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Application Effect Analysis of The Modular Construction Method in The Extension Works

Kim, Hakcheol', Shin, Dongwoo', Cha, Heesung', Kim, Kyungrai’
"Department of Architectural Engineering, Graduate School of Ajou University

Abstract : The modular construction method has been getting more attention followed by global eco—friendly trend as the
domestic construction industry has focused more on remodeling and extension work, The modular construction method
is an industrialized construction system which is not likely as the existing construction method it manufactures more
than 70% modules at the factory then assembling can be completed in a short amount of time on site, The modular
construction method has various strengths; shortening of construction period by on—site work decrease, weight
pressure reduction by usage of light steel frames and cost saving by repetitive manufacturing, However, it is currently
not expanded due to the existing commercialized construction method, Therefore, this research is in order to help the
related authorities make decisions to select the construction method and motivate expansion of modular construction
method which can be utilized effectively in the extension works, The intention of this research is to stress differentiation
from other construction methods in construction period, construction expenses, labor and forces by comparing and
analyzing actual cases, to inform competitiveness of modular construction method by concrete effect analysis and to
support adoption of the modular construction method into the domestic industry,
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Table. 1. Advantages of modular construction method

Classification R.C Steel Modular
Constryctlon Longest Normal Shortest
period
Almost Main aggregate | Recyclable and
Recycle and reuse . ) ,gg ¢ Y
impossible possible use reusable
Slte. L Many Normal Little
generation amount
; Carrying a unit | Carrying a unit | Carrying a per—
Transportation ving ving yingap )
member member module basis

- Large impact on | Large impact on | Little impact on
Construct ability ¢ b ¢ P P

climate climate climate
Unlformlty el Not uniform Normal Uniform
quality
Load bearin Load bearin
Structural load K Normal ¢
large small
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Table. 2. Considerations of extension work

Considerations
« Structural performance of the building
- Displacement of the building

Classification

Design constraints

« Accessibility equipment

- Distance between the adjacent building

- Size of site

« Transition state at the time of construction

Site condition

+ Human resources to manage
+ Cost

+ Time of framework

- Float time of project

Management elements

Direction of extension | « Expansion area
work + Type of room

- Standardization of building elevation view

Ease of extension work o
- Ease of joint binding

+ Size of the materials
- Weight of the materials
« Transporter

Constraints of
technology
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Table 3. Summary of Case in modular and RC construction method

A University building Compare item D Elementary School
RC Construction method Modular
1,933,756,328 won Construction cost 589,415,584 won
240 day Construction period 50 day
2966.33 m* Construction area 913.5 m
2005 Construction year 2004
2 Stories Extention Stories 1 Story
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Table 4. Producer price index
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Table 5. Process of Modular System for extension work

Fabrication Transportation
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Table 6. Construction Cost of A University Building

Cost Percentage oo Cons@der
Work (Won) %) per Area | Inflation
(Won/m') | (Won/m')
1 | Reinforce concrete | 105 404 006 25.50| 166,230| 166,230
work
2 Metal work 226,215,972 11.70 76,261| 76,261
3 | Tile and stone work 194,737,523 10.07 65,649 65,649
4 Joiner's work 172,291,800 8.91 58,082| 58,082
5| Temporary works 161,697,886 8.36 54,5611 54,511
6 |Interior finishing work| 116,755,578 6.04 39,360 39,360
7 Masonry work 110,873,459 5.73 37,377 37,377
8 | Miscellaneous works | 105,287,272 5.44 35,494| 35,494
9| Waterproof work 100,978,611 5.22 34,042 34,042
10|  Plastering work 89,217,660 4.61 30,077 30,077
1 Demolition work 88,603,882 4.58 29,870 29,870
12 Glazing work 25,690,524 1.33 8,661 8,661
13 Painting work 24,708,903 1.28 8,330 8,330
14 Sﬁsgff;fh:se 23,603,032 122| 7957 7957
Total 1,933,756,328 100.00| 651,902| 651,902
Reinforce concrete work I 25.50
Metalwork meess——— 11.70
Tile and stone work E—— 10.07
Joiner'swork EEEE————— 8.91
Temporary works IEEE———— 8.36
Interior finishing work s 6.04
§ Masonry work s 5.73
£ Miscellaneous works . 5.44
Waterproofwork s 5.22
Plasteringwork messss 4.61
Demolition work s 4.58
Glazingwork m 1.33
Painting work m 1.28
Aggregate and Shipping charge m 1.22
000 500 1000 1500 20.00 2500 30.00

Percentage(%)

Fig. 2. Construction Cost Structure of A University Building
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L Table 7. Construction Cost of D Elementary School

Cost constrychon Other
income Cost Percentage Cosl SO
‘@—o—(— Work (Won) %) g per Area | Inflation
\__ _ Compression of ° (Won/) | (Won/m?)

Construction Period
1 Steel—frame work | 281,699,860 47.79| 308,374| 296,964
(b) Modular 2 | Interior finishing work | 95,949,412 16.28| 105,035 101,149
3 | Gutters and roof work | 55,452,800 9.41 60,704| 58,458
Fig. 1. Graph of profit in accordance with the construction period 4 | Reinforce conarete | oo o) o7 6.08| 30239 37787
and Deck work
- 5 Joiner's work 33,895,290 5.75 37,105| 35,732
32 'c')‘AI'HI 6 | Exterior finish work 21,957,920 3.73 24,037 23,148
AtH—(‘i‘]_ pah=! §i _Tor_/\]_g _)1’:%/\}_]:]]_% _;:g} _’lEH"— = 7 Metal work 21,011,723 3.56 23,001 22,150
— 2y 8 Waterproof work 8,556,230 1.45 9,366 9,020
ﬁ@o]—ME}.
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9| Temporary works 8,459,999 1.44 9,261 8,918
10 Glazing work 6,721,159 1.14 7,358 7,085
11 Shipping charge 6,502,141 1.10 7,118 6,854
12 Painting work 5,193,770 0.88 5,686 5,475
13 Tile work 3,188,454 0.54 3,490 3,361
14 Plastering work 3,132,421 0.53 3,429 3,302
15 Demolition work 2,041,632 0.35 2,235 2,152
t
1 Common tempora |y 47 195 018 1,190 1,146
works
17 Aggregate 133,000 0.02 146 140
18| Work by—product | — 1,412,460 —0.24] —1,646| — 1,489
Total 589,415,584 100.00| 645,228| 621,354
Steel-frame work 47.79
Interior finishing work mee——————  16.28
Guttersand roof work messss 941
Reinforce concrete and Deckwork mssm 6.08
Joiner'swork mmm 575
Exterior finish work mm 3.73
Metalwork mm 356
2 Waterproofwork m 145
8 Temporaryworks = 1.44
E GlazZingwork 114
Shipping charge » 1.10
Paintingwork 1 0.88
Tilework 1 054
Plasterngwork 1 053
Demolition work | 0.35
Common temporary works | 0.18
Aggregate | 0.02
10.00 20.00 30.00 40.00 50.00 60.00
Percentage(%)
Fig. 3. Construction Cost Structure of D Elementary School
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Table 8. Labor Costs of A University Building

SESMOIM 2E2] SHO MBS 2A

Labor cost | Consider
Work La(t\)/\%r?)o s Per(i(;n)tage per Area | Inflation
> (Won/m) | (Won/m')
Temporary works 131,161,599 17.60 44217 44,217
Reinforce concrete work | 228,868,226 30.71 77,155| 77,155
Masonry work 88,118,593 11.82 29,706 29,706
Waterproof work 40,833,096 5.48 13,766| 13,766
Tile and stone work 18,822,807 2.53 6,345 6,345
Metal work 40,361,280 5.42 13,606| 13,606
Plastering work 89,207,140 11.97 30,073 30,073
Joiner's work 0 0.00 0 0
Glazing work 5,616,900 0.75 1,894 1,894
Painting work 15,614,464 2.10 5,264 5,264
Interior finishing work 35,488,813 4.76 11,964| 11,964
Miscellaneous works 3,878,026 0.52 1,307 1,307
Demolition work 46,276,186 6.21 15,600| 15,600
Aggregalceh?;esmpp‘”g 1,032,552 0.14 348| 348
Total 745,279,682 100.00| 251,246| 251,246
Table 9. Labor Costs of D Elementary School

Labor cost |Percentage LAln oI e Consi.der

Work (Won) %) per Area | Inflation

(Won/m) |(Won/m)

Re'”forjzrckoncrete 634,764 0.28 695 669
Steel—frame work | 131,314,727 57.85| 143,749| 138,430

F Metal work 3,353,677 1.48 3,671 3,535
i gztsi;:r::fw?i 4,816,263 012| 5272|5077
! Joiner's work 10,652 0.00 12 11
C: Interior finishing work | 17,276,754 7.61 18,913| 18,213
v Deck plate work 7,304,386 3.22 7,996 7,700
Work by—product 0 0.00 0 0
Major material cost 0 0.00 0 0
Subtotal 164,711,223 72.56| 180,308| 173,636
Commc;\:wotigqporary 0 0.00 0 0
temporary works 7,509,363 3.31 8,220 7,916
Re'”forsvirckoncre‘e 1,029,251 0.45| 1127 1,085
Steel—frame work 15,776,956 6.95 17,271 16,632
Waterproof work 245,822 0.11 269 259

Tile work 1,969,614 0.87 2,156 2,076

Metal work 3,143,765 1.38 3,441 3,314

s Plastering work 1,276,919 0.56 1,398 1,346
: Joiner's work 21,704 0.01 24 23
; Glazing work 1,726,778 0.76 1,890 1,820
Painting work 3,852,344 1.70 4,217 4,061
Interior finishing work | 12,505,325 5.51 13,689 13,183
Gutters and roof work 9,610,444 4.23 10,520| 10,131
Deck plate work 1,472,262 0.65 1,612 1,552
Demolition work 1,706,939 0.75 1,869 1,799
Aggregate 0 0.00 0 0
Shipping charge 451,740 0.20 495 476
Major material cost 0 0.00 0 0
Subtotal 62,299,226 27.44 68,198 65,675

Total 227,010,449 100.00| 248,506| 239,312
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Table 10. Manpower of D elementary school 719)star Qict o]ei3k Alslo]| Akl X o8 =0lrhH
—_— Day | Worker MD  |Percentage IH A a2k 4= ¢k
Y| (Person) | (Manxday) (%)
Manufacturing preparation 5 10 50 1.27 34 7|E|.
Fireproofing protection 9 34 306 7.75 o B B
Structure construction 16 52 832 21.08 ‘]l:‘ _2)_1:?]:-,]9,] ‘Liuxé*o]_ %1'}\‘] od'i::lLtﬂ' 7]E]' H]‘g‘ EE?J' E}'—‘:‘—‘A] ]??V\g
— De"k;”(‘”k ) ”2 23 3]2 222 g o= o) 702 tiEaol tigh o4} B
F ooring work(concrete . aQ = o 3 - L ule %
a Flooring work (spancrete) 6 14 84 2.13 s, © TH] X]'d H] SR 7]}‘% :[L_Zixﬂ L, H] °© o] 7]- O]‘ 3‘7“
¢ | Lightweight construction 7 52 364 9.22 Zfo] 7 o] 92 Aot}
t Joiner's work 7 22 154 3.90 1) q{%ﬁ' O]X]— H]%' HE}'—[Z—Z]—7}- EgZﬂE—g— 7\(_1’53’5‘}‘_‘/\‘] _g_
o Plaster board work 5 60 300 7.60 o o
r External facing(drivit) 6 35 210 5.32 017]'% H]‘g‘é‘ %j.‘l—T]‘ X]—/}JQ,] X}’%—QE %%"6]‘]5.‘ 75“‘?*‘5‘ 7’19‘]
Y |Install external safety handrail 1 3 3 0.08 gi_% 7/—]\0]1-4.‘ "H =] E @) Z:]/Sﬁ]/\],g ZH\J'E 20"’30%0]*0}0]
Curtain box alteration work 1 4 4 0.10 - _ _
Modular carying 2 9 18 0.06 ool ot A7 Wkt ZRAE| So7k= BlE ¥
Liquidate factory 2 6 12 0.30 AP g Sof 422l A= 7)71o] AJAFE]|HA ThA| o]elo 7
Subtotal 2674 67.76 1= =
S S D= T ek o A= 7|7ho] AR E diEgee Uy
oof making 6 42 252 6.39 - -
Modular lifting and temporary 5 9 44 112 Z’T}—% ‘jl\“ 9»1]\—9-‘:':], q']%% O]Z]'Oﬂ EH?J' H]‘g' “?‘I\%E %O']% ‘{[\‘
assembly ) ot
Plaster board work 8 70 560 14.19 ’ - o a. HH o] 2= 51l - e
Modular assembly 2 12 24 0.61 2) O]'T‘H] X]"d H] o EH‘ ‘L."l o = '23'/\]'?: 7]t Zﬂﬁ
? Joint work(flooring) 3 15 45 1.14 o A7} Ak 9L Aot} HA} 7|7 BoF A8 ]L]" ™
Modular reinforcement work 2 8 16 0.41 - .
7] Eol o5 Z21=0] AF 2~ Ol FLA0] B A O)L¢
; External facing(drivit) 5 80 400 10.14 | 5ol fsl AFAREol 4 o gl 2ol & e gt
interior finishing(wall) 3 28 84 2.13 71% 7{—?—1}%94 o]‘%‘oﬂ EH?_]_' E_/E,]"% '5H-Zr4°}: ?_]'E}‘ OI—%—H] X]
interior finishing(flooring) 3 10 30 0.76 9‘:_% _3_‘331} ggﬂ 57‘:]_74]_% U)Eoi 7]% 7%—%—*]9139] ‘:H_Zj—% }\V\ﬂ
Cleaning and organizing 5 9 45 1.14 - o= = o s _
Completion cleaning 2 12 24 0.61 2 Aklsto 23504 AAIE e silFal 1of gigt o]x;
Subtotal 272 B2t WFA} AEsHe GAleltt olFa ARES BAL 717t
Total 3946 100.00
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Table 11. Assumptions for applying case

- Existing construction | Modular construction
Classification
method method
Construction period 8 month 4 month
Cost 1,933,756,328 won | 1,843,142,077 wom

Service period 360 month

Profit of the month 25,000,000 won

Rate of return of the month 0.01

Loan percentage 20 %

Interest rate on the loan 0.5 % per month

Building market price 1,500,000 won/m’

Total area 2966.33 m'

Interest rate on moving cost 0.3 % per month
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Fig. 6. Progress schedule of A university building
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Fig. 7. Progress schedule of A university building constructed with modular construction method
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