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Abstract

This paper introduces research on the hinge joint of modular structure joints using finite element analysis. The modular structure has a

characteristic in that it is difficult to expect the integrity of columns and beams between unit modules because the construction is carried out

such that the modules are stacked. However, the current modular design ignores these structural characteristics, considers the moment

transmission for the lateral force, and analyzes it in the same manner as the existing steel structure. Moreover, to fasten the moment bonding,
bolts are fastened outside and inside the module, resulting in an unreasonable situation in which the finish is added after assembly. To consider

the characteristics that are difficult to expect, such as unity, a modular structure system using hinge joints was proposed. This paper proposed

and reviewed the basic theory of joints by devising a modified scissors model that is modified from the scissors model used in other research to

verify the transmission of load when changing from the existing moment junction to a hinge junction. Based on the basics, the results were

verified by comparing them with Midas Gen, a structural analysis program. Additionally, the member strength and usability were reviewed by
changing the modular structure designed as a moment joint to a hinge joint.

Keywords : FEM, the scissors model, modular structures, hinge joints, displacement-stress analysis
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Table 1 Specifications of the model

Connection Length Column Connection

Model ratio height height

1.M2B-T1S Moment 1:2 3.0m 50mm

2.M2B-TIM Moment 1:2 3.0m 100mm
3.M2B-T1L Moment 1:2 3.0m 150mm
4.M2B-TIK Moment 1:2 3.0m 200mm
5.M2B-T2S Moment 1:2 4.0m 50mm

6.M2B-T2M Moment 1:2 4.0m 100mm
7.M2B-T2L Moment 1:2 4.0m 150mm
8.M2B-T2K Moment 1:2 4.0m 200mm
9.M3B-T1S Moment 1:3 3.0m 50mm

10.M3B-TIM | Moment 1:3 3.0m 100mm
11.M3B-TIL Moment 1:3 3.0m 150mm
12.M3B-T1K | Moment 1:3 3.0m 200mm
13.M3B-T2S Moment 1:3 4.0m 50mm

14.M3B-T2M | Moment 1:3 4.0m 100mm
15.M3B-T2L Moment 1:3 4.0m 150mm
16.M3B-T2K | Moment 1:3 4.0m 200mm
17.H2B-T1S Hinge 1:2 3.0m 50mm

18.H2B-TIM Hinge 1:2 3.0m 100mm
19.H2B-TIL Hinge 1:2 3.0m 150mm
20.H2B-TIK Hinge 1:2 3.0m 200mm
21.H2B-T2S Hinge 1:2 4.0m 50mm

22.H2B-T2M Hinge 1:2 4.0m 100mm
23.H2B-T2L Hinge 1:2 4.0m 150mm
24 H2B-T2K Hinge 1:2 4.0m 200mm
25.H3B-TIS Hinge 1:3 3.0m 50mm

26.H3B-TIM Hinge 1:3 3.0m 100mm
27.H3B-TIL Hinge 1:3 3.0m 150mm
28.H3B-T1K Hinge 1:3 3.0m 200mm
29.H3B-T2S Hinge 1:3 4.0m 50mm

30.H3B-T2M Hinge 1:3 4.0m 100mm
31.H3B-T2L Hinge 1:3 4.0m 150mm
32.H3B-T2K Hinge 1:3 4.0m 200mm

1. Section of Column: B-100x100x9T
2. Section of Beam: C-200x70x7x10
3. Material: SN275B

4. Modular Floor: Third Floor
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Table 3 Wind load design parameters

Wind Parameters
Basic wind Speed 26m/sec
Exposure Category B
Importance Factor 1.00

Table 4 Seismic design parameters

; : Seismic Parameters
S Area Parameters 0.176
‘ Site Class S4
Importance Factor 1.2(1)
e Seismic Design Category C
Response Modification Factor 3.0
Fig.6 3D model Peried T=0.0724(hn)"®
& 9@ © @ 9 42848 W3 AE
T R R R B |
o ol = - PO P 7|1& F220A AAHR-E B 5HS o 2 Aol Ao W
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Fig. 7 Typical floor plan 433447 9 v
Table 2 Material and member 71 4AE REY ASES VAL EYVES EQ R A2
Member Properties Material 349 2gstgl o, RS MAgst L A e L ARSASS
S Fy=275MPa SN2TSB |l HESOIT) 7] 7iEEe] Raje] yelo] atre] W
Fy =355MPa SN355
Base Plate Fy =355MPa SN355 Table 5 Connection stress ratio
Bolt F10T M20 Moment Hinge Variati
Member Section Material Connection Connection ariation
MC1 MCI - 1F 77.1% 80.0% +2.9%
H-150 x 150 x 7 x 10 SN355
(All Column) MCI - 2F 72.1% 88.4% +16.3%
- .70 .6° +10.99
SG1 H-150 x 150 x 7 % 10 SN3S5 MCI1 - 3F 92.7% 103.6% 10.9%
(Modular UnderBeam) SG1 - 1F 98.2% 99.5% +1.3%
0, 0, 0,
G2 Ho150x150x7x10 | SN355 SG1-2F 89.7% 94.1% +4.4%
(Modular UnderBeam) SGI - 3F 88.7% 92.1% +3.4%
Vodul SGl1 . H-150 x 150 x 7 x 10 SN355 SG2- IF 67.3% 68.8% +1.5%
(Modular UpperBeam) SG2 - 2F 46.9% 48.9% +2.0%
| SG12 H-150 x 150 x 7 x 10 SN355 SG2 - 3F 39.6% 30.9% -8.7%
(Modular UpperBeam) SG11 - IF 99.4% 104.2% +4.8%
SG21 H-150x 150 x 7x 10 | SN355 SGI1-2F 32.4% 42.5% +9.9%
(Modular RoofBeam) SGI12- IF 22.6% 29.6% +7.0%
Mod IS(I}{ZZfB ) H-150% 150 x7 x 10 SN355 SG12 - 2F 16.7% 18.0% +1.3%
(Modular RoofBeam SG21 - RF 106.2% 105.2% 1.0%
SB21 H-100x50x5x%x7 SN275B SG22 - RF 18.1% 17.0% -1.1%
(Modular RoofBeam)
SB21 - RF 3.7% 4.5% +0.8%
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