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Productivity Analysis of the Site Installation Stage of
Laminated Modular Multi-Family Housing
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{Abstract)

This study was conducted to present useful information on the utilization and
productivity analysis of laminated modular multi-family housing. To this end, the
process of site installation was investigated and analyzed through a prior study, and
the monitoring survey was conducted through the site installation case of an stacked
multi-family housing. Based on the above, the results of productivity analysis using the
web-cyclone technique were also presented. However, the site installation process has
limitations on generalisation because the process is not the same for each construction
company, and also limits that require verification through application in the actual site
of the web-cyclone model presented in this study.
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Table 1. Previous research analysis

Division Author Title Analysis opinion
The economics of the life cycle of RC and
Jee-Hee |An Economic Feasibility Analysis|Modular Construction were analyzed for
Lee on the Movable Modular Lodging | accommodation buildings, but there are
et al.(2015) | Buildings limitations to the general assumptions in
the analysis process.
Based on the details of Modular Multi-
. . | Family Housing Project, the cost analysis
Hu-Yong |An Analysis of Cost Reduction
. . . |was conducted by the stage of factory
Modular Kim Potentials for Modular Housing . o .
. . manufacturing and site installation, but the
construction | et al.(2018) |from the Long-term Perspective . ;
productivity of the process, time and
personnel was not analyzed.
Construction cost (direct cost) analysis of
Jong-Dae modulators in  Multi-Family Housing was
B%ln An Economic Analysis of Steel|performed, but air reduction and various
& Framed Modular Housing factors were not applied to cost analysis,
et al.(2014) L .
and productivity of process, time and
personnel was not analyzed.
A Study on the Productivity |Proposed the process for the construction
Dong-Wan |Analysis  of  Superstructure | by applying the web cyclone technique to
Kang Construction for Multi-Housing |the frame construction of the Multi-
et al.(2010) | Projects  Using  Construction | Family Housing, but there is a limit to the
Simulation single process, not the whole process.
Web-Cyclone — : -
Lifting Work Process Optimization Pr.oduct%wty on. the c.luant.lty of mclter%als
Doo-Won . . . . .. |using lift cars of high-rise construction
Method in High-rise Building .
Hawng . was analyzed by applying the Web-Cyclone
et al.(2017) Construction Through Improvement technique, but there is a limit to a single
’ of CYCLONE Modeling Method ’ .
process rather than the entire process.
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Fig. 1 Field installation of modular
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Table 2. The process dassification of site installation

in this study
Level 1 | Level 2 Level 3
site - Excluding the scope of this
foundation|  study

(01) The on-site entry of trailer
and unit module

(02) Unpacking

(03) Balance beam fastening to
the unit module

(04) Lifting
(05) Temporary fixation

Site Finishing
installation| ~work

(06) Balance beam disassembly

(07) Crane preparation

(08) Bolting of unit modules

(09) Connection plate welding

Roof
works

- Excluding the scope of this

study
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Table 3. Site installation phase monitoring of
work hours and input workers by process

The time
Ing required(Min)/
Level 2 Level 3 peggcn 1Modular
Min | Ave | Max
(01) The on-site entry
of trailer and 1 |15(34|5.0
unit module
(02) Unpacking 2 |21]3.0]4.0

(03) Balance beam

fastening to the | 2 | 1523135

unit module
Finishin | (04) Lifting 4 172189100
g |05 Temporary
work fixation 1 |4.5]16.6(33.0
(06) Balance beam
disassembly 2 11222130

(07) Crane preparation| 1 |25 |3.4|4.5
(08) Bolting of unit

modules 2 19.0(11.0{13.0
(09) Congecuon plate 1 las.0ls52.00600
welding
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Table 4. Element of web-cyclone analysis method

Component symbol

Remarks

Combi-nation -
(Combi) Activity

Stop the process and wait for the preceding QUEUE tasks to be

completed.

Normal Activity

The first prior action that arrives takes a user-specified amount of

time before proceeding.

Queue Node

Indicates idle time between jobs and precedes COMBI.

Function Node

It is an element for special functions.
a) Record number of passes.
b) Skipping to a specific number of jobs.

¢) Creating a dummy for sampling of probabilities.

Accumulator P

Type of FUNCTION, Added the number of passes one more time and
returned to the first time. Completion of the process.
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Table 5. Adtivity type, activity name, and time
required for the site installation process.

The time
Ai;g;ty [ty s required(Min)
Min | Ave | Max
(01) The on-site
COMBI entry of trailer |1.5 (3.4 |5.0
and unit module
NORMAL | (02) Unpacking 2.1 13.0 [4.0
(03) Balance beam
COMBI fastening to 152335
the unit module
NORMAL | (04) Lifting 72 (89|
(05) Temporary 16. | 33.
COMBI fixation 45 6 |0
NORMAL | (00 Balance beam ;o 1) 5 15
disassembly
NoRmar | (©7) Crane 25 |34 |45
preparation
COMEI (08) Bolting of unit 9.0 11. | 13.
modules 0 |0
(09) Connection 56. |52. | 60.
COMBI plate welding 0 [0 |0
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Table 7. Work types subject to sensitivity analysis
(Assembly process)

Idle Idle :;It'.age

No.| Part |Person|Works in charge| time | ratio timltralg
i %,

(min) | @ (min)

(05) Temporary

—_

Lifting | 1 1820.1| 97.44 | 91.5

fixation
Lamina (09) Connection
2. 1 plate 1608.0| 86.08 268.0
tion .
welding
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Table 8. Sensitivity analysis results(Site installation)

Person The time required
NO.| Temporary Connection | Productivity
oo plate Min | Ave | Max |(cycle/min)
welding

1 1 1 2067.1| 345 | 3.9 |0.002419
2 1 2 1937.1] 32.3 | 3.6 |0.002581
3 1 3 1893.8| 31.6 | 3.6 |0.002640
4 1 4 1872.1| 31.2 3.5 10.002671
5 2 1 1811.4| 30.2 | 3.4 |0.002760
6 2 2 1681.4| 28.0 | 3.2 |0.002974
7 2 3 1638.1| 27.3 | 3.1 |0.003052
8 2 4 1616.4| 26.9 | 3.0 |0.003093
9 3 1 1726.2| 28.8 3.2 10.002897
10 3 2 1596.2| 26,6 | 3.0 |0.003133
11 3 3 1552.8| 25.9 | 2.9 |0.003220
12 3 4 1531.2| 255 | 2.9 |0.003265
13 4 1 1683.6| 28.1 3.2 10.002970
14 4 2 1553.6| 259 | 2.9 |0.003218
15 4 3 1510.2| 25.2 2.8 10.003311
16 4 4 1488.6] 24.8 | 2.8 |0.003359
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Table 9. Productivity improvement through sensitivity

analysis
Division As-is To-be |Change in %
cycle/min |0.002419 | 0.003133
Productivity 24.21%
Day 3.9 3.0
4. 2 £
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