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ABSTRACT : In the present study, details of the TSC beam-to-PSRC column connection for low and middle seismic zones were

developed. For ease construction, the top and bottom flanges of the steel section of the TSC beam were discontinuous at the

joint face on purpose, while the web passes through the joint. Thus, tensile resistance of the top and bottom flanges is not

considered in the calculation of nominal strength of the connection. Cyclic loading tests on two interior connections and an

exterior connection were performed to verify the seismic performance. The test parameter for two interior connections was the
depth of the TSC beams: 600 and 700 mm including the slab depth. The test results showed that the nominal strength of the
connections predicted by KBC 2009 correlated well with the test results. The connection specimens exhibited relatively good

deformation and energy dissipation capacities, greater than the requirements for the ordinary and intermediate moment

frames. Ultimately, the connection specimens were failed at the story drift ratios of 3.0 to 4.0 % due to local buckling and

tensile fracture of the web of the TSC beam passing through the joint. By modifying the existing provisions of ASCE, the joint

shear strength of the TSC beam-PSRC column connection was evaluated.
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B Ao Agmgel A EHE HoFrh AAE
AL 1450 2 15503 T ¥4 E550 5 3
Mol AdAE AFslict. 19 BE 42 i 2 o g
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Table 1. Properties of test specimens and materials

Specimens 1450 | 1550 | E550
Slab re-bars 4-D25 + 4-D10
%0300 90
—
U-section (mm) 6t 450/
TSC 550
Beam 30
and
slab  |Depth of U-section (mm) 450 | 550 | 550
Slab width and depth (mm) 1200 x 150
Stud shear connector (mm) 2-¢ 16@150
Positive and negative
moment capacities (M, 8,?23/ 1115)112/ 1113616/
and M, , kN'm)”
Longitudinal re-bars 4-D32
PSRC |Steel angles (mm) L~130%x130x12
Column | Flexural capacityn
(Mpe, KN'm) 1986 | 1988 | 1982
Column to Beam moment ratio” 249 | 1.84 | 3.47

]"/ ------ — Stud

Welding should
~ beapplied.

_ Welding should

----- —TSCweb —-

Welding should
not be applied.

R TSC bottom flange ~———.4

—— Additional lateral re-bar

~———— Web plate

DRlexural capacities were calculated using actual material
strengths

2(2M,)/(Mp" + Mp) for 1450 and 1550 and (2M,)/M," for
E550

not be applied.

>—— TSCbottom —

flange

o~ Angle

..... — Additional
lateral re-bar

\.....— Greater panel
zone plate

(b) Exterior beam column joint

Fig. 2 Details of interior and exterior TSC composite beam-to-PSRC composite column connections
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8-PL-300x100x6 (Web plate) ———/ (Panel zone plate) D25 (510 mm2)  (Web plate)
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Welding between bottom
a 4-PL-580x70x12 /. panel zone plate and
. (Panel zone plate) 6 / bottom flange is not applied
300, 6760 Topview g i il
i [ '
|
1 LY _/——Shearconnectorz $16@150 [ 4-130x130x12 Angle
- s X3 X) = |
1200| o ¢ Py | 4 [ P 1200 ; | - D13@150(Tie) .
] O —— e i 6P
TSC beam—' TSC bracket -—l L ¥~——— PSRC composite column W ”ﬂ U @
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Cross-beam — - A Slab re-bars Angle@GOO—-l \ 800
(i", 550 —6mm thick
4 300
0l f i 30 800
4-D10 —" 4-D25 -—4 D10@200 — A Section A-A Section B-B
(a) Interior beam-column joint (I550)
! ' 1 [
Top view  3-PL-580x70x12 o N
4-Angle — HQQQ?‘ 3380 AL ALN (Panelzone plate) 717\ %0 hook’(4 b25)
4-D32 — 5 e EIA HEss Cross-beam—
Shear connector D13@150 (Tie) Shear”””ecmrf' ¢16&@£;0-—\‘ ST Y HA—|-y
2-016@150 —  Cross-beam - |18 1200 T2 A “ " A_/76  \ /7] 6]
\ e s — / a i
5 | 2080 AT i e T pL-300x1006
¥ : v TSC beam—' TSC bracket — R (Web plate) N a‘r 3-D13
T / -+-3-D13 Cross-beam —' B
3060 / b 16 { 6
4 4 ( < A= Slab re-bars TSC 7] P | <
i 1 et 8 bracket '!
TSCbeam—* TSCbracket - & / ¥ \Wekling between !'r
6-PL-300x100x6 (Web plate) ——— Al sls 1] a botompaneizone [ L7 |
8-PL-580x70x12 (Panel zone plate) e ve pteand botom 7 —
B 8 o) / A fergeitzppled 3PL-580C02  2-PL-5B0X14012
£t i Panel zone plate)=(Panel zone plate
© 4010—+" 4D/ A=l _Dio@200 i b | \T) )(\ | ’ i)

(b) Exterior beam-column joint (E550)

Fig. 3 Dimensions and details of specimens
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1
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1000kNIoad cell I LC2
L < LC1 Axial link
Pin Pin
NN || || LT || |
(@) Interior connections (1450, I1550)
. 3380mm
Reaction EPSRCcompositecqumn
—y_ wall 2000kNactuator __ 0 Unearpdtentiometer
—— TSC composite
- beamandslab
i ] —
— [ = «—0
M @ 3060 mm
- Aal li LC2
L al link "y
NG ieal (9
Ly
(b) Exterior connection (E550)

Fig. 4 Test Set-up for cyclic loading and measurement
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1% e sageln, 4 ok Ase -5 98
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P A i o Xéﬁ’?—# thﬂ“ 2 Sl P,
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ZUE AN s FAAS HAER Aele] 3}
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3-8 BAAe) QPR mRlehA Bk
Fig. 5 Wehd sish go] nE 4% 484 402
FAsZL S0 et et

Hap gjslo] TSC FAHES] 4= o] Ad=x F7]
A Aol AAE 1] wEeld)
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2 Zaigg Y AR 284 14503 15509 7 Bt me AR TSC BARe AU 2w
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Tol] =gk o] % Awgtavt AREE, HF gale] ¥ "
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712e uzaari 204 guasn AdH gE50e A9 7 GE, ole TSC AR T A= 371 Al
A . B oukske] Wygseo] 27 3.0% 2 4.0%2M 27 A5 EAAS AAAGS FASI] WEelt) Fig. 2¢]
HEFYZZAN Tee v WS, B bkl o], ZRIE 24| e Ud AAdse] 45
A AdH BE A o]l wiE sl ol AzAel T HF FAF0] A o5 AR ZRIE FH9
et YRt Z7A% Eob WA ZA wAlskd] &7l 9sle] dAEBR o= HrE TSC FAEY
ouirlae] athA AAE gt 1 olfe RmuEd B VlefEle Ao dnn,

1,000 1,000 1,000
il
750 { (2) 1450 F k 750 - 750
= 500 { =T Positivedir | 377 s00 500
X
- 250 250 A 250
§ 0 e 1 0 o
[
8 -250 © Webbuckling | -250 - -250
m
= 500 A Web fracture | _gpp - i
-750 4 ]L P -750 -750
-1,000 T T T T -1,000 T T T T -1,000 T T T T
-6 4 22 0 2 4 6 5 4 2 0 2 4 6 6 4 2 0 2 4 6
Story drift ratio (%) Story drift ratio (%) Story drift ratio (%)
Fig. b Lateral load-story drift relationships
1,500 1,500 1,500
(a) 1450 M [ {BYISE0. oo oo g o (€)ES50 _ ___ _|__ .4 ________
1,000 L 1,000 4 - 1,000 4 M!
ZE 500 500 + 500 o
=
= 0 0 A 0
-7
§ -500 -500 4 -500 o
[ /i o X, Y
-1,000 1 -1,000 4 ---- 1-% - 1,000 ===~ /{1 RS
z , 1 ¢ . vV VY
: " 2 M,
-1,500 T T T T -1,500 T T — T -1,500 T T T T T
-6 ] -2 i} 2 4 (1 -6 -4 -2 0 2 4 6 -6 -4 -2 1] 2 4 6
Story drift ratio (%) Story drift ratio (%) Story drift ratio (%)

Fig. 6 Flexural capacity of beams measured by load-cells
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Table 2. Joint shear strength

Specimens 1450 1550 E550
Shear moment demand 7, (kN-m) " 1397 1719 909
Shear moment capacity by web steel V.d; (kN-m) (ratio) ? 978 (43.0) 1199 (43.9) 1199 (44.3)
Shear moment capacity by diagonal strut V,,(0.75d,) (kKN-m) (ratio) * 978 (42.9) 1147 (42.0) 1128 (41.7)
Shear moment capacity by compression field V,d (kN-m) (ratio) Y 321 (14.1) 386 (14.1) 380 (14.0)
Shear moment capacity M, (kN -m) 2218 2732 2707
Shear capacity-to-demand ratio (M, /M) 172 1.59 2.98

UZA"[I}: 1595, 2163, and 1144 kN-m for 1450, 1550, and E550, respectively: V,= 535, 726, 384 kN(1450, 1550, E550): and V,= 591, 802,

424(1450, 1550, E550)

?F,, =450 MPa: t, = 2 x 6 mm: h,= 680 mm: and d, = 444, 544, 544 mm(1450, 1550, E550)

yw

91,=30.8, 311, 30.1 MPa(1450, 1550, E550): b, =288 mm: h=800mm: and d, =594, 694, 694 mm(1450, 1550, E550)
Y4, =0 b, = 656 mm; b= 300 mm: and d= 508, 608 mm(1450, 1550, E550)
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