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Study on the Application of Multi-skilled labors to Factory Production Process for
Securing Economic Feasibility of Modular Unit

Kim, Hakcheol!, Hwang, Youngkyu?, Kim, Kyungrai*

"Department of Architectural Engineering, Graduate School of Ajou University
Department of Architectural and Interior Design, Kyeonggi College of Science and Technology

Abstract: The Corstruction industry is a labor-intensive industry that its labor cost takes up about 30~40% out of the whole
construction cost. However, due to a stereotype that on-site work is a 3D job there is a shortage of the labor forces. Modular
construction method is to produce modular units in the plant so that workers could work stably. Also, after delivering the
module from plant to the site, there will be only installment to be required that shortens construction duration. Even though
the modular market is currently expanding based on military facilities in Korea, its best strengths are not demonstrated well
which are shortened construction period and low cost. It also causes labor problem of production due to minimum utilization
of the modular construction method. Multi-skilled labor means a technician that is able to perform more than two kinds of
work with more than two techniques. Multi-skilled labor can proceed smoothly by figuring out the connectivity between the
precedent and following operations. Therefore, this research is to apply the concept of Multi-skilled labors, suggest solutions
and allocate manpowers efficiently. As a result, it helps to decrease idle manpowers during the operation and the total labor
forces can be saved. Low cost is the original strength of the modular which can stand out so the modular market is

expected to expand.
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Fig. 1. Flow of research
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Fig. 2. Age group of the questionnaire subject
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Fig. 3. Work experience of the questionnaire subject
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Fig. 5. Input labors before application of multi—skilled labors
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Fig. 6. Idle labors before application of multi—skilled labors

BAGIAS] A9 AZGHSE PRIVMZ, 0:108 7k
Bash gAY, 1 ool 3539 APt AL
gasiA Bk ol Ao} Ba A 58 ARk 5
Ak 570] Bk ke ARl fFLe] B
ek

A R} PRI BEY $ge) Rk A
gl ofd Yo AFeb] wEel ok fFALS
Wio 2 SR S8 9 B

I Tl %

15 20 25
Time(minute)

N

Number of Labors
S e MW oE TS~

1 Multi-Skilled worker of work A/B m Skilled worker of work A

v Skilled worker of work B

Fig. 7. Input labors after application of multi—skilled labors
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Fig. 8. Idle labors after application of multi—skilled labors
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Table 1. A Module of the case study
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Table 2. Manpower arrangement before application of multi—skilled labors(Detail work)

Assembly of module

(Unit : Minute)

Detail work Role 2 22|24 26 |28 |30 |32 [34/36 |38 (40 |42 |44 |46 |48 |50 52 |54 |56 |58 |60 |62 |64
One-way material transport and
fixing(column) Steel frame | 2| 2
One-way frame assembly Steel frame
One-way frame transport and load| Steel frame 313
One-way material transport and fixing|  Steel frame 414
Two-way material transport and
temporary bolt tightening(substructure) Steel frame. | 4
Two-way material transport and
temporary bolt tightening(superstructure) Steel frame 414
Upper zig safe arrival and back slit
rmakeready Steel frame 4
Bolt real tightening
(Substructure, superstructure) Steel frame 3|3
lifting lug fixing and
crane fasciation Steel frame 41414
Basic frame transport and load Normal 3|3
Torgue measurement and
measurement correction Steel frame 2|22
Blocking up bolt hole and )
bright red oxide Panting 8/8|/8|8|8(8(8(|8(8[8[8[8]8
'W”gflfe:abor condiion of steel frame | ) g persns | 6 7171717187 |714 s Ide time of steel frame worker(8oersons)
Input labor condition of normal worker | Total 3 persons Idle time of normal worker(3persons) 313 Idle time of normal worker(3persons)
Input labor condition of painting worker | Total 8 persons Idle time of painting worker(8persons) 8/8|8(8(8|8(|8|8|8|8|8|8|8
Total 6/6[6[8fslala]s[7 [747][7]7][7]8]7[7[7]9]wln]s]s][s][s]s]8][8]s][s]s
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Table 3. Manpower arrangement after application of multi-skilled labors(Detail work)

Assembly of module (Unit : Minute)
Detail work Role 214(6|8[10(12]14|16 (18|20 |22 |24 |26 |28 |30 |32 |34 (36|38 |40 |42 |44 |46 |48 |50 |52 |54 |56 |58 |60 |62 |64
erefway material transport and Muli-skiled | 2 | 2 | 2
fixing(column)
Multi-skilled 212]2]2|2
One-way frame assembly
Steel frame 21212122
Multi-skilled 2122|222
One-way frame transport and load
Steel frame 1 IEREREE
One-way material transport and fixing Multi-skilled 414144
Two—way materlal transport and temporary Mulii=skited | 4 | 4 | 4 | 4| 4
bolt tightening(substructure)
Two—way materlal transport and temporary Multi-skiled alalalalalala
bolt tightening(superstructure)
Upper zig safe arrival and back slit Muiti-skilled 2
makeready Steel frame 2
Bolt real tightening Multi-skilled 2|2
(substructure, superstructure) Steel frame 111
Ifing 1ug fixing and Multi-skilled 4|44
crane fasciation
) Multi-skilled 212
Basic frame transport and load
Normal 111
Torque measurement and
) Steel frame 21212
measurement correction
Blocking up bolt hole and Multi-skilled 6/6|6|6/6|6|6|6(6|6|6|6|6
bright red oxide Painting 2|2l2]2]2]|2|2]2|2|2]|2|2|2
Input personnel condition of Multi-skilled Total 6 slelelelelelslslslelelelslslslelelelelslslelelelelslslslelesleals
labors persons
Input personnel condition of steel frame worker g;tsajonzs 2122|1221 Tty 2)11 212 |2 | Ide time of steel frame worker(2persons)
Input personnel condition of normal worker ;;r;)::]ong ldle time of normal worker(1person) 111 |dle time of normal worker(1person)
Input personnel condition of painting worker [-Jrgrtsajon?s Idie time of painting worker(2persons) 212 (2(2|2|2|2|2|2|2|2|2| 2
Total 6l6lelsls]s]8]s|7]7]7][7][7]7]8]7]7]7]o]w0]i0]8]8]8]8]8]a]8]8]8]8] s
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multi—skilled labors
=
4. A=
= 5|
4.1 Arenal) & &85t AlS3[01M
Member of Frame Floor Board Floor Board
Create - Making and - - Transportation - g
P o Assembly o Installation
rocessing And Fixed
N . Electric Work
’—Standing Stud - Lightweight | Communicati- - Interior Finish - Exterior Finish
Steel Roof N Fanen
on Firefighting
\— Shipment H —  Numberof - Number of
; Recordle2 Recondles NormalWorker Welder —‘
\—- Number of L l;lun:?er ST [humbery :f —  Number of |~ Dispose
Painter ‘ teelframe InteriorFinishing MultiSkiller
Worker. Worker.

Fig. 11. Conveyor system applied module making simulation
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Tally

Expression Minimum Maximum
Average Value Value

1. Absince of making and 22.0000 22.0000 22,0000

processing_Number of Workers

2. Frame assembly_Number of 19.0000 19.0000 19.0000

Workers

3. Floor board transportation 6.0000 6.0000 6.0000

and fixed_Number of Workers

4. Floor board installation 12.0000 12.0000 12.0000

5. Standing stud_Number of 8.0000 8.0000 8.0000

Workers

6. Lightweight steel 6.0000 6.0000 6.0000

roof_Number of Workers

7. Interior finish_Number of 10.0000 10.0000 10.0000

Workers

8. Exterior finish_Number of 10.0000 10.0000 10.0000

Workers

9.Shipment_Number of Workers 4.0000 4.0000 4.0000

Cost of Absince of making and 2740000.00 2740000 2740000

processing

Cost of Exterior finish 1180000.00 1180000 1180000

cost of Floor board installation 1400000.00 1400000 1400000

cost of Floor board 580000.00 580000.00 580000.00

transportation and fixed

cost of Frame assembly 2450000.00 2450000 2450000
Cost of Interior finish 1180000.00 1180000 1180000
cost of Lightweight steel loof 740000.00 740000.00 740000.00
Cost of Shipment 280000.00 280000.00 280000.00
cost of Standing stud 1040000.00 1040000 1040000
Number of Interior Finishing 6.0000 6.0000 6.0000
Worker

Number of Normal Worker 34.0000 34.0000 34.0000
Number of Painter 12.0000 12.0000 12.0000
Number of Plasterer 12.0000 12.0000 12,0000
Number of Steelframe Worker 22.0000 220000 220000
Number of Welder 11.0000 11.0000 11.0000
Total Cost 11590000 11590000 11590000
Total Number 97.0000 97.0000 97.0000

Fig. 12. Simulation results before application of multi—skilled
labors
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L =]
Expression A Minimum Maximum O] ElollJ O]/\o}o] 73;(1]%4_& O]“l ] %17] EIH-‘-,_—O]]
VErage Value Value
51 =3l o E0] <€ =
1_Member of Making and 160000 16.0000 16.0000 2 delA Xﬂ/\]i 40‘764 Y T Al=HloA=
Processing_Number of Worker SEIRE AP
2. Frame Assembly_Number of 11.0000 11.0000 11.0000 220, 345*'4 %h:]—
Worker Sz ‘Q_ ololelo
3. Floor Board Transportation 4.0000 4.0000 4.0000 s A8 A 35 vlusRy shfe] FYILS
and Fixed_Number of Worker Eo
4. Floor Board 10.0000 10.0000 10.0000 Aoz F FTke 192MH7} ZolEH, ol 1RNHY
Installation_Number of Worker . 1 o -
5. Standing Stud_Number of 6.0000 6.0000 6.0000 o] Sk ARIERE Yshs A=yl Aokt =FH|Z=
Worker -
== o]0 = 2~ =
6. Lightweight Steel 4.0000 4.0000 4.0000 SHE 590,0008S =Y F o] st & T 20¥9EL T
Roof_Number of Worker
7. Intetior Finish_Number of 10.0000 10,0000 10.0000 7¥=sEohE F 11,800,00099 =Fu01E A7sr 5 ke
Worker .
8. Exterior Finish_Number of 8.0000 8.0000 8.0000 RS & 4 k. O}*-r AR Gt 7570017 whitol]
Worker _
9. Shipment_Number of Worker 4.0000 4.0000 4.0000 3k & =0} 1507)9] 2EL AFE 4= ok
Cost of Exterior Finish 1240000.00 1240000 1240000
Cost of Floor Board Installation 1490000.00 1490000 1490000 Table 4. Input manpower and labor cost before application of
Cost of Floor Board 54000000 54000000  540000.00 o
Transportation and Fixed Multi-skilled labors
Cost of Frame Assembly 1830000.00 1830000 1830000
Cost of Interior Finish 1280000.00 1280000 1280000 Module_ output before application
Cost of Lightweight Steel Roof 700000.00 70000000  700000.00 - Unit price multi~skilled labors (1 day)
- Classification -
Cost of Member of Making and 2640000.00 2640000 2640000 (Won) Total input labors | Labor cost Input
Processing (person) (Won) (MH)
Cost of Shipment 28000000 28000000  280000.00
Cost of Standing Stud 1000000.00 1000000 1000000 Normal worker | 70000 i 2380000 2r
Number of 2.0000 2.0000 2.0000 Steel frame
InteriorFinishingWorker worker 150,000 2 3,300,000 176
Number of MultiSkiller 20.0000 29,0000 29,0000 _
Number of NormalWorker 17.0000 17.0000 17.0000 ~ Interior 150,000 6 900000 48
Number of Painter 2.0000 2.0000 2.0000 finishing worker
Number of Plasterer 8.0000 8.0000 8.0000 Welding worker 150,000 1 1,650,000 88
Number of SteelframeWorker 12.0000 12.0000 12.0000 Plasteri
Number of Welder 3.0000 3.0000 3.0000 a ek"”g 150000 12 1,800,000 %
Total Cost 11000000 11000000 11000000 worker
Total Number 73.0000 73.0000 73.0000 Painting worker || 130,000 12 1,560,000 %6
. . - L Multi-skilled
Fig. 13. Simulation results after application of multi-skilled labors labor 200,000 - - -
Total 97 11,590,000 776
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Table 5. Input manpower and labor cost after application of Multi—skilled

labors
Module output after application multi-skilled
o Unit price labors (1 day)
Classification
(Won) [l Total input labors | Labor cost Input
(person) (Won) (MH)
Normal worker 70,000 17 1,190,000 136
Steel frame 150,000 " 1,800,000 %
worker
_ Interior 150,000 2 300,000 16
finishing worker
Welding worker | 150,000 3 450,000 24
Plastering 150000 8 1200000 o
worker
Painting worker 130,000 2 260,000 16
Multi-skilled 200000 2 5800000 o
labor
Toral 73 11,000,000 584
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