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Abstract - AJ connection system was proposed to connect between modular structure at the top of the unit in consideration of
interference with finishing work and workability. Tension is applied to steel rod bar as AJ connector and the rod bar inserted into
the columns are fastened. As a result, the upper and lower modular units are connected while compression acts on the columns.
In order to evaluate the connection performance and seismic performance of the proposed system, cyclic loading test were per-
formed on two T-shaped partial specimens as a variable for the magnitude of the post-tension. As a result of tests, both speci-
mens maintained the performance of about 1.5 times or more compared to 80 % of the plastic moment at the drift ratio of 2 %,
and the experiment was finished due to buckling in the beams. The beams are reinforced with plates, 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. The speci-
mens showed stable behavior as plastic hinges occurred in the ceiling beam and the floor beam, and plastic deformation in the
beam accounted for more than 80 % of the total plastic rotational capacity. The initial stiffness of the two specimens was similar
to rigid connections. Since the flexural strength of the column may be degraded due to the compressive force and the bending
moment, the magnitude of the pre-stress should be determined in consideration of the reduced bending strength of the column.
Modular beam-column joint with AJ connector satisfied moment capacity for intermediate moment frames(IMF).

Keywords - Post-tension connection, Modular building system, Cyclic loading test, Seismic performance, Intermediate moment frames
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Fig. 2. Types of the connection between modules
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2jo] 8o, AYEIS] Sl U FAREBH 7] Specimen | Member | Seel | Sandard

Ceiling beam H-148x100%6x9
| SS275 —m
Floor beam H-200x100%5.5%8

_ . EX-S-175PT|  Column SHN275 |H-200x200x8x12
715l 282t &
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(a) Cross section
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Al connector H-200x100%5.5x8
|— S45C
’JL
[ Ogroe |
m — PL-20
H-148x100x6x9
- PL10
,,,,,,, (b) Elevation
Fig. 3. Concepts of the proposed connection Fig. 4. Connection details of the specimen
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o PG, Rt e pa o R A el Suel T T
AFatgon, YAARES At Eat, Al v o) (mm) e
SR MRS SR o XS T 7 H Aol & 1 0.375 5.78 6
SX2 0 7189 SYHE 71 A7HA ) ARl 2 0.50 7.70 6
1,540 mmo|™, 7|5 HEE] 715 17kX]| 2] A 2= 1,440 mm 3 0.75 11.55 6
ok U719 4Fo] HHA) WAL FFS HAS 4 1o 1540 4
3}7] Y3l 500 kN9 871 715 ARRSFITh 5 1.5 23.10 2

7F T2 E 2.2 AISC WRIFA4P9] 51 A5} o]Z & 2+ 6 2.0 30.80 2
5FETE S7HHIH] 0.375 %(6 cycles)FE] 0.5 %(6 cycles), 7 3.0 46.20 2
0.75 %(6 cycles), 1.0 %(4 cycles), 1.5 %(2 cycles)Z H 2 4] 8 4.0 61.60 2
02 Z7IAA 71851901, 2.0 %R E = 1.0 %X 2213 9 5.0 77.00 2
2814 W=/ sk SRS AR 7122 7] 10 60 92.40 2
59 SA4137E 71 H71A] A QA 1,540 mmo|t. Table 2 11 7.0 107.80 2
=SS E FHAE UERd 12 8.0 123.20 2
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Table 3. Material properties of the members
. Steel F, F,
Specimen Member grade (MPa) | (MPa)
Ceiling beam 325.1 | 468.5
SS275
Floor beam 360.4 | 516.9
EX-S;75PT Column SHN275 | 306.0 | 463.8
EX-S-260PT Rod bar Grade B7 | 858.8 | 940.4
AJ connector | 845C” 490 686
Reinforced plate| SS275 397.8 | 453.7
"nominal strength
3. 49a% 9 8y
SETEEEEE RS
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175PT APA Hhehest H2 2 gEsigon, Agne)
32 o]3 AN WA A wgo] HEET M5
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Table 4. Summaries of the test results

—187.2 kNoj = &5 th 7 Q4] 7 %ol A A K| &
‘JH g o] WA= Gl 2w, Fig. 73 o] Z-7HH 1H] 8 %0 A
vt of] 424 Fo] dhAYslH Al sh50] ZrAsto] AES
S Tolt.

9 Mmax M2% 2
Specimen _MP Omax —0. M, Mp Failure mode

+ 1.67 0.077 1.54

EX-S-175PT 126.7 Plastic buckling on the floor beam
- 1.83 0.071 1.50
+ 1.45 0.058 1.50

EX-S-260PT 126.7 Plastic buckling on the beams
- 1.49 0.048 1.49

M pax: maximum moment (kKN-m), Onax: angle of rotation at the maximum moment (rad), M»y,: moment at drift ratio 2 % (kN-m), Mp: sum of the plastic

moments of all beams (kN-m)
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Table 5. Test results of EX-S-175PT

. 6 5[]'13)(
Specimen Vy (%y)) Vs (%) u
23.9 118.3
+ | 130.0 (1.5) 170.1 .7 4.95
EX-S-175PT 1096
25.2 .
- 1 1299 (1.6) 187.2 7.1 435

V,: yield load of the specimen (kN), dy: displacement at yield load (mm),
Vinax: maximum load of the specimen (KN), Omax: displacement at maximum
load (mm), y: displacement ductility factor

Drift ratio (%)
9.1 -7.8 -65 -52 -39 26 -13 0 13 26 39 52 65 7.8 9.1
50 T T
200 — EX-S-175PT |
—— M,

150 || = 0-8Mp
T Drift2%
100 [{ —- Drift4%

50
0
-50

Moment (kKN m)

-100 [~ —
-150
-200

-250 - -
-140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140
Displacement (mm)

Fig. 6. Moment—displacement curve of EX-S-175PT

Fig. 7. Failure mode of EX-S-175PT at 8 %
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Table 6. Test results of EX-S-260PT

Specimen Vy (O/z ) Vinax (%) u
23.0 89.4
+ | 123.9 2.3) 148.1 (5.8) 3.34
EX-S-260PT 20 34
- | 116.8 (2.6) 151.7 (43) 3.89

Drift ratio (%)
250—9.1 -7.8 -6.5 -52 -39 26 -1.3 0 13 26 39 52 65 7.8 9.1
i T

— EX-S-260PT
200 | _ .y,

150 || = 0.8M,

100

50
0
-50

Moment (kN-m)

-100
-150
-200

2250 ‘ .
-140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140
Displacement (mm)

Fig. 8. Moment—displacement curve of EX-S-260PT

Fig. 9. Failure mode of EX-S-260PT at 7 %
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Table 7. Initial stiffness of the specimens
Fig. 10. Deformation of beam to column joint
Specimen Kiex Kim K ox/Ki
_rP___ P (1) EX-S-175PT 5.30 . 0.997
0 O,+0,+6 . S
b e Oz EX-S-260PT 535 1.006
017] /\1’ P: _%] = 63—.}!‘;_ /\] %ﬁ%(kN) fl,\;; ini)tial stiffness (experiment, kN/mm), K;,: initial stiffness (theory,
- oy = 'mm
&y 1.0] Mgl oJgt ¥ 9|(mm)
. = =] =1 & Drift ratio (%)
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Fig. 11. Initial stiffness of the specimens
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