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Abstract : Estimated construction cost is an important index to secure an optimal budget which needs to go into construction
projects in the previous of basic design phase. In order for public institutions to calculate the estimated construction cost, the
cost per unit area of public buildings is used. However, the current calculation method of the estimated construction cost in
public buildings is impossible to reflect the characteristics of many facilities and combinations. The purpose of this study is
to develop an estimation model in the previous of basic design phase for the elementary, middle and high school facilities. it
is expected that it is possible to estimate the construction cost of the elementary, middle and high schools in a reasonable and
reliable manner through the estimation model developed in this study.
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Table 1. Research result related to construction cost estimation
model development

Number|  Target
b of data |construction e i)
« The estimation of construction
Kan Simple costs in the early stage of
9 210 | Apartment | regression construction project
(2003) ) X .
analysis | » Calculating total construction
cost
Neural | - Statistical technique feature
Kimetal., network, analysis
(2006) 498 | Apartment Gene « prediction of initial construction
algorithm cost
« Development of a construction
Case-based I ”
Lim reasoning cost estimation mpdel in the
J 15 | Apartment " | early stage of project
(2010) Gene ;
algorithm . Improvementq accuracy
through genetic algorithm
« Analysis of the relationship
Kang, 61 Steel Case-based | between construction costs
(2010) bridge reasoning and construction costs
« Estimation of the optimum cost
Multiple
regression || Estimation of construction cost
Park, analysis, . .
37 | Apartment - and scope in planning stage
(2011) Logistic
- « Adequacy of results
regression
analysis
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Table 2. Research result related to construction cost for
elementary, middle and high school facilities

Author|  Method Affecting factors
Multiple + Size (ground area, building area, total floor area,
Kim, regression number of classes, underground/ground floor area,
(2008) | analysis, Gene |  planned construction period)
algorithm | + Construction cost index
« Size (Number of classes, student capacity, land area,
Multiole total floor area)
Kim, o ression + Use (Normal, special, special activity classrooms,
(2011) a?’]al oo management, health and hygiene rooms,
y gymnasiums, other facilities, shared area)
+ Construction cost index
Multiole « City Scale (Large, Small)
Lee o res?ion + Species (Elementary, Middle, High school)
(2014) agnal sis « Size (Classroom area, Floor area)
y + Construction cost index
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Table 3. Classification of elementary, middle and high school facilities

Facility type Detail type
Educational building Educational building Separate building
Dormitory Dormitory
Gym Multipurpose gym
Gymnasium - -
Multipurpose hall Multipurpose classroom
Indoor gymnasium Indoor gymnasium Small gym

Null hypothesis definition
(The average construction cost
per unit area is the same)

One-way elch Test fo
ANOVA quality of Average

No need to classify Need to classify No need to classify Need to classify
facilities facilities facilities facilities

Post-Hoc Analysis Post-Hoc Analysis

Fig. 1. Process for comparing the average construction cost
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Table 4. Number of construction cost data

Facility type Number Ratio
Educational building 65 32.18%
Dormitory 62 30.69%
Gymnasium 45 22.28%
Indoor gymnasium 30 14.85%
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Table 5. Descriptive statistics of construction cost per area

(Unit: ¥1,000)
” Standard | Standard . Variable
Facilty tye ol RS deviation| error LAl || LA coefficient

Educational
building

Dormitory 62 | 1,922 | 425 54 11,060 |3,086 | 22.11%
Gymnasium | 45 | 2,574 | 591 88 11,292|3,777 | 22.96%
Indoor gymnasium| 30 | 1,997 357 65 1,378 | 2,757 | 17.88%
Total 202 | 2,010 | 525 37 |1,060 3,777

65| 1,710 | 273 34 11,318]3,121 | 15.96%
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Table 6. Test result of Levene statistic

p-value
0.000

Levene statistic df1 df2
11.793 3 198
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Table 7. Test result of Welch statistic

p-value
0.000

df1 df2
87.238

Welch statistic
29.842 3
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Table 9. Selected factor

Classification Detail classification Scale Range
Elementary school
School Type Middle school Nominal scale | 0,1
High school

Metropolitan area )
Area - Nominal scale | 0, 1
Nonmetropolitan area

Total area

Construction period )
Ratio scale +00

Scale
Ground floor

Underground floor

Reinforced concrete

Steel )
Nominal scale 0,1

Structure -
Steel framed reinforced concrete

Reinforced concrete + steel

+
3

Construction cost index (preapplied)

of Ald= =0l 2 Fd3A

prA

34 %3 05%M
H] AP ez

= IR0 THESRAS B8] ALY =
TA] AP RES AN B P55, 0] B8l AlEY
FETAM] APWOIS AABHIA BT %-F- A58

o ocoi-=2
192 FEISAH] AV HER off (Fig. 2)2t &L

>~

Table 8. Post-test results of the mean of construction cost per unit Area

i 95% Confidence interval [#]
Facility(i) Facility(j) mean.-c.ilf'ference standard error [W] p-value
(-)iwl Lower limit Upper limit
Dormitory -212,036 74,489 047 422,071 -2,000
Educational building Gymnasium -864,132 81,372 .000 -1,093,576 -634,688
Indoor gymnasium -287,307 92,616 024 -548,456 -26,159
Gymnasium -652,096 82,174 000 -883,800 -420,393
Dormitory
Indoor gymnasium -75,272 93,321 885 -338,408 187,864
Gymnasium Indoor gymnasium 576,824 98,902 .000 297,951 855,698

stAMDE[ers] =2 H22A M35 2021 58 13



Collecting and Classifying Performance Data
iable selection

Elimination

¢m p-value < 0.05

ém VIF < 10

4. Standardized residual chart
Durbin-Watson

| Cook’s distance | <1
@™ | Standardized residual | <3
| Standardized DfFit | <2

Suggest a Method of Construction Cost Calculation

Development of Construction Cost Estimation Model

Fig. 2. Methodology for construction cost estimation calculation
for elementary, middle and high school facilities
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Table 10. Result of Variable selection

Detail Classification Eil:jciﬁ;ii:;al Do;rx?‘rays:lr]:]oor Gymnasium
elementary school X X X
middle school 0 0
high school 0 0 0]
metropolitan area 0 0 (¢}
nonmetropolitan area X X X
total area 0 0 0]
construction period 0 0 (0]
ground floor 0 0 0
underground floor 0 0
reinforced concrete X X X
Steel - 0
steel framed reinforced concrete - o]
reinforced concrete + steel 0 0 o]

O : Selected, X : Removed, - : Omitted

42 CHBEIFENS HBY X3 D58t AN
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7 2R B35l f98HE0] 0.05 015101 FE gl REo] =
E9lon, Y SRS Ra'= 07322 EEEQIC O
HI-SkE g2 20352 2RO g SARgEe A7|aH
O] ExGIA] ZEThal BEst 4= QTHDurbin, J., 1950).

Table 11. Summary of regression models (Educational building)

void | R R R e | Waten
1 0.876a | 0.767 0.715 2,204,060,353
2 0.876b | 0.767 0.723 2,174,558,744
3 0.876c | 0.767 0.730 2,146,430,085
4 0.875d | 0.766 0.736 2,123,055,991
5 0.872e | 0.761 0.737 2,117,396,924
6 0.870f | 0.757 0.739 2,109,805,874
7 0.862g9 | 0.744 0.732 2,139,477,498 2.035

Selected Variable : (Constant), total area, construction period

WAL FE SR E4HEA A (Table 12)QF Z0]
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ot f9gkE0] 000002 TEH mel, AL S 3R
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Table 12. ANOVA Results (Educational building)

Model Sum of squares degrees of Mean squares F | pvalue
freedom
Model | 5.580x10% 2 2.790x10%°
After |oesiduals| 1922x10° | 42 | 4577x10" | 60950 | 0.000
removal
Total 7.502x10% 44
WAL FE SO A=A Hut, (Table 13)t Z0]
SEHP| A= L E UEE 35S Alee 3AF

717t 0.233, AHE 081602 EET|0] (IHA,
O 27 A YL UAE O WU 4 ULk

Table 13. Coefficient analysis results (Educational building)

LA 17 &

Non-standardization factor Standar.dlzed _ | Multicollinearity
Model coefficients | ¢ | P
value
B Standard error B Tolerance| VIF
(Constnat) 16,228,072,672|3,380,567,616 -1.842| 0072
‘Ofgﬁ"’” 2241027 | 7465028 | 0233 |2.979]0005| 099 |1004
totalarea | 1486269 | 142,639 0816 |10420/0.000| 0,99 |1.004
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APEEER off (A 1)

Educational building’s Estimated construction cost
=-6,228,072,672+22,241,027 X construction period +

1,48

6,269 X total area

4.2.27|=AH/EH HIFAlEL =

oy

(Unit : W)

A AR N

2 AolM= slFIEEe AdEs ST Rl 7
SAHAW ASAIE ARRE S OJARIZ T 18 A}
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o thsslHRA S #%ﬁo}mt} OsEs]7es +d 4,
(Table 14)9} Z0] SLRIA HAlS Sall FIHE0] 0.05
ofstel FE 91?]30401 EEHNCOH, Y 22
Table 14. Summary of regression models

(Dormitory/Indoor gymnasium)
woad| 1| w | W |t

1 0.979 0.959 0.952 524,960,585

2 | 097% 0.959 0.953 520,088,860

3 0.979¢ 0.959 0.954 515,579,802

4 | 0979 0.959 0.954 511,362,899

5 | 0979% 0.959 0.955 508,065,942

6 0.979f 0.958 0.955 508,556,619

7 | 0978 0.956 0.954 514,114,076 2.005

Selected Variable : (Constant), total area, construction period, ground floor

Ra'= 09542 EEF QL TE-8K= 312 20052 1Y 3
HEE 2 AP7|AkHo] EAfGIA] G Ao wetst 4= 9Tt

Z1EAEW AEAE S SR BAHRA At
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2 EEFACE T8 FOSE0] 000002 EEH wl,
ZISAAN ASAIE FE SFEge SARCRE Koot
Chal §Erst 5= QITh

Table 15. ANOVA Results (Dormitory/Indoor gymnasium)

Sum of degrees of Mean
squares freedom squares

Model | 3.404x10% 3 1.135x10% | 429.247 | 0.000
Residuals| 1.559x10' 59 2.643x10"
Total 3.560x10%° 62

Model F p-value

After
removal
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Table 16. Coefficient analysis results
(Dormitory/Indoor gymnasium)

Non-standardization factor Standarfilzed P Multicollinearity

Model Coefficients | 4 I

value
B Standard error B . Tolerance| VIF

(Constant) |-238,309,877 | 340,282,036 - |-0700/0486
Cor;fn%cé‘on 4725415 | 2357432 | 0095 |2.004[0050| 0330 [3030
ground floor| 274,618,882 | 82,788,637 | 0137 |-3317/0002| 0437 (2290
totalarea | 1854167 | 93229 099  [19.888/0.000| 0296 |3.381
FEHOZ, 7ISAVAY FMSAIE FHE 37RO HiE

B te Sol MYE 7AW ASAIES]
A AP HEE OFf (A} 2)2t ZT.

&iﬁ

OH

Dormitory / Indoor gymnasium’s Estimated construction cost
= -238,309,877+4,725,415 X construction period @)
-274,618,882 X ground floor+1,486,269 X total area Unit: W)
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Table 17. Summary of regression models (Gymnasium)

vl | 8 | ® | w | e [
1 0.875a 0.766 0.694 521,563,834
2 0.874b 0.764 0.705 512,255,215
3 0.872c 0.761 0.713 505,548,723
4 0.866d 0.750 0.712 506,227,321
5 0.860e 0.740 0.712 506,691,190 1.837

Selected Variable : (Constant), total area, reinforced concrete + steel, construction
period

A AlsH 7S glHEd9)
3} Zo] BARS 1.977x10Y=2, ZAk= 6932x10°2 =EEQL
C} 5t QOo8H20] 000008 &= we}, A+ As

=]
Rimy

AHEA] A1, (Table 18)
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Table 18. ANOVA Results (Gymnasium)
Model Sumof | degrees of Mean squares F p-value
squares freedom
Model 1.977x10" 3 6.589x10' | 25.665 | 0.000

Residuals | 6.932x10'® 27
Total 2.670x10" 30

2.567x10"

Aot s 215 2712 Al-24 Eit, (Table 19)
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Table 19, Coefficient analysis results (Gymnasium)

HRl= 2O & THEET

Non-standardization factor Staor;(z;rfilzed Multicollinearity
Model Coefficents | ¢ | p-value
B Standard error B Tolerance| VIF
(Constant) | 579,767,267 | 522,941,900 -1.109 | 0277
reinforced
concrete
+steel | -792,193750 |410987.758 | 0210 |-1.928 | 0064 | 0812 |1231
C‘”;i%i"’” 7371229 | 3030554 | 0333 | 2432 | 0022 | 0512 1952
totalarea | 1503070 | 329694 | 0600 | 4559 | 0000 | 0555 |1.803
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=579,767,267-792,193,750 X (reinforced concrete+steel)
+7,371,229 X construction period+1,503,070 X total area
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Table 20. Result of analysis of the error rate of construction cost

Proposed method Current method

facility | Error | Error | Eror |Emorrate| Error | Error | Error |Errorrate
rate | rate | rate |standard| rate | rate | rate |standard
(min) | (max) | (aver.) |deviation| (min) | (max) | (aver.) |deviation

Educational

- 1.23% (54.43%|14.67%|13.20% | 1.00% |50.59%126.06%| 15.23%
building

Dormitory
/Indoor 3.77% |46.67%|21.84%|12.71% | 2.76% |87.20%|18.81%|17.78%
gymnasium

Gymnasium|0.54% |47.51%14.89%14.18% | 0.25% |44.07%|20.39%| 15.09%
Total  [0.54% |54.43%{18.01%13.46% | 0.25% (87.20%|21.43%| 16.47%
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Fig. 3. Average error rate and standard deviation
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