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The Economic Analysis of Underground Parking Lot Frames

adopting 8—Bay Parking Modules
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Abstract : On 30 June, 2017, the Ministry of Land, Infrastructure, and Transport announced the minimum size of
parking section will be expanded in parking lots, The expansion of parking section could lead to increase in apartment
prices because of increase in total area of the parking lots, It is necessary to adjust the column spacing and number
in the parking lots and to apply the 8—Bay long—span parking module with good parking efficiency. According to the
study, the construction cost of the 6—Bay module and 8—Bay module was almost the same, But The 8—Bay module was
more economical than the 6—Bay module because of the reduction in total area of 8—Bay multi—moduel, The Result
of construction cost of 8—Bay modules, Removal Deck—plate RC system was most economical, While the construction
cost of PC system was higher due to increase in volume of the member, it would ensure sufficient economy by reducing
the girder height to apply a pre—stress method, Also, the construction cost of hollow slab system was the highest.
But it could be used as the underground parking lots for apartment, because it had the lowest cost per square meter,
This Study has a academic significance by proving the applicability of the 8—Bay Module to underground parking lot
of apartment, And it is expected that this study will be used as basic data to derive optimal construction method that

applies 8—Bay Module,

Keywords : Underground Parking Lot, Parking Section, Parking Module, Consturtion Cost, Economic Analysis
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Fig. 1. Outline of Structural Frame
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Table 1. Member Composition of Parking Module

Module | Frame | COU™N~ Slab Note
Girder
6—Bay
1 A RC Plywood form (1Way Slab)
8—Bay
2 A RC Plywood form (1Way Slab)
8—Bay
3 B RC Plywood form (oWay Slab)
8—Bay
4 A RC Removal Deckplate (1Way Slab)
8—Bay
5 C PC Half PC (1Way Slab)
6 D RC Plywood form & 8—Bay
(Flat Slab) Voiding Material (2Way Slab)
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Table 5. Result of Girder Structure Design

11—0 Z Q3 AlA Re-bar Arrangement
A &3t A4 Classification | Size(mm) End (Top / Bottom) |G gt (Top / Bottom)
olmtE |RFo] AA7]|ES #8351t nc ~op 7 Zotom?_| LeTer Top / ZoTom
- 12-SHD19/6-SHD19 | 5-SHD19/11-SHD19
161 | 500%600 3-HD10@100 3-HD10@200
Table 2. Design Load 182 | ,oowgoo | B-SHD19/2-SHDIS | 2-SHDI9/4-SHD19
= 2-HD10@150 2-HD10@250
2:
R — Dead Load (kN/m?) Live Load nG1 | sooxogo | 20-SHD22/7-8HD22 | 7-SHD22 / 18-SHD22
Classification Unit Load (kN/m?) 4-HD13@125 4-HD13@200
Upper Soil (THK.1400) 95 9 RG2 10-SHD22 / 4-SHD22 | 6-SHD19/10-SHD19
mef | °00%900 2-HD13@100 2-HD13@200
RF Plain Concrete (THK.100 2.3 16.0
ain Conerete ( ) ~1G1 | 4oox7e0 | 6-SHD22/3-5HD22 | 3-SHD22/6-SHD22
Installation 0.3 ~1B1 HD10@200 HD10@300
Plain Concrete (THK.100) 2.3 ~ 10-SHD22 / 6-SHD22 | 6-SHD22 / 10-SHD22
BIF : 3.0 162 | 600x700 3-HD10@150 3-HD10@150
Installation 0.5
14-SHD25 / 5-SHD25 | 5-SHD25 / 10-SHD25
2.4 gg: 700%1.200 3-HD13@150 3-HD13@250
Table 3. Material Property 6-HD13
— , 22-SHD25/11-SHD25 | 11—-SHD25 / 22-SHD25
Classification Yield Strength (MPa) RG2 1,000%1,200 5-HD13@100 5—-HD13@100
RC Member & Topping Conc. 24 6—-HD13
PC Column 35 14-SHD22/7-SHD22 | 7-SHD22 / 14-SHD22
Concrete -1G1 700x700 _ _
App— p- 3-HD10@150 3-HD10@150
-1G2 4-SHD22/3-SHD22 | 3-SHD22 / 4-SHD22
PC Slab 40 —ygy | 400%700 HD10@200 HD10@300
Re—bar Below D13 500 5 30-SHD25 / 15-SHD25 | 15-SHD25 / 30-SHD25
Above D16 600 RG1 |1,200%1,200 6-HD13@125 6-HD13@125
6-HD13
= TE o = Algaiolon oldA7 9-SHD25 / 5-SHD25 | 3-SHD25 / 7-SHD25
Halo| o5l WAsh= Bt HHE a9s Hﬂxﬂﬂ ] ¢ 6-HD13
3 Y F7He] 57l mEo] ZF ’igko 2 ALy L2 E §f 16-SHD22 / 8-SHD22 | 12-SHD22 / 16-SHD22
sl =ob BB FAL6 = HAl= Hwaied 6 ~1PGT | 800%700 4-HD10@150 4-HD10@200
Hotl 39 2Eel ARS EH o RARS A 5 30-SHD25 / 15-SHD25 | 15-SHD25 / 30-SHD25
Ps o H= = 13) - - - -
H, SAH| A5 g HE R HEsto] 283513tk RPG1 |1.400x1.200|  7-HD13@100 7-HD13@200
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Table 6. Result of Quantity Take-off

Formwork | Formwork Repar PC Voidir_wg Coqc.

No (ExceptZSIab) (S|e12b) Placing [me] Mate2r|a| Plac;ng
[m?] [m?*] [ton] [m?] [m°]

1 196.92 111.00 9.280 - - 69.78
2 269.19 136.74 12.499 - - 100.98
3 261.39 128.71 15.261 - - 103.99
4 269.19 *194.70 12.481 - - 100.98
5 - - 6.145 49.75 - 50.04
6 86.4 401.40 11.176 - 213.36 185.68
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Table 7. Calculation Result of Construction Cost

Cost Unit : 1,000WON

Classification Item Standards Cost
Module 1 | Module 2 | Module 3 | Module 4 | Module 5 | Module 6
Re—bar(SD500) HD10 465 991 853 781 60 1,192
Re—bar(SD500) HD13 2,662 1840 3,021 2,069 1,212 1,477
Re—bar(SD600) HD16 - 37 152 - - 1,478
MATERIALS Re—bar(SD600) HD19 868 - - - 1,389 -
Re—bar(SD600) HD22 3,292 1287 1,631 1,287 630 2,028
Re—bar(SD600) HD25 - 5,691 6,351 5,691 1,546 2,631
Ready—mix Concrete 25—-24-15 4,581 6,629 6,827 6,629 3,285 12,189
Euro form Wall, Complicated 1,549 1,579 1,579 1,579 - 1,672
Plywood form Three times, complicated 10,367 14,131 13,518 8,839 - 17,206
Pipe—Support Including rent fee 334 415 405 191 - 641
o System—Support H: 4('5];”';;1?]2 *&Tiﬁmh 1258 | 1501 | 1581 | - - -
Re—bar Placing Normal, Factory Processing 3,406 4,587 5,601 4,580 2,255 4,101
Conrete Placing S'Umﬁliiiug?:g%iggga/ day 621 899 926 899 445 | 1,652
Surfacing Width 10cm 985 1,299 1,248 861 - 1,561
Removal Deckplate (THK.180) Excapt S;Zﬁ?ggcﬁw'ztgk:“”g b, - - - 2164 | - -
DECK —
Removal Deckplate (THK.250) Except ngmgr’cﬁ:ztzzl;mg bar, - - - 4,007 - -
Column Precast Concrete - - - - 6,475 -
Main Girder Precast Concrete - - - - 12,515 -
Slab Precast Concrete - - - - 3,954 -
PC Assembly, Transport,Subsidiary Including Shop Drawing _ 3 _ _ 7.363 _
materials
Jack—Support(Girder) 18 months - - - - 410 -
Jack—Support(Slab) 18 months - - - - 1,026 -
Voiding Material (THK.300) Including labor cost, Expense - - - - - 2,987
VOIDSLAB — : -
Voiding Material (THK.500) Including labor cost, Expense - - - - - 4,374
Total Cost (Basic Module) 30,388 | 40,976 | 43,693 | 39,577 | 42,565 | 55,189
Cost Ratio Compared to Module 1 100% 135% 144% 130% 140% 182%
Cost Ratio Compared to Module 2 74% 100% 107% 97% 104% 135%
Cost per One Square Meter(1m?) 234 239 255 231 249 *142
Cost per One Side of Parking 2,632 2,561 2,731 2,474 2,660 3,449
Module 1: 6—Bay Conventional RC System, Module 2: 8—Bay Conventional RC System(1Way), Module 3: 8—Bay Conventional RC System (2Way),
Module 4: 8—Bay Removal Deckplate RC System,Module 5: 8—Bay PC Composite System, Module 6: 8—Bay Void Slab System
* |t was calculated as Cost per One Square Meter = Total Cost / Real Slab Area
S aEY o] E RCEH BE(4)2] FAN= ZED) (Unit: 1,000WON)
B]3]| 130% 713t 39,577- YO 2 8—Bay 7| E2E Z 7} 60,000 u Etc
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Fig. 2. Construction Cost of Work by Module
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Table 8. Construction Cost of Bonding Modules
Cost Unit : 1,000WON

Cost
Module(1) | Module(2) | Module(3) | Module(4) | Module(5) | Module(6)

Division

Basic | 5, 588 | 40,976 | 43,603 | 39,577 | 42,565 | 55,189
Module

Bonding | 24,774 | 32,018 | 36,574 | 30,589 | 38,625 | 37,612
Module | (82%) (78%) (84%) (77%) (91%) (68%)

(%) : Cost Ratio Compared to Basic Module
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Table 9. Analysis of Parking Efficiency between 6-Bay Multi-Module
and 8-Bay Multi-Module

Division The Number of | Total Parking | The Area per One
Parking(Modules) Area Side of Parking
6—Bay 2 2
Multi—Module 48(4) 518.4m 10.8m
8—Bay 2 2
Multi—Module 48(3) 513.6m 10.7m
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Table 10. Economic Analysis by 6-Bay Multi-Module and 8-Bay

Multi-Module
Cost Unit : 1,000WON
Mulg:aiydule 48(4) 104,709 202
Mulﬁ:l\B/Iiijule 48(3) 105,012 204

4.2 8-Bay C}=2E2| AN EM

8—Bay ths g2 AAdE 243 ZaTable 1D, &
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Table 11. Economic Analysis among 8-Bay Multi-Modules
Cost Unit : 1,000WON
8-Bay Multi-Module
Module(2) | Module(3) | Module(4) | Module(5) | Module(6)
105,012 | 116,841 | 100,757 | 119,815 | 130,413

Division

Total Cost

Cost Ratio Compared

to Module(2) 100% 111% 96% 114% 124%

Cost per One Side

: 2,188 2,434 2,099 2,496 2,717
of Parking

Cost per One

Square Meter 204 227 196 233 143
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