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Abstract - For the connections between modular units in modular buildings, the bolted joints with connector plates are used
commonly. The strength of structure is determined by the weakest part of structure and the connections may be weaker than the
members being joined. Therefore, to check the safety of modular building, the structural performance of connections between
modular units as well as that of beam-to-column connections should be evaluated. In this study, the behavior of module to
module connection with straight and cross shaped connector plates is investigated by lateral cyclic tests according to KBC2009
0722.2.4 which shall be conducted by controlling the story drift angle in the width and the longitudinal direction respectively. All
of test results generally show the stable ductile behavior up to 0.04rad drift levels and the tests in longitudinal direction show a
superior energy dissipation per cycle in each of the load steps. However, the straight shaped connector plates have the
degradation of stiffness with cyclic loading and the larger drift angle of column than the cross shaped connector plates.
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Table 1. Descriptions of test specimens

N ny ~& ob T
(R I T
e = " B X
o I Ho 75 do -
O S e
N ﬁﬂwon
N
W ol moEourm#
N ~
LA B
— —_—
N e -
! o o= T
it .EﬂEﬂ%EA
H::.xmoﬂﬂﬂroP v_ﬁmT
LI#L ° R 1 |
NE B oA X %
POW.%.E‘L;OOOE..IN
oo e 0 E
L.OOT_,AO_OO_ﬂO,mﬂ
PR o om
ULLI\_Z OLI_/O
ﬂ%AeQL.m.Hﬂo
3 T g o Ao
m;.ﬂxTAEoomm,.ﬂ
2B e wHy
J_Auxlﬂ%%o_ooﬂo
N O
of T ™ ~J o e
Y
Sl 2=
k=1 il iy
= mpOO
S (2% 5%
b3 = | o
B &2
218l g2
m.mmm@\@
EIRERE
=) 3 ) = .=
=] AR =N ol el
g S1EE
g SE|2
=22
Q| ©
— | =
’“ -~ -~
2205 g9 g
225858
mSm\Lqu\LuC
O
5
EAE
W VARVARVERY

TF27]E0l AlAE

N

AT

)

—_
o

o

Ho

oy
NI
——

ol
oF

Bir

o|J

O
=

b2 orle e A

s

A7)

2g vpeol 457 A g

ﬁ
| [Z]| 2
): _&_m
HanxlE
b=
2§ :
AARE
@ £l sl
| - <
b G £
) 73] ¢
B
I
R s
op T Ty e oy X
o) Ao T
w B o o & U g
1rH,|L.E;OOﬂ _.E.Ll
Rl B NS R R o
MO T X N
HON o w o7
W =mog N B o
Cop B W e NES)
wREg R o s W m
R L e ull~ N B3
p— — = —_ =
&quez,ﬂr” oK Bl
N ofo ® S opp o B
L&|7§Mﬂ.w@ ..ro.M
S H oo B & To 0
= — — B < Be X
X o O <M
g o hhal boo
NET TR o
il ™ .._t,_ﬂorﬂc.ﬂﬁw o] c_.oﬂ7H
B ®ORogr BX Z N o
<~ "B Ko N
ﬂauaﬂﬁmuu:m ﬁﬂowr
4+ N B ooy B KB
T H o oo N N
™ ™ %o o # o 5

1170

0zz

Stftherg-Bm)
T,

C-200=75x8

C-200%75x8

o=5zl =5z 0

(a) K-LS or K-LC

Table 2. Material test results

3
I
]| ¢
= U o
@ 3
= =
£ 23
£E
az & =w
5]
|| H wvn
1 o I \ q
i & 2 D
£E ob
£3 ~ =
L K
=}
.2
=)
S|l =|an|al—
DS|—=|—=|en|Qq]en|en
2
m
—~
o
_Elo|lolo|s|wvlw
S Elo|S|olo|o| S
N554444
—~
o
LElo|wvitlalola
L El=|la|olo|=|©
N442222
0| N | O[O A
2m2.3.50.68
< tln|la|S| =]~
Ela|la|lg|IF|o|—
~ N | N |~ ]|~ NN
@)
s |98 |&~a| S
g |8 = o~ S 192)
= X X F ©
SRR AR
© ],.Dl 716 ®©
wn

471

) 20169 129

e

A A145

=
<]

(

3



dd TP Bl wE el f49 3 AR AE Bl

i

™ W97} 0, 04rad(FH 9] 88.8mm)7HA] A whef wF
E7HeE & of 110mm(0,05rad)7HA] GA o] W
& 3 & AYL 27519} 7 A= 1000kN 83
9] o) 0]E (actuator) & ©]- &3} L, 0.05mm/sec?] &
=2 ol 59 helo) ool

Fig. 99} Zo] 7|59 sht A5 2A} EE=Z ¢
L, B FHEE Y-S ol sHer A 7\]% ¥
Asi9on, 45 2B et sof s mEo)
7} ol gehol SOl AAH =S A= A o] AF
=9tk WA (displacement transducer)S ©]-&3fo] F
a iAo 9IS SAs e, Ao|AE o]-&sto] gt
3 o) WEES 240

ol
o

oo fo

~
N oo of do

& W AJo] B7bo] Yo} We|Zto] ZIIERZ B THLo]A] ¥
S9E 7701} K-558} K-509] 49 B7bo] 2o} u| 53
e olEllT, wE AR ) HrjslEe 1 SuA o

N

Table 3. Observed strengths and failure mode of specimens
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Connector | P nax P max

Specimen plate (kN) &N) Failure mode
K-LS Straight | 170.3 849 |. Buckling of flange
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K-LC Cross 158.4 106.2
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buckling of beam

K-SC Cross 81.6 84.2

IDeflegtion
{at 0.00rad} ¢

(a) K-LS

i ’.: !
F'ia'ngéancai'bucg
at-pUshIng, of |odEiRg

Deflection [PCO mn

Bt 0.03rad)

Deflection bf ¢atimn
(at 0.03rad)

1on of upper

AN

Flange local bucklr&
i -

[E8nd | ower column o PREREEREE

at plllifgisfEading

(d) K-SC

Fig. 10. Experimental photos of specimens

2R 7 BAYst] AR E = A 02 THE|GIT) Table 3
o] A¥AE Ae|akglal Fig. 100 38 ASFS UEhgl
t}. Fig. 10 (a)Q} 7o) K-LS9] 72 o]Ett JL7ke] AF- 3}

H Afolo]] ZAwg A2)5}A] orol wedt H[E o] WAis}o]
QP 0.03rad7HA] 7Fe 2AIES Wit} YA ARl
Zsto] AAE = 7k AAlE] 9 Aol APE I,

AR 7150 17k §HE SO o] SIXolA] A

472 @R zste] =Y A28d ACE(EY A1455) 20169 129



P N
L L
Dy I
a A c ul | A |
B M : l l
M
TR. R = Y
]
R w2
L

Fig. 11. Reaction forces and bending moment diagram

o
rir

RA=S 94 B/bolol Aek, Fig, 10} bl A%
go s A aaw et
AL ol8ste] 4 (9] wrel(r,) & SA A4ts
ARt FEE Afolo] 2)(L,)E urelstol
(22 Ea) Aol g sk A=) S AXT,
Puy AR 4w TG o A 4 ok,

o
o, mx o

_|>i
ot

>,

o
S o
ﬂllﬂl

lo

o > kool my
I
o
o,
offt

M,=R, -L=P-H/L-IL, (2)

J-oF Ko FAlof] A-gst= i
401] whe} B o o) 2%l
rRoh ASE 7sA T 9tk g
L of Aol o]-g-H e‘ E.?"JIL 3 o} =2 *}Oloﬂ ?'175 Rl
ol

=5 Fig. 12°] Yefi gl

K-LS¥ 0,03rad7HA| ¢k HHE 712 HS 719ksle] K-LC
o] Ag 3 Blasfor & Aol o] = A= i ARt
2 AR - B Afo] F7ko] HE Y| AYSA| gf=s B
FEA] ot BlEH o] gFol A WolA 7HH FHBAR
=H) 2 Wz 0.04radollA] AJBRHAES] 80%E 4]
34 Fohe Aom 4

BhA, AF 2 0@ W Ato] F7to] Zto} u|EY o] o

AW K-SS W K-SC9] A% Wolx] 7pelah 17k 9l FAA
7H gt AR ) €] ¥ 971 0, 04rado)l A AAFRHE

OV - S - u1EA

Mp
T
0.8Mp
100
B0 + ;
T
2 . - / Y
=0ps -0p4 003 -002 rum:,}ﬁﬂﬁ' 001 002 003 004 005
=z 7
w gm0+
g .
s -0 1+ 0.8Mp
140 4 Mp
120
DRIFT ANGLE (radian)
(a) K-L
150
Mp
T
0.8Mp .
m 4 7
_ B4 jg/’ /
E ~ 1A/
Z . )/ A
= + —— ;
—0ps 004 003 002070000 081 002 003 004 005
z 7
| A e
g L
2 e RIS 0.8Mp
140 4 Mp
120

DRIFTANGLE (radian)

(b) K-LC
a0
Mp
g
0.8Mp : i
1084
y
_ 60+ A
£ /
z ‘ W / v
=bps -0p4 003002 00K 00~ 007 002 003 004 005
= 7 ;
w / n L
g f
= Y il 0.8Mp
140 4 Mp
a0
DRIFT ANGLE (radian)
(c) K-SS
‘a0
Mp — B
0.8Mp T4+ =
1 4
_ [ )
E
z b [
=0ps -0D4 003 002 00w MG 0017 002 003 004 045
= .
w /B0 4
g 74
= LT 0.8Mp
140 + Mp
a0

DRIFTANGLE (radian)
(d) K-SC
Fg. 12. Moment-drift angle relationship of specimens

9] 80%= 9-A|3}
K-Ls¢ K-LC

°l°ﬂ AR ] {5 fe] 7t QAEP K-LCO| *.jixlH A

Suke] A ko 2 W gy ukE 7}
A

O 2 o
o] & 2H8-9] Sl &l SA T A7l

=23 A28 Aes(ZH A145%) 2016 12¢ 473



e
iih)
o
&
oft

Pl whe H'd i 2 AR A v

ol vk et el 0.03rad7HAS) A vk
& ) AT 45 TE Holen & 4 glom], Awe
HAZ leR A A AL T S A8

ol e As Aols
733l } % K-SS9] 7% 0.04rad
o A v} F WA 71 Afo|ZolA o Yol & ol
Holw, 0,03rad F Oﬂﬁ 4 2o W o]% 739 A
o AAE Holal irt, W, A A Zpe] AREH
K—SC9| %<0 04rad°ﬂ*1 o] A=A st A
St AE 2 Z Wk Afo] o] TR = AlA 24
ol Qie}, A4 7huke] ko] o Weks w

< 4T AT g ol 2 :in f%# M

AASHRAE 87]9] 2EHQ Al0lA]
FrE 7t AAlE Fa WL
(0.005, 0,01, 0,02, 0,03, 0.04rad)2] 3 H#| Ao]ZofA]
7159 & Fig. 13 AAA E=2 Leh gl

7
30mm y B
s3
128mm .
g
56 30mm ‘:T r I
< { — 0.0107ad
12amm [ 0.020 rad
‘ A 0.030 rad
o Ml coom
gg | 30mm i 0

-12000  -3000 -BDD.D. -3000 u] 3000 E000 9000 12000
STRAIN (x10%)

(a) K-LS
2
30mm / r/”
S3 i/
128mm
S4 A
g5 _ 30mm [
s LY
S6 T 3omm 1Y
ST I/
Smm ¢ + 0.005 rad
. - 0.010 rad
S6—mr i 0.020 rad
sg . 3omm 4y 0.030 rad
‘ e—= 0.040 rad

-12000 -2000 -EUUtI' -3000 1] 3000 BO000 S000 12000
STRAIN (x10%)

(c) K-SS

47) AR A= BT HX
Zol ¢ AF

= Hol vl H= 9hA A3t
o] o

£ Holm, H Zlx
_E_l__

Zi‘ﬂ 74501] 7W7he- W
Haa Ee AR
?J.*J% HoliL 9lr},

o] Wt 37} (263MPa)
ok 1300(=263/205000) O & -1
2rad Kol A M7 WO} vpet B}

-HJruE
ot Fﬂr‘”’
2 oK

T oox Ar

o

rE

1o
>
ol
i_g
rlr
e
4o
)
fr o rﬂ

A4 7o) Fejjol| w2 7152 FH Y] Zpo|& Lot 7]
98 K—SS¢} K-SCE tjAro 2 A Aol A5t e
A2l Z7%k HEA Ate] 8] Al E o] 8ato] A4S H 515
7150 HZH0,r. 1) T, 149} 2ol ol 7
ot AL FAA 7 st A9+ A

i, 1 AWE Fig. 150 YepSle

52
. 30mm
S3 i/ T
128mm
S4
———S5 i
S6 | 30mm . e
s7 =
2B s 0.005 rad
+ 0.010 rad
—— S8 ] J 0.020 rad
SO 0.030 rad
+——— 0.040 rad

-12000 -9000 -BDUtI' -3000 u] 3000 BO00 S000 12000
STRAIN (x10%)

(b) K-LC
52
30mm __-. ,_,__,-——"‘
s3 s
128m
s4 py
S5 30mm "/- ".‘
:? 0mm | ee—— |
P W +——— 0.005rad
N | N «——= 0.010 rad
o8 n P 0.020 rad
89l 24 0.030 rad
) 0.040 rad
12000 9000 -BOO0 3000 O 3000 AOOD 8000 12000
STRAIN (x10)
(d) K-SC

Fig. 13. Strain distribution of upper and lower beams

474 g7k 25ty

o

=4 A28A Aos(TH A14535) 2016\ 12



8 lowenr

Pushing Pulling
of Loads A of Loads
‘ D120 |
‘ T3 —— |
G lowerd
#rr A

Fig. 14. Calculation of drift angles from columns displacement

=
=
2
b= u] 113}
'
DRIFT ANGLE (rad)
(a) K-SS
400
a0 L L] up?erf e+|owei
B4 N/
i 4 f\
A0 1
= etum'ér / ’ff
= ’ 7
2 —
"l
OD ps 0.06 %ﬂ?i o004 008 o.pa
- Yy,
ppe 8 ver 100

DRIFT ANGLE (rad)

(b) K-SC

Fg. 15. Drift angle of upper and lower columns

)
=
U
o
ol
N
of
1o
+
N
N
AW
&
4
N
I
=
1o
SO
reE
do
N
ey
al

0,002 THO.,.)E K-SS9} K-SCofl Zk2F Axkatala,

E3 31 7] sol disiA e 7hE W] whE

#9126,

lower »

K-859] 4%

OV - S - u1EA

715 % 719 Wide] §2 ZH7 0.0968rad2t
0.078rado] 9131, K-SCO| A% 7153} 315 7159 M9z
o] ko 7}7} 0.0934rad$} 0.080rado] 3iTt,

ARy A A2 AAE AZ e vlEl AdF 7
Heolzbo] 0,0034radWE A1, 3= 7159 ¥
0.002rad¥ta 29tch, 234 o2 U3 AZ 7o
A9 A A4 7ol AgH A9 Hlg) S

0.0014rado] AA|A Hc}, 9ok &7} 3,000mme}t
W 9= oF dmm 7} 271517 H o] 102 A5l A
£ 40mm= A= o] atgo] tigk AHA 7]

2 ARAE AA2 BET 2= US Rl

N
ofo rlgj{gn

> ]

it

2 o
R
2

S~
ol
)
2 rE o
R

ofj
AN

o
pad

9
(1M
rfu

o,
re
44
=2
>
s
il
Jo
L
oL
X
ol
flo
Ho
S~
i
i
o I

do

o X2
rlr

me.
by

o
1>
tlo
N
~
D]
Ql'.
xR

g R B
ju
it
H
do
e
)
2L
ol

p

ol
s
o

4y
BN
ox
or
B
[
oflt
‘
=
=
Ofr
o

S oot
iy
ol
sl

2 ©

o >~

oo SE

£ o

M e

rlo E?L' jis

w4zt
o

o g

ne oot

x2 o

of
i
y

—~~
—
~

Mo = m mgi HT
N o oy I y
o »C 8 o

6

=

1o o,

o

ofd

o

<

q

i

I

o

~N,

4o

:?g

S
s
>~
)
o M M
i}
©
o R
Ol}lr
to
il
+
h
e
trt
)
Jo
L
o
X
H.?E
ol
it

AlEE 4 Qe AR o] AgE oo sk, ol

100mute} 2mm O|Ue] SRR 5 EE 420] 2
W HY AUAE 44

(3) 125x125x9mm®] Ztg7% 7157} 200 X 75 X 6mm
o 7% A% =7 1ok AL wE $310) W
ARl B AR A o] AREE AR A 4

=23 A28 A6s(ZH A145%) 2016 12¢ 475



k= IR

091.

ol whe mEe 9 7 Qe A% v
0.0014radH = 22 Ao Z eI
) 45t 1O YRS A AF WS o] 43 BE A
Fofelets 4ok 1ol §4 Bk vjaels] uRo
FraAA vl me} WY 5E WE
AAsH= Ao] vl skt

(6) & 4 7 Heol] AgEe o2 A ol2lo] 4
3k 9 & oA mo} Tt 7o) A% A o

HlEe] GFE Has 5 ot

ol oA Bad 294 T 7led 2 AR
(16AUDP—-C068788—04) 1} REZ A& gl
A 3FAF 714 7)HHERERP-B082884—03) 2] | o] 25}
FE A5 U

NI
ofN
=
ofy
1ot

=
oZ,

4 A

A 2% (References)

[1] Mark Lawson, Ray Ogden and Chris Goodier (2014)
Design in Modular Construction, CRC Press, USA.

[2] Shonn Mills, Dave Grove and Matthew Egan (2015)
Breaking The Pre-fabricated Ceiling: Challenging the
Limits for Modular High-Rise, 2015 New York Conference
Proceedings, CTBUH, pp.416-425.

(3]

[4]

[5]

[6]

[7]

European Convention for Constructional Steelwork
(2015) Design of Steel Structures: Eurocode 3: Design of
Steel Structures, Part 1-1: General Rules and Rules for
Buildings, John Wiley & Sons, U.K.

oA, vt B, S/ AQ2013) 7 HEY 71s-
H 2B F2 Aol digt A4 7L dddaAel

o3t FAAE, IRYTEAT LA, AFATE,
A254, A3 Z, pp.255-265.

Lee, S.S., Bae, K.W., Park, K.S., and Hong, S.Y. (2013)
An Experimental Evaluation of Structural Performance
for the Beam to Column Joints in Unit Modular System,
Journal of Korean Society of Steel Construction, KSSC,
Vol.25, No.3, pp.255-265 (in Korean).

Ramaji, I.J. and Memari, A.M. (2013) Identification of
Structural Issues in Design and Construction of Multi-Story
Modular Buildings, /st Residential Building Design &
Construction Conference, PHRC, pp.294-303.

Lawson, R.M., Ogden, R.G., and Bergin, R. (2012)
in High-Rise
Buildings, Journal of Architectural Engineering, ASCE,
Vol.18, No.2, pp.148-154.
tiRPaEe2)2011), A2 A7 1= %
719

The Architectural Institute of Korea (2009), Korean
Building Code and Commentary(KBC2009), Kimoondang
(in Korean).

Application of Modular Construction

SA(KBC 2009),

2 o : BEY AZEolN mEe §3 Al AL A 4TS olgstel BE FUSH: Zo] Aol A% FEL g
oFgt Fiio] o3 @ Aee, HRE AR ot £Eo] 8 7keAo] itk wehd mE A% SPAAS SRlsh] Slo) BE
715 AR FEA ool el ot bl gtel RS WAOlo} diek of Al 2 A5 9y
47} AR el A AR A U AR Y] A KDCOY 0722240 3 5] % g Aol 4y
ol R 501 MSlEOR Wk ek Aol MR 9 EARIIC A R U 004md WA Wi 9 A
9 ol o) W ARAS] Ak o) S Hol B ATE weleh Telt 94 21 Bl Ak oA 2ol vid
wslzto] A WA Ao] Aststi, 7159 AR Wizl Lolths e Bk

SAS0| : mEe f3 7 A A2 A BE AW 9Y A2 A% 4K Ad g




