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Abstract - Modular building is a prefabricated construction system for building where factory-produced pre-engineered modular
units are delivered to site and assembled as substantial elements of a building. There are two basic kinds of modular structures.
One is a load-bearing wall structure designed to transfer the load through longitudinal walls. The other is a frame structure
composed of columns and beams. For frame structure, square hollow section is often used as a column member and channel as
a beam member in modular unit. Lower and upper modules are fasten with bolts via a pre-installed access hole in the SHS
column. However, the access holes can weaken the panel zone that would affect the behavior of beam to column connection. The
5 specimens of beam to column connections with parameters of access hole, column thickness and diaphragm were made and this
paper describes the test results.
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(b) With light steel floor joist (Kingspan)

Fig. 1. Examples of corner-supported module
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(c) Connecting through access hole (Kumkangkind co., Ltd)
Fig. 2. Connection details of corner-supported module
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Table 1. Descriptions of test specimens

Parameters

Specimen Column Access Dianh Remarks
thickness hole laparagm

K-9NS 9mm nothing single Welding:
groove weld

K-9WS 9mm web single

(flange)
K-9FS 9mm flange single
K-6WS | 6mm web single | fare/fillet
weld
K-6WD 6mm web double (web)
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(b) 3D shapes of other specimens
Fig. 4. Configuration of test specimens
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Fig. 5. Loading protocols

Table 2. Material test results

Coupon ID Steel | 7, “ v | B
P Grade | (N/mm?) |(N/mn??) |(N/mm’) | (%)
) 307 470 | 12668 | 32

C-200x75%6 —— SS400
@ 332 490 | 15587 | 28
D 462 490 | 71111 | 20

[1-125x125%6 ——1 SS400
@) 443 480 | 9879 | 20
o) 398 444 8035 | 16

[1-125x125%9 ——1 SS400
@ 376 418 6228 | 23
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Fig. 6. Test set-up and measurement
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Fig. 7. Moment-rotation relationships of test specimens
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Table 3. Descriptions of test specimens

. P, M, Failure
Specimen .
(kN) (kN-m) characteristics
plastic :
KONS | 954 97 hinge
at flange
of beam
shear
K-OWS 78.7 20 deformation
of access
hole
plastic
K9FS | 925 94 hinge
at flange
of beam
shear
K-6WS 56.0 57 deformation
of access
hole
shear
K-6WD 69.0 70 deformation
of access
hole
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Fig. 8. Cross-section of SHS with access hole

Table 4. Plastic moment of members

Column Beam

[1-125%125x9(6) | C-200x75x6 | Controlled
Specimen M,

(N/mm?)| (kN'm) |(N/mm?)| (kN-m)
K-9NS | 387 | 67.2x2 43.9x2
K-9WS | 387 | 63.2x2 43.9x2
K-9FS | 387 |51.8x2| 320 |43.9x2 | 43.9x2
K-6WS | 453 | 51.6x2 43.9x2
K-6WD | 453 | 51.6x2 43.9x2
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Fig. 9. Reactions and bending moment diagram

i

24 AR7H ASZ(EA A138F) 20154 109 477



nEe S| AP Vs CFY B AR AF

ot

7t

TAE 7150 ZAHE v e S QUEE Fig. 100] A9
Lreb olet.

71 F717F 9mmo] i HA A Fo] glH K-9INSe}
A& Bo] 7|15 Ze:;A|of 7}2E K-9FS F AlgA|qte] &
PRYEZR YT A5 Kol T 9, AHA o
71 HEof 7HaE K-9WSE SURAEZFR
132 9}, o] H|WERE 7%l 7}
= A A Fo] 5}50] A8 Hlekul Uets| 715 EHo| 7

gus

e

2372 AR e A Eolde & = 3tk
$EALE 7]F FA7F 6mmo]al AL Zo glon],
H AR SWA oo Mgk thoforz o] A H K-6WSe}
2 AR WA o]0l A E}OloPa‘ol A2 K-6WD
e RERHES x| dfgshes 4= Bk o] 2
H2RE E EFWHAY] Ahs 93 oo }3%4 |o]go=
AR = A2 A2 Zo] e sl o 2 S 1

& & a0l =8 ol Holopzy o A= K- 6WD4
[e)
9

o= Qleh

il
4
:
il
ix.

Mp
0.8Mp
E
4 ) . ;
x t t 4 > —g t
005 -0.04 -0.03,40.02 002 003 004 005
=
wl
=
o| 0.8Mp
= Mp
=9U
1")[\
DRIFT ANGLE (radian)
(a) Column thickness 9mm
4")(\
Mp 90
0.8Mp
60 K-6WD |
A
E
Z )
= i ;
005 -0.04 003 004 005
=
=
o 60 + 0.8Mp
= Mp
=9U
1’)[’\

DRIFT ANGLE (radian)

(b) Column thickness 6mm
Fig. 10. Comparison of test results

o] Q1o AL QA Fo] B HEoelow 2T
L glo|A A2 4 gt Uz FBE A, 2 )
Sude) oo Faaly] fie] 2012 719 Be
7} QL8 oF % 9lt}, AT o= o] A4 ALEE 2]
o] a2 Fo] 3 W] wAE|] 715wl 713E 7
© 7 osre ujuja) AR, A%Eo] YL x Ly
2 5 2L 7okl o] 2719 XA B2 A1EEA
AL BAEE Ho| uiA S Aol

HEY A58 42 el 7ls-E FEE ofv
EW HE Abo| o] et thefete] el ol f-ofsfjof gt
o}, 8 TR o] 83 RET A= A4 1 oflA]
a4 e of ghef Al vhed} 72 518 Aol 1Y
U SHd 40l BElzo] 74 HEe] 7] e-H et

off AA| A o] 7h5E o] e A4E A o® HHl|sto]
sAete A A5 23E €& 7FsAol wh

76 -5 Rl gt g MA AdE=9 iAol
Tk reb A a ARol A ol ARt Sk BHY 417

e A EE BHROR AREE 497} B

A2 3t Hekio] 22X Eurocode 38 @ Design of
steel structure — Part 1-8 : Design of joints'™ 53| 2}
A5] 27lo] Slek. Aol HE AR BRL
(stiffness)@} A= (strength) & 7|FC.2 3}l Q)oH,

A AA Q) AL 7S Hrigid), WA (semi-rigid), -414
3H(nominally pinned) &2 E&5}3L )t}

AISCHYo M= AEHEE 9bH 14 (fully restrained), §-
F < (partially restrained), T4
Line &A1& &8 2= & 7|2 &73taL Q)

e} BRI AT A9 HEE HAS

l

i

(s1mple) S 2 Beam

T
gl 2 Semi-rigid
o
2N 0.5E1,
7/0(\6’7« Sjini = L
Nominally
Zone 3 pinned
Rotation

Fig. 11. Classification of connections (Eurocode 3)
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