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Productivity Analysis of the Prefabrication Stage for
Layered Modular Housing Units
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{Abstract)

The aim of this study is to evaluate the productivity of multilayered modular
housing units during the prefabrication phase. Additionally, it shows the results of
productivity analysis conducted using the Web Cyclone technique. Initially, an review
of literature and prior studies helped outline the comprehensive manufacturing process
of laminated modular apartments, examining the range of minimum, average, and
maximum work durations along with workforce size. Subsequently, the productivity of
the multilayered apartments' prefabrication was assessed using the Web Cyclone
technique, focusing on the workflow, duration, and personnel involved. This analysis
also included a comparison of productivity against the initial plan based on the
outcomes of a sensitivity analysis.
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Table 1. The process dassification of prefabrication in this study

Level 1

Level 2

Level 3

Prefabrication

Structural Assembly

(01) Frame Fabrication

Floor Panel Installation and
Jointing

(02) Deck Plate Installation

(03) Rebar Reinforcement

(04) Pouring(Curing)

(05) Aerated Concrete Pouring(Curing)

(06) Voided Slab Pouring(Curing)

(07) Formwork/Shuttering

Wall and Ceiling Framing

(08) Window Sill

(09) Window Frame Installation

(10) Light Gauge Stud

(11) Interior Wall Gypsum Board

(12) Interfloor Sound Insulation Material

(13) Interior Wall Insulation Material

(14) Exterior Wall Gypsum Board

(15) Fire-resistant Silicone

(16) Lightweight Ceiling Frame

(17) Ceiling Gypsum Board 1 Layer

(18) Airtightness

(19) Ceiling Gypsum Board 2 Layers

(20) Ceiling Insulation Material

Mechanical, Electrical, and
Plumbing (MEP) Works

(21) MEP Sleeves and Piping

(22) Underfloor Heating Piping

(23) EBlectrical Punching(Wall)

(24) Electrical and Telecommunications Wall/Ceiling Piping

(25) Electrical Punching((Ceiling)

(26) Unit Bathroom(UBR)

(27) Lighting/Fixture and Outlet Installation

Finishing Works

(28) Anti-rust Painting

(29) Fire-rated Gypsum Board

(30) Breathable Waterproof Membrane

(31) Balcony Waterproofing

(32) Tile Laying(Curing)

(33) Entry Door

(34) Molding(Ceiling/Baseboard)

(35) Vinyl Flooring Installation

(36) Window Sash Installation

(37) Wallpaper Application

(38) Furniture Installation

(39) SGP Panel

(40) Exterior Sill
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Table 2. Prefabrication phase monitoring of work hours and input workers by process
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The time required(Min)/

Level 2 Level 3 plgg‘;;l 1Modular
Min Ave Max
Structural 1) Erame Fabrication 7 |880.1 | 1,000.0 | 1,270.0
Assembly
(02) Deck Plate Installation 2 58.5 60 62.1
(03) Rebar Reinforcement 3 114.0 | 120.0 | 144.0
Floor Panel [\ 5 b0 ing(Curing) 3 - 17000 -
Installation - -
and Jointing (05) Aerated Concrete Pouring(Curing) 3 - 1,110.0 -
(06) Voided Slab Pouring(Curing) 3 - 1,110.0 -
(07) Formwork/Shuttering 1 - 540.0 -
(08) Window Sill 2 19.0 20.0 21.0
(09) Window Frame Installation 2 28.5 30.0 31.5
(10) Light Gauge Stud 3 1581 1700 | 204.0
(11) Interior Wall Gypsum Board 3 199.5 | 210.0 | 231.0
chgliizd (12) Interfloor Sound Insulation Material 3 58.2 60.0 72.0
Framing (13) Interior Wall Insulation Material 2 114.0 | 120.0 | 168.0
(14) Exterior Wall Gypsum Board 3 194.0 | 200.0 | 216.0
(15) Fire-resistant Silicone 1 29.1 30.0 30.6
(16) Lightweight Ceiling Frame 3 403.2 | 420.0 | 462.0
(17) Ceiling Gypsum Board 1 Layer 2 85.5 90.0 108.0
Wall and | (18) Airtightness 2 76.0 | 80.0 88.0
Ceiling (19) Ceiling Gypsum Board 2 Layers 2 85.5 90.0 103.5
Framing | (20) Ceiling Insulation Material 2 57.6 | 60.0 72.0
(21) MEP Sleeves and Piping 2 243 | 25.0 26.8
(22) Underfloor Heating Piping 3 243 | 25.0 27.5
Mechanical, [(3) Flectrical Punching((Wall) 1 | 198 ] 200 | 204
Ele}glt;;iagi,ngnd (24) Electrical and Telecommunications Wall/Ceiling Piping 2 45.0 50.0 52.5
(MEP) Works (25) Electrical Punching((Ceiling) 1 19.8 20.0 20.4
(26) Unit Bathroom(UBR) 3 66.5 | 70.0 77.0
(27) Lighting/Fixture and Outlet Installation 2 39.2 | 40.0 41.2
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Table 2. (Continued)

Input The time required(Min)/
Level 2 Level 3 person 1Modular
Min Ave Max
(28) Anti-rust Painting 2 57.0 | 60.0 67.2
(29) Fire-rated Gypsum Board 3 232.5 | 250.0 | 275.0
(30) Breathable Waterproof Membrane 2 180.0 | 220.0 | 228.0
(31) Balcony Waterproofing 2 180.0 | 200.0 | 234.0
(32) Tile Laying(Curing) 3 368.0 | 400.0 | 480.0
L (33) Entry Door 2 19.8 | 20.0 20.6
Finishing : ”
Works (34) Molding(Ceiling/Baseboard) 2 48.0 50.0 53.0
(35) Vinyl Flooring Installation 2 88.2 | 90.0 99.0
(36) Window Sash Installation 2 19.6 | 20.0 20.6
(37) Wallpaper Application 3 196.0 | 200.0 | 210.0
(38) Furniture Installation 3 161.5 | 170.0 | 195.5
(39) SGP Panel 3 172.8 | 180.0 198.0
(40) Exterior Sill 2 199.5 | 210.0 | 252.0

% Day:Curing are done at once, so only the average work time is indicated.
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Table 3. Element of web-cyclone analysis method
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Table 4. Activity type, activity name, and time required for the prefabrication process
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.. .. The time required(Min)
Activity type Activity name Min Ave Max
COMBI (01) Frame Fabrication 880.0 1000.0 1270.0
NORMAL | (02) Deck Plate Installation 114.0 120.0 144.0
COMBI (03) Rebar Reinforcement 57.0 60.0 67.2
NORMAL | (04) Pouring(Curing) 24.3 25.0 26.8
NORMAL  |(05) Aerated Concrete Pouring(Curing) 52.1 60.0 58.5
COMBI (06) Voided Slab Pouring(Curing) 1700.0
NORMAL | (07) Formwork/Shuttering 158.1 170.0 204.0
COMBI (08) Window Sill 19.0 20.0 21.0
NORMAL | (09) Window Frame Installation 28.5 30.0 315
COMBI (10) Light Gauge Stud 199.5 210.0 231.0
COMBI (11) Interior Wall Gypsum Board 180.0 200.0 234.0
NORMAL | (12) Interfloor Sound Insulation Material 368.0 400.0 480.0
COMBI (13) Interior Wall Insulation Material 66.5 70.0 77.0
COMBI (14) Exterior Wall Gypsum Board 19.8 20.0 20.6
COMBI (15) Fire-resistant Silicone 45.0 50.0 52.5
COMBI (16) Lightweight Ceiling Frame 114.0 120.0 168.0
COMBI (17) Ceiling Gypsum Board 1Layer 194.0 200.0 216.0
NORMAL | (18) Airtightness - 540.0 -
NORMAL |(19) Ceiling Gypsum Board 2 Layers 29.1 30.0 30.6
NORMAL | (20) Ceiling Insulation Material 19.8 20.0 20.4
NORMAL | (21) MEP Sleeves and Piping 58.2 60.0 72.0
COMBI (22) Underfloor Heating Piping - 1110.0 -
NORMAL | (23) Electrical Punching(Wall) 24.3 25.0 27.5
NORMAL | (24) Electrical and Telecommunications Wall/Ceiling Piping - 1110.0 -
COMBI (25) Electrical Punching(Ceiling) 158.1 170.0 204.0
NORMAL | (26) Unit Bathroom(UBR) 85.5 90.0 108.0
NORMAL  |(27) Lighting/Fixture and Outlet Installation 76.0 80.0 88.0
NORMAL | (28) Anti-rust Painting 85.5 90.0 103.5
NORMAL |(29) Fire-rated Gypsum Board 57.6 60.0 72.0
NORMAL | (30) Breathable Waterproof Membrane 232.5 250.0 275.0
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Table 4. (Continued)

The time required(Min)

Activity type Activity name Min Ave Max
NORMAL | (31) Balcony Waterproofing 180.0 220.0 228.0
COMBI (32) Tile Laying(Curing) 19.8 20.0 20.4
COMBI (33) Entry Door 48.0 50.0 53.0
COMBI (34) Molding(Ceiling/Baseboard) 19.6 20.0 20.6
COMBI (35) Vinyl Flooring Installation 196.0 200.0 210.0
NORMAL | (36) Window Sash Installation 39.2 40.0 41.2
NORMAL | (37) Wallpaper Application 88.2 90.0 99.0
COMBI (38) Furniture Installation 161.5 170.0 195.5
COMBI (39) SGP Panel 172.8 180.0 198.0
COMBI (40) Exterior Sill 199.5 210.0 252.0

Packaging Standsy

Fig. 2 Webcyclone model for Prefabrication of modular
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Table 5. Time and productivity of prefabrication
process by cyde

The time required Productivi
Cycle No. Day quur (cycle/hou?)r
1 58.7 528.4 0.0018925
2 59.8 537.8 0.0037189
3 60.3 542.3 0.0055320
4 61.1 550.3 0.0072688
5 61.9 557.4 0.0089702
6 62.9 565.7 0.0106063
7 63.8 574.2 0.0121909
8 64.7 582.5 0.0137339
9 65.6 590.8 0.0152336
10 66.6 599.5 0.0166806
11 67.5 607.8 0.0180981
12 68.5 616.5 0.0194647
13 69.5 625.1 0.0207967
14 70.4 033.9 0.0220855
15 71.4 642.8 0.0233354
16 72.3 650.9 0.0245813
17 733 059.8 0.0257654
18 74.3 668.4 0.0269300
19 75.2 676.7 0.0280774
20 76.1 684.9 0.0292013

P Day*I The site has nine hours of work per day.
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Table 6. Work types subject to sensitivity analysis (Assembly process)

No. Part Person Works in charge Idle time | Idle ratio wa?t‘;;;a%;ne
(hour) %)
(hour)
1 Communication Piping | 241.1 37.22 6.7
1 |(14) Exterior Wall Gypsum Board 1 Wall Insulation 598.5 92.40 16.6
1 Gypsum Board 361.3 55.79 10.0
1 Ceiling Frame 475.3 73.38 22.6
2 [(25) Electrical Knockouts(Ceiling) 1 Gypsum Board 361.3 55.79 10.0
1 Tile /Waterproofing 163.0 25.17 81.7
2 Other Bathroom 313 4.84 15.7
3 |(26) Unit Bathroom(UBR) 1 Door 38.0 5.87 19.0
1 Punching(Celing) 95.2 14.70 9.2
2 Other Molding 489.4 75.56 43.8
4 | (34) Molding(Ceiling/Baseboard) 1 Punching(Wall) 430.1 66.4 201.3
1 Sill 258.2 39.87 49
Table 7. Sensitivity analysis results(Prefabrication)
(14) Exterior Wall Gypsum Board
NO. Person Productivity
Communication Piping Wall Insulation Gypsum Board (cycle/hour)
1 1 1 1 0.0292
11 2 3 2 0.0293
20 3 3 3 0.0293
(25) Electrical Knockouts(Ceiling)
NO. Person Productivity
Ceiling Frame Gypsum Board (cycle/hour)
1 1 1 0.0292
5 2 1 0.0293
20 4 4 0.0292
(26) Unit Bathroom(UBR)
NO. Person Productivity
Tile /Waterproofing Other Bathroom Door (cycle/hour)
1 1 2 1 0.0293
7 2 3 2 0.0314
20 3 3 3 0.0313
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Table 7. (Continued)

(34) Molding(Ceiling/Baseboard)

Productivity
(cycle/hour)

0.0292

0.0293

0.0292

Sill

Punching(Wall)

Person

Other Molding

Punching

(Celing)

NO.

15

20

Table 8. Productivity improvement through sensitivity
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