Journal of Korean Society of Steel Construction
Vol. 25, No. 5, pp.519-530, October, 2013

DOI http://dx.doi.org/10.7781/kjoss.2013.25.5.519
ISSN(print) 1226-363X ISSN(online) 2287-4054

SEEER

stef g - =23 .

=13 3) 4)
Bf & of & & A Ef o
sk, H%Z et}
Y zm4 ciEoiEm, HEZsmt

Earthquake Resistance of Modular Building Units Using Load-Bearing Steel
Stud Panels

Ha, Tae Hyu]>
Lee, Doo Yong3)

Cho, Bong-Ho 2%

Kim, Tae H: yeongS)

Eom, Tae Sung4)

R Researcher, Research Institute of Industrial Science & Technology, Incheon, 406-840, Korea
2 Assistant Professor, Dept. of Architectural Engineering, Ajou University, Suwon, 443-749, Korea
% Master Course, Dept. of Architectural Engineering, Ajou University, Suwon, 443-749, Korea
Y Assistant Professor, Dept. of Architectural Engineering, Dankook University, Yongin, 448-701, Korea

ABSTRACT : Cyclic tests on modular building units for low-rise buildings composed of stud panels and a light-weight steel
perimeter frame, were performed to evaluate the earthquake resistance such as stiffness, load-carrying capacity, ductility,
and energy dissipation per load cycle. The strap-braced and sheeted stud panels were used as the primary lateral
load-resistant element of the modular building units. Test results showed that the modular building units using the
strap-braced and sheeted stud panels exhibited excellent post-yield ductile behaviors. The maximum drift ratios were greater
than 5.37% and the displacement ductility ratios were greater than 5.76. However, the energy dissipation per load cycle was
poor due to severe pinching during cyclic loading. Nominal strength, stiffness, and yield displacement of the modular building
units were predicted based on plastic mechanisms. The predictions reasonably and conservatively correlated with the test
results. However, the elastic stiffness of the strap-braced stud panel was significantly overestimated. For conservative design,
the elastic stiffness of the strap-braced stud panel needs be decreased to 50% of the nominal value.

KEYWORDS : modular structure, cyclic test, seismic design, stud panel, thin-walled structure, steel structure
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Stud

Non-structural steal column

I “~—Rigid steel beam- RC slab
5 stud panels

Fig. 1 Modular building unit using load-bearing stud panels

(modular system With stud panels, Fig. 1 3&%) 59|
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(a) Configurations and details of stud panel

(b} Plastic mechanism and lateral load-displacement relationship

Fig. 2 Strap-braced stud panel
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Fig. 3 Sheeted stud panel: equivalent strap-braced model
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Fig. 4 Configurations and details of modular building unit SDS using strap-braced stud panel (mm)
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Table 1. Yield and ultimate strengths of steel

Component Steel | Thickness stféilgth gﬁéﬁ;tt}?
Strap braces 1.0mm | 351MPa | 463MPa
Steel plates SS400| 0.4mm | 404MPa | 426MPa
Gusset plates 1.6mm | 296MPa | 376MPa
Columns(C-130x110%4.5) 39400 4.5mm | 286MPa | 362MPa
Beams(C-130x110x6.0) 6.0mm | 288MPa | 371MPa
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Fig. 8 Lateral load-displacement relationship of SDS and SSP
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Table 2. Lateral load-resistant systems of modular building systems

Test results Predictions Comparisons
Specimen| 1A, mm | K, A, mm po | v vl A, | K, | v/, A/, | K/E,
kN (5,1), %) | kN/m (6,1). %) kN kN | (6,,1). %) | kN/m
+177 +25.6
+98.0 | (+5.90) | 3830 | (+0.853) |+6.92 10.3 +1.27 | +2.49 | +0.51
SDS | 995 | -161 3550 980 | 576 769 [105D | (gaysy | T4T0 | 459 | 979 | 048
(-5.37) (-0.933)
+48.4 +21.6
+113.8| (+1.61) | 5280 | (+0.720) - 174 +1.72 | +1.24 | +1.39
SSP | 1136 |  -161 5350 212 | -760 | 663 [9432] (g579) | 3810 | 75| 499 | -140
(-5.37) (-0.707)
DV, =4(F, A, cos0)+(4M,/h,), 4714 F, = 35IMPa, 4,,, = 125mm?, 0 = 64°, M= FMSL,=286MP3X7OZOOmm3,
h,, = 2870mm ,
2) V) =4(F, b, t,0080,, )+(4M /b, ), A71A F,  =404MPa, b,, = 300mm, ¢, =0.4mm, 6 =70°, M, = 286MPax70200mm’,
h. = 2870mm
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