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The Development of Assessment Method for Parking Lot Remodeling Alternative
Adopted Asset Management Technique
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Abstract

. The purpose of this study is to develope an assessment method for parking lot remodeling alternative

by adopting the asset management technique. In order to identify the Level of Service(LOS) and the Evaluation
Measurement(EM), literatures was implemented which documented the consideration of parking lot plan, needs of the
apartments” tenant, and various design standards, In addition, the authors conducted a three—time delphi survey for
the identified 5 LOS and 19 EM to evaluate suitability and necessity of them and to collect additional opinion of experts,
The LOS of parking lot were categorized into 5 areas such as Environmental effect and Convenience, Accessibility
and so on, The 19 EM were determined to estimate the LOS quantitatively, The researchers analyzed the degree of
importance of LOS and EM by using the Analytic Hierarchy Process (AHP) method. But construction cost was excepted
from the analysis, because it is used as an independent variable in alternative assessment, In conclusion, the authors
proposed the estimation criteria for EM, and the method and process for alternative assessment be performed to
benefit—cost analysis using the LOS variation and construction cost, The assessment method for parking lot remodeling
alternative was demonstrated effective to assess the parking lot remodeling alternative by case—study. This study has
a academic significance by adopting the asset management techniques in the area of the parking lot remodeling, And
the assessment method is expected to help deciding a reasonable remodeling alternative of parking lot, as it ensures the
diversity for remodeling of the parking lot and reflects the needs of the occupant,
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Table 1. Primary LOS and evaluation measurement

LOS Evaluation Measurement(EM)
01. Landscaping coverage area in apartment complex
Environmental Improvement in the residential environment by harmonizing ) L .
. ) ; 02. Indoor air quality in parking lot
effect the exterior nature environment, apartment, and parking lots

03. Occupant privacy

Providing the optimum parking lots through efficient spatial

Convenience
layout

04. The number of the parking area per households

05. The number of each building occupant’ s parking area

06. Small and expanded parking rate

Composing the reasonable traffic and human flow among

07. Available space for car door open
08. Parking separation between occupant and visitor
09. Main entrance’ s connection to roadway

10. Traffic flow

Accessibility )
road and parking lot, apartment 1. Apartment connection system
12. Service space for waiting
13. Construction cost
Economical o ‘ ) 14. Structural member deconstruction & reinforcement
ffici Minimizing the cost of construction and maintenance
efticiency 15. Design for preventing the defects
16. Design for reducing the O&M cost
17. lllumination on Parking floor surface
Safety Reducing the crime and traffic accidents, and Considering 18 CCTV monitoring efficiency

the vulnerable users

19. Vulnerable users’ parking rate
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Table 2. Outline of delphi survey
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Career 5~10years : 13 over 10 year : 19
Primar — Initial LOS suitability & EM necessity check
surve v — Additional opinion collection
Y (2016.09.05. ~ 09.18.)
’(}? @) Secondar — Modified LOS & EM suitability check
= % sunve Y~ additional opinion collection
ae Y (2016.10.03. ~ 10.16.)
Third — Modified LOS & EM suitability check
survey — Consensus of experts' opinion
Y (2016.10.31. ~ 11.13.)
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Table 3. Decision criteria

Criteria Average <3 Average =3
o . Modification
Agreement <60% Deletion (Optional)
Agreement =60% MOdmca.non Retention
(Essential)
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Fig. 1. Primary delphi durvey result (EM)
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Table 4. Secondly delphi survey result

A} AEZAL= 12} AR AufE Hkdst 187)) FrelEo) LOS Evaluation Measurement Average | Agreement(%)
Ao A 9 27} o)A S BA 0 2 AAEHITE LOS | o1, |Landscaping coverage area in 3.65 61
£ 1A AR WHoR Felg Am Sk efrdol glol. 2 BT
i}- @‘E‘Oﬂj\i Zﬂ-ﬂs}‘(}a . /:jj—E—% 201615_ 109 o 301 E1 10-%] g % 02. |Indoor air quality in parking lot 3.74 61
23%17]]_11 /\]/\]’8]—01_9_131 ?:}TX]' EHE 1 _— x‘“ﬂ"ﬂ' 31%]0] i 03. |Occupant privacy 4.48 97
PQOTS} E}(Q 96 8%) 2—5"9—“::,1' }01] ] 9‘]6 @_94% 04. |Color design of parking lot 3.61 68
SfFt aARR 1A A8 Avte] Baght Boge Aget |05 [ LA eT PO ARET | agr |00
93\]:} % 06. The number of each building 4.03 77

71 Adf, A2 R FRPAF AR CRpele Hatgk 3.61 2 occupant’ s parking area
A, 298 68% =St Gast Ao g Yelyith 221 & § 07.|Small and expanded parking rate 3.94 74
/\]'Oﬂ/\‘]E E./]g 60% ] % 21- o}x] E‘G]— 6‘]—.9.0] o) \:l o] 08. | Available parking space 4.10 77
%X]E!l—’ _zﬂ:nL 37(4 o] .% .5_1 ]_oq M—xﬂﬂ_ JJB_T)‘}- ‘GLE N 09. Qp?;;rgjvrgycomplex entry connection 3.39 45
< STk, 22} AZ2AL A3k Table 49} 2, 3 ,

25} oA 0B 7]e)=A}0] 01_7_7}};/“0“ o3t HA % 10. | Traffic flow 3.74 65

—_’_ = | 11.|Apartment connection system 4.29 87
_9_’0‘]—1'4‘%‘; Q/IZ:JO] X““/\]E] ‘:]‘ X]—Xl‘ Fqitﬂa Zﬂg] = ) 12. |Service space for waiting 3.74 61
A Fo B A Aoz gelstol A1 ‘ , '

‘ﬂo]:v,] Jﬂ7]' .__i -,—7]'0} q o g' 13. |Construction cost 4.65 97
o 3 14, Structural member deconstruction & 413 68
3.2.3 3XI A ZZTA} 5 3 reinforcement

3i]— @—E—}JKP—‘— 2?]‘ 2 ‘:'7=‘J_]—— 1:1]—05]?1;_]» 197]_] _147]_ 5] E e 15. |Design for reducing the O&M cost 3.94 68
q%/}]'.g_i ’8]—93\11]‘ HU o 20161’:] 10 312! ‘:'E1 11 1303177]’ » 16. |lllumination on Parking floor surface | 3.77 58
X] /;\3]/\]“8]’93\_9_134 /H7—‘" Al X]‘ lu:] O]zx} EH—%— 2 ___ Z’”Sq % 17.|CCTV monitoring efficiency 3.84 65
t—z} 29%] O] %LO:]?—D‘]'ME]‘(IX} ;g_c’x_}_}\]_ th] Q £ 90 6%) 18. |Vulnerable users’ parking rate 3.65 58
Table 5. Thirdly delphi survey result

o) » Q ey

LOS No. Evaluation Measurement % § % g % g g = % 2 §

& E 55 | 55 |5 & | 3
o 01. Landscaping coverage area in apartment complex 3.76 4.00 0.5 0.58 0.15 69
e § 02. Indoor air quality in parking lot 3.83 4.00 0.5 0.89 0.23 66
8» § 03. Occupant privacy* 4.48 5.00 0.5 0.57 0.13 97
= 04. Color design of parking lot 3.62 4.00 0.5 0.90 0.25 69

o 05. The number of the parking area per households* 4.76 5.00 0.0 0.44 0.09 100

% 06. The number of each building occupant’s parking area 417 5.00 0.5 0.89 0.21 76

§ 07. Small and expanded parking rate 3.97 4.00 0.0 0.78 0.20 76

8 08. Available parking space 4.10 4.00 0.5 0.77 0.19 76

> 09. Apartment complex entry connection to roadway 3.52 4.00 0.5 0.60 0.21 59

é 10. Traffic flow 3.83 4.00 0.5 0.60 0.16 72

@

g 11. Apartment connection system 4.34 5.00 0.5 0.67 0.15 90

< 12. Service space for waiting 3.76 4.00 0.5 0.95 0.25 62

m 13. Construction costx 4.66 5.00 0.5 0.55 0.12 97

% % 14. Migration rate of existing occupant 417 5.00 0.5 0.85 0.20 79

% % 15. Structural member deconstruction & reinforcement 414 5.00 1.0 0.88 0.21 69

S e 16. Design for reducing the O&M cost 3.90 4.00 1.0 0.94 0.24 66

17. lllumination on Parking floor surface 3.79 4.00 0.5 0.82 0.22 62

g 18. CCTV monitoring efficiency 3.97 5.00 1.0 0.98 0.25 66

h 19. Vulnerable users’ parking lots 3.55 4.00 0.5 0.83 0.23 55

3% High rank
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Table 6. AHP analysis result

LOS Evaluation Measurement
Consistency Consistency
Index(C.L) Factor |Importance | Rank Index(C.l) Factor Importance Rank
m 01. Landscaping coverage area in apartment complex 0.0440 12
<
o3 02. Indoor air quality in parking lot 0.0406 14
o) % 0.179 4 0.0057<0.1
e 3 03. Occupant privacy 0.0610 7
3
2 04. Color design of parking lot 0.0333 17
o 05. The number of the parking area per households 0.0836 1
o P s f
?D 06. The number of each building occupant’ s parking 0.0697 5
S 0.243 2 0.0101<0.1 area
o 07. Small and expanded parking rate 0.0311 18
o
® 08. Available parking space 0.0586 9
0.0016<0 1 ()? 09. Apartment complex entry connection to roadway 0.0463 10
o 10. Traffic flow 0.0815 2
& 0.249 1 0.0065¢<1
= 11. Apartment connection system 0.0794 4
= 12. Service space for waiting 0.0416 13
@ é” 13. Structural member deconstruction & reinforcement 0.0660 6
%‘ § 0.207 3 0.0038<1 14. Migration rate of existing occupant 0.0814 3
2 gi 15. Design for reducing the O&M cost 0.0596 8
16. lllumination on Parking floor surface 0.0389 15
%)
% 0.122 5 0.0096<1 17. CCTV monitoring efficiency 0.0456 "
<
18. Vulnerable users’” parking lots 0.0375 16
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28310 Equation 13} o] Tl 7Ex|8k 4k ?6&
% Equation 29} o] LOS 7215 5ste] LOS H4E At
st o, o] Aol N FUslA H-83ct,

n

LOS(a) =Y (v(a),x WL,), (0 < LOS< 1) (1)

i=1

EM Estimation Method

Scale

EMO1 Landscaping area rate

The Local Standards ~ The Local Standards + 5% = 0.2 Point

0.2 Point plus in every 5 % increase

EMO03 Privacy of occupant = X (1st, 2nd floor households) + X2 (Exposure

range of each household)

Exposure Range* of 1st & 2nd floor households faced the parking lot

More than 80% = 0.2 Point, More than 60% = 0.4 Point,
More than 40% = 0.6 Point, More than 20% = 0.8 Point,
Less than 20% = 1 Point

EMO05 The number of parking lot per household

1 area per households = 0.2 Point
0.2 Point plus in every 0.1 area increase

EMO06 households

The number of parking lot within 50m of Main Entry per one apartment

0.6 area per households = 0.2 Point, 0.8 area per households = 0.4 Point
1.0 area per households = 0.6 Point, 1.2 area per households = 0.8 Point
1.4 area per households = 1.0 Point

EM10 The number of dead end per parking division

More than 80% = 0.2 Point, More than 60% = 0.4 Point,
More than 40% = 0.6 Point, More than 20% = 0.8 Point,
Less than 20% = 1 Point

EM11 Accessibility to apartment

Indirect entry into the ground or on the ground = 0.5 Point
Direct entry into the ground or on the ground = 1 Point

EM14 Migration rate of existing occupant

More than 80% = 0.2 Point, More than 60% = 0.4 Point,
More than 40% = 0.6 Point, More than 20% = 0.8 Point,
Less than 20% = 1 Point

% Exposure Range : 1st floor —
2nd floor — Double—faced parking lot : 0.6, 2nd floor —

Double—faced parking lot : 1, 1st floor — Main room and Living room : 0.8, 1st floor —

Main room and Living room : 0.4, 2nd floor —

Opposite side : 0.6
Opposite side : 0.2
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v(a), =, (EM, < WE,) ©
i=1
WL, : LOS 7}15X](Weight of LOS)

7

E‘M . 7k A4=(EM Score)
v(a); © EM9] &4 7IR]gke
(Single Attribute Value Function of EM)

WE, . 5713} 7152 (Weight of EM)

= Equation 3¢} #o] He]-H]&(B/0)&
A5 Fal AF 40}‘1] Augho] 245 A =2 Ae
2 sttt ofuf #Hele [0S sk tileh vl8-2 &
AHE-E tfdget Al AkEe] Hel S f1al ZTiA]
£ 7102 004 19] ZEo= SHilksto] Tt

B/C=(LOS(b)—LOS(a)) +~ C ®)

C': FAH]8(Construction Cost)
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0,56, Wblfoﬂ AR5 w2 = g0l qlTt,

Table 8. Overview of the target apartment complex

Case Overview

— Plottage: 24,193.40m’
— Building Area: 2,564.62m(10.60%)
— Total Floor Area: 41,669.15m*(172.23%)
— Size: Basement 1F / Apartment 25F (5 buildings)
— The Number of households: 563
— The Number of parking areas: 314
(0.56 area per households)
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Fig. 2. Target apartment complex plan
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Fig. 3. Underground parking lot plan
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Table 9. Calculated result of EM in plan phased

Original

EM i L Alt. 1 Alt. 2 Alt. 3
EMO1 20% 20% 27% 36%
EMO3 53% 76% 43% 0%
EMO05 0.56 1.38 1.38 1.50
EMO06 0.45 1.04 1.18 1.24
EM10 75% 48% 48% 16%
EM11 Indirect Direct Direct Direct
EM13 0% 60% 60% 100%
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Table 90l wHe} B7Fe2] H4~5 AFgs}al Equation 137}
Equation 201 w2} LOS =5 H7Fet3ict. ofuf v] o/ 3
7V 9] 4 1S a4 o2 st LOS A4 ¥
7VATE 9K 014827 0 & YEREAL, thet 12 0.17357,
o= 0,1788%, et 32 0.19248 2 & ot 39] LOS A
57} 71 =7 YRt SHAIRE Equation 39f w2 B/CE-
A Auk= ot 29] A7t 7P A vl oH, digl 30]
71 WA el o] 244 tiel 32 LOS Harh 7 A
T HIEAIE QI ikl ERISH 4= 91tk Table 10).

Table 10. Result of alternative evaluation

P;:Liiﬂgi'ot Alt. 1 Alt. 2 Alt. 3

LOS 0.1482 0.1735 0.1788 0.1924

LOS GAP - 0.0253 0.0306 0.0442

Cost - 0.5600 0.6500 1.0000

B/C - 0.0450 0.0469 0.0442
Rank - 2 1 3
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