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Analysis of the influence of composite floor slab effect on hysteretic behavior
of high strength steel frame - tube structure with low yield point shear link
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Abstract: High-strength steel frame tube structure with replaceable low yield point shear link ( HSS-FTS-
RLYPSL) has good lateral and torsional stiffness and energy dissipation capacity. To study the influence of RC slab
combination effect on the seismic resistance behavior of the structure, the corresponding structural measures are
put forward to improve the premature separation of the RC slab and the spandrel beam under rare earthquake. The
HSS-FTS-RSL substructure model is established by ABAQUS for hysteretic anaysis, and the structural measures
of connectors, the thickness of the RC slab, the concrete strength and the length of the shear link are used as
parameters to analyze their influence on the hysteretic performance of the substructure. The results show that the
setting of T-shape Connector can delay the pull-out of studs from RC slab when the displacement of spandrel beam
is large, and the web plate of T-shape should be arranged along the span direction. Considering the RC slab
combination effect can effectively improve the initial stiffness and bearing capacity of the structure, the thicker the
RC slab, the higher the concrete strength and the shorter the shear link, the greater the lifting amplitude.
However, the existence of the RC slab will limit the rotation angle of the shear link to a certain extent, thus
affecting the plastic development of the shear link. Based on the analysis results, the design suggestions are put
forward: the length of the shear link should not be too long or too short, and the length ratio of the shear link
should be in the range of 0. 95 ~ 1. 25. On the premise of meeting the structural performance requirements and the
structural requirements of the connector, and the thinner RC slab should be selected as far as possible, and the
concrete strength grade should not exceed C30.
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Fig. 1 Schematic diagram of HSS-FTS-RSL
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Tab. 1 Constitutive parameters of low yield point steel
Wit %g% E/GPa  s|,/MPa Q./MPa b G /MPa y  C,/MPa 7y Cy/MPa vy, C,/MPa 7,
LYP225 200 170 75 5 3 050 130 1 050 170 1 000 220 260 1
*2 RBEIANESH
Tab. 2 Constitutive parameters of concrete
RC%%  fu./MPa  E/GPa v R F1 /() i e o1 /6 2 Rtk #%
C30 31.3 30 0.2 30 0.1 1. 16 0.67 0.01
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Fig. 3 Comparison of failure modes
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Tab.3 Comparison of performance indexes
JeE R U AR 1 SPEN B K/ N

PEREFEbR Ay/mm F,/kN Am/mm F,/kN (kN - mm™ 1) A 1 Feiie

8 1 o 1 7§ Y o8 ) e 7 1 o 3 4 11 o 1 e v Y o8 R 144 [ Fu/
T REE 19.82 19.79 254.37 246.88 90.80 90.79 377.56 362.32 19.33 19.61 4.58 4.59 1 204.246
BT 20.00 20.00 246.37 264.53 90.00 90.00 369.29 368.94 19.71 20.16 4.50 4.50 1 301.050

iR 0.91 1.06 —3.15 —7.15 —0.88 —0.87 —2.19 1.83 1.97 —2.80 —1.75 —1.96 8. 04
R REE 19.84  19.67 254.05 259.37 89.05 89.12 382.25 382.90 19.55 20.39 4.99 5.04 1375.578
AFRIT 20.00 20.00 262.63 285.72 90.00 90.00 373.52 375.70 20.19 21.51 5.00 5.00 1 534.927

iR 0.81 1.68 3.38 10.16 1.04 1.01 —2.28 —1.88 3.27 5.49 0.20 —0.79 11.58
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Fig. 4 Comparison of hysteresis and skeleton curve
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Fig. 5 Schematic diagram of T-shape connector
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3.1

%4 BASE #EEMHER~T(HA: mm)
Tab.4 Component size of BASE model (Units; mm)

T 2354 FERR T MR FERE R B m FEREE B B PR S B
3300 3000  H540X340X18X22  H600X220X14X18  H340X200X 12X 14 600 135
x5 SRINEBESH(H{I: mm)
Tab. 5 Design parameters of S models (Units: mm)
BUMGS I A MEARIEE  ERKE W AR ¥ T wAR K AR TENE AR WA BRIJEEE
tw Qv J7 I a, b, t, H t

SI1(BASE) 120 14 30 [Ag 353 140 140 14 ML15 0
S2 120 14 140 WiEs 140 140 14 ML15 0
S3 120 14 30 T HEEE 140 140 14 ML15 0
S4 120 14 30 WiEs 140 140 14 Q460 0
S5 120 14 30 WY 140 140 14 ML15 10
S6 A&

TE: ML15 #/4 SO R 2y 240 MPa.
4 120 mm, 16 mm, 54 mm I 16 mm.

F6 BRIEBRZHSH(LANM: mm)

Tab. 6 Design parameters of series models (Units: mm)
FERER Pt iRBEL
Hhlgs EEZWPEE , , .
Bk JE SR
T1 120
T2(BASE) AR S B 600 135 C30
150
T3
N _ C30
C1(BASE) B b5 600 135 10
C2 400
L1 500
L2 FERERRBCKEZ 600 135 C30
700
L3(BASE)
800
L4
L5
VE: TT R T3 R ALY 45 R (2 TR B0 (TR R BT ) . HoA RS

AR REETHEUR. AT B AR, BTE ELAR. JE 38 105 mm,

13 mm, 60 mm, 13 mm fl 135 mm, 19 mm, 64 mm, 19 mm

RS o (o AV i R L B AR E SR B A, HR

% XA JE R 400 MPa, $UBT 4T 4R F§ ML15 4K, LR
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Tab.7 Constitutive parameters of rubber

CIO COI D1

ABBAMEAZEE  —0.228 140 732 0.433 704 248 0
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Rl HERR AR B T S A 8] - 45 44 0 i e P
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(U AR 7R 2 1 BB AE — 0. 698% ~0.552% , #1144
NI BE 25 B 7E —0. 551 % ~0. 891 %.
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Fig. 6 Hysteresis curve of S series model
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U, U3
+2.951e+01
+2.517e+01
+2.083e+01
+1.649e+01
+1.215e+01
+7.816e+00
+3.478e+00
-8.605e-01
-5.199e+00
-9.537e+00
-1.388e+01
-1.821e+01
-2.255e+01

U, U3z
+2.907e+01
+2.476e+01
+2.046e+01
+1.615e+01
+1.185e+01
+7.541e+00
+3.236e+00
-1.070e+00
-5.375e+00
-9.681e+00
-1.399e+01
-1.829e+01
-2.260e+01

U, u3
+3.364e+01
+2.896e+01
+2.427e+01
+1.958e+01
+1.490e+01
+1.021e+01
+5.528e+00
+8.419e-01
-3.844e+00
-8.529e+00
-1.322e+01
-1.790e+01
-2.259e+01

sasseseasas T3
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U, u3
+2.566e+01
+2.163e+01
+1.761e+01
+1.359e+01
+9.563e+00
+5.540e+00
+1.516e+00
-2.507e+00
-6.531e+00
-1.055e+01
-1.458e+01
-1.860e+01
-2.263e+01

(b) S2

U, U3
+2.516e+01
+2.119e+01
+1.722e+01
+1.324e+01
+9.268e+00
+5.294e+00
+1.320e+00
-2.654e+00
-6.628e+00
-1.060e+01
-1.458e+01
-1.855e+01
-2.252e+01

(d)S4

U, U3
+2.367e+01
+1.981e+01
+1.594e+01
+1.208e+01
+8.213e+00
+4.3482+00
+4.835e-01
-3.381e+00
-7.246e+00
-1111e+01
-1.497e+01
-1.884e+01
-2.270e+01
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Fig. 7 Vertical displacement when interstory drifts is 2. 18%
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DAMAGEC DAMAGEC
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619e-0 +9.607e-01
T2 600e 01 +5.000e-01
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Fig. 8 Concrete damage when interstory drifts is 1. 09%
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Fig. 9 Equivalent plastic strain of connector when interstory drifts is 3. 82%

3.3 RC #iRBFER

I 10 o BASE £ RC #EM AR, H
P (a) (b)) ml 0, 24 )2 6] 12 8% A 1K B 0. 5500 i,
s AR MR AR JE FE AL RC REAR Y 5 B2 7 18] 3R 38 M o7 A
H 310, MEARITROF E A Ak, A R
VEEEN B RE N B, iy RC R A B 4 42 (LA
TR S L) T R B Y 2 W) A% 2 A ik E

L 64201, RC BEAURE IR SH R TEE" W
TREBE T R4 s E) 0.65 LIk, OHF £ 4K
BAER BRI w2 AR Mk B 2. 182 B,
RC HEARR B AR R AR Z5 A7 20 58 B2 A TR 16 1 e 406 32
Pi¥ik ) 0.8 KL L, I HANAT ARk, Henfo %
PEBRE IR, B 5 ON AR B R AR BT



a4 BARL, AR 2 AR AR OF AU e R A5 R B % B v M 15T 45 A Dl 4 B R e

595

PEEQ PE, PE22
(F49: 75%) (F49: 75%)
+1.309e-03 +9.665e-03
+1.000e-10 +3.000e-04
+9.167e-11 +6.914e-05
+8.333e-11 1.617e-04
+7.500e-11 3.926e-04
+6.667e-11 6.235e-04
+5.833e-11 8.543e-04
+5.000e-11 1.085e-03
+4.167e-11 1.316e-03
+3.333e-11 1.547e-03
+2.500e-11 1.778e-03
+1.667e-11 2.009e-03
+8.333e-12 2.239%e-03
+0.000e+00 2.470e-03
() RCHEBTIAL A R T8 12 4 B 477 e Al (b) RCHEAR 248K I
DAMAGEC DAMAGEC
(F£9: 75%) (F19: 75%)
+9.619e-01 +9.619e-01
+6.500e-01 +8.000e-01
+5.958e-01 +7.333e-01
+5.417e-01 +6.667e-01
+4.875e-01
+4.333e-01
+3.792e-01
+3.250e-01 .
. s
1hokeol 1zl ﬁ“
+0.000e+00 +0.000e+00 +
(c) RCPER P 5 223k B FEPEAR PR A5 (d) ROHERTIBIE Be el IR
10 BASE ## RC # R IR RN
Fig. 10 Failure modes of RC floor slab in BASE model
#x8 ZRIEE RCHEITEEME
Tab. 8 RC floor slab in development stage of series models
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Tab. 9 Initial stiffness and bearing capacity of series models
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