AR5

Agle] de veksb frEelvlt #2l(Buclidean Distance)
7} 7P didEAela 4 ()& 371t

d(a,b) = lla=bll = v/(a—b)"(a—b) = \/E(aj—by
! M

oJ714, Il a || = 2-norm ©]aL a;9} b= ¥E as} be] jHA)

Az

Atele ofE S4(Attribute)S 7HAIAL Jlom &40 TR %
of wet &9 A3yl depAAl FDogan et al, 2006).

Table 1. Samples of Aqueduct Bridges by Provinces

£3¢] i o =E el S1ete] 7IEAIE ARSIl Sle
, CBROM ARHAL Q1= £7d71=)(Attribute Weight) 2
ol 5715 %)(Feature Counting), 3|91%-41%, AlZEA}
Z(Analytic Hierarchy Process, AHP), -4 dagl& 5o Itk
CBR £ H)53F GA, ANN(Artificial Neural Network),
MCS(Monte Carlo Simulation) 5 T}t W} Zgt]o] Hybrid

o] Zhte= 5 WHHAL Qiok

2.3 | dun2lE

4 darglze CBRe 4715315 Hdskslr] S8l A&
ek f4 dnekee Asje) Aapie] Qe wE H4s)
Wy e SRS SIRt SheR olun 19759 mi mlARE
e} 7] 2oF John Holland 5=¢] #}4 Adaption in Natural
and Artificial Systems) & &3} YE=AUTE GAE AHE4 W
o2 HAHE T Kk Agol Hde sE 7 T U
uAA 7]oltkMoon, B. R., 2008). = 3] 13l mAjtke:
ofe] Aol A4 sPA7HA EXT R FA R 3w
kS S e o th

Ao 2E BAFT v oA Bi&ol A AT H
A o AR 87k 219 F(Local Optima)ol] WA= ZE
EHolE FElA AR 4 Utk

o 2= Alokzyio] W RFME 3 7| HA) ko
=29 alp} 249
lation), ¥ o]&(Mutation Rate) 5ol wle} djjo] zjo]7} =ZA|wt
o]& AAsh= o] gitk= A& i Park, C. K. and Seo,
J. Y., 2009).
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HI

3.1 HIE ¥ AXZAH|

ZAREA g KRCZF 20034 ~ 201283714] wAeh -2
F 2 6170A0] ARloln] A FES Al 9 FAM] S8k
712k Table 1~29} 2t} $=23 712E F48 A7), H(FHA
~ Aoz BESTUHZL 121 m(0.3 ~3.0 m), E5HHE0)=
0.94 m(0.5 ~ 1.7 m), 3ZF=0]= 4.02 m(1.4~9.5 m)o]|1, 7JE.
T 5 aztoly s WA SR AU o
AT g, #F2, AT, deEnke, vA F 2008%0]
AREEI AT

Total Gyeonggi Gangwon Chungbuk

Chungnam Jeonbuk Gyeongbuk Gyeongnam

61 7 4 5

27 5 10 3
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Table 2. Basic information of Aqueduct Bridges for Estimating Construction Cost

Flume Span Pier Abut Construction Cost(10° KRW)
Aqueducts

Width | Height | Length | Number | Height | Number | Height | Number | Flume Pier Abut Total
OD1 1.5 1.20 107.2 11 7.0 10 1.5 2 118.0 17.5 2.5 137.92
OD7 1.4 1.10 106 11 4.8 9 1.5 2 952 9.7 1.3 106.22
ODI11 1.2 0.90 50 5 3.1 3 1.5 2 329 22 1.3 36.32
DGl 3.0 1.70 157 19 4.1 18 262.7 25.8 288.52
YAl 0.9 0.85 48 8 2.0 7 20.7 6.4 27.02
MC11 1.8 1.40 72 6 46.9 46.92
SH2 0.7 0.65 27 3 10.6 10.6

MJ51 1.0 0.70 90 9 9.5 8 1.5 63.9 20.8 0.6 85.3

*Unit of Width, Height, Length : m, KRW : Korean Rate Won

3.2 EEROl| M

FAH] 938kg ¢l(Influence Factor, IF)S A2 ) S
B2 g aclh AA S S e A aglow TRy
Se] QAlofio] 7e] ob A R2YHE ¥ &= w(Ratio
Scale) 2 E4935}5ch

FEUE F2E(Flume), 22K Pier), Kt(Abut)e] T-22 T
HEBE B o) Fase FRIIcE BAp JRacle
Table 29} 2] o1 2] AR} WAV} g Sl
BRI B ) 320l(H), WAH(L), ARHN,), m2te]
TEO|(H,)S} IZH(N,), ko] Betol(H,)sh TN, S
sk

718), Ashs A87edTde] deE AdeAAI
(Construction Cost Indices)S #-g3}JaL, FAM|= EAME,
7IERelE mE ARSI 7 AR AT 95%E
A g9}

33 Feele| sHEAM

SR WA F 6171 ARl T oPdAIE sl ) AlEIE
HiAlslg o, el A58 570 ARIE ARk 5170 ARIE 24
2Fo 2 B9tk BHle] HEe AN A ALl 10%E AMEsh=
Zo] Yukalo]tiDogan et al, 2006).

Table 22 Z351= 5170 Alle] A sl 2A] S
Mol gL FEH 89.2%, W7}t 9.7%, W 1.1%E FAS) n}
I3k 013} FAp] o] AAS Tkely] oJa) ke ole =
N, TEAMIE TSR 3lo] AEE 95%9] SRS *8}%
o} BARRE v GEe 1S AlefslaL, R7 06501
S WAFHL), AN, BAH(N,)E A7gaiint o] At

& Table 3 2 Fig. 3~Fig. 59} 2t}

Table 3. Results of Regression Analysis of IF

Regression
Influence Factor Intercept Coefficient R square
W. of Flume (B) -35,995,460 61,690,663 0.277
H. of Flume (H) -22,171,895 62,868,707 0.118
L. of Restoration (L) -10,370,482 892,404 0.657
No. of Span (V,) 0.1178058 8,919,190 0.711
H. of Peir (4,) 8,150,120 10,424,191 0.101
No. of Pier (V) -9,970,415 11,262,477 0.683
H. of Abut (H,) 74,645,239 -23,869,347 0.053
No. of Abut (V) -9,865,920 23,032,588 0.024
350
200 +
S 250
g v = 892404%- 16407
E 20 R =0.6568
E 10 ™~ *
§ 100 % N
g 50 ¥ = 4
A * ¢
o 1+ : . . '
50 100 150 200 250

{50)

Length of Restoration, L [m)

Fig. 3. Length(Z) vs. Total Cost

SAMRE B A shraee] Aol sk Al AAI

© FFalle] ezds A

& FA] oJ3kaelo 2 FLAJsl]

A¢raleitt. Z3HH(Combination Variable, CV)EA] F2H=
o a A}—&o}ﬁ_u:] Z%L

(B+2H)L, w2k H N , A= H
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Fig. 4. No. of Span(.V,) vs. Total Cost

o] FAp] o] tigh AHAIS #4938 A= Table 4 2 Fig.
63} 2tk

Table 49} 7ro] F=gite] Wazghe Jaido] o} wzl}
e WM vhe Zo g Rt ulEha s, w7t
) ZAzte] FAM|E Fele] F3AME 53k e YA
@ Zlow FeElnk her mkgApE S3Ae oF 10%F
AL Jerng H-N S FAM] FFale] EF3rk

wheb FR AN S gk dFaglo® WA
ZHL), BF(N,), BZK(N,), (B+2H)L, H,N,°) 5745 A
stalon ol gk S|ANTS AT

Table 4. Results of Regression Analysis of CV

Classification| Variables Intercept gzngiscsiie(;rl R square
Cost of (B+2H)L | -10,758,039 246,005 | 0.896
Super/Sub H N, 42,747,739 49,585 | 0.286
structure H'N, 1,216,092 53,941 | 0.005
(B+2H)L | -10,650,130 268,393 | 0.898
E(;t:tl H'N, 39,278,510 190,075 | 0.070
H; N, 36,232,196 -296,225 | 0.0002

300
¢
2 250
=
5 200 y = 1E407x - 1E+07
z R =0.6831
% 150
$ <+
:: 100 s *
- ’/
50 S S * s
w ¢
o ‘ . ; ‘
0 5 10 15 20

Number of Pier, Np

Fig. 5. No. of Pier(2V,) vs. Total Cost

4. NEFZAH| &Y 2

4.1 3HEM e
4.1.1 S|ZTIcH

BFREE T3] WA HE o838t oPdx|o}
RS Bk o) H4e EXCEL 7] KESS(Korean
Educational Statistics Software, stat.snu.ac.kr/time)E ©]&
stRem 1 A HExZ 23] SPSSeF FUshE Elst
Ak

3 AZIT 27}, Table 22] DGIAREP} ©)/3x](Cook’s Distance
=9.2884 > 1, Leverage = 0.8259 > 2(p + 1)/n = 2(5+10)/51
= 0235, p=SYAFY 5, 0= BEDE B o8
AlLIgte 24 5070 AFN(S7H HSAH] HR)E 3]t de
2 e T 5P Alole] TEFAAE TADHL))
VIFZ} 8117458 108 =A] Z73le] thee4l/de] Sl 2o s
Fhkelo] SgiuisrollA] AQjsigion ofe) wke} S)7hiAe] 5§
WS A(N,), 34H(N,), (B+2H)L, H, N2 472
273kt

-

-1)

Y
o

o
oft

4.12 BHEM To| X
A LARA)Q] ARdS E4sh7] f18iA RA 2o

300 A SFAM]E Table 5] ASAH AFTA] <} Hlwstck
250 ®
y = 246005x - 1E:07
B} R? =0.8956
E 200
8 10 * Table 5. IF and Construction Cost of Cases for Verification
E .
g 100 ,,‘ Aqueducts | N, | N, | (B+2H)L | H;N, Total Cost
g o + o YA2 4 3 98.80 6 18,625,870
3 2 ’WQ
= o | M BD7-2 9 8 324.00 15 61,686,042
q 200 400 600 800 1,000 1,200 GD47 28 0 467.50 0 105,234,192
e Combination Variable of Flume, (B+2H)L CG4 3 0 64.80 0 12,726,126
Fig. 6. (B+2H)Lvs. Flume Cost MJ134 3 2 72.00 10 11,390,220
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RA =Ho] 73 = JEa & sG] Vg7t aljo)ns HAR sk ETsiel A5 vl on] 1 A= 27} Table
ol&9] =& 15707} 7Fasdht o] 5 @ SyHs et 7, Table 83} Zth
1, 2, 3, 491 5ol iRe x3ska @ 255 UYee
(B+2H) LS T3P ¢ A7) T 2708 25 uEshi= A Table 6. Standardized IF and Cost of Cases for Verification
T AL 2 /NE ATk Bl AR 95%E Aqueduct | N, | N [ (Br2mr| HN, | Total Cost
391440l thgk Frs slAAR(ERT 71270l e tisS YA2 | -0374| 0494 | -0564 | -0.714 | -0477
sto] fro]/dE ERISHATE RA Rdle] A gL Hrjgho = gt BD7-2 | 0.766 | 0.998 L113 -0.201 0.733
LAge] FV)et BEEE Hnske] B3] GD47 5006 | -1.389 |  2.181 -1.056 1.956
g FEEalle] Augs o @ L= ARSSE 99 Eh"% CG4 | -0.602 | -1.389 | -0.817 | -1.056 -0.642
FFS AAS] S8l Table 67 7o) A2ZES (RE3-HT) % MI134 | -0.602 | -0.792 | -0.764 -0.486 -0.680
Table 7. Error Rate of Linear Regressin Models
Model Variable Regression Coefficient Aqueduct Estimated Cost (KRW) Actual Cost (KRW) Error Rate (%)
Constant 6.74E+06 YA2 13,290,789 18,625,870 28.6
1 N, 3 74E+06 BD7-2 46,237,021 61,686,042 25.0
GD47 152,560,465 105,234,192 45.0
R N, -4.66E+06
0.920 CG4 12,039,083 12,726,126 5.4
(B+28)L 1.16E+05 MJ134 16,092,201 11,390,220 413
H,'N, 1.25E+06 Average 29.1
Constant _S20F+06 YA2 11,905,604 18,625,870 36.1
BD7-2 53,456,466 61,686,042 13.3
22 N, -4.00E+06 GD47 103,256,066 105,234,192 1.9
R
0.8%6 (B42B)L 2 30EH05 CG4 9,817,201 12,726,126 229
MJ134 13,829,289 11,390,220 21.4
H, N, 1.03E+06 Average 19.1
Constant 7 93E:406 YA2 19,018,575 18,625,870 2.1
BD7-2 66,334,941 61,686,042 75
32 N, 2.91E+06 GD47 133,128,788 105,234,192 26.5
R
0.866 (Bt28)L 1 2TE+05 CG4 9,053,471 12,726,126 28.9
MJ134 14,510,873 11,390,220 27.4
H,N, 4.54E+05 Average 18.5
YA2 17,261,117 18,625,870 73
Constant -6.58E+06
BD7-2 69,866,445 61,686,042 13.3
4 GD47 95,734,836 105,234,192 9.0
R%: (B+2H)L 2.19E+05
0.845 CG4 7,606,065 12,726,126 40.2
MJ134 12,872,299 11,390,220 13.0
H'N, 3.69E+05
Average 16.6
YA2 17,366,799 18,625,870 6.8
Constant -6.40E+06 BD7-2 71,535,475 61,686,042 16.0
}; GD47 106,052,371 105,234,192 0.8
0.823 CG4 9,188,580 12,726,126 27.8
(B+2H)L 2.41E+05 MJ134 10,920,438 11,390,220 4.1
Average 11.1
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Table 8. Error Rate of Standardized Linear Regressin Models

AT AR7IREEE S g SHOR -

Model Variable Regression Coefficient Aqueduct Estimated Cost (KRW) |  Actual Cost (KRW) Error Rate (%)
Constant 0.0 YA2 12,671,083 18,625,870 32,0
N 045117 BD7-2 45,777,476 61,686,042 25.8
1S GD47 151,861,366 105,234,192 43
R N, -0.445540
0,919 CG4 11,619,966 12,726,126 8.7
(B+2H)L 043660 MJ134 15475732 11,390,220 35.9
}4 ]V;z 0.61278 Average 29.6
Constant 00 YA2 11,199,022 18,625,870 39.9
BD7-2 53,992,720 61,686,042 12,5
2§ N, -0.33490 GD47 99,418,402 105,234,192 55
R
0887 (BLom)L 0.85748 CG4 7,882,128 12,726,126 38.1
MJ134 12,836,665 11,390,220 12.7
a2, 0.51364 Average 21.7
Constant 00 YA2 13,180,429 18,625,870 29.2
BD7-2 61,897,073 61,686,042 03
3§ N, 0.31169 GD47 119,534,713 105,234,192 13.6
R*:
0879 (BLom)L 0.50692 CG4 2,208,254 12,726,126 82.6
MJ134 9,633,818 11,390,220 15.4
L 031799 Average 28.2
YA2 11,984,415 18,625,870 357
Constant 0.0
BD7-2 65,051,709 61,686,042 5.5
48 GD47 86,295,552 105,234,192 18.0
R (B+2H)L 0.79753
CG4 1,158,589 12,726,126 90.9
0.862
MJ134 8,743,620 11,390,220 232
HN, 0.29853
Average 34.6
YA2 17,366,799 18,625,870 6.8
Constant 0.0 BD7-2 71,535,475 61,686,042 16.0
}5;‘ GD47 106,052,371 105,234,192 0.8
0.823 CG4 9,188,580 12,726,126 27.8
(B+2H)L 0.90738 MJ134 10,920,438 11,390,220 4.1
Average 11.1

4.13 FHEM DY 2A

Table 7¢] 5712 RA R&S H|ws] BH, SgH57) 17181
ZS(SRA)S] AAAIGRY)E 0.8230.2 ofe] 791 HMRA)]
ARAIT 0.845~0.9200] H]el 2o} ST} LG WA=
A gaFeo] zhont, eake-2 Hw 20.8%004 11.1%=E Ay
3l FFAEAE 12.6 ~ 157914 10.92 7HAH )

SRASH MRA 1502 LPro] 7} AR 5709} # 207H)
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W 1 2l Y=—6.40E6+241E5x (B+2H)L, (9] : m, g)
otk o] mEl2 Titkst Aol A et wEAME WHdE
sl o] Stk
sk EEsleh 9ot o 3 IR ARSI =S}
7B Alele] @akg xfolE Hlusly] flsf Bl HQ xbsol
EH%H RS & A Aot fle AR BAESIH

42 M HIFE 22
4.2.1 ARI7|HI=E(CBR) 7| Z2AA

R AR 7RAAde wA|HEK( L), BIEA(N,), 17t
(N, (B+2H)L, H, N, 57H 33k g 013} E=FA] 2] 671
zzro g B A ()2 FRE, 2TApE Y A7)
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2 A
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7N, ay il Akl A Jasie) gk j=1~5
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73} Btk

A, 71EA ) 237K Attribute) R} ATPAH ARE ¢1E

| New Case

II;'}‘ Attribute Similarity ‘c:‘ Deviation Range ‘
~ -

‘ Case Similarity ‘cz.‘ Attribute Weight ‘

‘ Retrieve Similar Case ‘

—
‘ Case Weight ‘Q>| Estimated Cost ‘

Fig. 7. Process of CBR for Approximate Cost Estimate
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422 X YTAZ(GA) 012 Eix5t s190om, AEA(Option) o2 ST S 150, wolgL
CBR 7Y ZRAl2ofd oZFApme] ol Hivl Hxe 00752 shglaHiller, F. S. and Hiller, M. S., 2004) =1 £]¢]
GAZ o83 H=shle =qsigiom 1 thde Facle]  GAS] $He S 00001, H3S Tgeh) ek ARk 3003
A w,, GRS BN o, A SIE ol 2 sk
5k A oe] PSS Holu 9XE Fol] SAsle] J
9 A ATANE ARSI GRAS1 5 (B2 423 APIAE DHol OXE
© FRABA, 1 SAPIS} U B slon CBR xgle] pipe AAste] oigat Agker, H3}
2 ol AL AAIsh vleS JFaglel A ek ol wet we 497 9 4 olrk GAE o] PSC

=5 S0 5, 2 Alle) Az —2— Hajel gk 4= ‘ﬂ*ﬂ}ﬂlg‘r Beamwﬂ* TARE AP IES 5, 10, 15, 20%2] 912, 9]
WZFFAR]S] HISZRE] 412 99.74% opde] ﬂ* H - NES 1~ 55975 ARsla HR e Hzje} &2 Nt
A9} FHu) wZAFAN] H)E-S TS5l o] vl &S Oﬂﬂﬁou Fom(Kim, G. J. et al,, 2011), ZFB}2ulolx= HA} 10%, 5]
71Ex)e] WlE AAsk=t] Ae3i9in) ol wel (B+2H) L= 3%% 2831tk Kang, S. H., 2010). o] 3ol 2188 A7

58% oPd, Hy N, 38% olsbh Sl Al Ajo} o) vk AIENS B Thed} 2o wpEoR
GAe) 703} e Fig. 83 owl, S0l Alell £ 45718 Sasisich

AN R S NG SRR Sle] AEBARISH AATAL 3, el GH8s1e) 75 Sl WK R w51]

He] @akgo] AR Hws sk F¢ A1st thgo R sglor] 55 BPIEE JUA U

9, GAS ol§8 H2jsh 1o 2 EXCEL 20108 A 7be] mlgo] 24 275 wiaAlebd) ~ v) 525 W(B+2H) L]
2 b5 K] A 20% ofsHE WESh Akt A glom e

Hxl7)1=%o 0/ (8] I TIAK S22 WUsx] AR
Cintialize Weighnt,Deviton Range,Rank Range BA IS 100%(E]anb 7k 26) o)) ofsk Wy HAsh=
TS A8kl

1 .
. . Case Base
Genetic Algorithm (CBR) =), J3EQole] 715X HE A3kl BS Aes)go

] HxPIEL Table 99} 2] 0~ 10%, 0~20%, EL—S— hHog
= alts!
30, 40, 50, 60, 100%2} H4 318 ) + 5%2 F 240
A o) 249) oS TR
Optimized Weight, Deviation Range, Rank@ = i S
@ptimizedwiig o 9 A3 RA 29} 59 thgo stk ajshe )
. L . . o o =z =
Fig. 8. Process of Optimization using GA of Tk 8]l 7], FAVIE, 71 190 ke FAR]
Initial Value
Weight | Deviation Rank
1.0 100 20
Optimized Weight, Deviation and Rank
Division (B+2H) L Ho N, N, ! N, Total
weight 0.63644 |  0.00825 0.35845 0.08085 | 001324 | 109723
Adjusted Weight 0.58004 | 0.00752 0.32669 007369 | 001206 | 1.00000
Deviation 38.88102 | 2609663 | 2197400| 2517204 | 591242 -
Rank 5
Minimized Error Rate of Cost
Case Agqueduct | (B+2H) L HoN, N, i N, Actual Cost | Estimated Cost Error Rate
oD11 150.0 9.3 5 50 3| 36304067 36,269,580 | 0.09%
GJ 3731 41.0 9 91 8| 74396538 81,721,797 | 9.85%
Training BD6 216.0 7.0 6 60 5| 36206260 39,288,668 | 021% | 412%
GD42 483.0 0.0 21 210 0| 123,823,208 111,082,525 | 10.29%
SH2 54.0 0.0 3 27 0| 10635305 10,619,408 | 015%
YA2 988 6.0 4 28 3| 18625870 18,096,681 | 2.84%
BD7-2 324.0 15.0 9 90 8| 61686042 61,093,263 | 096%
Testing GD47 467.5 0.0 28 275 0| 105234192 108,082,015 | 271% | 719%
CG4 64.8 0.0 3 24 o| 1z726126 10,007,828 | 21.36%
MI134 720 100 3 30 2| 11390220 10,470,622 | 807%

Fig. 9. An Example of Optimized Output
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Table 9. Error Rate by of Construction Cost Estimate by Maximum Deviation

Maximum Deviation
St 10% 20% 30% 35% 40% 45% 50% 60% 100%
Aver (Training) 5.21 4.67 4.85 4.54 4.12 3.00 2.12 2.11 2.50
Aver (Testing) 27.46 9.23 13.88 13.06 7.19 9.13 11.96 12.01 11.58
Min. Error 1.97 3.23 9.18 9.86 0.96 3.62 1.32 1.58 0.27
Max. Error 74.46 15.11 20.20 16.44 21.36 16.16 18.45 18.56 19.46
Rank 2 8 5 5 6 5 6 6 6

*20% : 0% ~ 20%, 30% : 0% ~ 30%
*Rank : number of similar cases

Table 10. Comparison of Error Rates by Optimization Conditions

o Maximum Deviation under Limitation of Weight Maximum Deviation under Unlimitedness of Weight
Statisties 30% 40% 50% 30% 40% 50%
Average 13.88 7.19 11.96 25.73 9.12 14.45
Minimum 9.18 0.96 1.32 0.43 0.05 0.81
Maximum 20.20 21.36 18.45 64.40 2233 31.07
Table 11. Error Rates of Estimated Cost by Standardized CBR Model
Statistics Maximum Deviation
10% 20% 30% 40% 45% 50% 55% 60% 100%
Average(Training) 5.88 6.54 12.82 7.00 8.32 6.30 6.45 6.29
Average(Testing) 31.98 16.93 12.22 15.80 7.12 10.38 11.97 9.28
Minimum Unsolved 8.53 10.71 2.78 4.07 1.38 0.73 8.73 0.78
Maximum 90.52 30.13 30.10 30.04 17.59 16.10 16.10 14.81
Rank 8 8 4 5 5 5 5 5
Sk A= Fig. 990 L= veEhASITh = 23 95% A1) el freldeol jle Ae= vepsten,
CBR =2le] -gAM] 24182 Table 991 o] AR KE 40%<] BEEE Ha akee] sk S/ |A; 7IEdl tiEE B eAkeS
Z2d0K 7P sigko ] Fig. 99 o] 7] 254 Klell thek k& 8 wjasl Hope fo o] gl Ao m vEisit) weid
2 Ho 7.19%0]|ATh EFoloio) wE oa3hg Aol Q= Ao 2 dekdch
AR, FEEale] 71 WMelE AekA] o2 el v olFe] AxZHE CBR RedX= Y] s A @
©AH-e Table 103 0] BAP/IE 40% o vl Wt 9.12%=  Th= AMEShL, JBAc] 7FEHIe) ABHIIE Agste] Jga
UeRdt): 71 RISKE Aldehs W Hlus) 2 40% o]e)e] 18] 7RI BAP IS, ARH 917 keS #estels Wil

o= eakgo] A veRten o) 7EX HSE Alsket
A9z ok

Ui, Jaglel T JaES A Sl AlEgks Bsll
& 8k 9 218-& Table 117} Zon] HAx|FE 50%21 2710l
Bt 7.12%=2 Haot =Yck
Hh oApaks vkl B3R WY 7.12%7} EF3l5}
oro ko] 7.19%0l| H]a] Zhou), W) 20% ~ 100%2]
tpdo R Qakge] Aol ) K| SJaf Ak

et e QaksS HAsh = Sle 2o E BAH
4.3 S|IHEN D} AR||7[HEEE BHO| Hlw

3|FEA(RA) B AR7 R o] 9 Apsgh agR
ARg3 29 (CBR)F #5313 A58 AM3F Z2(CBRST)S
Hlwek 23, Ha FEeaee 22t 11.1%, 7.19%, 7.12% o],
BFARR= 10.9%, 84%, 6.5% = BAEglon o2 57| HEA}
A2 =A15Pd Fig. 103} 2tk
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e
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Aqueducts

Fig. 10. Comparison of Error Rates between RA Model and CBR Models
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