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Abstract : Recently, interest in remodeling apartment houses has been increasing due to problems such as a lack of parking
spaces for old apartment houses. However, no method was suggested to predict the construction period of the apartment
remodeling project. Unlike general apartment new construction, apartment remodeling construction involves demolition
or reinforcement work, so a realistic remodeling construction period calculation plan differentiated from the existing
construction period should be proposed. Therefore, this study intends to present a model for deriving the construction
period of the underground parking lot of the apartment remodeling construction. Each construction period was calculated
based on 19 activities of underground parking lot remodeling work through review of previous studies and expert advice.
Activity's workload data and productivity data were derived to calculate the construction period, and the number of inputs
and equipment inputs by Activity were determined to correct the productivity data. The construction period of Activity was
calculated using the derived data, and the criteria for calculating the overlapping period for each Activity were presented to
enable realistic construction period and scheduled schedule. As a result of predicting the accuracy of the construction period
through the verification of the case complex, it is expected that it will be possible to predict the approximate construction
period of the underground parking lot of the apartment remodeling construction in the future.

Keywords : Construction Period Calculation Model, Underground Parking lot Remodeling, Parking lot Expansion, Standard
Construction Period
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Fig. 2. Concept of construction period calculation model for
apartment of underground parking lot of remodeling construction
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Table 1. Activity table

Pouring beam concrete

Pouring roof concrete

Not relevant

Activity Existing Activitys Changed Activity Reason
Concrete cutting O X Including Breaking a Concrete Structure (Slab, Wall)
Breaking a Concrete Structure (Wall) O O -
Breaking a Concrete Structure (Slab) @] O -
Structural Floor Removal O O -
Remove the container O X Including Breaking a Concrete Structure (Slab)
Remove the waterproof and protective layers O X Including Breaking a Concrete Structure (Slab)
Remove the finishing material. O X Including Breaking a Concrete Structure (Slab, Wall)
Excavation O O -
Refill and mince soil O O -
Foundation firming and backfill O O -
Installation of Tilt Plate O O -
H-Beam O O -
cp X O Field application activity
Micro Pile O (@] -
Pile driving O X Including Micro Pile
Pile joint O X Including Micro Pile
Rock removal O X Not common
Marking O X Integrated Formwork
Installation of supports O ) ) )
- O Integrated System support installation and disassemble
Dismantle of supports O
Installation of Wall form O
Dismantle of Wall form O .
- @] Integrated Formwork (vertical)
Installation of Column forms O
Dismantle of Column forms O
Installation of Slab forms O )
- O Integrated Formwork (horizon)
Dismantle of Slab forms O
Wall reinforcement O . )
- O Integrated Reinforcement Work (vertical)
Column Reinforcement O
Slab Reinforcement (@] ) )
- O Integrated Reinforcement Work (horizon)
Beam Reinforcement O
Leveling Concrete placement O O -
Plain Concrete placement O O -
Pouring wall concrete O ) . )
- @) Integrated Concrete casting and curing (vertical)
Pouring column concrete (@]
Pouring slab concrete O ) ) )
o O Integrated Concrete casting and curing (horizon)
O
O

Concrete crack repair

Included in another period
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Table 2. The information of quantity and unit cost per Activity

» Quantity information

Work Group Activity = = =
Formula of Calculation quantity Unit

Structural Floor Removal g*0.1 m

Breaking a Concrete Structure (Wall) g*h=*06 m

Demolish and Reinforcement -
Breaking a Concrete Structure (Slab) g*h*06+*02 m
Micro Pile g*0.128
cp a/10
H-Beam a/4(25ton) EA
Installation of Tilt Plate axb/10 m
Earthwork -

Excavation (d*1.2)*(b+0) m

Refill and mince soil (d-f)*(b+*0*0.16 m

Foundation firming and backfill (d-H)*(*c)*0.1 m

System support installation and disassemble fxrhx| m

Formwork Formwork (vertical) fxh«*l %(0.238+0.031) Il

Formwork (horizon) f* [ %(0.278+0.789) i
) Reinforcement Work (vertical) fxh+ %(0.059+0.008)/3.98 TON

Reinforcement Work - -

Framing Reinforcement Work (horizon) f* 1 *(0.198+0.069)/3.04 TON

Leveling Concrete placement f*0.1 m

Concrete casting and curing (horizon) fx 1 *b+(0.141+0.042) m

Concrete Work - - -
Concrete casting and curing (vertical) f* 1 %(0.378+0.047) m
Plain Concrete placement f*0.3 m

a: Circumference of underground parking lot / b: The height of underground after remodeling / ¢: Final number of floors in the underground / d: Site area / e: Building
area / f: Parking lot area / g: Single floor total floor space in the underground / h: The height of underground before remodeling / i: The number of preexisting floors in the
underground / j: The number of demolished floors in the underground / k: The number of maintained floors in the underground / I : The number of newly established
floors in underground

Table 3. Activity information

Activity information
Work Group Activity Productivity Team members Nurpber of | Productivity of Copstruction
per 1,000m Equipment Team Period (Days)
Structural Floor Removal 833 27.01 - 371.88 0.89
Demolish and Breaking a Concrete Structure (Wall) 0.63 - 8 5 31.12
Reinforcement Breaking a Concrete Structure (Slab) 0.63 - 8 6.25 194.49
Micro Pile 1.69 - 2 3.38 62.56
clp 578 - 1 578 2.80
H-Beam 1.1 - 2 2.21 18.33
Installation of Tilt Plate 0.65 1.39 - 1.49 30.36
Earthwork
Excavation 142.56 - 2 285.12 71.86
Refill and mince soil 59.12 - 2 118.24 11.52
Foundation firming and backfill 3.68 - 7 25.74 52.94
System support installation and disassemble 17.24 27.01 - 796.42 6.01
Formwork Formwork (vertical) 7.14 27.01 - 318.76 3.90
Formwork (horizon) 7.14 27.01 - 318.76 5.53
_ Reinforcement Reinforcement Work (vertical) 0.32 15.92 - 8.54 9.12
Framing Work Reinforcement Work (horizon) 0.32 15.92 - 8.54 16.99
Leveling Concrete placement 16.67 5.00 - 137.67 1.20
Concrete Work Concrete casting and curing (horizon) 16.67 5.00 - 118.01 7.7
Concrete casting and curing (vertical) 14.29 6.00 - 14161 496
Plain Concrete placement 14.29 5.00 - 137.67 3.60
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AN AR 71202 0] PR 0117 miizo] LY 8
AP AR E 7108 E2 APARICE AH 9 A% TelHd
= URIEgo] meE FUrE tigdEn|et 28]
2 LFo] APESHTE

olg =0, XotFAtd sef2 A HEHIEC] B9 4F
HH0IA 1017} FREA 200nt B 107 BYEE 2oz
APEotlal, H-Beam AAX| HEIHIE]Q] B A6FAE =
g 4ol 100me thgdF2Q! 1ti7} T = Ao 2 Attst
RACE. O] A| HEIH|E] ZH2to] Zeief B F=QIEH]9] 10
et Rt APt ZHIEY = (Table 3)9]
Number of Equipment GollA] A2|3I2iCt.
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(Table 3)9] Construction Period GollA] AFAE ZAL |7
2 2t HEHIEIQ] FAPIRICE 0] BAPIES oAl
LISt S8 71710] SR ot AR AT T
SHA| APFEICE Al ZAFREOIAE 220 HEHIE]IZ} A
2 S0 A7) wfiZolth ol g S0, R XI6kEAte
StiE EAZAPE AdE = S0l QFRolAE= CIPSAPE &
Aol TgE 4= QUa1, = EA o] ehey]7] [of =
HER A 2jo] A7 SFHEA Dl = Ak

ekl A0 ZAPIZE EES FloiAls AA &
A K2 Feke FA Lot sAlof Zd8E 4= = HEMHIE]
& 50] Work GroupS e 0] ZQsith A Y |
B3AL ESAL SR SAE Al 7ER]Q] Work Group A2 &
kS FA| YO T2 Work Group®] HEH|E]= AR
FAIZ0] GEFE FA] LELL

SHRIEH 22 Work Group@] SHEJHIE]= A& ZA|7H0]
SHEE & V) tizol] E4o] wet A-28 BAE Felal
ot} Al-EdBA = 47K KEV(FS, SS, FF, SHOZ &
2lalACt

SH7IES SABoA SSHOE FEoh=
AFsto] 2+ HETHIE]S] ZHES APF5IA AL Work Groupd
ARRIAIS QotH QT 71 2 B4 2 HZEANIE0] 7}
2 A8liE]E Work GroupO]@lal 1 FlZ2 EZAL, ZARZAL
Work Group =02 ZA} AL ALY, E3], ESAF Work
Group2 FA B HZAZAL 7|70 AR ELoL o SHE
100% %= LJER ], ZE2ZA Work GroupS EZAF Work
Groupd} 8290] A= ZOF LIERL} 66%2] SHES L
ERALE.

HEMHIE] 39| SHIA = (Table 404 Fe]= AT,
olg 501, ESAI AY1FQ Hulr] HEHIEI= 0]
AR HEIHIEIZ} AIEFE]|OJOF AJAFEE 4= QL= SSERYQ
EHIEIZ & AP 7290] AQLEH, A8 AEJHIE]
AIETE| L 1569 O] o) AJZFEICE F5t, A3 HEH]E] <}
149 SH7I710] @50 SHEO] 19%th= AKlE

sSH7RE=E

ol

I

2 oy N 12 H

3.6 SRR YU SAPIU =S

QA BFeE HEMHIEIQ 214 HOlH, T B &H

T, SV g S EOE ojn 2lEd APt &
SH SSFH CHA AR SAPI-ME E=EslITt Aot
FAFE HEEA, Xoteatd SHldo] sa 22 g9 7]

3) FS: Finish to Start, SS: Start to Start, FF: Finish to Finish, SF: Start to
Finish, 38/ 8AF/A1H] Eel&AME B4 (Sh=AdRelsts], 2019)
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Table 4. Activity overlay period

- . Construction . Construction |Overlay Rate
Work Group Activity Sortation e Start Date |Overlay period| Overlay Rate e g ()
Structural Floor Removal - 1 - - -
Demolish and Breaking a Concrete Structure (Wall) SS 31 +2 0 0% S04
Reinforcement Breaking a Concrete Structure (Slab) sS 194 +7 24 12%
Micro Pile SS 63 +41 150 100%
cpP - 23 - - -
H-Beam SS 18 +16 6 33%
Installation of Tilt Plate SS 30 +14 4 13%
Earthwork - 157 100%
Excavation SS 72 +15 14 19%
Refill and mince soil SS 53 +50 22 42%
Foundation firming and backfill SS 12 +100 2 17%
System support installation and disassemble - 6 - - 0%
Formwork Formwork (vertical) FS 17 - 0 0%
Formwork (horizon) SS 6 +14 3 54%
) Reinforcement Work (vertical) FS 20 - - 0%
Framing Rem{/c\)/rgf;ﬁ ent Reinforcement Work (horizon) FS 9 - - 0% 125 66%
Leveling Concrete placement SS 6 +7 2 33%
Plain Concrete placement SS 4 +6 1 26%
C(\)/Ugrrite Concrete casting and curing (vertical) FS 22 - - 0%
Concrete casting and curing (horizon) FS 4 - - 0%
Table, 5. Scheduled process table of G- Apartment Complex
Time Required
Work Group Activity [ b April May June July August | September | October |November
n ays
Structural Floor 2141|2142 ] 1
Removal
Breaking a Concrete
Demolish and Structure(Wall) 21431 2154 ) 31
Reinforcement [ Breaking a Concrete
Structure(Slab) 21.4.1021.10.21| 194
Micro Pile 21520121722 | 63
P 215.15| 2167 | 23
H-Beam 2161121619 18
Installation of Tilt Plate | 21.6.15|21.7.15| 30
Earthwork Excavation 2174 [219.11] 72
Refill and mince soil 21.10.10(21.10.22| 12
Foundation firming
and backfil 21820(21.10.12| 53
System support
installation and 21925(21.101| 6
disassemble
Formwork -
Formwork(vertical) |21.10.1|21.105| 4
Formwork(horizon) |21.822(21828| 6
F Reinforcement
r | Reinforcement Work(vertical) 21918121927\ 9 .
a Work Reinforcement
rin quk(horizon) 2188 21825 17
n Leveling Concrete 278121871 6
g placement
Concrete castingand | 5, ¢ 25171 947 | 29
Concrete curing(horizon)
Work i
ore | Conarete castingand | 5, 15 511 105/ 22
curing(vertical)
Plain Concrete 20111]21115] 4
placement
114 sazamese =28 H22# A6 20219 119



P ZEFE FAY 2|2HY SA BEZV| A0 Rrot ¢
Table 7. Scheduled process table of S-Apartment Complex
Time Required
Work Group Activity - 1 2 (3|4 |5|6|7 |89 10 [11]12|13]| 14
Days |Overlay| Period
Structural Floor Removal 1 - 1
Breaking a Concrete
34 0 35
Demolish and Structure(Wall)
Reinforcement Breaking a Concrete
Structure(Slab) 239 2 244
Micro Pile 70 70 244
cp 4 - 50
H-Beam 15 5 60
Installation of Tilt Plate 13 2 71
Earthwork
Excavation 52 10 113
Refill and mince soil 1" 5 120
Foundation firming and backfill 4 1 123
System support installation ) B 199
and disassemble
Formwork Formwork(vertical) 25 0 225
Formwork(horizon) 8 5 229 I
Reinforcement Reinforcement Work (vertical) 7 0 236
Framing Work Reinforcement Work(horizon) 14 0 250
Leveling Concrete placement 9 3 256
Concrgte casting and 6 ) 260
Concrete curing(horizon)
Work : |
Concrgte casting and 1 0 271
curing(vertical)
Plain Concrete placement 5 0 276
EZEO] O|HE ARSI ZAP|ZIE T & A1} = 218 Table 6. Expert interview
%]9] ":5/\]‘7 ]17_} O] EEE] N\_L, ] EEHE g“ﬂ i—i‘% 7—:1]' /\0_16} Class Description
%EKTable 5>. Objective The suitability of each data for calculating the construction
AlstEAte Blmee SAPI AVE 2RO ofEjHIE|et perodum el
- Eight experts who have worked separately for 10 years at the
o = A
&%% }1\_]'7:_] M— E]’ @é}oﬂk]E % éopﬂ ]“g"%]' T /yl Target construction site of an apartment building.
Eﬂ O] Eﬂ O]Eﬁ, lvE‘?:} 9_]‘?5 } XOPH]EH @7&9] :I'I—LEOﬂ UJ"‘:': Method Question and answer through meeting, online and calling
FEA U AAY BE 50 37 o] weh 2FE
ALk HEHIEIS] SF7IRte o7 flet SFHE HolH = RV} HEE AEZANLikert 58 AE)E S8 435t

TR 2 SigolM A&e 4~ At o AFgHEE 556
NEleRle] skt elmee 2ol e BAItE
AVRIEIITH
4. BAIZH A 2E YU AR E

4.1 BADIRE AN 7

BAPRE A0l @A AHEEH Ziztel HOJEIR) HOES
o] APEWA] 59 MElLE AZW] 95 BEFE A4
SFOlA 104 Ola) ZFSH HE7} 8Ql0IA AHES AT

(Table 6).

QoM ES 1: mh< gefel, 2: Tha ekl 3: B, 4
L4 "sksl 5 o Feksto g2 JLA6H0] ZIGHATT

A 32E00A Felet HEHIE]Q] HeHde] BEZAL 2
k= Eat 408 0% Attt Z0E goIElAl, 71 oA
OF KI6lFAIE nHAZARE AT AEHIEl = & 3A

7IRYo| 28t 7] mizo) Kskeabe SA ko= Rlelet=
Z10] HigHlslth= oS Bo} nidZAL HEHIE]= SAL

7REAFEOIA Rl QISHACE

3.329] e AFdAl ALtd HIoTH 9] AR AL Eit
= Bt 4580 AHES SOOI AR oo R &t

THo=Z2 T
N AFEAI2 71E HOHE EHE gt A9gs A

1
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SP7le oA A2r AgEe AtEsIole At A
AR A0 & TG, SAHY HlolEE BEEAle B

2 2] i AEE =2 HojE 2 SRIE AT,

3AEOA =ES HEHE] § Q1T B HAY ZH|9|
FYtro] Hgte = AERA 21 B 46802 LIER
O, 71 o|RFE HEMHIE] g i} AEol mE FH|F
A7t AR & iR RARSE =F01 202 LI
TiZol2tal BFRich

3589 7N SHE UolH =9 dEXA 4
W= it 408 0% UERTE SRS 98 dJgo ot
gt I e = Q= tolHRE gutslkshr = oE@Re 4
gofl 9t SAEQ] ZHIVIIIORE HEL Vst Z0RE &
QIGIRILE Ol= o338 10 QAFHRAE LS &
5| & 7+s¢t HlolHZE ST QIC

FE L& AV S8R AE7EY HES A
Al SARRINC] HWE Soll e g dEsIrt 1 4
Ik Bt 4588 HRtom FIHEQl ojHoE £ T2 T
Bz dEHEE 52 1800k Sithe 9Ag WRlAl
I CHR|= Aot 14 & 2 ey SARRE & B B
£ Hgg QUL QL) T8 FA|IZME AR CEA] 2]
HEE AFHO KokrAte AP IR T7HE I Al FAL
St ZA0F LEILE AP AMEHES] f84e SolsiYl
CH(Table 8).

m

Table 8. Average score on the Likerts 5-Point scale

Workload Ll 255 . .

Rationakfy of formula/ people on Calculation Derived
. .. the team/ of nesting construction

the activity Productivity X N N

Equipment period period
data X
input
40 45 46 40 45

4.2 MR IR

UM =EE KSHEARE glRdd] ZALO] HEIHEIQF o
EJHETH AP A AAPE H|oE, T H ]
ti<r, SE7IR APSEAlE O18510] 2l Ed JAF AT
ROl A1} SERE Fdstal A ofld APt
H|wlSHACH

ARIERIQ] SHA= A EA] Suttof QRIS A= 2|7
dg] A 298Mtl 2 Ao FR4E & 20102 A
5125, AAH559] 19| Tx|o|Th Altioll HIgko] A}
Ci<=7t i F&53t Thrjolch

O] tXl= iRy JALE S5t0] AIst35, Al&1839)
ZE 340A1tH, 415TH9] FRFHSE Aok BAZ glidy
g ofgolct.

116 w=zspepp =2

oA

| 2278 M= 2021 1€

I

ARAEERI O] R|GtFAbe WA, Koleatd 2, Astss
4 =0] B3t Z2 7|ZERE 5o KSR SA|
ZHArE o] thst Zat & 1367099 ZAPITH] oE
ST (Table 7)3} 2ol o d ZE 17} AP E QAT

AP ZAPIZH SEEE AA oF ARA HES 5
sto] A E HEIICEL AEZ N ARoA ZEst ZA|
2t AAZARRE KSHRAME S223AF 27K 13571
Z UER} SAPRE AP RES 8 AP} fARSH 2
O 2 LIENATKTable 9).

AP AV U S E5f EE AR CHR|9LS
TR B AR ZAPIHE 90% 71 He SAIEE Hol gl
O] g golgh 4 QRILE T, CEHAl= oln] E3%
HRZ Fo] 71EAto) AHEE Sl AA AQE 7HEF AL
71Z¥ate] Hixl Zo|H, STHAlE= OFA] AlE FQ1 TR 2 Al
ZQ1 LHEL OFa] =L R] 20} AMAIh ol ZAP |7t
HRE RIE S QRO AISAIA] APHO]| AHESH
P71240k9] Hlwl 23Ol

4.3 A2 4PY 21t
Spz=zbAr
I

X
=
T
7

=L o HE
==

ZF
=

O
%

Table 9. Calculation model accuracy

Derived Actual Number i
Sortation construction | construction of days of (%)
period period difference 9
CApartment | 5o 210 8 96.3%
Complex
SApartment 276 270 6 97.8%
Complex
24
5. 22

O] AF0IME == SSFY tIREE SAL] KGRt

A] 2 ettt HOlHE EHE oAty g
2 SAPREE diSche 3E SAPIE AL
J eSSl o] REES Sofl Klotrabs eldd
SALS] ARl SAPRES Abdetth= FolA Qs
A3E =EChL g 4 Utk Qo d7dake thaat

02 H1 ooz
e
o
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H
R
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A, Kotreaka gldly ZAR] Work Groupalh HEJH]
EIZ ZAE3IAUC} 94 Choi et al. (2019)Q] BFOA =&
= WBSSF HEHIEIE Falsto] AlA| 2] Ed] SFolA] dt
Aot= HEHIEIE F7t 2 AAGHo] &5 ClPe &
o] ZALE Qo ST glL@d JAL JFolA B Est
1l QA= HEHIE|O]7] ThZo] F716tR O, nHEAL SHE]
JEl= "7t AE 21t & JAlo] 5= 7I70)7]
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TjiZo] AAISIATE. HEHIE= HA H HAZALA] 47}
A, ESALONA 67K, ZRSALIA 97HK]2 LIF O] & 19
71X HEMIEIE EE] T, BA H HAIAL BEZAL &
ZZAE 7R Q] Work GroupL & LF+ICH

=M, A2 TolE 9t AlabY HolH APEEAIES AIAlSH
Act 8% 2 HEHIEIS] FAIME &S] flaike
ZAE HlolEQt AT HlolE7F € Qe A Choi et
al.(2019)9] AFolA] =ESE Ak APFA0] A RS
E3)| 9A9] 7| x FEIOR HU} SIAF0l &Y &
=S Nk ek APFAlS EESIACE AAKT H|OJE]
2020 BEEAS EUZ SOl S A
AP HlolHE ARV HEE S el oz AAIE
A HERITH

AR, HEIHIEIE Fjole &
A AEE MAEe BEEMS
7] W0l 191 E& A 1
AerE Q] T dE] ZARIE A Q1S EE 0]F0] AY
o FT a1 Bl Aigol ol £ ti<=7t FaiZItt
SR KIskERte A Rdl 501 o] Hole BAg
E510] ZF AEIHIE|Q] THLIHA (1,000nt) B FQIHS A
S50, TP A © BH| BYU-E AESII &
Hl&= OiEam et SS8EH], AS8EH|Z L0} ARESIIT
AHEE EQOIAT BHIREY = ARV HEE wot A
E3ch
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