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An Analysis of Cost Reduction Potentials for Modular Housing
from the Long—term Perspective

Kim, Hu Yong', Ryu, Kuk Mu?, Kim, Kyoon Tai’, Jun, Young Hun®, Kim, Yea Sang”
"Department of Convergence Engineering for Future City, Sunkyunkwan University
“Building works Division, Research & Development Center, Hyundai Engineering Company
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Abstract : Despite the many advantages of modular housing, low preference for modular housing for consumers who are
familiar with RC structure leads to high construction cost of modular housing, The cost of modular buildings is about
130% of that of RC structures, so it is urgent to secure economical efficiency of modular buildings, Therefore, in this
study, after calculating the savings amount of modular housing by type of construction work, economic analysis was
conducted from a long — term perspective, In order to carry out the research, the authors compiled and analyzed the
material cost, labor cost, and expenses incurred by each type of work by reclassifying the statement of the modular
housing into the factory production and the site installation, After that, Pareto diagrams were created to find a core
work that is included in the cost ratio of about 80%, and selected it as a cost reduction subject, Based on the assumption
that the market size of domestic modular housing is similar to the level of modular advanced countries such as Japan
and European countries, six cost reduction methods were set up that reflects the characteristics of the modular
construction method and used for the expert interviews, Cost saving potentials in percentage from the interview were
converted to the amount of savings that can be achieved by each type of method when applying the method, Finally, the
findings of the study are expected to suggest long—term directions for technical development for modular construction
and cost savings
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Fig. 1. Reclassification of OOComplex Construction Cost
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Fig. 2. Example of Pareto Graph for the Sample Project
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Table 1. Work Types of Modular Construction with Greater Potentials for Cost Reduction by Pareto Analysis

Factory Manufacturing and Production

On-Site Installation and Construction

Architectural Construction Work

Architectural Construction Work

felonon fankna Tupejorork (1,000 Wor) |Totel (0| e | 12090 Rankig Dpeionwark ey
1 Interior Finishing Work 301,069 4 4 1 Panel Work 137,379 48 48
Total 2 Steel Skeleton Works 182,116 25 66 Total 2 Temporary Work 37,660 13 61
Cost 3 Others 80,224 i 77 Cost 3 Joiner' s Work 22,027 8 69
4 Joiner' s Work 44,212 6 83 4 Interior Finishing Work 19,412 7 76
1 Interior Finishing Work 199,742 40 40 1 Panel Work 90,614 58 58
Material 2 Steel Skeleton Works 124,992 25 65 Material 2 Joiner’ s Work 20,007 13 Al
Cost 3 Others 65,949 13 78 Cost 3 Interior Finishing Work 11,577 7 78
4 Joiner' s Work 38,347 8 86 4 Temporary Work 9,414 6 84
1 Interior Finishing Work 101,083 46 46 1 Panel Work 32,516 30 30
Labour 2 Steel Skeleton Works 42,288 19 65 Labour 2 Temporary Work 28,246 26 56
Cost 3 Others 14,274 7 72 Cost 3 Painting Work 12,802 12 68
4 Metal Works 9,936 5 77 4 Interior Finishing Work 7,824 7 75

Mechanical Equipment Work Mechanical Equipment Work

G VLS OB (1000 Wor) |Total (0| et | 12990 Rankig LR i )| o
1 Sewage Piping Work 49,509 38 38 1 Elevator Work 51,767 44 44
Total 2 Water Supply Piping Work 30,580 24 62 Total 2 Water Supply Piping Work 20,529 17 61
Cost 3 Heating Piping Work 25,871 20 82 Cost 3 Sewage Piping Work 16,763 14 75
4 - - - - 4 Equipment Installation Work 6,265 5 80
) 1 Sewage Piping Work 18,043 32 32 ) 1 Elevator Work 51,767 61 61
Mgfsrf‘ 2 Heating Piping Work 15,389 | 28 60 Mgf;a‘ 2 | water Supply Piping Work | 8,608 | 10 71
3 Water Supply Piping Work 12,196 22 82 3 Sewage Piping Work 8,008 9 80
1 Sewage Piping Work 31,462 42 42 1 Water Supply Piping Work 11,909 36 36
Labour 2 Water Supply Piping Work 18,374 25 67 Labour 2 Sewage Piping Work 8,753 27 63
Cost 3 Heating Piping Work 10,481 14 81 Cost 3 Interior Gas Piping Work 3,292 10 73
4 - - - - 4 Gas Piping Work 2,742 8 81
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Table 2. Example of Percentage Cost Saving Possibility

Architectural Construction Work (Factory Manufacturing and Production)

Possible cost savings
Cost | gompared to existing
Standard | Rank Type of Work ratio | amount by work type (%)
(%) L mpivyv v
1 | Interior FinishingWork | 40 | 2 |3 |2 |3 |2 |0
Material | 2 | Steel SkeletonWorks | 26 |2 |2 |2 |3 |2 |0
Cost | 3 Others 1B1/0olo|1|0|1
4 Joiner’ s Work g |[0l0|O0O]2|0]0
1 Interior FinishingWork | 46 |2 |2 | 5|1 ]0 ]| 2
Labour | 2 | Steel SkeletonWorks | 19 | 2 | 2 | 5|1 |0 |2
Cost | 3 Others 701121 ]0]1
4 Metal Works 5 11113111071
3 Note: | = Pre—fabrication of assembly parts, Il = Organization of
work methods & processes, Il = Automation & mechanization, IV =

Standardization of Design & assembly parts, V = Efficiency of design,
VI = Reducing Uneconomical Costs & Expenses
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Table 3. Expected Cost Saving Potentials and Amount - Architectural Construction Work (Factory Manufacturing and Production)

Architectural Construction Work (Factory Manufacturing and Production)

ibili Cost-Saving Method
Category | Rank Type of Work i Cost Possibility / Amount of
,000 Won) Cost-Savings | 1l m v Vv VI
R Possibility (%) 2 3 2 3 2 -
1 Interior Finishing Work 199,42
Cost (1,000 Won) 3,995 | 5,992 | 3,995 | 5,992 | 3,995 0
Possibility (%) 2 2 2 3 2 -
2 Steel Skeleton Works 124,992
. Cost (1,000 Won) 2,500 | 2,500 | 2,500 | 3,750 | 2,500 0
Material Cost o
Possibility (%) 1 - - 1 0 1
3 Others 65,949
Cost (1,000 Won) 659 0 0 659 0 659
Possibility (%) - - - 2 - -
4 Joiner’ s Work 38,347
Cost (1,000 Won) 0 0 0 767 0 0
Reduction of Standard Cost of Materials (1,000 Won) 7,154 | 8,492 | 6,495 | 11,168 6,495 | 659
Saving Potential compared to Total Material Cost (%) o o o o o o
*Total Material Cost of Factory Manufacturing (1,000 Won): 498,903 Jasie | Dot | et 22eh) 1alin | e
Possibility (%) 2 2 5 1 - 2
1 Interior Finishing Work 101,083
Cost (1,000 Won) 2,022 | 2,022 | 5,054 | 1,011 0 2,022
Possibility (%) 2 2 5 1 - 2
2 Steel Skeleton Works 42,288
Cost (1,000 Won) 846 846 | 2,114 | 423 0 846
Labour Cost
Possibility (%) 1 1 2 1 - 1
3 Others 14,274
Cost (1,000 Won) 143 143 285 143 0 143
Possibility (%) 1 1 3 1 = 1
4 Metal Works 9,936
Cost (1,000 Won) 99 99 298 99 99
Reduction of Standard Cost of Labour (1,000 Won) 3,110 | 3,110 | 7,752 | 1,676 3,110
Saving Potential compared to Total Labour Cost (%) o o o o _ o
*Total Labour Cost of Factory Manufacturing (1,000 Won): 219,106 Uz Lezin) EAs | BB [
Total Saving Cost in Factory Manufacturing of Construction Work (1,000 Won) 10,264 | 11,602 | 14,247 12,844 | 6,495 | 3,769
Saving Potential compared to Total Construction Work Cost(%) o o o o o o
*Total Construction Work Cost of Factory Manufacturing (1,000 Won): 741,533 el | el ek dein| GEERD | Walh
% Note: | = Pre—fabrication of assembly parts, || = Organization of work methods & processes, Ill = Automation & mechanization, IV = Standardization of

Design & assembly parts, V = Efficiency of design, VI = Reducing Uneconomical Costs & Expenses
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Table 4. Expected Cost Saving Potentials and Amount - Mechanical Equipment Work (Factory Manufacturing and Production)

Mechanical Equipment Work (Factory Manufacturing and Production)

Cost Possibility / Amount of Cost- Cost-Saving Method
Category Rank Type of Work (1,000 Won) Savings | i m v v Vi
o Possibility (%) = 1 = 1 = =
1 Sewage Piping Work 18,043
Cost (1,000 Won) 0 180 0 180 0 0
) ) o Possibility (%) = 1 = 1 = =
Material Cost 2 Heating Piping Work 15,389
Cost (1,000 Won) 0 154 0 154 0 0
3 | Water Supply Piping Work 12,196 Possibilty (%) = 1 = ! = =
ater ou pmn orl s
PP FIPING Cost (1,000 Won) 0 122 0 122 0 0
Reduction of Standard Cost of Materials (1,000 Won) 456 0 456 0 0

Saving Potential compared to Total Material Cost (%)

*Total Material Cost of Factory Manufacturing (1,000 Won): 55,696 - o|08%) - 082%) - :
o Possibility (%) 1 2 5 1 = 1
1 Sewage Piping Work 31,462
Cost (1,000 Won) 315 629 | 1,673 | 315 0 315
o Possibility (%) 1 2 5 1 = 1
Labour Cost 2 Water Supply Piping Work 18,374
Cost (1,000 Won) 184 367 919 184 0 184
) o Possibility (%) 1 2 5 1 = 1
3 Heating Piping Work 10,481
Cost (1,000 Won) 105 210 524 105 0 105

Reduction of Standard Cost of Labour (1,000 Won)

603 | 1,206 | 3,016 | 603 0 603

Saving Potential compared to Total Labour Cost (%)

*Total Labour Cost of Factory Manufacturing (1,000 Won): 74,320 e e e e - e
Total Saving Cost in Factory Manufacturing of Mechanical Equipment Work (1,000 Won) 603 | 1,663 | 3,016 | 1,059 0 603
Saving Potential compared to Total Mechanical Equipment Work Cost(%) o o 6 o _ 0
*Total Mechanical Equipment Work Cost of Factory Manufacturing (1,000 Won): 130,029 Belons | 2o | 25| DEL5 Do
% Note: | = Pre—fabrication of assembly parts, | = Organization of work methods & processes, Ill = Automation & mechanization, IV = Standardization of

Design & assembly parts, V = Efficiency of design, VI = Reducing Uneconomical Costs & Expenses
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Table 5. Expected Cost Saving Potentials and Amount - Electrical Equipment and Fire-protection Work (Factory Manufacturing and production)

Electrical Equipment & Fire-protection Work (Factory Manufacturing and Production)

Cost Possibility / Amount of Cost-Saving Method
Category Rank Type of Work (1,000 Won) Cost-Savings | Il n v v VI
) ) Possibility (%) = = 5 2 = =
Electrical Equipment 10,596
. Cost (1,000 Won) 0 0 530 212 0 0
Material Cost —
. ) } Possibility (%) = = 5 2 = =
Electrical Fire—protection 2,770
Cost (1,000 Won) 0 0 139 55 0 0
Reduction of Standard Cost of Materials (1,000 Won) 0 669 | 267 0 0
Saving Potential compared to Total Material Cost (%) _ - l501%!| 2% _
*Total Material Cost of Factory Manufacturing (1,000 Won): 13,366 e °
) ) Possibility (%) 1 2 5 1 - 1
Electrical Equipment 46,748
Cost (1,000 Won) 467 935 | 2,337 | 467 0 467
Labour Cost o
Possibility (%) 1 2 5 1 = 1
Electrical Fire—protection 22,658
Cost (1,000 Won) 227 453 | 1,133 | 227 0 227
Reduction of Standard Cost of Labour (1,000 Won) 694 | 1388 | 3470 | 694 694
Saving Potential compared to Total Labour Cost (%) 1% 29 59 1% 1%
*Total Labour Cost of Factory Manufacturing (1,000 Won): 69,406 ° ° ° ° °
Total Saving Cost in Factory Manufacturing of
Electrical Equipment & Fire-protection Work (1,000 Won) 694 | 1388 | 4139 | 961 694
Saving Potential compared to Total Electrical Equipment & Fire-protection Work Cost(%)
*Total Electrical Equipment & Fire-protection Work Cost of Factory Manufacturing 0.84% | 1.68% | 5.00% | 1.16% 0.84%
(1,000 Won): 82,772
3 Note: | = Pre—fabrication of assembly parts, || = Organization of work methods & processes, lll = Automation & mechanization, IV = Standardization of

Design & assembly parts, V = Efficiency of design, VI = Reducing Uneconomical Costs & Expenses
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Table 6. Expected Saving Amount - Architectural Construction Work (On-Site Installation and Construction)

Fe BAps| H2l3) 2

Architectural Construction Work (On-Site Installation and Construction)

Cost Possibility / Amount Cost-Saving Method
Category Rank Type of Work (1,000 Won) of Cost-Savings | M n v VI
Possibility (%) - - - 1 -
1 Panel Work 90,614
Cost (1,000 Won) 0 0 0 906 0
Possibility (%) - - - 1 -
2 Temporary Work 20,007
. Cost (1,000 Won) 0 0 0 200 0
Material Cost —
o Possibility (%) = = = 1 =
3 Joiner' s Work 11,577
Cost (1,000 Won) 0 0 0 116 0
o Possibility (%) = = = 1 =
4 Interior Finishing Work 9,414
Cost (1,000 Won) 0 0 94 0
Reduction of Standard Cost of Materials (1,000 Won) 0 0 1,316 0
Saving Potential compared to Total Material Cost (%) _ _ _ 0.84% _
*Total Material Cost of On-site Istallation (1,000 Won): 157,393 o
Possibility (%) - 2 - 1 1
1 Panel Work 32,516
Cost (1,000 Won) 0 650 0 325 325
o Possibility (%) = 2 = 1 1
2 Joiner’ s Work 28,246
Cost (1,000 Won) 0 565 0 282 282
Labour Cost —
o Possibility (%) = 2 = 1 1
3 Interior Finishing Work 12,802
Cost (1,000 Won) 0 256 0 128 128
Possibility (%) = 2 = 1 1
4 Temporary Work 7,824
Cost (1,000 Won) 0 156 0 78 78
Reduction of Standard Cost of Labour (1,000 Won) 0 1,628 0 814 814
Saving Potential compared to Total Labour Cost (%) _ 0 _ 5 3
*Total Labour Cost of On-site Istallation (1,000 Won): 109,999 1.48% 0.74% 0.74%
Total Saving Cost in On-site Istallation of Construction Work (1,000 Won) 0 1,628 0 2130 814
Saving Potential compared to Total Construction Work Cost(%) _ 0.56% _ 0.74% 0.28%
*Total Construction Work Cost of On-site Istallation (1,000 Won): 288,640 oo S oo
% Note: | = Pre—fabrication of assembly parts, Il = Organization of work methods & processes, Ill = Automation & mechanization, IV = Standardization of
Design & assembly parts, V = Efficiency of design, VI = Reducing Uneconomical Costs & Expenses
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Table 7. Expected Cost Saving Potentials and Amount — Mechanical Equipment Work (On-Site Installation and Construction)

Mechanical Equipment Work (On-Site Installation and Construction)

Cost Possibility / Amount of Cost-Saving Method
Category Rank Type of Work (1,000 Won) Cost-Savings | M n v Vv VI
Possibility (%) = = = - = =
1 Elevator Work 51,767
Cost (1,000 Won) 0 0 0 0 0 0
Possibility (%) - - - 1 - -
Material Cost 2 Water Supply Piping Work 8,608
Cost (1,000 Won) 0 0 0 86 0 0
Possibility (%) - - - 1 - -
3 Sewage Piping Work 8,008
Cost (1,000 Won) 0 0 0 80 0 0
Reduction of Standard Cost of Materials (1,000 Won) 0 0 0 166 0 0
Saving Potential compared to Total Material Cost (%) _ B = losow!| - _

*Total Material Cost of On-site Istallation (1,000 Won): 85,005

Possibility (%) - 1 - 1 - 1
1 Water Supply Piping Work 11,909
Cost (1,000 Won) 0 119 0 119 0 119
Possibility (%) = 1 = 1 = 1
2 Sewage Piping Work 8,753
Cost (1,000 Won) 0 88 0 88 0 88
Labour Cost
Possibility (%) - 1 - 1 - 1
3 Interior Gas Piping Work 3,292
Cost (1,000 Won) 0 33 0 33 0 33
Possibility (%) - 1 - 1 - 1
4 Gas Piping Work 2,742
Cost (1,000 Won) 0 27 0 27 0 27
Reduction of Standard Cost of Labour (1,000 Won) 0 267 0 267 0 267

Saving Potential compared to Total Labour Cost (%)
*Total Labour Cost of On-site Istallation (1,000 Won): 32,941

Total Saving Cost in On-site Istallation of Mechanical Equipment Work (1,000 Won) 0 267 0 433 0 267

- 0.81% - 0.81% - 0.81%

Saving Potential compared to Total Mechanical Equipment Work Cost(%)

*Total Mechanical Equipment Work Cost of On-site Istallation (1,000 Won): 118,177 B I LR

3 Note: | = Pre—fabrication of assembly parts, || = Organization of work methods & processes, Il = Automation & mechanization, IV = Standardization of
Design & assembly parts, V = Efficiency of design, VI = Reducing Uneconomical Costs & Expenses

Table 8. Expected Cost Saving Potentials and Amount — Electrical Equipment and Fire Protection Work (On-Site Installation and Construction)

Electrical Equipment & Fire-protection Work (On-Site Installation and Construction)

ibili Cost-Saving Method
Category Type of Work Cost (1,000 Won) Possibility / AV“OU”‘ of
Cost-Savings | Il 1] \% Vv Vi
Possibility (%) = - - 2 - -
Electrical Equipment 6,069
Cost (1,000 Won) 0 0 0 121 0 0
Material Cost
Possibility (%) = = = 2 - -
Electrical Fire—protection 989
Cost (1,000 Won) 0 0 0 20 0 0
Reduction of Standard Cost of Materials (1,000 Won) 0 0 0 141 0 0
Saving Potential compared to Total Material Cost (%) *Total Material Cost of On-site Istallation (1,000 | _ _ _ 29, _ _
Won): 7,058 °
Possibility (%) = 1 = 1 - 1
Electrical Equipment 4,545
Cost (1,000 Won) 0 45 0 45 0 45
Labour Cost
Possibility (%) - 1 - 1 - 1
Electrical Fire—protection 4,379
Cost (1,000 Won) 0 44 0 44 0 44
Reduction of Standard Cost of Labour (1,000 Won) 0 89 0 89 0 89
Saving Potential compared to Total Labour Cost (%) _ 1% _ 1% _ 1%
*Total Labour Cost of On-site Istallation (1,000 Won): 8,924 ° ° °
Total Saving Cost in On-site Istallation of Electrical Equipment & Fire-protection Work (1,000 Won) 0 89 0 230 0 89
Saving Potential compared to TotalElectrical Equipment & Fire—protection Work Cost(%) _ 0.56% _ 1.44% _ 0.56%
*Total Electrical Equipment & Fire-protection Work Cost of On-site Istallation (1,000 Won): 15,984 R e R
3 Note: | = Pre—fabrication of assembly parts, || = Organization of work methods & processes, Il = Automation & mechanization, IV = Standardization of

Design & assembly parts, V = Efficiency of design, VI = Reducing Uneconomical Costs & Expenses
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Table 9. Total Cost Savings and Possibility of Savings

Savable amount using cost-saving method (1,000 Won)

Catego
o | Il 1l % V \

Architectural

Construction Work 10,264 | 13,229 | 14,247 | 14974 | 6,495 | 4,583

Mechanical

Equipment Work 603 | 1,930 | 3,016 | 1,493 0 870

Mechanical

Fire-Protection work g % Y 202 g %

Electrical Equipment

Work 467 980 | 2,867 | 846 0 513

Electrical

Fire-Protection work 221 497 127 348 0 270

Total savings (1,000 won)| 11,561 | 16,662 | 21,401 | 17,861 | 6,495 | 6,262

Total savings (%) 0.83% | 1.20% | 1.54% | 1.29% | 0.47% | 0.45%

% Note: | = Pre—fabrication of assembly parts, || = Organization of work methods
& processes, Il = Automation & mechanization, IV = Standardization
of Design & assembly parts, V = Efficiency of design, VI = Reducing
Uneconomical Costs & Expenses
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