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Abstract - A new connection system between modular units was proposed to improve the constructability and reusability of
modular buildings, with the advantage of being able to simultaneously connect several units at the top of the module using steel
strands. Cyclic tests on beam to column connection of modular building units composed of shear connector, wide flange beams
and rectangular or bundled columns, were performed to evaluate the seismic performance such as lateral force resisting capacities,
stiffness, ductility, energy dissipation and effectiveness of the proposed connection system. As a result of experiment, the RCHB,
BCHBI1, and BCHB2 maintained performance of about 1.02 times, 1.03 times, and 1.06 times or more, respectively, compared
to 80 % of the plastic moment at the drift ratio of 2 %. Therefore, all specimens satisfied moment capacity for intermediate mo-
ment frames(IMF). Especially, one of the specimens, had beam and column reinforced with plate, induced the plastic hinge to
the inside of the beams, which had the effect of preventing brittle failure of the welding part between beam to column. All ex-
periments confirmed that the gap opening occurred between the columns as the lateral force increased, but the gap opening was
also restored when the load decreased. The structural behavior of connection with steel strand was stable under cyclic loading.
Keywords - Post-tensioned connections, Modular building system, Cyclic loading test, Seismic performance, Intermediate

moment frames
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(b) Concept of connection

Steel strand

(a) Modular structure

Fig. 1. Concept of post-tensioned connections
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Table 1. Member specification of specimens

Specimen Member izl Standard
grade
Ceiling beam H-150%100x6x9
SM355
Floor beam H-250x100%6%9
RCHB
Column SRT410 RHS-200x100x9
PC strand | SWPC7B D152
Ceiling beam H-200x100x8x10
SM355
Floor beam H-250x100%8%10
BCHBI1 RHS-200x100%9
Column SRT410 +
RHS-100x100x9
PC strand SWPC7B D15.2
Ceiling beam H-200%100%8x10
SM355
Floor beam H-250x100%8%10
RHS-200x100x9
Column SRT410 +
BCHB2 RHS-100x100x9
Reinforced SM355 PL-10
plate
PCstrand | SWPC7B D15.2
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Fig. 2. Connection details of the specimens
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Fig. 3. Idealized structure

Fig. 5. Test set-up
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Table 2. Loading step

S Dri(fg /or)atio Disp(lrzrilc;cl;nent Syl
1 0.375 5.44 6
2 0.50 7.25 6
3 0.75 10.88 6
4 1.0 14.50 4
5 1.5 21.75 2
6 2.0 29.00 2
7 3.0 43.50 2
. 2 8 4.0 58.00 2
(d) Roller between beams (e) Roller support 9 5.0 72.50 2
Fig. 4. Configuration of the test set-up 10 6.0 87.00 2
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Table 3. Material properties of the specimen’s member

. Steel F, F,
Specimen Member grade (MPa) | (MPa)
Ceiling ‘ Flange 290.9 | 430.2
beam ‘ Web 4716 | 5417
‘ SM355
Flange 290.9 | 430.2
RCHB Elo"r
cam ‘ Web 471.6 | 541.7
Column SRT410 | 558.5 | 621.9
PC strand SWPC7B | 1,772 | 1,966
Ceiling ‘ Flange 3954 | 536.4
beam ‘ Web 394.6 | 537.9
SM355
Floor ‘ Flange 3954 | 5364
BC};BI beam ‘ Web 3946 | 5379
BCHB2 Column SRT410 | 558.5 | 621.9
Reinforced SM355 | 3954 | 536.4
plate
PC strand SWPC7B | 1,772 1,966
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Table 4. Summaries of test results

. Mmax MatZ% .
Specimen _MP Omax 08M. My Mp Failure mode
+10.99 | 0.049 | 1.02 | 1483
RCHB Crack of
—| 1.22 10.040 | 1.15 the welded
+ 1.03 | 0.042 | 1.03 | 2322 | ceilingbeam
BCHBI to column
—| 1.18 | 0.035 | 1.18
+| 1.16 | 0.057 | 1.06 | 272.6" Plastic
BCHB2 . deformation of
—| 1.18 | 0.027| 1.19 the ceiling beam

M nax: maximum moment(kN-m), Opax: angle of rotation at maximum mo-
ment(rad), M0, moment at drift ratio 2 %(kN-m), Mp: sum of plastic mo-
ments of ceiling beam and floor beam(kN-m)

*0.004 rad not reached due to overcapacity of actuator

converted plastic moment, Mp (kN-m)

Table 5= RCHB A 23}2 Lheh i, Fig. 6= ZHIE-
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7} Z| 7 108.4kN, -134.1 kNoj| =253 ek S7HH 9Ju]
4.0 %A RO GRFA Fho] TAYstgloH, &

Table 5. Test results of RCHB
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ko] & ¥9] 50.8 mm(3.5 %)°I A Z2F H 7= 178.0 kN,
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Specimen v, 8y (%) Vinax Omax (%) Ki, Iz
+ 91.0 28.3(2.0) 108.4 70.6(4.9) 32 249
RCHB
- 107.2 30.3(2.1) 134.1 57.4(4.0) 3.5 1.89

V,: yield load of the specimen(kN), 6,: displacement at yield load(mm), Vi.: maximum load of the specimen(kN), dmax: displacement at maximum load(mm).

K;,: initial lateral stiffness(kN/mm), p: ductility

Drift ratio (%)
-6.2 -52 -41 -3.1 -21 -1.0 0

1.0 21 31 41 52 -62

Moment (kN-m)

90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90
Displacement (mm)

Fig. 6. Moment—displacement curve of RCHB
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Fig. 7. Failure mode of RCHB
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Table 6. Test results of BCHB1

Specimen Vy oy (%) Wz Omax (%) Ki; U
+ 144.8 32.8(2.3) 178.0 60.6(4.2) 4.4 1.8
BCHBI1
- 150.8 28.6(2.0) 202.8 50.8(3.5) 53 1.8

V,: yield load of the specimen(kN), 6,: displacement at yield load(mm), Vi.: maximum load of the specimen(kN), dmax: displacement at maximum load(mm).
K, initial lateral stiffness(kN/mm), p: ductility

Drift ratio (%)
-62 -52 -41 -31 -21 -10 0 1.0 21 31 41 52 62

Moment (kN-m)

90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90
Displacement (mm)

Fig. 8. Moment—displacement curve of BCHBI Fig. 9. Failure mode of BCHBI1

Table 7. Test results of BCHB2

Specimen vy 5y (%) Vimax Omax (%) K H
+ 204.8 40.6(2.8) 234.4 82.7(5.7) 5.0 2.0
BCHB2 -
— 190.2 32.4(2.2) 237.9 39.3(2.7) 5.9 1.7

V,: yield load of the specimen(kN), 8,: displacement at yield load(mm), Viex: maximum load of the specimen(kN), Smax: displacement at maximum load(mm).
K, initial lateral stiffness(kN/mm), p: ductility

"The displacement at the maximum load was measured to be smaller than the planned displacement, because 0.004 rad could not be reached due to overcapacity
of actuator.

Drift ratio (%)
-62 -52 -41 -31 -21 -10 0 1.0 21 31 41 52 62

400
—— BCHB2
300 [| M,
—~ 200 [| —— 0.8M,
= oo |0 Drift2 %
)
g 0
g
§ -100
200 WA
I M JZ
-300 =
-400 *

90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90
Displacement (mm)

Fig. 10. Moment—displacement curve of BCHB2 Fig. 11. Failure mode of BCHB2 at 4 %
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Fig. 14. Gap deformation of RCHB at 2 %

322 gEEEsle] =R A3 AlSS(EE Al1745) 2021 109

Fig. 17. Gap deformation of BCHBI at -2 %
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Table 8. Gap-opening of specimens

Specimen Vin,gap 6gap,M A 5gap,0.8M s 5gap,2%
+ 7.8 4.9 2.6 2.7
RCHB
- 7.6 1.7 1.1 1.2
+ 353 6.2 4.7 5.0
BCHBI1
- 40.2 1.0 0.4 0.72
+ 39.4 7.5 6.2 6.7
BCHB2
- - 0 0 0

Vingap: lateral load at initial gap-opening(kN), 8y4p.u,: gap-opening at plastic
moment(mm), Sgqp0.80,: gap-opening at 80 % of plastic moment(mm), Ggap, 20
gap-opening at drift ratio 2 %(mm)
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Fig. 24. Panel zone shear deformation of BCHB2
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