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Abstract
This study investigates the recent decline in the economic feasibility of residential development projects—
characterized by decreasing benefit-cost (B/C) ratios—by focusing on fluctuations in housing benefit levels. It
provides a theoretical and empirical analysis of the conventional "annualized converted-rent" approach,
identifying its structural limitations and evaluating potential adjustment alternatives. Using actual transaction
data from the Ministry of Land, Infrastructure and Transport for Seoul, the study examines whether estimated
housing benefits accurately reflect consumers’ willingness to pay (WTP). The key findings are as follows: First,
under the current methodology, housing benefit levels have exhibited a downward trend in recent years, posing
a significant challenge to securing the economic viability of residential facilities. Second, the analysis reveals
that housing benefits decrease in correlation with declining jeonse-to-rent conversion rates and jeonse-to-price
ratios. Specifically, under the standard social discount rate of 4.5% and a 30-year benefit period, estimated
benefits fall short of both the converted deposit (the WTP benchmark) and the market sale price (the upper
bound of WTP). To address these structural discrepancies, this study proposes an alternative valuation model
that utilizes the midpoint between market sale prices and estimated housing benefits. This approach ensures a
more robust estimation by simultaneously incorporating both the benchmark and the upper threshold of
consumers’ WTP.

Keywords: Residential Benefits, Jeonse-to-Sale Price Ratio, Jeonse-to-Rent Conversion Rate, Preliminary
Feasibility Study, Cost-Benefit Analysis
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Table 1. Analyzed Data and Sampling Ratio
(Unit: 10,000 Cases, %)

Year Sale Rent

A B B/A A B B/A
2012 41 34 833 154 10.1 6538
2015 12.0 10.0 83.6 15.7 13.0 82.7
2019 8.2 69 84.2 16.8 11.1 66.4
2023 4.3 3.6 821 22.8 123 54.0
2024 57 51 88.1 25.0 153 609
Total 34.3 289 84.3 95.7 61.8 64.6

Note: A is Market-Wide Transactions, B is Same Complex
Transactions (Sampling Data)
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Table 2. Average Annual Growth Rates of Sale Prices, Converted Deposit, and Housing Benefits, 2012-2024

(Unit: %)
Seoul Center East North West North West South East South
Sale Price 8.70 9.01 8.66 8.45 8.24 8.74
Converted Deposit 7.48 7.93 7.33 7.97 7.11 7.54
Housing Benefit 4.00 4.92 3.83 4.50 3.37 4.15
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The Physical Residential Satisfaction Gap in Seoul’s Public Rental Housing
: Comparing Purchased and Permanent Rental Housing

LN

Seongwon Lee*

Abstract
This study examines the physical residential satisfaction gap between purchased and permanent public rental
housing in Seoul. Using Waves 1 - 4 of the Seoul Public Housing Resident Panel Survey, it estimates the average
treatment effect on the treated while reducing selection bias through housing-benefit-stratified propensity
score weighting, weight calibration, winsorization, weighted regression, and inverse-probability-weighted
regression adjustment. The results show that residents in purchased rental housing report physical residential
satisfaction scores approximately 0.50 - 0.55 points lower than comparable residents in permanent rental
housing on a four-point scale. This gap remains statistically significant after adjusting for housing cost, housing
size, household characteristics, time effects, and regional fixed effects. Additional analyses further show that
the negative gap appears in both internal housing conditions and external environment-management
dimensions, with a larger coefficient estimated for the latter. These findings suggest that the disadvantage of
purchased rental housing is associated not only with indoor housing quality but also with the dispersed
provision of communal infrastructure and management services. The study contributes by identifying the
average effect of rental type among comparable households and by highlighting the policy importance of
improving quality and management, rather than expanding supply alone.

Keywords: Public Rental Housing, Purchased Rental Housing, Permanent Rental Housing, Residential Satisfaction,
Propensity Score Weighting, Inverse-Probability-Weighted Regression Adjustment
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Table 1. Descriptive Statistics

. Permanent Rental (0) Purchased Rental (1) Total
Variable N=237 N=240 N=477

Physical Satisfaction (1~4) 2.999 (0.512)

2.642 (0.482) 2.820 (0.528)

Age 55.494 (11.483)

52.087 (10.382) 53.780 (11.064)

Household Size 2.730 (1.253)

2.879 (1.163) 2.805 (1.210)

Income (log) 7.364 (0.730)

7.392 (0.744) 7.378 (0.737)

Disability (dummy) 0.291 (0.455)

0.138 (0.345) 0.214 (0.410)

Housing Benefit (dummy) 0.468 (0.500)

0.375 (0.485) 0.421 (0.494)

Length of Residence (years) 7.498 (4.485)

5.492 (3.175) 6.488 (4.006)

Housing Cost (log) 10.959 (0.880)

11.624 (1.057) 11.293 (1.028)

Area (m?) 32.088 (8.767)

51.196 (11.336) 41.702 (13.932)

Number of Rooms 2.025 (0.157)

2.596 (0.517) 2.312 (0.477)

Note: Values represent the mean, with standard deviations in parentheses.
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Table 2. Covariate Balance (SMD)

Unweighted Weighted

Covariate SMD SMD
Age -0.311 -0.046
Household Size 0.123 0.044
Income 0.038 0.044
Disability -0.380 0.003
Housing Benefit -0.189 -0.001
Length of Residence -0.516 -0.065
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Table 3. Causal Effect of Purchased vs. Permanent Rental Housing on Physical Satisfaction

Variable Model (1) Covall/;;)fej&(dzjzlsted Model (3)
IPW (ATET) + FE Weighted OLS IPWRA (ATET)
- Kok - Kok - Kok
Purchased Rental (=1) (()05(()) g(;) 4 (()05158 0) (()0525(;}8)
Observations (N) 477 477 477
Time FE Yes Yes Yes
Region FE Yes Yes Yes

Note: The dependent variable is the physical residential satisfaction index, measured as the average of eight items

on a four-point scale (1 = poor, 4 = good).

Standard errors clustered at the household level are reported in parentheses.

* kk
’

, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
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Table 4. Covariate Estimation Results of Weighted Adjusted Regression (Model (2))

Variable Coefficient Standard Error
Purchased Rental (=1) -0.550%** 0.100
Housing Cost (log) -0.027 0.032
Housing Benefit (=1) 0.239** 0.092
Housing Area (m?) 0.006 0.005
Number of Rooms -0.087 0.096
Length of Residence -0.027** 0.011
Age -0.003 0.004
Household Size -0.025 0.038
Household Income (log) -0.031 0.061
Disability (=1) -0.021 0.096

Fixed Effects

Includes Time FE, Region FE

Weights

IPW-ATT (Cluster-Robust)

Note: The dependent variable is the physical residential satisfaction index, measured as the average of eight items

on a four-point scale (1 = poor, 4 = good).

Model (2) uses IPW-ATT weights (p99 winsorization) applying housing benefit stratification and calibration.
Standard errors are clustered at the household level (N=477).
* *% and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

M AR 2717F 47 AR vepith
5] Model (2)9} Model (3)2] 23k @
57 TS BAR 2 AR 1| LYo E LBH
7} RAH 1 9 202, AYe o] A
= 377 o)go] the 2eld B4 B 9N
2 A SA ol 28 75 Ao] AR

F712 AT Be)d FAUSE S23)§
¥ 11 7ol Ak, mE ZAA A o
Qe Wt JPYYF N e A
o] Qs Vet /15X 283t A 4
2 G| B3 ()9] 2 Hol, & A7 B
TP 2RO R ok Ak ol 2
Q1% 91l

Table 4=

|
ase]

—-

£ AAsH

== S

2

51

=

24 | landand Housing Review Vol. 17, No. 3

1
-

02 FAEQIh= Aol o= WY A ehFEo] A
d 594 39| 724 AL oeo] HE TR
9] AAA ofolu} & 11.0| Zjolof|A] HIZH
o] obdS ettt

Table 5= &4 FANEZ =S WE &
o 937 314 - e TS 2 RS U 24
olt}. T 519] Al REFoA] Wi Ak A9
A= FY5 2(0) 2 FoE UET E5] Al
O] Aozt 9 34 - o] TS oA B 34|
g=lo], M AL 9] Fobdo] 3-& Q1

¥, %3, el BabgolA Bs Feea vt

o
fE

on,
B
i

i)

=
2
=

A I

e

H
)

0.



HEN BBYUURY R 2 BN FAUEE Al

R O OHQICiEE T

02

el bl

Table 5. Sub-Dimension Analysis of Physical Residential Satisfaction

Variable Total Internal External
-0.550%** -0.413%** -0.686***
Purchased Rental (0.100) (0.134) (0.095)
Obs. 477 477 477

Note: The dependent variables are average scores of the physical residential satisfaction index.
Standard errors clustered at the household level are reported in parentheses.
* ** and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
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Diagnosis and Typology of Living-Area Spatial Imbalance from a Proximity
Perspective: The Case of Gumi City
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Abstract
This study diagnoses the spatial inequality of living zone structures in Gumi City from a proximity perspective
and proposes planning strategies tailored to each identified type. Using a 100m x 100m grid-based spatial
analysis, indicators for accessibility, diversity, and ubiquity were calculated. A composite living zone index
integrating these measures was categorized into five tiers using the Natural Breaks classification method.
Results show that Gumi exhibits a concentric structure in which living-area conditions decline sharply from the
southern urban core toward the periphery, with industrial complexes and eup/myeon (township) areas identified
as living-area blind spots. K-means cluster analysis derived four living-area types (Living + Complementary,
Urban Core + Smart, Center + Business, and Mixed + Central), each displaying clear differences in levels of
accessibility, diversity, and ubiquity as well as in spatial functional arrangement. Type-specific policy directions
are proposed : a Green Life strategy for the Living + Complementary type, a Smart Safe strategy for the Urban
Core + Smart type, an Urban Life strategy for the Center + Business type, and a Walkable Life strategy for the
Mixed + Central type, with application measures for Gumi concretized by reference to overseas cases such as
Boston, Barcelona, and Singapore. The study has academic significance in capturing intra-urban spatial hetero-
geneity through fine-grained grid analysis and empirically demonstrating that living areas in an urban-rural
composite city are differentiated into multi-layered structures; it also carries policy relevance by offering
differentiated strategies that provide practical directions for living-area planning in urban-rural composite
cities.
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IE47d oFehE 2ste] A A9 28
= ;q e g, 75 AEuS Zolst B9k LA
e AA =0l AlFotths A4 = A71E Bt )
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Hog gE APAQ meEd Al P AAE
ZEI1 (A4 A2, 2003; A AL FAH],
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U 179 2F 90%7F & A Foll FFE ] Slol, =4
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EIF A= 1919 S Aol A= HEG = A U FH A @Y F58et EEHA F4]
S HPRokA o] vl Fstol Azt 2] 55 ARE VMR A 7T uts HEE A
o ZHEAE A e, AE-ageiet gd o) eutd R ARt A S skl
OlEE QH =T FEARIEAIG NG =H (IR 9, 2024). FAH = 1A BEA 4
A2 A AHE 7], AR ol SRk Aol IS AN 37 Eabs2 etsly] A1 A
S HRITH oA, 2025). o7 HollA FulAls 24, T, BA S 3T 845 S22 100mx
AIEA O 2P BRI BAO) BRI = 100m 2R} 7|9 ETHEA S S5 G 24 Ty
SEY TAIY] BAS Hojau, 4B VI 3 2 AXES AU ol 3EE 9 EXol &
LEARLAGE s ARE 2P AEE RO ujA R[]l B oS 2SI SRt
A A = EEskT Aol A1F (V- o5, 2017)& W5t

of, FHle] A A H2e Adshr] Rt
32 2M Uy o me 4y ojtt. 7 A &= A A, =2 7ISE, B4,

B oo T Bgde =gty Yo  AEEA, AT L8 5 A ARE skl A

A Zulo] AAMME]| WQst Au|Ao] Fagk 2 FSIAH, AR EfjolA At

Table 1. Indicators for Diagnosing Neighborhood Spatial Structure

Dimension Sub-Indicator Measurement Method Data Source
e o Average network distance from Ministry of the Interior and
Facility Proximity . . s . .
grid centroid to facilities (m) Safety business license data
. Number of accessible facilities Road network data (National
e Cumulative o . . ; :
Accessibility " within a 15-minute walking Geographic Information
Opportunities . o
catchment Institute)+facility data
Transit Stop Network distance to the nearest

National T t DB
Proximity bus stop (m) ational Transpor

Number of facili t i
umber of facility categories Ministry of the Interior and

Facility Di i ithin a 15-minut
actlity Diversity Wln;izsbor}?(l);n; € Safety business license data
Diversity Building-Use Mix Sh.an_non Index base(_i .on National F}eograp.hi? Information
building-use composition Institute building data
Land-Use Mix Shannon Index baste_d on National Ge_ographic Information
land-use composition Institute land data
Reachable Total population within a

Population 15-minute walking catchment SGIS population grid statistics

Ratio of neighborhood SOC
supply to population

Ubiquity Service Adequacy SGIS facility statistics

Jobs-Housing  Ratio of employees to residential ~ SGIS business and population
Balance population grid statistics
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T E Hgstoloint WA A AH| AL} 7] 50]
AL Ao bt 12T FPH 02 ERESH=
A5 Yrtohs A2, 9 A7 ¢ 57 5
Hohe 370 E29] 4P 284S £ o8
Qo 2 Atollae B QT S BE o
F(EF ), AL B SHY FF(AHA
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i A AT T AR A RS w551 5 sto]
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Table 2. Cluster Validation

Number of Clusters (k) Silhouette Coefficient

Davies-Bouldin Index SSE

Cluster Size (n)

2 0.4405 0.8175 53.94 24/14

3 0.3502 0.9786 40.03 17/11/10

4 0.3456 0.9149 29.20 13/10/8/7
5 0.3626 0.9082 24.88 15/9/6/5/3

A B34 (Composite Index, CI}E AFE3}Ch
EGA|= 0014 1 AP0] 2] gh& 7HAH, 10| 77k
TE LI ZA 9] 270] TS ofmfeith

A 1335 HoliAle A4 &9 24 29E
Y5 DRI YA FHEAE Stk |
A ZAA 71 HIA, T, BAY, BRI EE 9
37 Aol B0 FAISte] 5, & H9 R A
2 Hglsolom, ARl e} ol B2 E N Et T
B2 A-8sto] PP dir/dS FEsIITh
7+5, 9 A EE 0~1 ?ﬂiﬁjﬂ'ﬂ@} A
H 3, T

42 K-means o+

J

l‘i
2
oZ:
ﬂ.] (]
IIE

g
22 AATH] Yol Zg X BE Z-scoreZ E—éﬁ}
stor, 4 K E 2~5% HopA7IH AT

Al4=(silhouette coefficient), Davies-Bouldin Z|<=
A Y Wl R4S B3, HESIITH(Table 2). A5
9l Al5=2} Davies-Bouldin A|4= k=294 7} ¢
S Lhebko of AR 728 E43 Y]
SA9] ol Fe|= st T Ao
WM k=4= 74 AP E=E FASHHA = AR e,
T4, AT, & B AY T EeE EA WY
S B Hop Ao T 4 Qe
o2 vpehyith B3 W BA A SIS
o o] k=4 01—"?—5.‘— FQl 4 ol w4
S7he AlREAQl Ao g2 =it ol &
A=A A =et-F ol i 7 d=S
H0% TPslo] ket ® 25 2 42 AFoler

—{Jﬂﬁﬁi

i
g
il

=
O

e
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100m x 100m Grid Generation (Urban Grid Framework)
Spatial Analysis Urit:Grid cels created across the urbanized area

+

Population &

Land Use & Buildings Employment

- Resident population
- Employment stats
-GS data

THREE CORE INDICATORS FOR SERVICE AREAS

Diversity (D) Ubiquity (U)

COMPOSITE SCORE

STANDARDIZATION Service Area Index (SAI)
re Normalzation

Aggregation
Grid Level Deta — Administrtive Units (Dong/Eup/Myeon)

L

Clustering Analysis
Kemeans Algorithm

Validation
Silhouette Test (k=4)

v

Derivation of Four Service Area Types

Ufe + Supplement)

Urban + Smart Type
(Gore + Technology)

‘ Basic-Needs Support Type

‘ Center + Employment Type ’ ‘ Mixed-use
Hub + Job

Fig. 1. Research Flow
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Fig. 2. Spatial Distribution of Centers: (a) Population-Based Centers, (b) Household-Based Centers, (c) Establish-
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Fig. 5. Distribution of Administrative Neighborhoods
in the Accessibility-Diversity-Ubiquity Space

HAAL 74 471 0.612, 7 27} 0.1052 2F 5.8
o] Aol HIrH(Table 3). w5 7t A}o] 2] 34
& 99o]4-8 HESH| Yl Kruskal-Wallis A4S
819, 1 A3 A (H=29.388, p<0.001),
THFA (H=28.149, p<0.001), HA}AI(H=28.680, p<
0.001), E3+x]4>(H=32.638, p<0.001) ZFo]A] 7
A 2t frefdt A7t et ol =EE A28d

|9 A2, T, WA =9 o7
2 ErgolA Uehhar 932 oo, 7+ F5o]
go gt Z7HA B3-S WGkl 93-S AIAKRITh
B+ A2 T, SfEH, A, S8,
T2, AHH 5 3, W A9} Frso] AetE,
A, v, HA o] B Wol g FAo]
AukA 0 2 n|B3} 2|90 2 UERgt) ‘TAl+An)
EY2 d%5, 335 3455 TFs, A4bs, vl
Abs 5 THIA A 9 4] AR 7} sfigsh,
A A7} 5 zol J2HE 0 2 A O] D=7} 71
S8 R o' FrhE I S+ AR 2 Qs
5 X5, A, T35 5 AMREA I A9
FEE desol ZgEY, 49 v =
O tigo] diF o g ¥ EAZ Kt ‘&
AT T HE, Y25, IohS, ALks, AR
5 G 5ol o, Al AT 54 22
2 4t AE 7|92 g E o] 9ot mAl gt
9] P o= PIA|A] Fohe A 0= et

W7 28§32 47] Bhe 723 E4E
1A 7=

Bolth T B2 QT A

Table 3. Mean Values of Accessibility, Diversity, Ubiquity, and Composite Index by Cluster Type

Cluster n  Accessibility Diversity Ubiquity Composite Index Type
1 13 0.733 0.736 0.573 0.681 Urban+Smart Type
2 10 0.287 0.233 0.105 0.208 Living+Supplementary Type
3 8 0.529 0.537 0.197 0.421 Mixed+Central Type
4 7 0.584 0.371 0.612 0.522 Central+Employment Type
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Effects of Micro- and Macro-Scale Neighbourhood Environments of Elementary
School Attendance Zones in Seoul on Pedestrian Child Traffic Accidents

Gyuho Lee** - Junhyeok Seo*** - Jaewoong Won****

Abstract
Interest in pedestrian traffic accidents involving children on school routes has persisted, yet existing studies
have largely focused on areas immediately around schools, school zones (children’s protection zones), and
high-accident locations. As a result, they have not fully reflected the broader spatial context in which elementary
school students actually commute and move within their daily living areas. This study therefore sets elementary
school attendance zones in Seoul as the unit of analysis and examines how traffic facilities, pedestrian-generating
factors, school-route risks, and socio-demographic factors within these zones are related to pedestrian child
traffic accidents. The analysis covers 555 elementary school attendance zones in Seoul and utilizes 2,694
pedestrian traffic accidents involving children aged 7-12 that occurred from 2013 to 2018. Negative binomial
regression was applied, and estimated school routes from residences to schools were constructed via GIS
network analysis to derive school-route risk variables. Results show that academy density and the proportion
of school routes crossing roads of arterial grade or higher were positively associated with accident occurrence,
while road width, the proportion of routes without pedestrian signals, the proportion of routes taking 20
minutes or longer, elementary student density, and land-use mix showed negative associations. In addition,
child population, residential building density, and safety signs were positively associated. However, the
direction of coefficients for some variables should not be interpreted solely as direct effects of the variables
themselves. Instead, they may also reflect existing risk levels, proactive installation of facilities, spatial distribu-
tion of actual pedestrian exposure, and differences in mode choice for commuting. These findings indicate that
child pedestrian safety cannot be adequately explained by the limited area around schools alone and that the
living environment conditions and actual travel paths across entire elementary school attendance zones need
to be considered together. The study is significant in presenting elementary school attendance zones as a
meaningful spatial unit for analysing child pedestrian safety and offers practical implications for future school-
route environment planning and traffic safety policy.

Keywords: Elementary School Attendance Zone, Pedestrian Safety, Pedestrian Child Traffic Accident, School
Route, Negative Binomial Regression
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Fig. 1. Trends in Traffic Accidents Involving Child
Pedestrians

Source: Korea Road Traffic Authority (2024.2.1) (in Korean)
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by Elementary School Attendance Zone in Seoul
(2013-2018)
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Table 1. Definition and Source of Variables
Category Variable Name Definition Source
Korea Road
Dependent Variable Number of Child Traffic accidents involving child pedestrians (ages 7-12) between 2013 and Traffic Authority
P Pedestrian Accidents 2018 (2024.2.1)
(in Korean)
Seoul
Road Type Metropolitan
(Small, Medium, Large, Road area by size / Elementary School Attendance Zone area Government
Boulevard) (2024.2.1)
(in Korean)
Road Width Average road width per road segment Ministry of Land,
Sidewalk Sidewalk area / Elementary school attendance zone area Infrastructure
and Transport
Speed Limit Average speed limit within attendance zone area / Number of restricted lanes (2024.2.1)
(in Korean)
. Number of 3-way intersections / Road area within elementary school
3-way Intersection
attendance zone
. Number of 4-way intersections / Road area within elementary school
4-way Intersection
attendance zone
. Number of 5-way or more intersections / Road area within elementary school
5-way Intersection
Traffic attendance zone Seoul
Facilities & Pedestrian Signal ~ Number of pedestrian signals / Elementary school attendance zone area l\életropolltan
Safety Traffic Signal Number of vehicle traffic signals / Elementary school attendance zone area &‘Ig:';%‘t
Advance Pedestrian  Number of advance pedestrian crossing signs / Elementary school attendance (in Korle;an)
Crossing Sign Zone area
N f traffic-rel f ki El hool
Road Surface Markings umber of traffic-related surface markings / Elementary school attendance
zone area
Safety Signage Number of safety signs / Elementary school attendance zone area
Pedestrian Crossing Number of crosswalks / Elementary school attendance zone area
Traffic CCTV Number of traffic CCTVs / Elementary school attendance zone area Mlmst.ry of the
Interior and
Safety (2024.2.1)
Speed Bump Number of speed bumps / Elementary school attendance zone area (in Korean)
Ministry of Land,
Independent X Dummy variable for the presence of overpasses in the elementary school Infrastructure
Variables Pedestrian Overpass attendance zone and Transport
(2024.2.1)
(in Korean)
Ministry of the
. . Interior and
Hospital Number of hospitals / Elementary school attendance zone area Safety (2024.2.1)
(in Korean)
Seoul
) Park Number of parks / Elementary school attendance zone area Metropolitan
Pedestrian
Inducement L e Retall Government
arge-scale Retai
8 Number of large-scale retail stores / Elementary school attendance zone area (2024.2.1)
Store (in Korean)
Private Acad Ministry of th
rivate Acacemy Number of private academies / Elementary school attendance zone area nis Ty otthe
(Hagwon) Interior and
Safety (2024.2.1)
Bus Stop Number of bus stops / Elementary school attendance zone area )
(in Korean)
Routes Crossing Major . . .
Roads Routes crossing large roads or wider / Total number of commuting routes
Commuting Routes without Number of routes with no signals at crossings / Total number of commuting ArcGIS Online /
Route Risk Pedestrian Signals  routes Pro3.2.1
Ratio of 20+ mi
ato o min Number of routes taking 20+ minutes / Total number of commuting routes
Commutes
Child Population Number of children under 14 in elementary school attendance zone
Elementary_ Student Number of elementary students / Elementary school attendance zone area
Density Ministry of Land,
Socio- Re51dent1a1ABu1ldmg Number of residential buildings / Elementary school attendance zone area Infrastructure
demo- Density and Transport
raphic i ildi 2024.2.1
grap Comm;recrllaslitlilmldmg Number of commercial buildings / Elementary school attendance zone area ((in Korean])

Office Building Density

Number of office buildings / Elementary school attendance zone area

Land Use Mix (LUM)

Entropy index of residential, commercial, and office use
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Fig. 4. Examples of Commuting Routes Crossing
Major Roads (Seoul Bongeun Elementary
School)
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Fig. 5. Street View of Commuting Routes for Seoul
Bongeun Elementary School (map.naver.com)
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Table 2. Descriptive Statistics

Category Variable Mean Std.Dev. Min Max VIF
Dependent Variable " UMP€ ‘:ci?(;ifsedesma“ 4854 3560 0.000 22000 -
Small Road Area 1751 2.009 0000  13.038 1.2
Medium Road Area 2.812 2.658 0.000 14570 1.4
Large Road Area 4.136 3.664 0.000 20.625 1.88
Boulevard Area 1.325 2.316 0.000 13.574 1.5
Road Width 11280 5196 0.000  40.278 2.44
Sidewalk 9.293  42.055 0.078 907.999 5.06
Speed Limit 49164  6.812 30.000  72.869 1.34
3-way Intersection 18.166  21.274 0.000 226954 1.24
] 4-way Intersection 20.687 26.226 0.000 403.721 1.21
Fazlrl?tflf:; o _ 5-way Intersection 0253 1468 0.000 15573 1.06
Safety Pedestrian Signal 38.093 20977 1770 134.240 3.98
Traffic Signal 52740 24.861 0.000 150.843 3.48
Advcir(‘)csiiiegd;sg:‘an 81.825 41.857 0.000 243.669 2.97
Road Surface Markings 94.633 69.108 0.000 580.164 1.66
Safety Signage 510.792 231.694 7.733 1485033 2.8
Pedestrian Crossing 0.257 0.862 0.000 16.183 5.04
Traffic CCTV 121.159 110.247 0.000 821.489 1.61
Independent Speed Bump 41398 27.266 0.000 164.895 1.46
Variables Pedestrian Overpass 0378  0.485 0.000 1.000 1.17
Hospital 48520 46257 0.000 431.268 1.99
. Park 0.103  0.160 0.000 0.857 1.61
[Efjiizt[:::t Large-scale Retail Store 1789 2500 0.000  30.638 1.24
Private Academy (Hagwon)  33.000 30.741 0.000 407.232 1.71
Bus Stop 26482 12.858 0903 96579 157
Routes C};g:fj‘:g Major 0401 0398 0.000 1.000 2.16
CROorEiztllztil:f Routes without Pedestrian o050 (336 0,000 1.000 1.39
Signals
Ratio of 20+ min Commutes  0.155  0.230 0.000 1.000 1.72
Child Population 519.503 244.281 33.497 1524.085 1.62
Elementary Student Density 1124.887 1011.621 0.000 11880.220 1.98
_ Residential Building 00, 147 848103 0,000 4265395 2.32
Socio- Density
Demographic CommeDr:ili;‘“ldmg 336.873 379.169 0.000 2619.604 1.82
Office Building Density 48995 45963 0.000 241983 1.77
Land Use Mix (LUM) 0.667 0232 0.000 0.999 1.34
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Table 3. Results of Negative Binomial Regression Analysis

Child Pedestrian Traffic Accidents

Independent Variable —
Coefficient z P>|z|
Small Road Area 0.0064 0.49 0.621
Medium Road Area -0.0003 -0.02 0.982
Large Road Area -0.0173 -1.82 0.068"
Boulevard Area -0.0021 -0.16 0.874
Road Width -0.0207 -2.4 0.017"
Sidewalk 0.0012 091 0.36
Speed Limit -0.0082 -1.93 0.053"
3-way Intersection -0.0014 -0.99 0.321
Traffic 4-way Intersection 0.0014 1.60 0.109
Facilities & 5-way Intersection -0.0137 -0.89 0.375
Safety Pedestrian Signal 0.0020 0.88 0.378
Traffic Signal -0.0009 -0.46 0.648
Advance Pedestrian Crossing Sign 0.0015 1.52 0.129
Road Surface Markings -0.0005 -1.05 0.294
Safety Signage 0.0006 3.41 0.001™
Pedestrian Crossing -0.0306 -0.50 0.618
Traffic CCTV -0.0005 -1.52 0.129
Speed Bump -0.0008 -0.75 0.45
Pedestrian Overpass -0.0800 -1.52 0.13
Hospital -0.0006 -0.85 0.393
) Park -0.0567 -0.29 0.774
;fﬁiiﬂ::t Large-scale Retail Store -0.0044 -0.39 0.695
Private Academy (Hagwon) 0.0034 3.54 0.000
Bus Stop 0.0009 0.39 0.695
) Routes Crossing Major Roads 0.1738 1.98 0.048"
Commuting - . . >
Route Risk Routes without Pedestrian Signals -0.1828 -2.16 0.030**
Ratio of 20+ min Commutes -0.1303 -2.21 0.027
Child Population 0.0011 9.06 0.000™
Elementary Student Density -0.0002 -5.07 0.000™
Socio- Residential Building Density 0.0001 2.56 0.010™
Demographic Commercial Building Density 0.0000 0.48 0.634
Office Building Density -0.0013 -1.84 0.066
Land Use Mix (LUM) -0.1757 -3.79 0.000™
_cons 1.3193 14.00 0.000™"
Number of obs 555
Alpha 0.098
Chibar2 48.79"
Log Likelihood -1256.108
AIC 2569.938
BIC 2721.038

*p<0.1, ** p<0.05, *** p<0.01

60 | Landand Housing Review Vol. 17, No. 3



A

T
1—-1; i

=)

e

o

i
d

—

o9k

il
0o

—_

K
i

N
=

(]
(]
O 0
=

|

o

ol AN FA, 4
FEoA0, o] SEE
AIA7)= Bl
F A gl A, 4
b 49, BEQH A4
Jofl ol H = FAAEHTRE B

S S0l WS

l
4

e I
o ¢
%5

3‘17
o

o

-d
o
p

9
Kl
[
ot
N
®
6
)
fifo
olN

)

&

N

A9

1o op
Y

| i

—

N
I

r? 4> mMN 2 X 1 of
)
O

i
] 4
1l r )

i

1L

o)
T
Ft
N

It

a)
ol
o
r
>,
18
iy
s

Utk

5 2

LI — Ry

5.1 ¢giqte| Egt

A= M2A 255k

%
Lo
-
18,
o
SiA
pe
¢

9= gystel, B el teRe 2aRAol
of2lo] Bt WEALIL WA vl FFE Lol
3 )74 Bl Hstlk AT Ak BE
A 9 QLB B, BOA 9H
%, QITARENS 5 ] 714 F8 W] A ofd
o] M} WEAT WPe] BRYS WALk 7

AR, WEAA L P Fo A = E2 A

A4S BTk Tt o]2d AukE 7 wige] 27

ARl avte S| E oy R 2SI ARG

o (1)) ARG 33 W A7} of o] Ky

P wRITHAL H7|H, Sk Wl =2 A

o] 7+ ATt A ofzlo] Hao] HFE= 73t

o] Apol, 1|3l B leEo] F7HH 227} A v

A M Bt ol E3F A
0

I
T aAgo] 2 Al o Aldo] fAlH o= HAH

Agelet. b £ 0] Zohe LEAA )
St o S AR, 9] S A

https://hrilhorke | G1



0% AES - 2NIZ

Ao] 2 ERE B P Hlgo] A1 el
g2 ehiiet. vl Basol Byl ghe 7
of ]} 20% o} AR E| B vgL
(-)2] TS B, et o] 4] ok 1
5ol gli= A7 SskAL g A Bekt

t

ot UIO

AFILSRYS ST S s ol ek Byl
AN AR oz PO, B, By 4EAA
5 U 9ol £ 9IS o gol mFTHL UL
7Rso] 9lom, 208 o4 2R¥l e o}
A0 A% AARE BEA SHolL} ek o]
5 T Folgo] AEE9S /s Ao] 3 v
B9 % 9l ¥l )2 o] 43e) 2 RS B}
L A2 29 H(+)9 BAYS S 7 A4
FERo 21 EHE]7] of &l & 9] A4 0|54

2 20X P4 > YL HolET) mehA 25

SHL B3] A3t BEIRHA A 5 1ol
==

PG W EPES A ST Bt itk

QAL 54 AT ofglo] Qligt 255
A UEo] gubel daFele WEA 9IRS Telst
= glolH AT WY} BES 3 1T Y
o] WRFHS AXJRICE ] 255 Bk
47 ofglo] Q747 £ A9 WEAL Aol
Z7Hiths Aok LEA 440 o4 Hae}
AT AT Bar} S-S ehiich v, %
0P Wb Aol wEAT Bo] Uitk
e B4 A|oo] 15 ofelo] A7E 9
HLEQPA A8 8 2A7} TAAY 5 9L Bl
Fok o S FUotE, WELAH AL 25
ot 5o} o] 44 29 YA P, 5
3] of2lo] Heo] WFE 7R5Ao] $ THL 74,
%0 FoAE, o2 P9 77 SF A A 52

SHOE Hop HusHA vistd 287} ek

62 | Landand Housing Review Vol. 17, No. 3

5.2 9i70| 37
B AT 253 BTG Y TIZ A G
3o}, ofglo]So] U4z Eotska AYA Vol

AR, 2 A= ASAE 2= 2013~2018
| A=E FEolo] P A A o E XY
of| mls Q- Wi, A T, EX0]-8-9 Ead
0] &2 TA[o]EE, o]2f3t A E/Jo] of7lo]
B weAe) Y ol 94 FERFIE S
7Fs/do] it 3 S WA= 20181 Al 7]
o2 SYHE ARE L8517 flwel, & A
O] A= A2A| A} sl A719] mAISE
SHOoE AT F a7t ]k

A, & A9 B E AF A= GISYES

v,
3,
re
)
rr
i)
I
o
307
o2,
=]
&
E
i
S~
o
ol

i
rir
ol
%
18
¢
4o
=2
X
>
kK
mﬂ.‘.
%
i)
rH
i,
ot
o,
rE



MEAl ZS3HI S50| DIA- AN B0 HH0fRI0] DEAMO OXls ¥
FEAol et FFAH BAHL BAFEA 5 P E(2010), ‘2539 B35 Al
olH, Alxl AZ o] w2l EPWHSLL Al 54 9 FFaRI0) B3t 2k ASEEA| 25T
- 0 FH o] it FEfeh 7Rt AR RARE TR,
O] "}3] X0 Z 25 ES5|] o T _ e
9 vgfo] 'é’ﬂ]'/g 7]’“6‘ o LXH?J-]:I- 53] QA BRI A A8 R] TA) A, 11(3): 93~112.
Ao} 22 WS W= AL A A A <) 6. %EF- 5o 0|5 2E8K2015), “o]2lo] TE
A A7l s AR ohe Ao AEdt 4 AbTL e 918 LEPAAY A, (hEkLEet
_ 3] 5] Sr&uME S ,
OTZ, F& ATOINE AT AEE Aug SA72E PERESL, 98101
_ s 7. Wl uhEA (2021), “ol 2ol B FE of oW
3 24| Ba st FoneE0z) tOIReIEE Ha ool
) o AL RS BAY, (feH S| Al84d] Sk
T S 1T o, $ AolA= GPS, T ¥1E3]), 115~116.
YUA|, AR 52 AHsto] oflolo A & 8. H3E- 47415 1519(2018), “2A2] S5} ol
s} 4l 5} o]5 Y o)=L K}t AslslA| whof 258 T AR, Tolgr & i, 330:
=1 - 1~27.
&2 a7} Qlek gt ofRiol g, ol E, Z4, 7
- = = = 9. HPY% - QM- E Y - Y2 (2008), “Aalrgol]
A WE B85, ofn|R] 7|Ht 7HEeh B4 8}3)7), 26(5): 153~162.
Hop Alehd St ARE SO RN 253 10. WY 1E7(2010), “of=lo] BE o)A 2] X
B3 W ulAE AN B4 W M SRS B4, RSk, 1202
63-69.
87} ik obe ] AT ST 1 34 A
ot A1 a0l ot 1k Al ] 2 11 ¥} 3]0} 45(2012), “Ze8 1 ofelo]] wz}
7FE/8T A A HA ) Aol S Het s B 7 olguel % AAEE AT: 2534 ofoj2 1
SH7] f1l], < Aol = SRAR O GWR, Ao g v WS ol 8stel, MigkaEelY =
MGWR 1(‘;‘ ‘% Z(:]'_g_*cj,-l__‘tzl_/_\j'E %ﬂﬂﬁ}ﬂr B2 AEAL, 28(7): 115~123.
12. ¥H7- 258 (2018), “FRYT REATE H5}
£ 7hRad el e A, R oL
X125
S L A)5,30(2): 177~191.
13. AR~ 0]271(2016), “AA] A} w-gAtaLo]
ZO|.HEAS “ 5 HEARS]
b OB RGN P e e 2 v Eel BAR210] B A 2014 TAAS
3] [ s iR k)
(¢] ]—JJ—_0~ ]’_—1—0" o C}LE ];{]1_ 0= 0, o Xi_g‘%‘ﬁﬁ”, F%EZ'"QJ,SH?)) 197~216.
EH =25} =1%];, 19(10): 179~189. ' o )
otetol s e o M S 01382019), 259 FIG
e A 9 Bagzo] QS AL TABARY B4 &
oL 5s olge, e W HEEsm 294 dow, R
T/ gokE R EL 0l8sla]” 22 2515 xR
oz_io]'oﬂcé = O] © O]’o:] ) L]-——HLL_%—E——I 9‘111_'_—\5 /\]}éﬁ]a’@]ﬂ E*]}éﬁlj, 20(5): 71~83.
Ay, 21(11): 213~223. 12 A0S oo i ]
15. YA AAHH(2017), “ZAuiSF o] T ey
3. WA H52(2018), “QHASH EohE 4 RS e TR0, BT S T S
et BPR}F nEALNL} AZR S0 ATA A PIARE 9% P ARRHer RAAIHAEAR
H\_ N o ‘J.Lo . .L_ 1Az ‘-_ (o] 1_1_‘0-1_ /\]’EﬂE", F%ﬂ.@j_]]l(ﬂ?j’ 18[3) 51~68.
SHRAEGS 8o, A=A,
30(5): 7596 16. €%4(2020), "2 53} 3}70] FA 7 E4o] o}
PYFE 0] A HLA| AT A E B0
1= A | A - B L. “ o Xes] !
* S T A R0z, CRl e 2, GSHEAL AR} XA, 21(1): 6984,
SHAAE L] F7hE A B golof mhE S0
17. §-94-29(2007), “253HE FAOR FH=

o QI A2EEA0] 9T ool T Al
thI|E FAlo =, A RIS =B,
32(1):171~184.

TAFAT IS Yt A7, [REEEAA S
3R] EAEAL, 8(4): 55~72.

https://hrilh.orke | 63



0% AES - 2NIZ

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

HEAE 7HEo R, TEXFENAL, 16(1), 73-89.
O|AE(2010), “FolF S} AR P 0|83t uF
Alal AR EA A5, Mournal of The Korean Data
Analysis Society, 12(3): 1485~1498.

=52 AGA,, 27(6): 77~84.

olgH - 32:8(2023), “ofIo] HY TEAT JFR
91 E493} FRATgeto] Tk A7: B4l ofglo]
BEPHS ol FALS FHO, et

53519175, 41(4): 440~457.

AR HE55(2014), “WEARLAS] Higk Zok
& 3J7°t old ALY A", Journal of the
Korean Data Analysis Society,, 16(1): 165~172.
Agts] - o3 2-27(2020), “Z253t <1 Wi of
oo} SHR K O] FRE/GT L, AEHE H|
B @A AT RS AefE o
27, '3AZs}s] =24 AlEA), 36(2): 87~96.
#7]14(2021), “sH34= o] w2 st Afupx|of
el Ak A2Al 2SS AE SHOR, (A
Ay, 7(1): 41~63.

FHT0157](2020), “N&A] AHA TEAT)
22)2] $74.8.91 B4, 2B, 56(5): 83~96.
Blazquez, C, J. S. Lee and C. Zegras (2016), “Children
at Risk: A Comparison of Child Pedestrian Traffic
Collisions in Santiago, Chile, and Seoul, South
Korea”, Traffic Injury Prevention, 17(3): 304~312.
Cohen, J., P. Cohen, S. G. West and L. S. Aiken
(2013), Applied Multiple Regression/Correlation
Analysis for the Behavioral Sciences, New York:
Routledge.

Cox, D. R. (1983), “Some Remarks on Overdisper-
sion”, Biometrika, 70(1): 269~274.

Elias, W. and Y. Shiftan (2014), “Analyzing and
Modeling Risk Exposure of Pedestrian Children to
Involvement in Car Crashes”, Accident Analysis &

Prevention, 62: 397~405.
Frank, L. D. and G. Pivo (1994), “Impacts of Mixed

64 | Landand Housing Review Vol. 17, No. 3

32.

33.

34.

35.

36.

37.

38.

39.

40.

Use and Density on Utilization of Three Modes of
Travel: Single-Occupant Vehicle, Transit, and Walk-
ing”, Transportation Research Record, 1466: 44~52.

Hwang, J., K. Joh and A. Woo (2017), “Social Inequali-
ties in Child Pedestrian Traffic Injuries: Differ-
ences in Neighborhood Built Environments Near
Schools in Austin, TX, USA”, Journal of Transport &
Health, 6: 40~49.

Kim, H, J. Jang and Y. Choi (2022), “Spatial
Analysis of Collision Risk of Child Pedestrians: A
Case of Urban Elementary School Districts in Busan,
Korea”, Travel Behaviour and Society, 29: 165~175.

Perry, C. A. (1929), “City Planning for Neighbor-
hood Life”, Social Forces, 8(1): 98~111.

Yiannakoulias, N. and D. M. Scott (2013), “The
Effects of Local and Non-Local Traffic on Child
Pedestrian Safety: A Spatial Displacement of Risk”,
Social Science & Medicine, 80: 96~104.

SRS, TP QEEHE Hold:(V-World)”,
2024.2.1. 212 https:/ /www.vworld.kr.

Ministry of Land, Infrastructure and Transport,
“V-World Spatial Information Open Platform”,
Accessed February 1, 2024. https://www.vworld.kr
(in Korean).

ZEWSE ‘ISP RAIE", 2024.2.1. 9 htt
ps://www.its.go.kr.

Ministry of Land, Infrastructure and Transport,
“National Transport Information Center”, Accessed
February 1, 2024. https://www.its.go.kr (in Korean).
AZEEA], A& QU lHFAY, 2024.2.1. Y
https://data.seoul.go.kr.

Seoul Metropolitan Government, “Seoul Open Data
Plaza”, Accessed February 1, 2024. https://data.seo
ul.go.kr (in Korean).

S 2 WEIT “WEAEAAIAE|TAAS)”, 2024.
2.1. ¢} https://taas.koroad.or.kr.

Korea Road Traffic Authority, “Traffic Accident
Analysis System (TAAS)”, Accessed February 1,
2024. https://taas.koroad.or.kr (in Korean).
FHQLAR, “ZE T E| RS, 202421, 2. https:
//www.data.go.kr.

Ministry of the Interior and Safety, “Public Data
Portal”, Accessed February 1, 2024. https://www.d
ata.go.kr (in Korean).



of
Sato] A WA ojglo] 18 LEATO] e T Awlo] e 7| s 2 ok 9, o}
B57, AbchiAo] 282 ol 250P0] 44 Bkt 2 of5o] ol £ojx|t Hrk §e F7H e
525 Whogala] 23 A7 IIC: olo] £ el A2 A 255 Batrole B4 Thele A, FakT
Uhol EAA, el G 82, EoPA 919, A7AF8] 2.Qlo] 23 ojgle] WEAT} of et RS A A
2 RASIGTh B4 TS LA 5557 2531 F8Ilo], 20136158 2018¥7H4 AR 741014 124]
29 of2lo] WEALT 2,694 TE 3Gk AT WO 2|3 Bl7LHS AT, GIs YEHTL 1A
2 B8 FAXIA S o) 27 AR E T o] B AW M-S EES B4 29 sl A
Shel2 o 4g0] E2 S FSHE BOE HIRL WA T H(+)9 BAYS B 0P|, ERE B %
1A 92 A Bl 208 o BobA R 11, 25O UE, EAC|BEE 5 N g () B
2 iy gt olelo] Q17 418 AR U, QHARAL H(+) 0] AL R oA thek A o] A
e S g A1) A Ak TS|, 71 R4S, A8 A4 AX), A4 B wBe] 71
B, E8)4ek 41 xjo] o WA vl Ane 4980 7k 9l o] 23 2uN= ofgle] mayele] st
of AR SO B 345 UEEl] ofF, 5oL BT AMe] BB B AR o 5AEE W
TR Rt S-S AT B A 250k 5817012 oflo] majeld BAo) Sojulet 37k ekgl A
ABHEk= HollA olol7t glom, 3 ok ATT R 7o) 8 AE S AReh

FAlo): 250k o170, 1Y Qb B ofelo] WAL, E3HA R, SolF 3714

2 9
o2

(

18

https://thrilh.orke | G5



Ex] x _—'l pISSN: 2093-8829, elSSN: 2234-1765
T Land and Housing Review 2026, 17(3):66-82 | https://doi.org/10.5804/LHR.2026.17.3.66

Land and Housing Rcvmw

rd
re

S X7t 2 =3 Y0 0x|= 2 g =40
o+

A Study on the Quantitative Impact Analysis of Utility Tunnel Installation on
Road Excavation Density

Wonjoon Oh** - Hyuncheol Do*** - Hyeokjae Lee**** - Choongyeun Cho***** - Myungsik Do******

Abstract
This study aims to quantitatively examine the physical impact of utility tunnel installation on road excavation
density. Existing evaluations of utility tunnel efficacy have largely focused on economic assessments centred
around Life-Cycle Cost (LCC), limiting their ability to intuitively demonstrate the physical reduction of road
space excavations. To address this, this study proposes a methodology that compares road excavation density
between areas with utility tunnels and adjacent non-installed areas. Based on a review of prior literature and
theories, ‘excavation density relative to road area’ was selected as the key indicator. A Road Area Index was
applied to adjust for scale differences in roads across administrative districts (dong), enabling the calculation
and quantitative comparison of excavation density and excavation indices. An analysis of five-year excavation
data (2020-2024) across two representative cases (Magok and Sanggye) among Seoul's eight utility tunnels
showed that excavation density in utility tunnel areas was significantly lower than in non-installed areas.
Specifically, the excavation index in the Magok utility tunnel zone was reduced to approximately one-third of
that in adjacent areas, while the Sanggye utility tunnel zone demonstrated a significant reduction to about
two-thirds. This study is meaningful in that it proves the efficacy of utility tunnels using physical indicators,
providing empirical evidence to establish institutional evaluation standards for future utility tunnel feasibility
studies and to improve urban infrastructure maintenance policies. Future research is required to examine
derivative effects, such as facility-specific excavation frequency characteristics and ground subsidence preven-

tion.

Keywords: Utility Tunnel, Road Excavation, Excavation Density, Road Area Index, Urban Infrastructure
Management
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SE AT 5 FOANS A5t FETRR] B0 AT B4 Tel $HL U] 99 =
Y5 A /A oI ol BB 91 5% BelAAo]c. Table 10] A1AIH vie} 2
A ERSMRAOR FAS GUEASFRE o], Tl 19784 ool FFFE AaoR
BO) fABS FHL TR POEM, ER EYEI00], 20241 12931 7|F HF 3374

Table 1. Current Status of Utility Tunnels (As of December 31, 2024)

Region Length (km) Year of Completion Accommodation Facility
Yeouido 6.13 1978 WP, EPC, CL, HP
Mok-dong 11.70 1987 WP, EPC, CL, HP
Gaepo 4.25 1987 WP, EPC, CL
Seoul Garak 7.36 1987 WP, EPC, CL
(8) Sanggye 1.10 1989 EPC, CL
Sangam 2.30 2004 WP, EPC, CL, HP
Eunpyeong 0.99 2013 WP, EPC, CL, HP, WTP
Magok 3.81 2018 WP, EPC, CL, HP, WRP
Busan Haeundae 7.27 1996 WP, EPC, CL
Yeonsu 3.6 1992 WP, EPC, CL
Inc(};‘m Songdo (3) 2136 2017 WP, EPC, CL, HP, WRP, WTP
Namdong 1.16 2013 WP, EPC, CL, HP
Daejeon Dunsan 7.16 1994 WP, EPC, CL
Gwangju Sangmu 1.8 1998 WP, EPC, CL
Bucheon Jung-Dong 5.77 1993 WP, EPC, CL
Bundang 14.73 1994 WP, EPC, CL
Anyang PyeongChon 4.39 1993 WP, EPC, CL
Gyeonggi IIsan 10.48 1994 WP, EPC, CL
(8) Sanbon 3.03 1994 WP, CL
Suwon 0.65 1985 CL(WP removed)
Ansan 2.96 2001 WP, EPC, CL
Paju 10.29 2014 WP, EPC, CL
Gumi 1.53 1979 WP, EPC, CL
Gyeongbuk
Andong 3.32 2016 WP, EPC, CL
Gyeongnam Changwon 5.42 1983 WP, EPC, CL
Sejong (3) 22.29 2014 WP, WRP, EPC, CL, HP
Chungbuk Ochang 2.43 2001 WP, EPC, CL
Chungnam Hongseong Naepo 2.99 2014 WP, EPC, CL, HP
Jeonnam Yeosu 0.47 1980 WP, CL
Total (33 Sites) 170.7 - -

Note: Electric power cable, EPC; Communication line, CL; Water pipe, WP; Heating pipe, HP; Wastewater reclamation
reusing system pipe, WRP; Waste transport pipe, WTP.
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Table 2. Candidate Indicators for Effectiveness Analysis
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Category Canfildate Definition and Review Notes References
Indicator
Restoration Dl:jizzzpre‘;il:; rc?nall;)fc;t:red * Seoul Road Excavation Restoration
Cost cing System (2025.10.31) (in Korean)
excavation
Economic Al 1
Indicators . e cy_c e costassessment Canto-Perello and Curiel-Esparza (2013)
Life Cycle covering all costs from . .
. * Kang and Choi (2015) (in Korean)
Cost (LCC) construction through « Lee (2018) (in Korean)
end-of-life (disposal)
) Decrease in average travel ¢ Korea Transport Institute (2024)
Traffic . .
Congestion speed due to construction and (in Korean)
g associated social costs * Jin et al. (2025)
* Korea Agency for Infrastructure
Social & Urban Safety Ir.lcident rates of.safety 'Ijechnology Advancement (2016)
Environmental _(Disasters) accidents such as sinkholes (in Korean)
Indicators and pipeline failures * Lee and Yoon (2017) (in Korean)
* Jo and Jang (2017) (in Korean)
Number of complaints filed * Gilchrist and Allouche(2005)
Civil due to excavation works ¢ National Noise Information System
Complaints (noise, fugitive dust, traffic (2025.10.15) (in Korean)
inconvenience, etc.) * Matthews et al. (2015)
Road Service Pavement Condition * Shahin (2005)
life Index(e.g., PCI) and shortening * ARA (2021)
of resurfacing cycle * Rahmani et al. (2020)
. Underground Volume of underground * Broere (2024)
Physical & . . .
e Space utilities and their * Ministry of Land, Infrastructure and
Facility Efficienc space-occupancy ratio Transport (2019) (in Korean)
Indicators y P pbancy p
Road Num:i;;(f):ii:z;fiizfmlts * Korean Law Information Center
Excavation executions within a eiven (2025.10.18) (in Korean)
Frequency g * Seoul Institute (2016) (in Korean)

period
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Table 3. Alternative Indicator Types and Suitability Assessment for the Analysis

Candidate Definition / Calculation

@ Simple Count Y " (Number of excavation
imple Coun

Limitations and Suitability Assessment

* Does not account for inter-district differences
in road infrastructure scale, resulting in scale

permits) bias
Excavation . * Because road width is not accounted for, the
@ Rate per Road Number of excavations excavation burden relative to the actual
p Total road length(kn) :
Length managed road area may be distorted
. . » May induce statistical distortion in
Excavation Number of excavation . . .
. : - commercial/business districts due to low
Rate per Capita Resident population . .
resident population
Excavation i * Building a consistent dataset is difficult due to
@ Rat Number of excavation dat t . d tricted
. ? e per Total length* (kn) a aasymmel Iy across .agenaes and restricte
Pipeline Length access/security constraint
. . * Excessive variability by time and contract
Reinstatement Y " (Excavatin reinstatement . . ty y_ . L
® conditions limits objective inter-district
Cost costs) :
comparison
Excavation . * Incorporates both road length and width,
®  Densi er Number of excavation enabling the most objective measurement of
yp Road area(m’) ) & )
Road Area spatial burden

Note: Total length of underground utilities
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ST 2xt E2 23 TR0 OXlz FEE g 240 o9t g1
Table 4. Regional Data Aggregation and Preprocessing Summary
e Total DB Total DB Final DB '
(Gu-level) (Selected Dongs) (After Preprocessing)
Mok-dong 729 150
Southwest Banghwa-dong 957 332
(ll}/[t?figfyk Gangseo-gu 7,379 Balsan-dong 430 196
Tunnel) Deungchon-dong 1,520 340
Others (remaining areas) 3,743
Sanggye-dong 610 163
N;)rtheast N 2 057 Junggye-dong 189 55
( Sgﬁfyye D(?l‘)/\(l)(r)lr;-ggllll 2:536 Chang-dong 658 189
Tunnel) Banghak-dong 485 116
Others (remaining areas) 2,651

Table 5. Normalized Analysis Results for the Southwestern Region: Magok Utility Tunnel

Annual number of road excavations

Road . . s Excavation Excavation
. Road attributable to occupying utilities )

Region Area(r) Area Annual Density Index
Index(A) '20 '21 22 '23 ’ B/A Relati
ndex(A) ‘20 21 ’22 '23 ’24 Total A (B/A) (Relative)

Magok Utili
agok Utility 0 040 10 33 53 24 15 25 150 300 30.0 1.0
Tunnel
Banghwa-
anghiwa-  £43330 07 81 85 83 54 29 332 664 93.3 3.1
dong
Balsan-dong 393,898 05 44 58 37 27 30 196  39.2 71.8 2.4
Deungchon- 50505 07 62 95 91 61 31 340  68.0 98.2 33
dong
HASE 1002 AHsigon, 5T AW 30 522 S A BET H B4

9] Z&}o] WhA¥sto] ZA W E 30,00 A&
Ak AT Y3tE - WE - SETS ERHA
$7424740.7,0.5,0.72 s B ek AR A
22 3141 66.47, 39.27, 68.071 0.8 UElyiT.
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71.8, 982 AFEF o] W-s H ok 7 UrERT

ZHA) 27 Sk nfE-S 1,00 8 3F o u)sh
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OO0
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o7 A BIAL Qe AAEE VISR T2 W
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I-5(30.0)2F FARE 22 HoAoh AR A
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Table 6. Normalized Analysis Results for the Northeastern Region: Sanggye Utility Tunnel

Road Annual Number of Road Excavations . .
. . Excavation Excavation
. Road Area Attributable to Occupying Utilities .
Region Area (m?) Index Annual Density Index
A) 20 '21 '22 ’'23 '24 Total — (B/A) (Relative)
SaNgEYe 191451 1.0 57 27 32 29 18 163 326 326 1.0
Utility Tunnel
Junggye-dong 481954 040 15 8 7 11 14 55 16.5 40.8 1.3
Chang-dong 718,668 0.60 60 45 37 19 28 189 37.8 62.7 1.9
Banghak-dong 484,075 0.41 35 24 26 19 12 116 23.2 57.1 1.8
A
Sanggye-dong
Sae
Excavation Index \ Excavation Index
(
\ ol

(a) Road Excavation Analysis near
the Magok Utility Tunnel

(b) Road Excavation Analysis near
the Sanggye Utility Tunnel

Fig. 2. Results of the Utility Tunnel Effectiveness Analysis
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Determinants of Perceived Project Effects in Living Condition Improvement
Projects for Vulnerable Urban Areas
: Focusing on Implementation Process and Outcomes
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Lowoon Lee*

Abstract
This study empirically analyses how satisfaction with the project implementation process and project
outcomes affects the perceived project effects of the Urban Saeddeul-maeul Project across 49 sites funded by
national grants in 2024. A survey was conducted targeting 627 participants (548 residents and 79 public
officials), and the data were analyzed using exploratory factor analysis, group perception difference analysis,
the Kruskal-Wallis test, and hierarchical regression analysis. The main findings are as follows. First, while no
statistically significant difference existed between residents and public officials regarding satisfaction with the
implementation process, public officials evaluated non-physical outcomes, such as resident capacity building
and human care, and overall project effects more positively than residents did. This reflects differing evaluation
criteria between policy providers and beneficiaries. Second, higher administrative performance evaluation
grades generally correlated with higher satisfaction and perceived effects; however, a discrepancy between
official evaluation grades and residents' direct experiences was observed regarding physical environment
improvements. Third, hierarchical regression analysis revealed that perceived project effects were significantly
explained by satisfaction with both the implementation process and outcomes, with resident capacity building,
human care, and process smoothness exerting the greatest influence. Once satisfaction variables were
controlled for, the statistical significance of administrative performance evaluation grades disappeared,
suggesting that residents' subjective satisfaction is a far stronger predictor of perceived project effects than
formal administrative metrics. These results demonstrate that perceived project effects are shaped not only by
physical improvements but also by non-physical outcomes and participatory experiences, indicating that future
performance management and evaluation frameworks for the Saeddeul-maeul Project must more actively
integrate these qualitative dimensions.

Keywords: Saeddeul-maeul Project, Resident Satisfaction, Perceived Project Effects, Performance Evaluation,
Hierarchical Regression Analysis
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Table 1. Annual Selection of Saeddeul-Maeul Project
Areas

Rural Urban
Year Area Area Total

2015 55 (64.7) 30 (35.3) 85
2016 44 (66.7)  22(33.3) 66
2017 35(68.6) 16 (31.4) 51
2018 - - -

2019 72(70.6) 30(29.4) 102
2020  105(84.0) 22(17.6) 125
2021 80(83.3) 16 (16.7) 96
2022 58(85.3) 10 (14.7) 68
2023 80(87.9)  11(12.1) 91
2024  108(90.0) 12(10.0) 120
2025  105(89.0) 13(11.0) 118
Total 742 (80.5) 182(19.7) 924
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Table 2. Comparison of Key Indicators between
Saeddeul-Maeul Areas and National Aver-

age
Catego Selected  National
gory Areas Average
Substandard Road Rate 73.8 27.0
Sewerage Service 28.6 49
Non-coverage Rate
Urban Gas 84.5 14.3
Non-coverage Rate
Rate of Deteriorated 745 258

Housing

Source: Presidential Committee for Decentralization
and Balanced Development (2025) (in Korean)

Source: Ministry of Land, Infrastructure and Transport
(2025) (in Korean)
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Table 3. Summary of Survey

Category Content
49 urban saeddeul-maeul project
Survey sites that received national funding

in 2024
(selected 2021~2024)

Target

Survey

Period 2024.12.05.~12.18. (14 days)

Survey
Method
Sampling Quota Sampling
Method (min. 10 residents, 1 official per site)
Officials
79

A visit survey using a structured
questionnaire

Residents
548

Response
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Table 4. Construction of Satisfaction and Perceived FAEAof A FAA QRIEAM-E AAJsto] AE
Effect Indices B T B AR WSS TS
Index Item o, e B2 B B 1l Qe A%
Reflection of Residents’ sladtt Al Alo] & SLEE=0] AR HIA7Ro
Satisfaction Wlth Opinions O}Mq: llﬂ éo] —v—‘ixﬂ_ o0 = E"] L O%%}\E
Implementation AbEslo] B8 A alet E ASEA Y VR ARE
Process Smoothness of Project o
Implementation &3
Safety Improvement SHH, 2 Ao A EEE = SR H Y7 5F2
Improvement of Living and ANA 712 FH57] Y3l 2 ENEEO] BT A
Satisfaction with Sanitation Infrastructure = AEsloirl = AE L Lol S5 ol
Project AE HESIITE FAHH7= A 719, A
Housing Improvement - _ _
Outcomes  __——-5 T2 27 A1 43, A% Bele) a7) ok A o
Residents’ Capacity Building L .
and Human Care Xﬁl‘ 7]%01] u:‘l-‘—i]— 100;1(51 %@E %7]—6]-Eq' ?J-Zﬂ @T
Improvement in the A 20%= ASH, A9 20~80%= BS54, 5H¢]
perceived Residential Environment 20%= C5-20 & Bawch JEud 7|22 Table
Project Effects 0 OVeent I Quality of 59} et ol el W} A A Fle] A7kt kst

A BPHoE Hojs AEZ, B A7 HE &
AR/ S0 42 F AEE D A3 QY

of Aol % BAS, A SARANA AA

Community Revitalization

Note: Measured using a five-point Likert Scale

7} o] TAH B TS Table 49H ZOM,  ZF 3k 50 o] AR BAS] 9% WE B
BE R 5Y AL Likert) HER SHSL. §3kAk

Table 5. Performance Evaluation Items and Scoring Criteria

Points by Project Year

Stage Evaluation Items S 3rd Year &
After
_ Appropriateness of Project Implementation System 20 10 10
Pl;;ﬁ]:i(:g Resident and Community Participation 20 20 10
Validity of Project Plan 10 10 -
Project Project Progress & Budget Execution Rate 30 30 30
Execution Efficiency of Project Implementation Process 10 20 20
Project Improvement of Socioeconomic Indicators - - 5
Outcomes Improvement of Physical Indicators 10 10 15
Post Management Plan for Community Facilities - - 5
Management Establishing a Foundation for Sustainability - - 5
Total 100 100 100

Note: Evaluation method: only ‘Project Progress & Budget Execution Rate’ is evaluated quantitatively, while all other
items are evaluated qualitatively.
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A 22731 4%) B RS IS S S A ok ek AFIZEE 204 o4 A7) AZATE 422
H§(77.0%) 2.2 7} oro o, 10~20 AFA}7}
Table 6. Demographic Characteristics of Residents 724 (13.1%) 2= YT §FA 104 B9 A2}
Classification (m) (%) = 54B(0.9%) el Efstet AR ol i -
Male 227 414 5 EA
Gender Female 307 56.0 Aol AAAE H BExE AR, 20219 A
Non-Response 14 26 AA] 16741917 (34.8%), 2022 A =] 107}
20s 3 05 2+1049(19.0%), 20239 AAA] 11741267
igz ;1 22 (23.00), 20249 7] 127)4+127(23.2%) 2.
ae - e ARSI 20219 AR wigol Ao
> o7 305 BES 7L ol AR A A ARA 47k
Over 70s 261 476 U AA| BT ARG 7IRIRE Ao, & A7
Non-Response 2 0.4 A S HESE TS F-8oto] AFRAE H A
Under 5 Years 23 4.2 937 oot 52 st 2AAMEI S3E
Length of 5~10 Years 31 5.7 SR} AL ASF 974 -919(16.6%), BS-
residence 10~20 Years 72 13.1 327l 3748 (68.2%), CE- 87H£\_'83‘1‘(15.2%)
Over 20 Years 422 77.0
Employed 37 6.8 <= FAEIBEHA Hb HeE= 4TS 13
Self-Employed 94 172 o ol M P(A) BP0 SEef el A
Occupation Homemaker 162 29.6 7]'20%#] '% Bk /‘Hmu}“—]\}oq:] A B7}
Unemployed 177 323 58 BEE 45| Htgsh dilod, THE 449
Other 75137 ol9jd mgo) ohd maleke] Sy S4o] 12
Non-Response 3 0.5 Edjg A0 7 §jaat 4= Qi)
2021 (16 Sites) 191 348 olateh SR} Ao AEuhe el o] A

Project 5022 (10 Sites) 104  19.0

Selection -
Vear  2023(11Sites) 126  23.0
2024 (12 Sites) 127  23.2
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ol
2
DY

o AL AHs] viest 2vz B 4~ 9l0
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Performance GradeA (9Sites) 91 166 g Holck B AR A AE W X7}
Evaluation Grade B (32 Sites) 374  68.2 SOl TE e 7ol do] g Yof| 73 QA =
Grades  Grade C (8 Sites) 83  15.2 3] 0] 9Jo] Al=EAlol A3tst a2 wohEc
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SHA U (x2=3467, df=36, p<.001) 820542
Zgst7]of Aget A= o] ERI ATk
Q915352 = Q o|H(principal axis factoring)
A&, 891 = IREL 1.0 o2 712
2t 2217 554 FH-E 919]] varimax
Wo RS AR o, 1 A3 5 3709) 8]lo]
TEE|QIth o5 8219+ HH Y2 65.7%E L
ERstT) 232 412)/4d& gelst7] 912t Cronbach'’s
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[ 7/ 8- A HH, 4 182912 AL
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0] 2 A TS ol ARAATEEE vt
Fot= 810 & A= A 28212412 A TF
73(0.787), =AM (0.716), FRISEA 273
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Table 7. Exploratory Factor Analysis Results (Rotated Factor Loadings)

Variable Factor
F1 F2 F3
Improvement of Living and Sanitation Infrastructure 0.732 - -
Residents’ Capacity Building and Human Care 0.672 - -
Safety Improvement 0.631 - -
Housing Improvement 0.608 - -
Improvement in Quality of life - 0.787 -
Improvements in the Residential Environment - 0.716 -
Community Revitalization - 0.639 -
Reflection of Residents’ Opinions - - 0.749
Smoothness of Project Implementation - - 0.448
Cronbach’s & 0.867 0.884 0.710
Variance (%) 26.9 24.5 14.2
KMO 0.915
Bartlett P<.001

Note: Only factor loadings=0.40 are reported. F1: Satisfaction with Project Outcomes, F2: Perceived Project Effects,

F3: Satisfaction with Project Implementation Process

3) ARIFA LR/ EF2 AA(0.448)2 T H o2 W2 oy, 7]E74(0.40) oVF L& 48 715 o' WHsto] o

o a2lo] 2getoirt.
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Table 8. Descriptive Statistics and Group Differences in Satisfaction and Perceived Project Effects

s Agtol A

Residents Officials
Variable (n=548) (n=79) t df P
Mean+SD Mean+SD
F3. Satisfaction with the Implementation Process  3.95+0.79 4.01+0.78 -0.619 102.4 .538
Reflection of Residents’ Opinions 4.13+0.84 4.27+0.80 -1.411 105.0 .161
Smoothness of Project Implementation 3.77+£0.95 3.75+0.98 0.167 100.3 .868
F1. Satisfaction with Project Outcomes 3.86+0.78 4.04+0.81 -1.852 100.0 .067
Safety Improvement 3.91+£0.92 4.06+x0.95 -1.354 1004 .179
Improvement of Living and Sanitation Infra. 3.84+0.95 3.99+0.89 -1.391 1049 .167
Housing Improvement 3.93+0.92 4.09+0.89 -1.428 103.4 .156
Residents’ Capacity Building and Human Care 3.76x0.91 4.01+091 -2.341 1018 .021*
F2. Perceived Project Effects 4.02+0.79 4.24+0.69 -2.544 1089 .012*
Improvement in the Residential Environment 4.12+0.86 4.37+0.75 -2.708 109.3 .008**
Improvement in Quality of Life 4.04+0.87 4.23x0.75 -2.054 110.8 .042*
Community Revitalization 3.91+£0.88 4.11+0.88 -1.979 101.8 .051

Note: Values are Mean * SD. Welch’s t-test (two-tailed)was used to examine differences between residents and

officials. *p<.05. **p<.01. ***p<.001.

4) Welch’s t-test= 5 o] Bk} H2 57]7} 4Jold i A= (dE 4 $4510] Al1E 07S
UAX (W n=50)2 AF3l5lo 2412314 )

olc. £ 17.9] 7} ek M2 57](5:9 n=548, T n=
o] ofgt 54 Ate] g 4o] 8k EITk(Hair et al, 2010).
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Table 9. Differences in Satisfaction and Perceived Project Effects by Performance Evaluation Grades

Post Hoc (DSCF)
Variable 2% (df=2) p
A-B A-C B-C
F3. Satisfaction with Implementation Process 23.84***  <.001 n.s. ok ok
Reflection of Residents’ Opinions 23.15** <001 n.s. ok ok
Smoothness of Project Implementation 21.07*** <001 n.s. ok okk
F1. Satisfaction with Project Outcomes 13.82*%*  <.001 n.s. ok ok
Safety Improvement 10.17** .006 n.s. * ok
Improvement of Living and Sanitation Infrastructure  6.60* .037 n.s. n.s. *
Housing Improvement 8.39* .015 n.s. * *
Residents’ Capacity Building and Human Care 21.18*** <001 ok ok *
F2. Perceived Project Effects 8.25* .016 n.s. * *
Improvement in the Residential Environment 8.90* .012 n.s. n.s. *
Improvement in Quality of Life 7.56* .023 n.s. n.s. ok
Community Revitalization 16.11***  <.001 ok ok n.s.

Notes: Kruskal-Wallis test with Dwass-Steel-Critchlow-Fligner post hoc test was used. Analysis was conducted on
residents only(n=548). *p<.05, **p<.01, ***p<.001. n.s.=not significant.

FARFSEO R ST AR0| YSS AR Ao] BTk ok 94 FHE W AelAlet

ZaloEsl Y FUAC SR A YRR ek, A4 49 FR150] AeRe A% oj
Eulmod SAMCE GORH A HRIE 9 o] A wsh} Aleld MEEE ohgl 5 Aoz
S B0, A-B>CO] TAE vjlo] Uektth o] B|mshAl Stk AN e 20X 5t 9182 o]
uBeE AR ool 2UAAEA TR A Stk oleid AL 2R YA WAAE B
FUSE o] BRiol 4o U FRT A AR WA B P F 1Y B Wi
$4E Bojzt (304, AN S AASL Qi A=A T

T 11%xﬂ Sslol et T} QA0 A 7]9Isk Ao BEEItk(Table 5 HE). 5, 44 2
A5l B CEFRG RO B3O BEF 92 FYSo] vulstieks o) 1Y A%

¥} CE5 7Holl= Fofet &ol 7 YEhHA] Q= “H‘H o2 9%t SHe U5 ¢ e Y A
(A>B=C)o] Bl E|Qir}, o= Zul T =) 245l & T AA 2 SAP7F RIS A A A Eefe] ¥
I7H A H 0 2 93t ARG A of| A Hot F-35HA| 2E op7|stal Sl Zlolth AxpE o2 37 7t
UeRd 714 S A AFat. A}o] 4] Alo]o] EUA7F A

|

-

s, - SPolet A EEe FARS B glo] YAl 2ej4 o
ARk 479) A el iR A QAOIALEBER 7 A0l mhE FARA Adolt 4] W G
2

2
b
ok
ro
il
0,
o
=3
N

TG Rt oIt 2fo| 7} ERE 0.7 (B>C), A 28] =74 58 7 s g AR
SE Cog dolle FolR Aot gle QEH F ol AE Ftoly, FUA AP sHCl &

5) AT SAIQLILE AL A1 501 8 A1 UX] 5 A A B ARIHIO) S 115 AAISHE A1 Ado] 2tElo] glo]
oAt 9o g AL WX ARglele,

94 | lLandand Housing Review Vol. 17, No. 3



SA| FIOIXIS] YOI HHEMRIS| BT O

Z4
=

252 ARl Y] W0 3l QAo B
o] SIS, 1 YRS LE YR 5
S e ek A1) o] et apa o
e Zlo® #1493 4 ook 53] 2214 34
A FRAAE QA S ol4ge] Al ATt 3
W F$ ek 7 vEEsL fAaHA) e
o] 2ol vhel, Zylolabzst 2 FruiAlo],

p

e

rg on

N

&A1 /et 22 HlEtE] dGolr= 875
ol w2 Aol 7} Hrt S5k ergth o o
7224 &4 i I=EelM e AsE Cea 1t
AR A7 U] g S 2] ol Rl
o, o= it APFE SH| A B7HAA
TR AEA AF=E SE5] HgstA £

W AARRIT

ol EA| AfEmhEALie] avt ekt Bl
s A8 oje} ul Hofol 25 714t =
o] 29 -2 WP BAY F54 L Hol
). olof the ol 1AA HHEAS B
V2t QU4 RS WA 72 Hek A
0% FEFIA Tk

rlot
i

S

b

A
[&)]
Pl
i
I

=l
rL_O
1=
1o
oR
od

Qlol AAA 3] ARAS AAlS)
Table 103} Zth &P = AR A T} Q14] R|520]
H, AR (2 1), ARSI (2T 2),
A AINZ L (R 3)E A o= FYshe 3
oA 28-S skt

1 194= Al 7HA] BAIRSE Yokt A
A, SHAFB (F9/3FY) 2 5L Aol sk
W7h A1) T g H o] Adolsto] AR A
IR1A] ezo] Zpol 5 FHUE 4= Yo B2 BAHS

2 9sieITh B4, 2R e A0

il
o
Q
i
>
i
ox.
1=

>
HN
tlo
L,
of
ol,
rir
L
oz
)
)
b

0|5 BAIGHA k& A% 5a 1 olEA
o] g3t 2785 WAt 4= Sk A, A
FEH DA W2 71 FF 2 Ao
&, @A o] A= SA5H | S8k

3 19 74 A}, BP9 & A8 Y2 6.7%=
UERFTHR?=0.067, F=7.45, p<.001). A|5 #H=E
RS A EY, U2 FFEATIEHDO B
S AFA B ARIA] 3Z F-2J5HA WA B Fsk= A
02 9I5| QJr}(B=-0.207, p<.05). XA H7}
559 A4S, PRI (53 Jdol Bsa (7]
Aehol vl azpelAlo] Foju]stA Wetth(B=-
0.602, p<.001). AFALNHE= 71ZAEQI 2023
d tfj¥] 2021 (B=-0.178, p<.05)3}+ 2022 (B=-
0.264, p<.01)2] AFF A F}QI4]0] Qoju|5lA LA
LERd W, 202432 §-9J3F Afo]& Ho|X] gk
t}. o= 5 37160 ZYgt 202120221 4757
7F2023'd thH] 22 7} Q1A1S Hol =1, X
202412 202393 BAH R FEHER|

m
0.

o O,
8
i
frofr 'R
® 2 A

i
=

I, o
ol
el

m
)
o
44
o)

ofj
x,

AFEATANSE Hp-S 7 FYe Y
20] 74 A3}, B0 T A2 44.4% 2 LHER
THR?=0.444, Adj. R?=0.437, F=61.8, p<.001). 2.3
1—29] AR*= 0.377&8, AAAFHIAUEE 5
2719 F7pto g dweo] 37.7% SISttt
(P<.001). o]= 5 ¥l = tiin] A 7]oj7} vj
G AEA Y-S Uehdnh Al e TS 4
HH, FRICAREY(B=0.278, p<.001)3} AFFS
A AEA4(B=0.352, p<.001) H5F AJ G140
Frolgt B (19 YT mAlE Aoz AFEHUH:
S, o] TAl A AP AL BE TlH|[HSE = B
Al Fo44E A5 o H, A HF7E] -9

B Ao o ARSI PASE W]

6) A ARSI AR A1) 3:410] 561 o) B o] 214 ghor, 20249 129 B 71 20199 417 A19] 30714 5 10
71(33.3%), 202095 417 A1) 22712 B 21712:(95.5%)7F 241 Bo9171el, 3-441 215 53] w2 HASHch

https://lhrith.orke | 95



0|22

Table 10. Hierarchical Regression Results for Perceived Project Effects (Dependent Variable: Perceived Project

Effects)
Variables Model 1 Model 2 Model 3
Intercept 4.368%** 1.727%** 0.878***
(0.101) (0.158) (0.145)
kkk kkk
Reﬂectionlof Residents’ 0(5324) 0(;?);1)
Satisfaction with Opinions $=0.148
Implementation Process Smoothness of Project 0.352%** 0.158***
Implementation (0.030) (0.028)
£=0.194
0.138***
Safety Improvement (0.032)
£=0.165
Improvement of Living and (()00(?3?;
Satisfaction with Sanitation Infrastructure 5=0.107
Project Outcomes 0.125%**
Housing Improvement (0.032)
£=0.147
Residents’ Capacity Building 0(3?)3;;*
and Human Care 8=0.215
Respondent Type -0.207* -0.167* -0.098
(Reference: Officials) Residents-Officials (0.092) (0.071) (0.060)
B=-0.126
0.090 0.164* 0.054
Performance Evaluation AB (0.088) (0.068) (0.059)
Grades £=0.069
(Reference: B) -0.602%*** -0.046 -0.002
C-B (0.120) (0.096) (0.082)
B=-0.003
-0.178* -0.084 -0.046
2021-2023 (0.077) (0.059) (0.052)
A=-0.059
Project Selection -0.264** 0.000 0.085
Year 2022-2023 (0.096) (0.075) (0.064)
(Reference: 2023) £=0.109
0.029 0.063 0.131*
2024-2023 (0.093) (0.072) (0.062)
£=0.168
R? 0.067 0.444 0.602
Adj. R? 0.058 0.437 0.595
AR? - 0.377 0.158
F 7.45%%* 61.8%** 77.5%**
N 627

Note: Unstandardized coefficients are reported with standard errors in parentheses. £ indicates

coefficients in Model 3. *p<.05, **p<.01, **p<.001.
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Structural Problems and Policy Improvement Priorities of Serviced
Residences: A Comparative Analysis of Practitioner and Administrative
Perspectives
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Hyoungseak Kim** - Saejoon Oh***

Abstract
We identify and prioritize the structural problems of serviced residences in Korea by analyzing the relative
importance of the key constraint factors, and we draw out the resulting policy-relevant implications. Since the
analysis involves a decision-making context with multiple and heterogeneous criteria, we apply the Analytic
Hierarchy Process (AHP). Drawing on a review of prior studies and expert focus group interviews, we classify
the major issues surrounding serviced residences into legal-institutional, economic, and operational-managerial
dimensions, and we administer a pairwise comparison survey to two expert groups—industry practitioners
and administrative professionals—analyzing the results after consistency screening. The two groups differ
clearly in their perceived priorities. Industry practitioners rank economic constraints as the most critical
dimension, singling out difficulties in project financing, location constraints, and the mandatory installation of
management and building systems, concerns that reflect project feasibility and cost burden. Administrative
experts, in contrast, assign the highest priority to legal-institutional issues, with illegal residential use, difficulty
in conversion to officetels, and a lack of legal and regulatory awareness emerging as their most important
concerns. These differences indicate that expert perceptions divide along two axes: project feasibility from an
operational perspective and regulatory conformity from an institutional perspective. Our results suggest that
current regulatory responses centered on enforcement may not suffice to address the underlying structural
problems of serviced residences. By providing empirical evidence on how priorities differ across expert groups,
we contribute to the literature and offer practical implications for more balanced and effective policy and
institutional reform.
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Table 1. Legal and Operational Characteristics of Serviced Residences and Related Facilities

Category Hotel Serviced Residence Officetel Apartment
o Accommodation Accommodation . e Residential
Legal Classification o e Business Facility .
Facility Facility Housing
Building Act;
. Tourism Promotion Public Health Control s .
Applicable Acts Act; Public Health Act Building Act Housing Act
Control Act
Individual Title X O
Resident
. . X
Registration
Acconllmodation o o % %
License
Cooking / Laundry X O O O
Busi
Primary Use Accommodation Accommodation us.lness. / Residential
Residential
Floor Heating O O A @)
Balcony Expansion O/ X O/ x X /- O/0
Ancillary Services O @) X X

Operation Mode Entrusted Operation

Direct / Entrusted

Direct Operation Direct Operation

Source: Appendix 1 of the Enforcement Decree of the Building Act (Korea Law Information Center, 2026.4.15.) (in
Korean); Article 4 of the Enforcement Decree of the Public Health Control Act (Korea Law Information Center,
2026.4.15.) (in Korean) and Appendix 1 of its Enforcement Rule of the Public Health Control Act (Korea Law
Information Center, 2026.4.15.) (in Korean); Article 2 of the Enforcement Decree of the Tourism Promotion Act
(Korea Law Information Center, 2026.4.15.) (in Korean).
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Table 2. Legal Measures and Sanctions under the
Building Act and the Public Health Control
Act

Category Sanctions

Corrective orders may be issued for
unauthorized use, including use in
Building violation of the designated building

Act use; enforcement fines may be im-
posed for failure to comply with such
orders (Arts. 79-80).
Public Imprisonment for up to two years
Health or a fine of up to KRW 20 million for
operating an accommodation business
Control . - . .
Act without filing the required business

notification (Art. 20(1)).

Source: Reconstructed from the Building Act (Korea
Law Information Center, 2026.4.15.) (in Korean)
and the Public Health Control Act (Korea Law
Information Center, 2026.4.15.) (in Korean)
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Table 3. AHP Factor Importance

Dimension Category Subcategory Description
Unauthorized Residential Residential or rental use of serviced residences despite their legal
Conversion classification as accommodation facilities.
. . . Structural and regulatory constraints hindering conversion to
Difficulty in Conversion to ) ) . . . .
Policy and Officetels alternative uses, including parking requirements and unanimous
Institutional owner consent.
Constraints Administrative Enforcement Annual administrative penalties imposed for unauthorized
Penalties residential use based on the officially assessed property value.
Insufficient Legal Education and  Insufficient understanding among owners and operators regarding
Legal Guidance legal obligations and regulatory frameworks.
Aspect School Environmental Protection Development restrictions within designated school environmental
Zone Regulation protection zones limiting serviced residence locations.
Permitted Use Limited to S . . .
. . ) . Regulatory limitations confining serviced residence development
Commercial or Quasi-Residential . - . . .
to commercial or quasi-residential zoning.
Licensing Zones
Constraints Complex Licensing and Approval  Prolonged administrative approval procedures involving multiple
Procedures regulatory authorities.
Parking standards for serviced residences are more stringent than
Stricter Local Parking Standards  those for apartments, requiring one space per unit or per 18 m?,
compared to one space per 60 m? for residential housing.
Mandatory Installation of Increased construction costs arising from required installation of
Cooking and Ventilation Systems  cooking and ventilation facilities.
Mandatory Room Management  Financial burden associated with installing and maintaining room
Building and System and guest management systems.
Facility Cost Mandatory Provision of Common  Additional costs related to the installation of lobbies, linen rooms,
Burden Facilities and shared service spaces.
. Required to comply with stricter fire safety standards such as fire
Strengthened Fire Safety q - Py 4
) extinguishers, smoke exhaust systems, and flame-retardant
Economic Requirements finishes.
Aspect
. . Limited site selection due to accessibility requirements affecting
Locational constraints . s
project feasibility.
Difficulty in Proiect Financin Restricted access to project financing caused by non-residential
Devlelopment R4 ) & (lassification and tightened financial regulations.
Planning
Constraints Competition with similar Revenue pressure resulting from competition with hotels and
accommodation facilities other alternative accommodation types.
. . Frequent civil complaints and administrative disputes lead to
Frequent civil complaints . -
project delays and increased development costs.
Lack of professional operating Shortage of qualified and experienced operating firms capable of
companies stable facility management.
High vacancy rates and low Revenue instability caused by prolonged vacancies and low
Operational occupancy utilization rates.
Constraints Unregistered accommodation Used for residential or rental purposes without accommodation
operations business registration.
i Declining profitability of . o . -
Operationa . ep s ty Reduced income from F&B, and auxiliary service facilities.
land ancillary facilities
Manage- Disputes between owners’ . . i
t L. . Conflicts over management authority, revenue distribution, and
men association and operating ;
Aspect operational control.
P company
Conflicts regarding construction defects and responsibility for
Disputes over defect liabili
Management P ty repair costs.
Constraints

Insufficient facility maintenance
capacity

Potential decline in management quality under small-scale
operators.

Mixing of accommodation and
residential uses

Potential conflicts between guests and residents over shared
spaces .
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Table 4. Sample Characteristics (N=54)

n (%)
Category Practitioners Administrative Experts
(n=22) (n=32)
Male 15 (68.2) 22 (68.8)
Gender
Female 7 (31.8) 10 (31.2)
20s 2(9.1) 4 (12.5)
30s 6 (27.3) 6(18.8)
Age 40s 4(18.2) 10 (31.3)
50s 6 (27.3) 12 (37.5)
60s and Above 4(18.2) 0(0)

Developer 6(27.3) -

Affiliation Finance / Trust 6(27.3) -

(Practitioners) Architectural Design / Supervision 6(27.3) -

Others 4(18.1) -
Public Officials - 6(18.8)
Affiliation University Professors - 6(18.8)
(Administrative Public Corporations (e.g., LH, SH) - 6(18.8)
Experts) Real Estate Research Institutes - 8 (15.0)
Others - 6(18.8)
Less than 3-5 Years 4(18.2) 8 (25.0)
Years of Professional 5-10 Years 2(9.1) 10 (31.3)
Experience 10-15 Years 11 (50.0) 4(12.5)
15 Years Above 5(22.7) 10 (31.3)
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Table 5. Relative Importance of Problem Factors in Serviced Residences (Practitioners)

Major Mid

Weight

Composite W.

(A) Rank (B) Subcategory © Rank (A*B*C)*10 Overall
Illegal Residential Use 0.293 0.374 9
Difficulty in Conversion to
Policy Officetel 0.264 0.337 13
Constraints
0.572 Administrative Penalties 0.279 0.356 11
Lack of Lega.l Education and 0.164 0.209 19
Guidance
Legal ool - -
Factors 2 Schoo Env1r0nme.nt.Protect10n 0.223 0213 18
0.223 Zone Restrictions
Approval and Permitted Use Limited to
Permit Commercial or 0.234 0.223 17
Constraints Quasi-Residential Zones
0.428 Complex Approval Procedures  0.391 0.373 10
Stricter Local Parking 0.152 0.145 22
Standards
Manda.tor.y Cookl.n.g.and 0.257 0.778 4
Ventilation Facilities
Construction Mandatory Room Management 0.270 0.818 3
and Facility Systems
Cost Burden Mandatory Lobby and
0.509 Linen Facilities 0.231 0.700 6
Economic ;
Enhanced Fire Safety
Factors 1 Requirements 0.242 0.733 >
0.595
Location Constraints 0.282 0.824 2
Development Difficulty in PF 0.377 1.101 1
Planning Competition with Similar
; 171 . 7
Constraints Accommodation Types 0 0-500
0.491 Delavs C b
o ays Laused by 0.170 0.497 8
Civil Complaints
Shortage of Professional 0.268 0308 15
Operators
Revenue Loss from Persistent
Operational Vacancies 0.281 0.323 14
Constraints ort -
0.632 Unauthorized AcFommodatlon 0.304 0.350 12
. Operations
Operational
& Decline in Auxiliary Service 0.148 0.170 20
Management 3 Revenue
Factors Conflicts between MGMT
0.182 Association and Operators 0.380 0.255 16
Management Disputes over Defect Liability 0.248 0.166 21
Constraints Insufficient Facility
204 137 2
0.368 Management Capacity 0.20 0.13 3
Mixed Use of Accommodation 0.168 0113 24

and Residence
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Table 6. Relative Importance of Problem Factors in Serviced Residences (Administrative Experts)

Major Mid Weight Composite W.
Rank Rank Rank 1l
A) an (B) an Subcategory © an (A*B*C)*10 Overa
Illegal Residential Use 0.379 1 1.352 1
Difficulty in Conversion to
Policy Officetel 0.231 2 0.824 2
Constraints 1
0.673 Administrative Penalties 0.179 4 0.638 4
Lack of Lega.l Education and 0210 3 0.749 3
Legal Guidance
Factors 1 School Environment Protection
0.530 Zone Restrictions 0.310 ! 0.537 >
Approval. and Permitted Use Limited to
Perm{t Commercial or 0.262 2 0.454 7
Constraints Quasi-Residential Zones
0.327
Complex Approval Procedures  0.211 4 0.366 11
Stricter Local Parking Standards 0.217 3 0.376 10
Mandatory Cooking and
Ventilation Facilities 0271 2 0.252 19
Construction Mandatory Room Management 0.290 1 0.270 18
and Facility Systems
Cost Burden Mandatory Lobby and
0.467 Linen Facilities 0.248 3 0.230 20
Economic ;
Enhanced Fire Safety
Factors 3 Requirements 0.192 4 0.178 23
0.199
Location Constraints 0.308 1 0.327 14
Development Difficulty in PF 0.256 3 0.272 17
Planning Competition with Similar
Constraints ! Accommodation Types 0.165 4 0.175 24
0533 Delays C d by Civil
€ ayéoiﬁzintg e 0272 2 0.289 15
Shorta%pZiZ:gjissional 0275 2 0356 12
Revenue Loss from Persistent
Operational Vacancies 0.263 3 0.340 13
Constraints 2
0.479 Unauthori(z)e:rzzct:;:;):;modation 0301 1 0.389 9
Operational P
& Decline in Auxiliary Service 0.161 4 0.208 21
Management 2 Revenue
Factors Conflicts between MGMT
0.308 2 0.433 8
0.199 Association and Operators
Management Disputes over Defect Liability =~ 0.346 1 0.487 6
Constraints 1 Insufficient Facility
0.201 3 0.283 16
0.521 Management Capacity
Mixed Use of Accommodation 0.145 4 0.204 22

and Residence
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A Qualitative and Quantitative Comparative Study of Legal Regulatory Risk
Factors in the Real Estate Auction Market

** *%% K| *%%%
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Myyoung Chang** - Deukyeoun Park*** - Jongjink Kim****

Abstract
We classify the legal and regulatory risk factors inherent in auctioned real estate into two broad categories—
procedural legal regulations related to the auction process and substantive legal regulations—and we examine
the negative effect of each detailed risk factor on the sale price ratio. We focus on detached houses and land, the
property types that account for the largest share of the real estate auction market. To establish which risk
factors deserve significant consideration, we combine a qualitative analysis based on expert perception surveys
of individual legal risk items with a quantitative analysis based on actual auction sale cases. Comparing the two
sets of results, we draw the following implications. Experts tend to prioritize the risk factors associated with the
substantive characteristics of auctioned real estate, which implies that they perceive utility, a key determinant
of the value of auctioned real estate, as arising directly from substantive legal and regulatory risk factors.
General bidders, in contrast, tend to weight formal procedural risk factors more heavily than the substantive
legal risk factors inherent in auctioned real estate, largely reflecting their perception that bidding and sale
follow the formal auction procedures the auction court administers. Risk-averse general bidders therefore need
to evaluate the full range of legal and regulatory risk factors comprehensively and, with the assistance of
experts, set a reasonable bid price that takes into account both the individual characteristics of the property
and the relative importance of each factor.

Keywords: Real Estate Auction Market, Legal and Regulatory Risk Factors, Fuzzy-AHP, Multiple Regression
Model
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Table 1. Previous Studies on Risk Factors in Real Estate Auctions

Researcher /

Research

Category Reserdh Buaise Key Contents and Factors Method
Ahn (2020) (in Lien, Sfer?ior leas.ehold, protected ter}ant, statutory  Panel Dz?ta
.. superficies, senior tenancy, and senior Models: Fixed
Korean) / Empirical .. . . .
! , provisional registration showed significant Effects,
Analysis of Buyers . ) .
. positive (+) effects on the overall sale price ratio, Random
Special Rights and . . .
. . while senior provisional attachment showed no Effects, and
Sale Price Ratio .
significant effect. POLS
Risk management importance ranked highest in
Song (2018) (in  the pre-bldd.mg, .succe:ssful bid, and bidding AHP Relative
Korean) / stages. Detailed-item importance was led by and Fuzz
. . Determinants of the market volatility, profitability, financing plan, Y
Auction Risk ) . . . . . Absolute
. Bid-Success Price  rights analysis, and loan regulation risks.
Analysis .. . . . Importance
Ratio in Metropolitan Fuzzy-AHP ranked rights analysis, market .
. e R Analysis
Real Estate Auctions volatility, lien, profitability, tenant-related, and
insufficient disclosure risks highest.
The significant risk factors were identified as the
Kim (2013) (in number of failed auctions, the number of bidders, AHP
Korean) / the appraised value, the sale price ratio, opposing .
; . . : and Multiple
Effects of Auction power, the number of tenants, rights involving .
. . . s . Regression
Risk Types on Sale the risk of ownership acquisition, the business
. L . Analyses
Price fluctuation index, and the real estate transaction
index.
Additional cost risk factors included the number
Lee (2010) (in of tenants, senior tenants without dividend
Korean) / claims, separate land registration, unregistered Semi-log
Sale Price Ratio and land rights, and liens. Risk factors related to Hedonic Pricing
Auction Price Index incomplete ownership included statutory Model, WLS
in the Real Estate  superficies, senior provisional disposition, senior =~ Regression
Auction Market  provisional registration, cautionary registration,
Auction Risk and share auction.
Cost The factors were classified into auction
Analysis characteristics, market risks, and auction risks.
Jeong (2009) (in The _study fo_un_d that the number of failed Regression
auctions, building characteristics, elapsed years, Model
Korean) / Effects of . . )
. . land price change rate, regional dummy variables, and Random
Auction Risk Factors .
. . the number of protected tenants, the number of Coefficient
on Bid Price . . .
eviction - order subjects, liens, takeover amount, Model

and the ratio of takeover amount to financing all
affected the bid price.

Jeong (2016) (in
Auction Risk Korean) / Effects of
Management NPL Sales on Real
Analysis Estate Auction Bid
Prices

Hedonic Price
Model, Multiple
Regression
Analysis, t-test

Correlation Analysis of NPL Sales and Sale Price
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Table 2. Process and Content of the First and Second Brainstorming Sessions

Category Interview Contents
Date and 1st FGI 2nd FGI
Time As Needed During Aug. 1-6, 2024 As Needed During Sept. 1-6, 2024
Topic: Systematic Structuring of Legal and  Topic: Systematic Structuring of Legal /
Regulatory Risk Factors Affecting the Regulatory Risk Factors Affecting
Sale Price Ratio in Real Estate the Sale Price Ratio in Real Estate
Auctions Auctions
Discussion Points Discussion Points
* Explained the current status of real estate  * Finalized a three-level hierarchy of
auctions and 10-year trends in sale rates legal /regulatory risk factors
and sale price ratios * Classified them into 2 upper-, 6 middle-,
Discussion * Emphasized the importance of auction risk and 25 lower-level categories
Items factors as causes affecting sale rates * Divided them into procedural and
* Recognized the severity of legal/ substantive legal risk factors in auctions
regulatory risk factors among auction risks * Confirmed six middle-level categories:
* Identified five legal/regulatory and six auction procedure, incomplete court
non-legal /regulatory auction risk factors information, disclosed rights acquisition,
* Classified legal /regulatory auction risks undisclosed rights acquisition, public-
into procedural risks, internal system law acquisition restrictions, and public-
risks, and court information provision law use/development/disposition
risks restrictions

* Structured 25 lower-level factors

2 ojulsln R kg Shete] A FFL UG 9)), Ahae] AASIB(0.121, 429, BAARL
T QIals w0 2 gehEich AR (0.095, 5%:90), 4] §Y A9

A, APEE BB RA(EF 0.422)0]  (0.091, 659), SAAURAH(0.078, 7%:9)),
A FASDAA(EF 0077) B0 £ FL - ARIIH(0062 859), SEANE WA
£ Hol T gz, o= P FA AP WISl 917(0.053, 949, FHARHASAU(0.041, 10
SogeRE] AR AW o R EY )R BAASAAZE- AFASAB(0.041
o el e MR BEA FAHLANT ] 1049 RIAS S0 Y FAwS} hepc
w2 vk 9] stefic 34 A8 5te] iz ke

O.

=

of WidE7] o s wokelrh wat WyAgE 52 HESHRE 23R
A5 Rel0] FHFRE 2912 i) o] Table 51 1754 A7 e 3 ik 29
£ EAY 7% % ol shugt UH7H'4W°1 Agole  BAZI EPRSHE] Sl digt 4gEel
W4 A9) 47 o327} ek 22 Qe RY(ZA7% 0SR*<1) 3H2 0.8992 S W(¥
AEANEO] PR AT AL BAZEZ Q1 EFANERL)EC] S&HR(id )9 Hst
S99 RR1(0.505, 1:9)0] 7P A7, £ AR o gt Ayo] 89.9% &7 LEhtT 900, F
AR AR a”d(0.225 2& 90k I FHo] 422.637(0.00)2 PO AR &2 AL
theozE AR 1574990222, 3% &4 9ok Sk 0Ae) S Yehe 47
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Table 3. Hierarchy and Classification of Legal and Regulatory Risk Factors in Real Estate Auctions

Mai
.a.Jor . Middle Classification Minor Classification
Classification

(D Auction Procedure Delay Risk Factors (x;)-(rescheduling of the sale
date, denial of sale approval, auction cancellation, suspension or
deferment of auction, possibility of creditor subrogation, delay in the
delivery process, procedural delay due to objections or immediate
appeals, auction duration)

(@ Auction Procedure Enforcement Risk Factors (x;)-(duplicative auctions,
consolidation orders, resale orders due to non-payment of the purchase

Auction Procedure Risk price, invalidation of minimum-price written bids, forfeiture of bid
Factors deposits, operation of the second-priority bidder reporting system and
the co-owner priority purchase reporting system, no-surplus cases,
distribution priority and method, and change-related risks such as
Auction auction withdrawal)
Procedural (3@ Possession/Delivery Risk Factors (x3) - (cost burden depending on the
Law Risk person subject to the delivery order, enforcement cost burden, etc.)
Factors @ Number of Bidders (Bidding Competition Rate) Risk Factor (x4)

® Number of Bids (Failed Auction) Risk Factor (xs)

(® Appraised Value Risk Factors (x¢) - (insufficient appraisal, misvaluation,
undervaluation, and price differences between the appraisal date and
the auction date)

Risk Factors from (@ Special Sale Conditions Risk Factors (x7) - (restrictions on bid deposits,
Incomplete Court Auction conditions for assumption of rights, etc.)
Information Current Status Report and Statement of Sale Items Risk Factors (xs) -
(ambiguity, errors, omissions)
© Court Information Non-Disclosure Risk Factors (xo) -
(including omission of current tax information)
Senior Usufructuary Rights Assumption Risk Factors (x10) -
(e.g., senior-priority superficies, easements, chonsegwon, and
Recorded opposable residential or commercial leasehold rights)
. Rights @ Senior Preservation Provisional Registration Assumption Risk Factors
] u.dlc1al Assumption (x11)
nght§ Risk Factors @ Provisional Disposition and Preliminary Registration Assumption Risk
Succt'essmn Factors (x:2)
. Risk ® Co-Ownership Share Acquisition Risk Factors (x13)
actors
Unrecorded @ Statutory Superficies (Including Graveyard Rights) Assumption Risk
. Rights Factors (X14)
Auctlor.1 Assumption @ Possessory Lien Assumption Risk Factors (x1s)
SlibSta}?_tll‘:e Risk Factors (@ Unregistered Land Rights Assumption Risk Factors (x16)
aw Ris
Factors Public Law @ Submission Restriction Risk Factors for Farmland Acquisition
Acquisition Certificates and Permits/Licenses (X17)
Restriction @ Illegal Building Acquisition Risk Factors (x1g)
Public L Risk Factors @ Acquisition Qualification Restriction Risk Factors (x19)
ublic Law
Regulaory Post-Auction @ Zoning-Based Activity Restriction Risk Factors (x20)
Risk PublicLaw @ Development-Related Permit Restriction and Succession Risk Factors
Factors Use, (x21)

Developmenta @ Land Category and Building Use Change Restriction Risk Factors (x22)
nd Disposal @ Land Subdivision Restriction Risk Factors (x23)
Restriction @ Landlocked Parcel Development Restriction Risk Factors (x24)
Risk Factors @ Land Transaction Permit Restriction Risk Factors (xz5)
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Legal and
Regulatory
Risk Factors
in Auction
Procedures

Substantive
Legal and
Regulatory
Risk Factors
in Auctions

Independent Variable (X)

Auction Procedure Delay Risk (x1) >

Auction Procedure Enforcement Risk (x;)

Possession and Delivery Risk (x3)

T

Procedural
Risk
Bidder Competition Risk (x4)
Bid/Failed Auction Frequency Risk (xs)
Appraised Value Risk (Xs)
Special Sale Conditions Risk (x7)
Incomplete
salte Prop(-erty Current Status Report-Related Risk (xg)
Information
Risk

Information Non-Disclosure Risk (xo) >

P

Recorded
Rights
Assumption
Risk

Unrecorded
Rights
Assumption
Risk

Usufructuary Rights Assumption Risk (x10)

Preservation Provisional Registration
Assumption Risk (x11)

Provisional Disposition Assumption Risk (X12)

Co-Ownership Share Acquisition Risk (x13)

T

Statutory Superficies Assumption Risk (x14)

Possessory Lien Assumption Risk (x1s)

Unregistered Land Rights Assumption Risk (x15)

Certificate Submission Risk (x17)

Public Law
Acquisition
Restriction
Risk

Public Law
Use,
Development,
and Disposal
Restriction
Risk

(

Illegal Building Regulation Risk (x1g)

Acquisition Qualification Restriction Risk (x19)

Zoning-Based Activity Restriction Risk (x20)

Development Permit and Succession Restriction
Risk (x21)

Land Category Change and Related Restriction
Risk (Xzz)

Land Subdivision Restriction Risk (x23)

andlocked Parcel Development Restriction Risk

(x24)

Land Transaction Permit Restriction Risk (xzs)
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Table 4. Fuzzy-AHP Results for Comprehensive Importance by Legal and Regulatory Risk Factor

AHP Fuzzy-AHP
Major Middle Minor Classification C;)Sril; Impor Overall
Classification Classification (Risk Factors) P Rank P
Impor- tanc Importance
tance
. Delay in Auction Procedures 0.0608 4 1.015 0.121 4
Auction Compulsory Nature of Auction
Procedure buisory 0.0039 21 0066 0008 21
Legal and Risk Factors Procedures
R:ggjlai(r)lry (0.833) Vacating and Transfer of Possession 0.0312 8 0.520 0.062 8
Risk Factorsin  (1st Rank) Number of Bl(.jders(Co.mpetltlon) 0.0157 12 0.262 0.031 13
Auction Number of Failed Auction Rounds  0.0074 18 0.123 0.015 17
Procedures ~ ncomplete Appraised Value 0.0141 13 1.030  0.025 14
(0.143) Information Special Conditions of Sale 0.0061 19 0.447 0.011 19
Risk Factors
; Status Survey Report - Property
2nd Rank for Auction Description Statement 0.0025 23 0.185 0.004 23
Properties
(0.167) Non-Disclosure of Court Information 0.0012 24 0.084 0.002 25
(4th Rank)
. Assumption of S.emor Usufructuary 0.0533 5 0181 0.091 6
Publicly Rights
Disclosed Assumption of Senior Provisional
Rights Registration for Preservation of 0.2970 1 1.001 0.505 1
Assumption Claim
Risk Factors Assumption of Provisional
(0.589) Disposition and Cautionary 0.1305 3 0.439 0.222 3
(2nd Rank) Registration
Acquisition of Co-ownership Sha 0.0241 10 0.082 0.041 10
Undisclosed Assumption of Legal Superficies 0.1526 2 1.027 0.225 2
Rights Assumption of Lien 0.0530 6 0.357 0.078 7
Assumption
Risk Factors Assumption of Unregistered Site
0.0137 14 0.091 0.020 15
Substantive (0.256) Rights
Legal and (3rd Rank)
Regulatory  Risk Factors Submission of a Farmland
Risk Factorsin  Related to  Acquisition Qualification Certificate  0.0270 9 1.057 0.041 10
Auctions Public Law and Permits/Licenses
(0.857) Restrictions Acquisition of an Illegal Building 0.0093 16 0.363 0.014 18
on Acquisition Restrictions on Acquisition
1st Rank (0.045) oo 00025 23 0097 0004 23
(6th Rank) 181ty
Restrictions on .Act{vmes by Zoning 0.0223 11 0561 0.053 9
District
Public Law —
Restriction Restrictions on
) Development-Related Permits and  0.0135 15 0.341 0.032 12
Risk Factors )
on Use Succession
Development,  estictionsonChangesinland o 077 17 0194 0018 16
and Category and Building Use
. i Restrictions on Land Subdivision 0.0043 20 0.109 0.010 20
Disposition Restricti the Devel tof
(0.110) estric “’L“S Zﬁ‘ ke d i"e gpme“ ° 00400 7 1004  0.095 5
(Sth Rank) Restricti e OCLe d ;n ti
estrictions on ap ransaction 00 o9 0.073 0.007 22
Permits

Note: R* = 0.899, F = 422.637(0.00), D-W = 1.864
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Bt A HERH fQelel et MM HlW A
Table 5. Overall Regression Analysis Results
Stan-
Unstandardized dardized Multicollinearity
Coefficient Coeffi- Statistics
. - p-
cient
Category value  value
Stan- Tole-
B dard  Beta (8) VIF
rance
Error
Delay of Auction Proceedings  -0.060 0.002 -0.356 -27.288 0.000 0.417 2.396
Procedural Compulsion -0.027  0.008 -0.032  -3.414 0.001 0.828 1.208
Vacant Possession and Delivery -0.030  0.004 -0.077 -6.632 0.000 0.531 1.884
Procedural ber of
Number o
. Process
Auct:ion Bidders(Competition) 0063 0004 0206 15567 0.000 0404 2478
Procedure N N
Legal and N“mber’goia;fsd“c“o“ -0.046 0.002 -0.197 -18.630 0.000 0.632 1.582
Regulatory -
Risk Factors o Appraised Value -0.049 0002  -0.278 -22.339 0.000 0458 2.183
ncomplete Special Conditions of Sale ~ -0.027  0.007  -0.033 -3.710 0.000 0.874 1.144
Information on
Auction Status Survey Report, etc. -0.034 0.004 -0.075 -7.633  0.000 0.735 1.360
Properties Non-Disclosure of Court 5 909 0030 -3416 0001 0921 1086
Information ’ : ’ ’ ’ ’ ’
Assumption of Senior -0.025 0004 -0.080 -7.233 0000 0581 1721
Usufructuary Rights
Assumption of Senior
Assumption of Provisional Registration for -0.082 0.008 -0.137 -10.558 0.000 0.420 2.380
Publicly Preservation of Claim
Disclosed Assumption of Provisional
Rights Disposition and Cautionary -0.024  0.008 -0.037 -3.231 0.001 0.542 1.847
Registration
Acquisition of a Co-ownership 37 006 L0062  -6633 0000 0818 1222
Share
Assumption of Statutory - 054 0005 0074 -6485 0000 0540 1851
Assumption of Superficies
Undisclosed Assumption of Lien -0.046  0.003 -0.186 -14.789 0.000 0.450 2.220
Rights i i
Assumption of Unregistered o 1o 0008 .0007 0785 0432 0799 1251
Site Rights
Restrictions on Submitting a
Substantive Farmland Acquisition 0022 0006 -0.053 -3.963 0000 0395 2534
Legal and ) Qualification Certificate and
Regulatory Pub‘hc- Law Related Documents
Risk Factorsin Restrictions on Restrictions on the Acquisition
. Acquisition oo -0.028 0.006 -0.060 -4.837 0.000 0.459 2.178
Auctions of Illegal Buildings
Restrictions on Acquisition o 005 0016 0012 -1.396 0163 0936 1.069
Eligibility
Restrictions on Activitiesby 9 006 0052 -3841 0000 0386 2592
Zoning District
Restrictions on
Development-Related Permits  -0.029  0.006 -0.060 -5.122 0.000 0.524 1908
and Succession
Public Law - X
o Restrictions on Changes in Land
Restngtlons on Category and Building Use 0.020 0.006 0.033 3.170 0.002 0.660 1.515
se, ..
Development, Restrictions on Land 20.028 0008 -0.036 -3.624 0000 0.735 1.360
. - Subdivision
and Disposition
Restrictions on the
Development of Landlocked -0.092  0.006 -0.204 -14.704 0.000 0369 2.714
Land
Restrictions on Land 0.007 0008 0007 0834 0404 0879 1138

Transaction Permits
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Table 6. Comparison of the Influence Rankings of Legal and Regulatory Risk Factors by Hierarchical Level in the
Qualitative and Quantitative Analysis of Real Estate Auctions

Qualitative Quantitative Analysis
Mai Middl Analysis Overall Model
Cla?s ?frl Claslgicfli:a- Minor Classification (Detailed Legal and Y ( - )
. . Regulatory Risk Factors) Gyerall Impact ezials Impact
cation ton Impor- Rankin of Impact Rankin
tance g B) J
Delay in Auction Procedures 0.121 4 -0.356 1
Compulsory Nature of Auction 0.008 20 -0.032 21
_ Procedures
. Auction Vacant Possession and Delivery 0.062 8 -0.077 9
Auction Procedure -
Procedure Number of Bidders 0031 13 +0.206 3
Legal and (Competition Rate)
Regulatory Number of Failed Auction Rounds 0.015 16 -0.197 5
Risk Factors Appraised Value 0.025 14 -0.278
Incomplete
Information Special Conditions of Sale 0.011 18 -0.033 19
on Auction Status Survey Report, etc. 0.004 21 -0.075 10
Properties Non-Disclosure of Court Information 0.002 22 -0.030 22
Assumption of S-enior Usufructuary 0.091 6 -0.080 8
Rights
Assumption . . .
) Assuming Senior Provisional
of Publicly Registration for Preservation of Claim 0-505 1 0137 7
Disclosed A - f Provisional Di —
Rights ssumption 0. rov151oné 1sP051t10n 0.222 3 0,037 17
and Cautionary Registration
Acquisition of a Co-ownership Share 0.041 10 -0.062 12
Assumption Assumption of Statutory Superficies 0.225 2 -0.074 11
of Assuming a Lien 0.078 7 -0.186 6
Undisclosed Excluded from Statisticall
) i ; ite R y
Rights Assuming Unregistered Site Rights Comparison insignificant variable
Substantive Submission of a Farmland Acquisition
Legal and Public Law Qualification Certificate, etc. 0.041 10 0.053 15
Restrictions . o
Regulatory on Acquisition of an Illegal Building 0.014 17 -0.060 13
Risk Factors Excluded from Statistically

i i Acquisition  Restrictions on Acquisition Eligibilit
in Auctions q sty Comparison insignificant variable

Restrictions on Activities by Zoning

o 0.053 9 -0.052 16
District
Restrictions on Development-Related
. .032 12 -0. 1
Public Law Permits and Succession 0.03 0.060 3
Restrictions s :
on Use Restrictions on Cha.ngfes in Land 0.018 15 -0.033 19
’ Category and Building Use
Development, — —
and Restrictions on Land Subdivision 0.010 19 -0.036 18
Disposition ~ Restrictions on the Development of
. -0.204 4
Landlocked Land 0.095 > 0.20
Restrictions on Land Transaction Excluded from Statistically
Permits Comparison insignificant variable
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Table 7. Comparison of the Overall Influence Rankings of Legal and Regulatory Risk Factors by Hierarchical
Level and Model Based on the Results of Qualitative and Quantitative Analyses

1. Impact Ranking of Major Classifications

Major Classification

Impact Ranking in Qualitative

Impact Ranking in

(Risk Factor) Analysis Quantitative Analysis
Procedural Legal Restrictions 2 1
Substantive Legal Restrictions 1 2

Characteristics (Differences)

Substance > Procedure

Procedure > Substance

II. Impact Ranking of Middle Classifications

Middle Classification
(Risk Factor)

Impact Ranking in
Qualitative Analysis

Average Impact Ranking in
Quantitative Analysis

Auction Procedure Process 3 1

Incomplete Provision of Information on Auction Properties 5 4
Assumption of Publicly Disclosed Rights 1 3
Assumption of Undisclosed Rights 2 2

Public Law Restrictions on Acquisition 6 6

Public Law Restrictions on Use, Development, etc. 4 5

Characteristics

Private Law > Public Law

Private Law > Public Law

Incomplete Provision

Differences Disclosed > Undisclosed Undisclosed > Disclosed
Public Law Use > Acquisition Public Law Use > Acquisition
s Procedure Process > Procedure Process >
Commonalities

Incomplete Provision

III. Impact Ranking of Minor Classifications (Detailed Factors)

Qualitative Quantitative
Maj Analysi Analysi
_a_]or . Middle Classification Minor Classification na y_515 na y_515
Classification Ranking Ranking
(25 Factors) (22 Factors)
Delay in Auction Procedures 4 1
Compulsory Nature of Auction Procedures 21 21
. Auction Procedure Process Vacant Possession and Delivery 8 9
AuctlLon Plroczdure Number of Bidders(Competition) 13 3
egaian . Number of Failed Auction Rounds 17 5
Regulatory Risk A sed Val 1 2
Factors ppraised Value 4
Incomplete Provision of Special Conditions of Sale 19 19
Information on Auction Properties Status Survey Report, etc. 23 10
Non-Disclosure of Court Information 25 22
Assumption of Usufructuary Rights 6 8
Assumption Assumption of Provisional Registration for 1 7
of Publicly Preservation of Claim
. Disclosed Rights Assumption of Provisional Disposition, etc. 3 17
Private Law o -
Rights Acquisition of a Co-ownership Share 10 12
A . Assumption of Statutory Superficies 2 11
ssumption
Assumption of Assumption of Lien 7 6
Undisclosed Statistically
Rights Assumption of Unregistered Site Rights 15 insignificant
variable
Submission of Permits and Licenses 10 15
Substantive Legal Public Law Acquisition of an Illegal Building 18 13
and Regulatory Restrictions on Statistically
Risk Factors in Acquisition Restrictions on Acquisition Eligibility 23 insignificant
Auctions variable
Restrictions on Activities by Zoning District 9 16
Restrictions on Development-Related Permits
. . 12 13
Public Law and Succession
Restrictions Restrictions on Changes in Land Category and
Public Law ne gory 16 19
o Building Use
Restrictions on — R
Restrictions on Land Subdivision 20 18
Use, Development,
and Disposition Restrictions on the Development of Landlocked 5 4
Land
Statistically
Restrictions on Land Transaction Permits 22 insignificant
variable
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An Analysis of Determinants of Apartment Purchase Intention among Seoul
Residents Applying the Theory of Planned Behavior: Focusing on the
Moderating Effect of Stress DSR Regulation Perception

AQIM® - 4z

Insun Jang* - Sunju Kim**

Abstract
We apply the Theory of Planned Behavior (TPB) to the psychological mechanisms that determine apartment
purchase intention among non-homeowners in Seoul, and we empirically test the moderating effect of ‘Stress
DSR’ regulation perception. We set the optimal sample size through a G*Power analysis and analyze 294
effective samples using SPSS 27.0 and the PROCESS macro. We obtain three findings. First, all three core TPB
components—attitude, subjective norm, and perceived behavioral control—exert a significant positive influence
on purchase intention, and subjective norm carries the strongest impact, which reaffirms that social expecta-
tions and peer evaluations regarding homeownership in Korean society act as the most powerful drivers of
buying sentiment. Second, purchase intention runs significantly higher among residents of the Southeast Seoul
area, high-income groups, and jeonse tenants. Third, Stress DSR perception significantly attenuates the
influence of attitude and subjective norm on purchase intention, whereas we observe no moderating effect for
perceived behavioral control. These results demonstrate that stringent financial policy can function as a
psychological inhibitor that directly suppresses buying sentiment driven by personal preferences or social
pressure. By shifting the focus from macroeconomic indicators to the interaction between micro-level
psychological mechanisms and policy acceptance, we provide foundational evidence for establishing tailored
housing finance policies that protect non-homeowners.

Keywords: Housing Cost, Theory of Planned Behavior, Stress DSR, Purchase Intention, Seoul Apartment
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Table 1. General Characteristics of the Study Participants

Variable Frequency Percentage (%)
Male 145 49.3
Gender
Female 149 50.7
20s 54 18.4
30s 60 20.4
Age Group
40s 60 20.4
50s or Older 120 40.8
Single 120 40.8
Marital Status Married 157 53.4
Others (Divorced, etc.) 17 5.8
Less than 3M (KRW) 52 17.7
Monthly Average 3-5M (KRW) 65 22.1
Income 5-7 M (KRW) 145 49.3
7 M or More (KRW) 32 10.9
High School Graduate or Less 55 18.7
Educational Associate Degree 60 20.4
Attainment Bachelor’s Degree 150 51.0
Graduate School or Higher 29 9.9
Southeast (Gangnam, Seocho, Songpa, etc.) 39 13.3
Regional Southwest (Yangcheon, Gangseo, Guro, etc.) 76 25.9
Classification Central (Jongno, Jung-gu, Yongsan) 55 18.7
(In Seoul) Northeast (Seongdong, Gwangjin, Dongdaemun, etc.) 53 18.0
Northwest (Eunpyeong, Seodaemun, Mapo) 71 24.1
Jeonse (Lump-sum deposit) 112 38.1
Housing Tenure Monthly Rent with Deposit 122 41.5
Monthly Rent 60 20.4
FAAN 7R} FA NF = M2 SHH@E 37 S0l ke 8 7SS BT SS9 el &
S) AFATE LA FE Z o] FHE Alo] 4 UE A A2 o= A Hi, 7oAl 5 A
= -,4‘6]— EYE uld519ich dA9) S5 A9 FH) 349.865 (df=142, p=.000)Z AF=FH oY, o=
= BSF GAIHEAN 71227 (41.5%) 22 7P B 700 RISHA] WhEShe A1 RS AEste

L7 ebgton, 24| 11279(38.1%), <5 €A1 60
8(20.4%) &0 &2 ZAFE| Q)

42 SYETO| EfN U MBI 2E

B QATolA B8E 24 M550 T2 By
s B S PR gistel Seld Al
S A]81%.00] 1 ATH= ThS Table 29} 2. 3
%

23, 2% 2do] 4YES ehis 70 X
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il
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Z3}x|4=Q] RMSEA FESH.0712 UER} & ¢L9]
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Table 2. Confirmatory Factor Analysis of Measurement Items

Latent Variable Item Summary A S.E. C.R. CR AVE Cronbach’s «
Favorable .893
Positive 871 044 21.614%*%*
Attitude 927 762 928
Benefical .862 .045  21.165***
Desirable .865 046  21.291**
Social Approval 933
iecti Key Influencers 951 .030  32.748***
Subjective y 955 841 951
Norm Social Pressure 925  .030 31.550%**
Peer Expectation .857 040  24.442%**
Self-Efficacy .684
Perceived Resource Access 905 .063  13.468***
Behavioural — e 881 .650 .873
Control Controllability .832 .051 18.137
Ease of Action .789 052 16.709***
Policy Knowledge .855
R lati i KoKk
egula 1.011 Compliance Duty .862 .061 16.063 884 657 879
Perception Legal Impact .788 .057  16.219***
Enforcement Perception .730 063  13.211***
Future Plan 920
Purchase Likelihood 846 042 21387 896 .742 894
Intention
Willingness .814 .046  19.640***

Model fit : x*=349.865, df=142, p=.000, CFI1=.961, TLI=.953, IFI=.961,, RMSEA=.071

Note: *** indicate significance at the 1% levels.

ZA Holo| A 243 =22 BT Ud 434
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Table 3. Descriptive Statistics of Key Variables

Variable Mean S.D Skewness Kurtosis
Attitude 3.27 1.031 -.439 -.259
Subjective Norm 3.42 1.047 -.556 -.147
Perceived Behavioural Control 3.10 .909 -.293 -.282
Regulation Perception 3.24 .840 -422 415
Purchase Intention 3.44 .990 -712 .209
wness)?t Fr(Kurtosis)& AU 23, Qe I US 7S BRItk A0 M2 75
~712014 -293 Afolof] BE3tAL glom, == ERE2 FE AR HiRt 34 H=(3.275)2t
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Table 4. Correlations and Discriminant Validity of Key Variables

Variable 1 2 3 4 5
Attitude 762
Subjective Norm (8 76;:; 841
Perceived Behavioural Control (4:::; (4 :j; .650
Regulation Perception (6 f;); (6 46_;); (3 f: :; .657
Purchase Intention (8 2:;; (8 6285:; (4 25 g;; (7 28;; 742

Note: Values on the diagonal (in parentheses and bold) represent the Average Variance Extracted (AVE).
Off-diagonal values represent the correlation coefficients (r), with their squared values (r*) provided in
parentheses. 1=Attitude, 2=Subjective Norm, 3=Perceived Behavioural Control, 4=Regulation Perception,
5=Purchase Intention. ** indicate significance at the 5% levels.
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Table 5. Differences in Housing Purchase Intention According to General Characteristics

Variable M+SD F(p) or t(p) Scheffe
Male (n=145) 3.41+1.094
Gender -.544 (.587) -
Female (n=149) 3.47+0.879
20s (n=54) 3.33+1.135
30s (n=60) 3.48+0.936
Age Group .336(.799) -
40s (n=60) 3.41£0.947
50s or Older (n=120) 3.48+0.976
Single (n=120) 3.38£1.016
Marital Status Married (n=157) 3.52+0.961 1.855 (.158) -
Others (n=17) 3.10+£1.019
Less than 3M@ (KRW) (n=52) 3.36£1.018
3-5 M?! (KRW) (n=65 3.46+1.016
Monthly Average ( )( ) 3.440 (.017) c<d
Income 5-7 M¢ (KRW) (n=145) 3.35+0.952
7 M or more? (KRW) (n=32) 3.95+0.943
High School Graduate or Less (n=55)  3.44+1.035
i Associate Degree (n=60 3.47+1.024
Educ.atlonal gree ( ) 2.549 (.056) _
Attainment Bachelor’s Degree (n=150) 3.34+0.949
Graduate School or Higher (n=29) 3.89+0.961
Southeast (n=39) 4.12+0.822
Regional Southwest? (n=76) 3.49+0.846
Classification Central¢ (n=55) 2.98+0.993 8.441 (.000) a>b,c,d, e
(In Seoul) Northeastd (n=53 3.43+0.988
Northweste (n=71) 3.38+£1.027
Jeonse« (n=112) 3.65+0.937
Housing - -
Tenure Monthly Rent with Deposit? (n=122)  3.27+0.981 4.520 (.012) a>b
3.38+1.046

Monthly Rent® (n=60)

Note: Different superscript letters (a, b, ¢, d, €) denote group labels used in the Scheffé post-hoc test. Results
reported in the Scheffe column indicate statistically significant differences between the corresponding groups

at the p<.05 level.

A% AT, 37 ERE SYAAFAS T 9 wole} wigke ol
o o7t 4127 0% S0} AL B AA( o) o (2.98%)7} 7P A Vet
9l A R AR AZAS WA T 5 TR0 Eeig EE HojRt

Moz Ro S Rk ol 29 A AGY  wErk

27 7429} Zpat ZAlof| i3t 7 A7t s A

23] 548 AFA)
1} Ao 7

LEL_‘I_%

=Rz

AR, @A) 58 -7 FE(F=4.520, p<.05)°f| =}

o BREEe] U] =S Jop] ASIL YUt 2P o o= Mol FHEULE. AH A
L AYAP(EEF, 2025; olegt-oHES 2007)  AH(3.657)9] o] Q=T HER UA| AFA3.27
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Table 6. Regression Analysis for the Interaction of Attitude and Regulation Perception on Purchase Intention

Variable B SE t p VIF LLCI ULCI
Constant -.130 291 -447 .655 =704 443
1\% Attitude 616 .091 6.772 .000 1.959 437 .795
MV Regulation Perception 666  .095 6.996 .000 1.825 478 .853
Attitude*
IV*MV der ~047 027 -1735 084 1146 -101  .006
Regulation Perception
Monthly Average Income -.050 .106 -472 .637 8.414 -.260 .159
Southeast (dummy) 318 251 1.267 .206 7.914 =176 812
Southwest (dummy) .168  .188 897 371 7.312 -.201 .538
cv Central (dummy) -.036 177 -.025 .838 5.847 -.384 312
Northeast (dummy) 044 141 315 .753 3.587 -.232 321
Jeonse (dummy) -095 213  -447 655 4334  -515 324
Monthly Rent with Deposit —_ 53 158 _019 985 5625 -334 327
(dummy)
. X*W
Model Summary R? 764 ) .0025
(AR7)
3.010
F 91.7271%** F
7 (P) (.084)

Note: *** indicate significance at the 1% levels.
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Table 7. Regression Analysis for the Intercation of Subjective Norm and Regulation Perception on Purchase

Intention
Variable B SE t p VIF LLCI ULCI
Constant -198 279 -710 478 -474 351
v Subjective Norm .649  .082 7906 .000 1.942 487 811
MV Regulation Perception .647 .093 6.943 .000 1.806 463 .830
Subjective Norm*
VMV poecive Torm 049 025 -1949 052 1174 -099 001
Regulation Perception
Monthly Average Income -.050 .100 -498 .619 8.404 -.247 147
Southeast (dummy) 224 236 947 344 7915 -.241 .689
Southwest (dummy) .094 178 .528 .598 6.397 -.256 444
cv Central (dummy) -195 166 -1.177 240 5.783 -.521 131
Northeast (dummy) -.060 .133 -449 .654 3.599 -.320 201
Jeonse (dummy) -.030 .201 -149 882  4.337 -427 .366
Monthly Rent with D it
Oty Bemt WIRLZPOSIE 054 158 344 731 5638  -257 366
(dummy)
, X*W
Model Summary R 791 ) .0028
(AR)
3.799
ksksk
F 107.096 F(p) (052)

Note: *** indicate significance at the 1% levels.
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Table 8. Regression Analysis for the Intercation of Perceived Behavioural Control and Regulation Perception on

Purchase Intention

Variable B SE t p VIF LLCI ULCI
Constant -.163 447 -365 .715 -1.044 717
v PerceivedBehavioural =53 15y 5406 016 1257 053 533
Control
MV Regulation Perception 926 134 6.908 .000 1.225 .662 1.190
Perceived Behavioural
IV*MV Control* -.035 .037 -931 .353 1.051 -.108 .039
Regulation Perception
Monthly Average Income .016  .128 128 .898  8.431 -.235 .268
Southeast (dummy) 402 301 133 183 7.891 -.191 995
Southwest (dummy) 187 226 .830 407  7.320 -.257 .632
oV Central (dummy) -.303 211 -1439 151 5.757 =718 112
Northeast (dummy) -.002 .169 -.014 989  3.587 -.335 .330
Jeonse (dummy) -.233 257 -908 364 4.323 -.739 272
Monthly rentwithdeposit ), 202 107 914 5646  -376 419
(dummy)
Model Summary R? .660 (fxg) .0010
.866
F 54.863%%* F(p) (353)

Note: *** indicate significance at the 1% levels.
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The Impact of Corporate Real Estate Holdings on Listed Firm Value and
Profitability Before and After the Pandemic
: Focusing on Metropolitan vs. Non-Metropolitan Comparison and Structural
Break Tests

Yor - YHYS

Sang-Woo Jung* - Jae-Ho Chung**

Abstract
This study examines how corporate real estate that firms hold as investment property affects the firm value and
profitability of Korean listed companies before and after the COVID-19 pandemic, examining whether the
market values investment property differently between the pre- and post-pandemic periods and whether these
effects vary between metropolitan and non-metropolitan firms. The study constructs an unbalanced panel of
non-financial firms listed on the KOSPI and KOSDAQ from 2015 to 2024, with firm-year data on investment
property, Tobin’s Q, ROA, leverage, and regional office and retail vacancy rates. The analysis estimates firm- and
year-fixed-effects difference-in-differences (panel DID) models alongside event-study specifications, which
trace dynamic treatment effects and assess the parallel trends assumption. Subgroup analyses are conducted
for metropolitan and non-metropolitan firms, and Chow-type structural break tests are applied to evaluate
whether the impact of investment property on firm performance changed structurally following the onset of
the pandemic. Across all specifications, firms with a higher ratio of investment property to total assets show
lower Tobin’s Q and ROA; the economic magnitude of these effects, however, remains modest relative to the
cross-sectional dispersion of performance. The DID and event-study estimates indicate that the pandemic did
not have a statistically significant additional impact on the performance gap between firms with high and low
investment property holdings, and the pre-trend estimates generally support the parallel trends assumption.
Regional analyses indicate that the negative valuation of investment property is concentrated primarily among
metropolitan firms, whereas non-metropolitan firms show only weak or insignificant effects. Overall, the
results provide limited evidence of a structural break in the relationship between investment property and firm
performance during the pandemic.

Keywords: Corporate Real Estate, Firm Value, COVID-19 Pandemic, Panel Difference-in-Differences, Structural
Break (Chow) Test
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Table 1. Descriptive Statistics of Key Variables

o2 3 Hol= w5 7] QoA .2
gho] LERt 230 W]t o] £A1EH. Tobin's Q
9} ROA %14] 7]9 - QI 37} 27 e, 7]
QB 0.G S5 R $40) ) 2
oldH o A8 FN5AS AT olele B
S0 49) 5917120 MW A
DID & o] AHT] £42 A83h= 484 27
7} ik

Variable N Mean SD Min. Max.
TobinsQ_w 11713 1.5498 1.2758 0.4236 8.8337
ROA 11713 -0.0050 0.1817 -6.2235 3.2457
Investment Property / Assets 11713 3.7172 8.0248 0 84.7598
Leverage Ratio 11688 86.6717 237.7324 0 13769.9621
Office Vacancy 11713 8.8564 44214 4.4 24.4
Retail Vacancy 11713 9.4595 2.3710 6.65 21.575
Treat 11713 0.2727 0.4454 0 1
Post 11713 0.5105 0.4999 0 1

Note: Tobin’s Q is calculated as (market capitalization+total debt) / total assets, and ROA is calculated as net income
after tax / total assets. Treat equals 1 for firms whose investment property ratio is in the top 25 percent of the
sample and 0 otherwise, and Post equals 1 for years from 2020 onward. The leverage ratio is computed for
11,688 firm-year observations, excluding 25 cases in which equity is zero or missing.

Table 2. Correlation Matrix of Key Variables

Investment Leverage Office Retail

Variable TobinsQ w  ROA Property . g Vacancy  Vacancy
. Ratio

Ratio Rate Rate
TobinsQ_w 1 -0.1371 -0.1191 -0.0139 -0.0008 -0.0699
ROA -0.1371 1 0.0128 -0.1426 0.0162 0.0074
Investment Property / Assets -0.1191 0.0128 1 -0.0023 -0.0378 -0.0374
Leverage Ratio -0.0139 -0.1426 -0.0023 1 0.0658 0.0385
Office Vacancy -0.0008  0.0162 -0.0378 0.0658 1 0.4920

Retail Vacancy -0.0699  0.0074 -0.0374 0.0385 0.4920 1

Note: All entries are Pearson correlation coefficients, and the number of observations is identical to the descriptive
statistics in Table 1. Values below the main diagonal are correlation coefficients, and values in parentheses

(where reported) indicate p-values.
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Table 3. Panel DID Results for Investment Property Ratio and Tobin’s Q

Variable model_q1 model_q2 model_q3
Dependent Var.: TobinsQ w TobinsQ w TobinsQ w
Investment Property / Assets ~0.00497 ~0.0050% ~0-0050%
(-0.0023) (-0.0024) (-0.0024)
Leverage Ratio 4.52E-05 4.22E-05 4.22E-05
(-5.80E-05) (-5.84E-05) (-5.84E-05)
ROA -0.2113 -0.207 -0.2069
(-0.1322) (-0.1323) (-0.1323)
TreatxPost 0.0110 0.0137 0.0138
(-0.0496) (-0.0495) (-0.0496)
0.0153* 0.0156*
Office Vacancy - (-0.0072) (-0.0073)
Retail Vacancy - 0.0255% 0.0263*
(-0.0120) (-0.0121)
-1.043
Treat - - (-7.762)
Post ~ ~ -0.3146
(-2.37)
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
Region Dummies No No Yes
S.E.: Clustered by: firm by: firm by: firm
Observations 11,688 11,688 11,688
R 0.6709 0.6715 0.6715

Note: The dependent variable is Tobin’s Q. All models include firm (stock code) and year fixed effects, and standard
errors are clustered at the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1%

levels, respectively.
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Event Study of Tobin’s Q by Investment Property Holdings

Baseline: One Year Before the Event (event_time = -1)
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Fig. 1. Event-Study Results for Tobin’s Q
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Table 4. Panel DID Results for Investment Property Ratio and ROA

Dependent Var.: model ROA1 model ROA2 model ROA3
Investment Property / Assets ~0.0009" ~0.0009" ~0-0009*
(-0.0005) (-0.0005) (-0.0005)
Leverage Ratio ~8.03e-5* “8e-57 “8e-57
(-3.37E-05) (-3.38E-05) (-3.38E-05)
TreatxPost 0.0068 0.0066 0.0066
(-0.0054) (-0.0054) (-0.0054)
. -0.0012 -0.0012
Office Vacancy - (-0.0008) (-0.0008)
. -0.0015 -0.0016
Retail Vacancy - (-0.0015) (-0.0016)
Treat ~ ~ -0.3322
(-0.8376)
Post ~ ~ -0.4707
(-0.2582)
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
Region Dummies No No Yes
S.E.: Clustered by: firm by: firm by: firm
Observations 11,688 11,688 11,688
R 0.3769 0.3771 0.3771

Note: The dependent variable is ROA. All models include firm (stock code) and year fixed effects, and standard
errors are clustered at the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1%
levels, respectively.
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Table 5. Panel DID Results for Investment Property
Ratio and Tobin’s Q: Metropolitan vs. Non-

Metropolitan Areas
model_q_  model_g_Non-
Variable Metropolitan Metropolitan
Areas Areas
Dependent Var.: TobinsQ w TobinsQ w
I;;’;;ZT;? ~0.0047 ~0.0077
Assets (-0.0025) (-0.0094)
Leverage Ratio 67605 -2.62E-05
J (-7.70E-05)  (-8.73E-05)
-0.2197 -0.06
ROA
0 (-0.1378) (-0.2923)
0.0193* 0.0182
Office V.
lcevacaney. - 90095)  (-0.0158)
. 0.0002 0.0083
Retail Vacancy (-0.0241) (-0.0112)
TreatxPost 0.0493 -0.2222
(-0.0539) (-0.1249)
Firm FE Yes Yes
Year FE Yes Yes
S.E.: Clustered by: firm by: firm
Observations 10,169 1,519
R’ 0.6563 0.7771

Note: The dependent variable is Tobin’s Q, and each
column reports panel DID results for the metro-
politan and non-metropolitan subsamples. All
models include firm (stock code) and year fixed
effects, and standard errors are clustered at
the firm level. *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels,
respectively.
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Table 6. Panel DID Results for Investment Property
Ratio and ROA: Metropolitan vs. Non-
Metropolitan Areas

model_roa_ model_roa_Non-

Variable Metropolitan Metropolitan
Areas Areas
Dependent Var.: ROA ROA
oy 0 e
Assets ’ '
Leverage Ratio -8.01E-05 -7.94e-5%*
(-4.44E-05)  (-2.76E-05)
-0.0018 -6.17E-05
Office Vacaney — _0011)  (-0.0014)
Retail Vacancy (—8:3822) (-gﬁggfé)
TreatxPost 0.0102 -0.021
(-0.0059) (-0.0125)
Firm FE Yes Yes
Year FE Yes Yes
S.E.: Clustered by: firm by: firm
Observations 10,169 1,519
R? 0.3730 0.4444

Note: The dependent variable is ROA, and each column
reports panel DID results for the metropolitan
and non-metropolitan subsamples. All models
include firm (stock code) and year fixed effects,
and standard errors are clustered at the firm
level. *, ** and *** indicate statistical significance
at the 10%, 5%, and 1% levels, respectively.
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Table 7. Chow Test Results for Structural Breaks in the Relationship between Investment Property Ratio and
Firm Performance

Outcome Coef_IP_Post Stat P_value DF1 DF2
TobinQ_w 0.0030 2.6114 0.1061 1 10481
ROA -0.0001 0.2040 0.6514 1 10482

Note: Outcome denotes the dependent variable; Coef IP_Post is the coefficient on the interaction between the
investment property ratio and the post-pandemic dummy (Post_break); Stat is the Wald test statistic; P_value
denotes the p-value. DF1 and DF2 indicate the numerator and denominator degrees of freedom, respectively.
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Table 8. Panel Fixed-Effects Regression Results for
Structural Changes in the Relationship
between Investment Property Ratio and
Firm Performance

Variable model_q.. model_roa..
Dependent Var.: TobinsQ w ROA
l;‘::;zrrnt;n/t ~0.0067** ~0.0009
-0.0025 -0.0005
Assets ( ) ( )
Leverage Ratio 4.54E-05 -8.02e-5*
g (-5.80E-05)  (-3.38E-05)
-0.2107
ROA (-0.1325)
0.003 -0.0001
IPxPost (Break)  §0019)  (-0.0003)
Firm FE Yes Yes
Year FE Yes Yes
S.E.: Clustered by: firm by: firm
Observations 11,688 11,688
R? 0.67105 0.37683

Note: Each column reports estimation results from
panel fixed-effects models with Tobin’s Q and
ROA as dependent variables. All models include
firm (stock code) and year fixed effects, and
standard errors are clustered at the firm level.
*, ** and *** indicate statistical significance at
the 10%, 5%, and 1% levels, respectively.
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Modal-Measurement-Based Baseline Stiffness Matrix Identification and
Updating Method for Remodeling Building Structures
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Abstract
This study presents a practical approach to estimating and updating the global stiffness matrix of existing and
remodeling wall-type apartment buildings using limited modal measurements. In real applications, only a few
accelerometers and a small number of low-order modes are available, so direct identification of all stiffness
entries is ill-posed. To mitigate this, the building height is parameterized by a small number of zone-wise
stiffness factors, and full-DOF mode shapes are reconstructed via SEREP-based expansion that combines
analytical modes of an initial finite element model with measured modes at sensor locations. The zone
parameters are then identified through a regularized least-squares formulation of the modal constraint
equations, and a two-stage framework is adopted: Stage 1 detects the damaged zone, and Stage 2 subdivides
this zone to localize the damaged story. Numerical results for a 15-story shear-type model confirm that a 30%
stiffness reduction at the 8th floor can be accurately detected while maintaining small errors in the updated
stiffness matrix and natural frequencies. The proposed method is suitable for establishing stiffness baselines
before remodeling, tracking stiffness changes during wall demolition and construction, and supporting
post-construction structural reanalysis.

Keywords: Remodeling Apartment Building, Stiffness Matrix Updating, Mode Expansion, SEREP, Zone-Wise
Parameterization, Damage Detection
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Table 1. Comparison of Modal Expansion Per-
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Input Data: Story Number, Mass,
Initial Stiffness Matrix, Damaged
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Considered Mode Number
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Fig. 3. Flowchart for Two Stage Damage Detection
Scheme
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A Case Study on the Practical Review of Using Top Main Reinforcement as
Support Bars in Apartment Slabs

* ., 0O S 2|**
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Seongmin Kim* - Howon Ryu**

Abstract
This study investigates the structural impact of the common construction practice of repurposing top main
reinforcement bars as support bars in reinforced concrete apartment slabs. In practice, using main bars as
support lowers their placement, which decreases the effective depth and potentially compromises the slab's
flexural strength. Using SMath Studio, this study quantitatively evaluated four scenarios based on a standard
210 mm thick slab. The analysis revealed that when a standard D10 top bar is repurposed as a support bar, the
flexural strength decreases by 3.5% due to the reduced effective depth. However, upgrading this repurposed
support bar to a thicker D13 bar increases the overall strength by 16.2%, as the added reinforcement area more
than offsets the loss in depth. Furthermore, when accounting for the doubly reinforced effect contributed by the
continuous bottom reinforcement, the slab exhibits an inherent capacity 12.3% higher than the original design,
even with the displaced D10 bar. To bridge the gap between design and construction, the study recommends
applying a safety factor to account for the potential 3.5% strength reduction, specifying the allowable use of
support bars in design notes, and encouraging D13 bars for support. Importantly, if strength concerns arise on
site, any capacity re-evaluation utilizing the doubly reinforced effect must be strictly reviewed by a Professional
Structural Engineer to scientifically prevent unnecessary rework.

Keywords: SMath Studio, Support Bar, Effective Depth, Flexural Strength, Doubly Reinforced Effect
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1) 8 AIEQo](Open Source): 7 A
o AFET 4 Y FE TR TR W
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Fig. 3. SMath Studio

etal, 2016).

1) 232 E AAE (fck)= 27MPa, 232E =
AP E(ecu)2 0.0033, S7MSEEY A5 (8
1)=0.8% 7Yk

A9 JFE A= (fy)= 500MPa(D130]3}), B4
A|4>(Es):= 200GPa® 2-2-Fch

<3 B HL E(b) 1,000mm, 77 (h) 210mm,
ot 2] A 1142 LH AARAK(F

Z)o] T2} D10@300E &85} ct.

2)

3)

[=][}
1x

4. Caset

21}

4.1 Case 1: &7 FZ HeIX| HIZAI(H 2H)

LEAR F27(3.3337) 0] A A (d=175
mm)of| B X E 73-2-0]ch(Fig. 4).

1) 57FEEY o
Act.

2) A4 7= (@Mn1)= 17.415kN-mo|ch.

3) F| QI P E(et)©] 0.08592 I/ ThHo
2 TG (0)=0.855 F]IITHEEL
EH 2022.1.11).

1(a)E 5.1779mm= AF&E]

Q ol

=
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240l 952
Case 1. Top Main Rebar at the Design Position
1.1. Material Properties and Key Dimensions
(Concrete ) (KDS 14 20 20:2022 4.1.1(8) @) (ReBar )
fi=2T7MPa  &_,3=0.0033 B;+=0.8 £,:=500 MPa E+=200 GPa £,
£ ==—==0.0025
vE

(Number of Top Main Rebars per Unit Width )
1000

n :_W_3 3333

( Top Main Rebar at Design Position(D10) )

2
dl-—lomm asl-—71.3mm

b.

(Area of Top Main Rebar at Design Position )

2
A_i=a n1=237.6667mm

s1 s1’

(Key Dimensions )

b:=1000 mm h:=210 mm

db
d;=h—-30mm———=175mm
dt:: dl =175 mm (Depth to Extreme Tension

1.2, Determination of Equivalent Stress

(Number of Top Main Rebars )

(Strength Reduction Factor )

(0.85-0.65)
[2.5’5y—5y)

4(€‘_

n,#=n=3.3333 ¢(fr): if 5:22.5~:y
¢:=0.85
else
if e _<ig,<2:.5%¢
S ¥
¢:=0.65+
else
¢ :=0.65
@
085
065
RebaR)
& &

Block Depth, a (C=T) ;

soll=:Solve[O.85~fc, -a-'b =A51<fy, a]

k

a=>5.1779 mm C::i
B
1.3. Extreme Tension Rebar Strain, €,

sol

,i=Solve| —

+=0.0859

9:=¢(c.)=0.85

1.4, Design Flexural Strength

Ty=4g

I -fy:ll8.8333 kN

cc::o,ss»fck-a b =118.8333 kN

= =17.415 kN

T A

e

R FE S UIEREeR

42 Case 2: M52 =2
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ZAE(D10)
O = ARgote] 71 9l

=6.4724 mm

, Strength Reduction Factor, ¢

b=1,000mm

conerete
Top Main Rebar Ag; ny=333 EH

@ 6 o

Top Distribution Rebar (10mm)

<A,
&=

=4

wwglz:

C.=085f4ab
N

a
v

m

Fig. 4. Case 1: Original Design

>

F220e

10]

U

o=
T

N

H
fr

£(=0.0859)

dec

‘p=*p

a_a
B 08

c=

£4,(=0.0033)

FoltH(Fig. 5). 3-8 A

d2=155mm= ZFAstc},



1) 571853 Zol+= Case 135U -8 3) 34123}, Case 1 TJH] 2F 3.5%2] e A5
o7} 4otk st

2) A B (@Mn2)=16.8089kN-mE AREE| 1

Case 2. Top Main Rebar Displaced Downward for Use as a Support Bar (D10)
2.1. Material Properties and Key Dimensions

(Top Main Rebar Used as Support Bar (D10)) ) (Area of Top Main Rebar Used as Support Bar )

2
d, =10 mm a_,*=71.3 mm n,=1 2
b2 2 2 i .

S. Asz"asz n2 71.3 mm

(Top Main Rebar at Design Position (D10)) X . .

(Area of Top Main Rebar at Design Position )

n. :=n-—-n_,=2.3333 2
1 2 A ma ;'n;=166.3667 mm

sl

(Key Dimensions )

d =h- . d,=h- -d,, - ez
1= 30 mm 7—175mm 2= 30 mm bl 10 mm T—lSSmm
dl =175 mm (Depth to Extreme Tension Reinforcement)
2.2. Determination of Equivalent Stress Block Depth, a (C=T) ;
soll::Solve[O.85-fck~a -b=[Asl+A52]-fy, a]
a
a=5,1779 mm Ci=—=6.4724 mn
B,
* Since the total area of top rebar is the same, a, c, ¢ t are identical to those in Case 1.
2.3. Extreme Tension Rebar Strain, € » Strength Reduction Factor, ¢
& b=1,000mm
1,:=Solve|— €
8032 otvel T2 £ conerte
Ti=h 4, i [m““m';, £(=0.0859)
Top Main Rebar
= Ay ni=233
£,=0.0859 TiAg Top Disibution Rebar (10mm)
& Sapport v,pAn::n CT m
¢=:¢[€t)=0.85 d,
T
@ d = o
2.4, Design Flexural Strength % g ¥
g 3
H 2
Asl'fy=83.1833kN ; M
TZ::A52»fy: 35.65 kN
- _ C.=0.85f,ab a a
CC-—OASS'fckwa'b—118.8333 kN [:Hla €=5 =08
£,(=0.0033)

a
M= - Tl-dl+T2-d2—cc-3]=16.8089 kN m

* Design flexural strength decreases due to the reduced lever arm associated with d2

Fig. 5. Case 2: D10 Top Reinforcement Used as a Support Bar
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ZNel- 59
4.3 Case 3: &5 F2 WHEIEZ ASHD13) 1) FIF VR A8l 57HEEY 7ol a=6.3849
FEUNE L0 R 25, AHZ DI3CE 4} mm=E tha 7613l 0™, o]of wetdAdo] A%
Foto] viteE 3 -9-olth(Fig. 6). A5

Case 3. Top Main Rebar Used as Support Rebar Changed to D13

3.1. Material Properties and Key Dimensions

(Top Main Rebar Used as Support Rebar (D13)) (Area of Top Main Rebar Used as Support Rebar )
2 2

d,,*=13 mm a_,#=126.7 mm n,=1 A_,i=a_, n,=126.7 mm

(Top Main Rebar at Design Position (D10)) (Area of Top Main Rebar at Design Position )

n,¥=n-n,=2.3333 2
A,i=a 'n;=166.3667 mm

sl s

(Key Dimensions )

d,, dp2
d,:=h =30 mm_T:175 mm d,==h-30mm—d, ,—10 mm—T:153-5mm

dt = dl =175 mm (Depth to Extreme Tension Rebar)

3.2. Determination of Equivalent Stress Block Depth, a (C=T) ;

soll::Solve[O.85-fc ~a~b=[A51+A52]-fy, a]

k

a
a=6.3849 mm c::ﬁ—:7.9811mm
i

* As the area of top rebar increases, a and c icrease, whille ¢ t decreases (reduced ductility).

3.3. Extreme Tension Rebar Strain, e, and Strength Reduction Factor, ¢

f- Cou_ Et b=1,000mm
sol ,:=Solve == 7C'€t
© concrete
Ti=Aq 'fy Top Main Rebar mm"""’" £(=00691)
gt:0.0691 <:_l ) Ag ni=233 X
A o, i Top Distribution Rebar (10mm) /E
por Top Midi ebar s
HEG (2 ))=0-85 — e R
ds
>
3
d, 3 o
3 o
g 3
3.4, Design Flexural Strength H
T,:=A;-f =83.1833 kN
T2=:A52~fy= 63.35 kN
C=0.85fab e a
Ia ‘Th 08
€ =0.85-f _,-a-b=146.5333 kN
£4,(=0.0033)

WelagP= @ || TaoClp i o€y =6

a
C'?]:20.2415 kN m

Fig. 6. Case 3: D13 Bar Used as a Support Bar
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TEZE S AR ZT0| HERIEA AR 5 AFHE A
2) AA 7% (@Mn3)= 20.2415kN-m= AHEE] 7t 37} ol& Aol o] AAYE (Case
At 1)E 2 16% J9J5h= A 2= Hepyit.

3) &4 A, R glol Ao Eolal A S

Case 4. Case 2 Including the Contribution of Bottom Main Rebar

4.1 Material Properties and Key Dimensions

(Top Main Rebar Used as Support Rebar (810) ) (Area of Top Rebar Used as Support Rebar )
d, ,:=10 mm a_,*=71.3 mm n, :=1 2
b2 s2 2 = - =
A yima ,n,=71.3mm
(Top Main Rebar at Design Position (D10)) (Area of Top Main Rebar at Design Position )

n_ :=n-n_,=2.,3333 2
B i— n.=
7 A_,=a_;'n;=166.3667 mm

(Bottom Main Rebar (D10) ) 5 ( Area of Bottom Main Rebar )
d, =10 mm a_,=71.3 mm 2
b3 3 - o P
& A_zi=a 3 n;=237.6667 mm
(Key Dimensions )
d '"h*30mm*2—175mm d,:=h—-30mm—d *IOmm*&—l‘%Bmm
T o 2 bl 2
db.?
d ;=20 mm+10 mm+ —= =35 mn dt=:d1:175mm (Depth to Extreme Tension Rebar)
2

4.2 Determination of Equivalent Stress Block Depth, a

(1) Stress in Bottom Main Rebar (Assuming No Yielding)
Since the equivalent stress block depth, a, in Cases 1-3 is within the concrete cover,

the bottom main rebar is assumed to be in tension.

r gS
o __33-(250-a-7m) =i
s 2500000 a ==
Ti=A o, I” ) 5(=00413)
—
66-(250-a—-7m) N "
fS=:€S~ES=—T—2 T=A; o,
i &
d;
T
(2)Determination of Equivalent Stress Block Depth, a(C=T); dz e 3
a
sol ,:=Solve (O.Ss-fck-a ‘b =(A51 +As2)-f7+A53‘fS, a]
Ti=Ass f, (ARUE)
<
d C.=0.85f4ab a a
5 c=t=
a B 08
a=13.0302 mm c=16.2877 mm s
£,=0.0038

Since €s>gy, the bottom main rebar yields; therefore, a is recalculated,

Fig. 7. Case 4: Considering the Flexural Contribution of Bottom Reinforcement
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(3) Recalculation of Equivalent Stress Block Depth, a (C=T)

sol 3

a=10.3558 mm c=12.9448 mm

=:Solve[0.85'fck~a -b=(Asl+As2]<fy+A53-fy, a]

Check the yielding of the bottom main rebar using the recalculated a:

& &7 18
u S

Bl C
b ’

_ s
d3 € d3

sol 4= 8Solve

£_,=0.0056 (.. Bottom main rebar yields)

4.3 Extreme Tension Rebar Strain, &

sol

€,=0.0413

¢i=¢(£,)=0.85

4.4 Design Flexural Strength

and Strength Reduction Factor, ¢

T,i=A £ =83.1833 kN T,i=A_, £ =35.65KkN T,i=A_, £ =118.8333 kN
C_+=0.85-f_ -a-b=237.6667 kN
c ck
a
M, 3= Ty d +T,yd,+ T d—C = |=19.5597 kN m

Fig. 7. Case 4: Considering the Flexural Contribution of Bottom Reinforcement (Continued)

4.4 Case 4: Case 2+5i5 T2

2016WHE| LHO|A H-83l= A vid Aot
7 FH2(D10@300)2 sfAol Z37t Feolch
(Fig. 7).

=]

1) s 23}, FHS0] D9 vf§- Aol f1x]s}
of SHEL o] QIS W= A 0= YEKITh

2) AA 7= (OMn4)E= 19.5597kN-mZ AHEE]
Ak

3)2EA oz dr ol 2|4 At glo| = Yo H
A= E J8lohs WS SR e, si4
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F71° theat 22 B7E Atlste] A3t
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ago] IARE 919 WAE VL 7K D13

Z-8-2 AATIH(Case 3).
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T 3) P4 B0l A4 el Avtstel 2

A AAI TS A = -

B ATE 355 SU8 AT B et

gol T2 Ao njX|L

ERRRB LT
$:

|
hi:]
o
i
rl
19
=
~ H
rJ
%
(o]
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Table 1. Summary of Analysis Results for Each Case

Case a et (0) OMn
Casel 5.1779 0.0859 0.85 17.415

Case2  5.7798 0.0859 0.85 16.8089

Case3  6.3849 0.0691 0.85 20.2415

Case4 10.3558 0.0413 0.85 19.5597

Note: a = depth of equivalent rectangular stress block
(mm); et = extreme tensile strain; ¢ = strength
reduction factor; pMn = design flexural strength
(kN-m).

6.1 g+ Zdt 99
Z} Case'd s[4S 5ol AP S7FS B ES 2ol
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Development of a SketchUp-Based PV System Layout and Decision Support
Tool for Zero-Energy Building Planning in the Early Design Stage

Iz

R Sh* AS*¥
Z=otx . S S

—

un-Hwan Park* - Seung-Hyo Baek**

Abstract
Existing photovoltaics (PV) performance evaluation tools typically require expert-level engineering knowledge,
limiting their effectiveness in supporting decision-making for Zero Energy Building (ZEB) implementation
during the early design stage-a phase characterized by frequent modifications. To address this, this study
developed a PV Planning Support Tool within the SketchUp environment to automatically generate placement
plans based on user-defined target energy supply rates. To implement this tool, two core algorithms were
developed: a Maximum Placement Algorithm that calculates the maximum installable capacity on the building
envelope, and a Target Energy Supply Rate-based Optimal Placement Algorithm that optimizes the arrangement
using the minimum modules required to meet the target. Furthermore, a C++/CUDA-based GPU acceleration
engine was developed to handle large-scale computations for hourly shading and power generation analysis,
ensuring high responsiveness by providing feedback within seconds. To verify the tool’s utility, 20 design
alternatives created by architecture majors for a site in Seoul were analyzed with a target energy supply rate of
20%. The results demonstrated that the tool successfully derived placement plans within a 20-21% energy
supply range for all designs. The number of modules per gross floor area averaged 0.11 modules/m? with a
deviation of approximately 2%, confirming the tool's capability to provide consistent and reliable placement
planning across diverse architectural forms.

Keywords: Zero Energy Building, Photovoltaics, Early Design Stage, PV Planning Support Tool, Optimal PV Module
Placement Algorithm
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Table 1. Mass Study Results by 20 Architecture Majors

Mass Study Results

Mass 1 Mass 2 Mass 3 Mass 4

4
4
&
@

Mass 5 Mass 6 Mass 7 Mass 8

3
@
@
&

Mass 9 Mass 10 Mass 11 Mass 12

Mass 13 Mass 14 Mass 15 Mass 16

Mass 17 Mass 18 Mass 19 Mass 20
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Table 2. Design Information for Each Mass

Design No. The l\lilll;zl;er of Total Flo;)r Area Roof Izkrea FacadezArea Corf:s?lirli};ion

o) (m?) (m?) (m?) (kWh/yr)
Mass 1 3 883 412 816 151,787
Mass 2 4 1,323 336 1,168 227,388
Mass 3 4 1,155 341 1,761 198,625
Mass 4 7 1,465 340 1,728 251,838
Mass 5 5 1,444 211 1,805 248,224
Mass 6 5 1,358 304 1,705 233,355
Mass 7 5 1,073 302 1,763 184,363
Mass 8 4 1,136 351 1,462 195,193
Mass 9 3 851 413 1,115 146,263
Mass 10 4 1,492 452 1,504 256,476
Mass 11 4 1,468 452 1,344 252,349
Mass 12 5 1,437 390 1,546 246,964
Mass 13 5 1,488 410 1,728 255,787
Mass 14 5 1,532 453 1,600 263,377
Mass 15 5 1,434 400 2,008 246,454
Mass 16 4 1,342 420 1,324 230,655
Mass 17 3 842 349 854 144,820
Mass 18 4 924 324 1,065 158,913
Mass 19 3 943 369 1,525 162,147
Mass 20 5 1,372 435 1,387 235,898

Table 3. Annual Energy Consumption per Unit Area 4.2 ZE XNEE 20%2 O, PV AIAH HHX|H 4d

for Office Buildings
Annual Energy
Total floor Area Range Consumption per
Unit Area
Office Buildings
115.
(Less than 3,000 m?) 53
Office Buildings
126.4
(3,000 m*~9,999 m?)
Office Buildings 171.4

(10,000 m? or More)
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AMO] 7124

HH o A A" 7 EY
Freeman et al.(2014)29] A
?110.5%F -85
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Table 4. PV System Layout Results at a 20% Target Energy Supply Ratio

PV System Layout Results

Mass 1 Mass 2 Mass 3 Mass 4

Mass 5 Mass 6 Mass 7 Mass 8

Mass 9 Mass 10 Mass 11 Mass 12

Mass 13 Mass 15 Mass 16

Mass 17 Mass 18 Mass 19 Mass 20

206 | Landand Housing Review Vol. 17, No. 3



Z7| A ©A MZOUX| ¢EE A=S U8t SketchUp 7I8F PV AIAR HIX| 2 QAL 2F X[ =7 JHY

Table 5. Details of PV System Layouts for 20 Masses at a 20% Target Energy Supply Ratio

. Amounts of Energy The Number of PV Module
Design No. Energy Supply Ratio Production per PV
(%) Module (KWh) Roof Facade

Mass 1 21.0 350.8 91
Mass 2 20.2 353.7 130
Mass 3 20.4 297.3 95 41
Mass 4 20.1 256.3 120 77
Mass 5 20.0 316.4 157
Mass 6 20.1 300.9 156 0
Mass 7 20.0 284.0 114 16
Mass 8 20.8 325.4 125 0
Mass 9 20.1 330.6 89 0
Mass 10 20.7 348.9 152 0
Mass 11 20.4 317.4 162 0
Mass 12 20.4 314.1 160 0
Mass 13 20.2 3379 153 0
Mass 14 20.1 296.8 147 31
Mass 15 20.0 335.9 147 0
Mass 16 20.1 313.3 148 0
Mass 17 20.3 326.9 90 0
Mass 18 20.4 312.5 104 0
Mass 19 21.0 327.6 104 0
Mass 20 20.0 291.3 107 55
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