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Seismic Performance Assessment of a Composite Modular System Considering
Stiffness of Connections

Young-Hoo Choi', Ho-Chan Lee?, Jin-Koo Kim’ *

Abstract: Modular system can be divided into two types based on the methods of resisting load. The one is the open-sided modular system composed
of beams and columns. The other is the enclosed modular system composed of panels and studs. Of the Modular systems, the use of open-sided modular
system is limited because it consists of closed member sections. In order to solve this problem, Choi et al.(2017) proposed a composite modular system
with folded steel members filled with concrete. However, it was assumed in the previous study that the connections between modules are composed
of rigid joint. Therefore it didn't identify the effect of connection behavior in structure. This study used finite element analysis to calculate stiffness
of the connections in the proposed modular system. The linearization method presented in FEMA 440 is used for seismic performance assessment of
structures, considering the connection stiffness computed in this study. The result of analysis shows that the capacity and story drift ratio obtained
in the model considering stiffness of connection are less than those in the model not considering connection stiffness. Based on this observation, it is
concluded that the stiffness of connection has a considerable effect on structural behavior.

Keywords: Composite modular system, Connection stiffness, Finite element analysis, Seismic performance

1.M E o] 9lom, mEIte] UAdo] FHEA] ot 2ol of g+

ZE AAASA TS v 5 ek sl9] B el s =

2003 ol F ol =UR mE Ao mgAy, 4 B AT B dAYS Ssl) gfs) et Ay

QA4 59___)3} %151% Zre AR Agsgon gx A& AL sl Al T shl BE A g
=3

WE9mx10 m, Fig. 1(a) @ o] FA7ke] At Z 57| A3 shvhel Al
FeattPark et = Al A REl] dAE Sk o] gltk. o] 9]
al., 2005). 3HA|Rk E’?—E‘ﬂ A5 %"75“3’1‘_ 9 27| S o = Kullman Building Corporation®l| 4] A|QFst 7502 A}
B} Yol = Bt S5 &7}59, o W Al = A |35 219733 Sl hole e W o] Z#o|E<} 28l-& o] 83}
A7} B A 2 3= o]5) A=Eo| H&5 oA}

REHE 5= Al oﬂ [q_;)r =3 BE g 2 gl
o2 E BT e REE P2 FREAE T
A9 DS A8t Txﬂﬂ«l A3 2 2B HIAHS

S gRE) ojHo o) AYE SRR FS HE
tsde g BAle] SRR As) W] Aske s

W
8
X
=
8
W
8
X
O‘\
OW'
(U8]
NES
ﬁ
ey
do
}-1:1
ru[o
>~

_l

'8, MCS 271 %A A4 A
39, MCS 27 EA A A T E
A3, Ardugin ASESZSE 1, w1} wdior
*Corresponding author: jkim12@skku.edu

Department of Civil and Architectural Eng, Sungkyunkwan University, Suwon,

ol

Korea (b) Connecting through access hole(kumkangkind Co , Ltd)
c B =R g Eo] 52018\ 4 19714 313 2 HUjFAIH 2018\ 523
o] E2AE AAEHIEUT Fig. 1 Connection detail of modular

Copyright © 2018 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

105



ki

02%
N ok
5
O- om
5
N

CI(The Steel Construction Institute)°l] 4]
s &5 F-ioll ¥& Access holeS U]
& AHgshE 2] S0l Atk Fig. 1(b) 9]
Hell = shtEA 27 7]5 ¢l Access hole=
o AE S ARt HHe BsAF
1558 7, Access hole®] -, - 52| W5 FiL
o] AT H ZERS] A TS T8t ATH Lee,

de oo £ oo mp 2 2
40 2 H M2
9 (g oy ek
SO o

o >
P
1o
o)

2
o~

2015).

TS Lee et al.(2017)2 F-A] 9] =4-& 248} sh7] 98] A
ARA 9} B3-S BAFst] o] dss AT

B 3 o) A= Choi et al.(2017) oA A 2F3k HAdTHH S
&3 HEY A2EE ARSskon, BE e A
Heo=z 7HA% 7|E=d 79 2 HE-o] 43t
ofsl7] Qe FrekasaiAS AT ool et
283 A& A 85HA @2 AEY vl P64
Z ko]l Y314 55 oottt

oL o

=

Ir ¢

of
S o Lo X

ox

=
o

_,d
oX,
o

=
RN
o

5

o

tlo

N
ﬂ
b
AL
m]
s
[0}
Fa
2!

o FRAZE Q&) Fgs A587HE 5] o€t o]
ol Choi et al.(2017)+= Al

2
it
()
fikl
aY)
i)
=2
ok
i
ol
k1
W
S
=
f<~)

z
|
|
— ¢

—==-y

|
|
i H !
|
|
|

==
i
Sodosos

i
i

R
<

|

|

e B e
e
|

(b) Composite girder (c) Composite column  (d) Steel girder

Fig. 2 Composite modular system
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Table 1 Element size of composite modular system

Member Section
Composite Girder HxhxBxbxt 200x80%x125x75%4.5
Composite Column Hxhxt 150x75%4.5
Steel Girder HxBxt 200x125%6

Table 2 Comparison of element strength

Strength verification Axial strength Moment strength

Meber method (kN) (kN-m)
Corflposue i i 404
girder
Composite ECC 705.2 -
column GSD 703.3 .
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Fig. 3 Flexural capacity of doubled members with composite effects
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(b) Deformed shape and stress distribution at 2% rotation

Fig. 7 The result of cyclic loading
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Table 3 Member size of reinforced concrete moment frame

Member Section(cm)  Area(cm?)  Moment of inertia(cm®)
Girder 80 x 120 9.6 x 10° 1.15 x 10’
Column 80 x 80 6.4 % 10° 3.41 % 10°

Table 4 Material properties of structural members

Type DB Yield Strength(MPa)
Concrete e 2
C30 30
Rebar SD400 400
Steel SM490 315
Table 5 Seismic design parameters
Site Class S,
F, 1.2
F, 1.62
Sps 0.35
Spi 0.19
Importance Factor 1.2
Response Modification Factor 5
Seismic Design Category C
Table 6 Wind load design parameters
Exposure Category B
Basic wind Speed(m/s) 30
Importance Factor 1.0
Gust Effect Factor 1.96
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Table 7 Transformed section property

Member Verification Method Area(cm?)
Composite Theory 34.29
Girder GSD 37.71
Composite Theory 40.12
Column GSD 44.77
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