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A Study on Construction Condition of Modular System by Structural Analysis
of Construction Stage
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Abstract

At present, the actual condition is that Korean modular structures are limited to a low rise detached house and military barracks.
And there is no standardized structural design method of stacked modular structure. Accordingly, in general, they don't review
impact force in the stage of stacking and installing a module, the effect which wind load has on a structure in the stage of lifting,
and inertial force occurring in the stage of lifting or transporting a module in the process of constructing a structure.

Therefore, this study investigated the construction method of modular system to be studied in stages, and decided on the position
to which load was applied and boundary condition in structural analysis at each construction stage. Besides, inertial force according
to each speed was calculated in the lifting and wheeled transport of module. And we calculated impact load according to lifting
speed in module stacking and installation work and wind load due to instantaneous wind speed in the installation work by lifting.
On the basis of the suggested method, in the modular system to be studied, it carried out review of structure by changing
determining conditions of load being applied by construction stage, such as in the stage of lifting, in the stage of transport, and
in the stage of installation, and drew construction conditions securing stability structurally.
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Fig. 1 Construction Process of Modular Structure
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Fig. 2 Modular System

Table 1 Material Property

Category KS Designation Yield Stress
SPA-H F,=325MPa
Steel S5400 F,=235MPa
SPSR400 F,=235MPa
High Strength Bolt F10T F,=900MPa
Anchor Bolt SS400 F,=235MPa
Table 2 Member Section
Name Size Steel Group
SG1 C—200X75%5.7t SPA-H
TR1 B-75X45%2.3t SPA-H
BR1 B—-25x25X1.6t SPA-H
C1 B-125%125%9t SPA-H
Table 3 Vertical Load
Live Load
Load Type Dead Load (after construction
/ under construction)
Area Load Upper 0.3 -
[lN/m’] Lower 47 20/10
Line Load | Lower Long Dir. 1.0 -
[kN/m] Lower Short Dir. 0.6 -
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Fig. 4 Wind Displacement and Installation
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(b) Boundary Condition and Load Point

Fig. 5 Transport Behavior and Analysis Model
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Fig. 6 Installation Impact Force and Analysis Model
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Fig. 10 Analysis Model for Each Process in Construction

Table 4 Boundary Condition for Joints

Table 5 Static Force and Torsional Load during Lifting

Lifting Velocity Equivalent Static Force Torsional Load
[m/min] [kN] [kN.m]
80 20.0 6.3
70 15.3 4.8
60 11.2 3.5
50 7.8 2.5

Table 6 Member Safety of Lifting Velocity

Member Member stress/Allowable Stress
80m/min 70m/min 60m/min 50m/min
C1 0.94 0.86 0.79 0.74
C0 0.15 0.15 0.15 0.15
SGL 1.125 1.02 0.93 0.90
SB1 0.21 0.21 0.21 0.21
TR1 0.29 0.29 0.29 0.29
BR1 0.07 0.07 0.07 0.07

Table 7 Displacement due to Lifting Velocity

o Horizontal Displacement [mm]
Direction
80m/min 70m/min 60m/min 60m/min
Long Direction 18.3 14.0 10.2 7.1
Short Direction 124 9.5 6.9 4.8

) Boundary Condition
Joint
END-I END—J
C1-SG1 Fix Fix
CO-SG1 Pin Pin
TR1-SG1 Pin Pin
BR1-SG1 Pin Pin
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Table 8 Load due to Instantaneous Wind Velocity

Table 11 Member Safety of Transport Velocity

o Wind Force [kN] Member stress/Allowable Stress
Direction Member
10m/sec 8m/sec 6m/sec 5m/sec 60km/h 50km/h 40km/h 30km/h
Long Direction 1.65 1.05 0.59 0.41 Cl 0.67 0.66 0.65 0.64
Short Direction 3.89 2.49 1.40 0.97 Co 0.15 0.15 0.15 0.15
SG1 0.89 0.89 0.89 0.89
- . SB1 0.21 0.21 0.21 0.21
Table 9 Coefficient of Wind Force Calculation
TR1 0.29 0.29 0.29 0.29
Exposure Importance . Speed Up BR1 0.07 0.07 0.07 0.07
Category Category Factor Height Multiplier
Factor B 1.0 30m 1.0

Table 10 Static Force and Torsional Load during Transport

Transport Velocity Equivalent Static Force Torsional Load
[km/h] [kN] [kN.m]
60 2.84 0.9
50 1.97 0.6
40 1.26 0.4
30 0.71 0.2
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Table 12 Displacement due to Transport Velocity

o Horizontal Displacement [mm]
Direction
60km/h 50km/h 40km/h 30km/h
Long Direction 2.6 1.8 1.2 0.6
Short Direction 1.8 1.2 0.8 0.4

Table 13 Force and Member Stability of Installation Velocity

Installaion Velocity Impact Force Member stress/
[m/min] [kN] Allowable Stress

5 278 1.18

4 223 1.11

3 167 1.04

2 111 0.96
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