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Seismic performance of demountable RCS frame structure
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Abstract: The demountable reinforced concrete column-steel beam ( RCS) combined frame consists of reinforced
concrete columns, steel beams and demountable connectors. The beam-column joints are connected by bolted shear-
resistant connectors, which can realize the disassembly of components for recycling and ensure the effective transfer
of forces. However, the seismic performance of demountable RCS frame structure is still unclear, and there is an
urgent need to conduct out research on the seismic performance of demountable RCS frame structure. To this end,
for the proposed static test of non-demountable conventional RCS frame structure carried out by the team in the early
stage, this paper adopts the finite element software ABAQUS to establish a finite element model, and compares the
finite element calculation results with the test results through the damage modes, hysteresis curves, skeleton
curves, and the cumulative energy dissipation, etc., to effectively verify the accuracy of the numerical simulation.
With the help of the same finite element analysis method, a finite element model of the RCS frame with the new
demountable connection was established, and the seismic performance of the RCS frame specimens under different

node connections was studied in depth, including the force transfer paths, stress maps, hysteresis curves, skeleton
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curves, stiffness degradation, ductility, and energy dissipation, etc., and the feasibility of realizing the
demountability of the frame structure is also analyzed. The results show that: the new demountable joints connection
can control the plastic hinge in the region of the distal beam section, effectively protect the joints core area, and
improve the ultimate load carrying capacity and stiffness. The hysteresis curve is fuller, slowing down the
degradation rate of the load carrying capacity and stiffness, and greatly improving the frame’s energy consumption
capacity. The specimens with the new demountable joints connection can effectively ensure the continuity of the
force transmission path, and its seismic performance indexes are significantly better than the traditional RCS frame
structure. The research results and conclusions of this paper can provide a powerful design reference and data
support for the seismic design of demountable RCS frame structures.
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Fig.1 Schematic diagram of RCS-0 specimen
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Table 1  Mechanical properties of steel bars and steel

Wt HPERI R/ GPa JaE Wi B2/ MPa BLhrsm L/ MPa JE RN AE/ (x107%)
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Fig.4 Comparison of failure models between finite element analysis and test results
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Fig.5 Hysteresis curves,skeleton curves and energy dissipation curves of RCS-0 specimen
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Fig.7 Finite element model of RCS frame specimens
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Table 2 Material properties of steel,steel bars and bolts

MEHEGL R F AR/ GPa f,/MPa &, f./MPa &,
0235 ZERE S AR 198 308.30 0.00 206 450.50 0.159
o473 IE))i] 205 254.50 0.00 217 423.20 0.161

HRB400 EN] 196 479.30 0.00 213 631.20 0.153
HPB300 it 53 201 342.70 0.00 221 487.60 0.196

8.8 e B 200 780.00 0.00 202 900.00 0.136
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Fig. 10 Cloud diagram of Mises equivalent stress of steel beam and bolt
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Fig. 11  Yield modes of each RCS frame specimens



14 SRR A5 ATPRE RCS HESRES M HTRMERERT ST 213

3.3.2  APREIEESHT

R RCS-2 5 RCS-3 171 053 R FHAS [ () AT HR i) 2 2 0y =2 17 18 S 4 A0 3500 e s Ay, 6 b 7 i
HRAE T HEZRSE F T HR I B R T AR /£ GB 50011—2010 (ARG ) 2 Bk | I3k 3 il H5 )
Wit HE, R RCS-2 \RCS-3 H sy s B8 7 AN W) J2 R A% A BRAEL T 647 1 ) S AR T 43 #r

& 12 F1El 13 SikfF RCS-2 5 RCS-3 HHTEJZ BRI 51 43 ik 5] 1/550 F 1730 I 34 vy s g e 1) 1
T ERIAEE, mEEE R RCS-2 JZ R MR E] 1/550 B, AR B E KV AR A 0.006 , T4k 22 finzk
ZZENFE AR 1/30 B, Fe R AE A F] 0.021; 148 RCS-3 2 [ M3k 3 1/550 B, SR 448 5 R0 ) R
551.07 MPa, WA {H 0 0, M4k S mak 2 2 W08 M 1/30 I 1248 5 K /1 T 2780.25 MPajk FIM2 44 i iz
far g, S KR AR R 0.001, M ERAHT 25 R vl LU B, i {4 RCS-2 A RCS-3 78 148 21 5598 14 J2 [A) 137 B8 £ PR
B, R R MR AR 7 AL R R AR AR /N IEAS 25 M J S v SR A A AR 20, X R B TR B AT AR R A Y T B
RIPREIE 26725 1T LSS BOAR (R 150 B B 4 i B5R |

37 J1/MPa PEE 37 J/MPa PEEQ
P 7se) (@l (Fitrs) @l CPigse) (@ CFi% 750 (= ]
778.943 ” 0.006 “ 784.269 “ 0.021 “
714045 =3 0.005 s 720.654 [ ;) 0.019 b
! RESE ZN 8 0
519349 0.004 E ] 5293810 Gt 0.014
el | Eg ayr o= i g™
350755 ” 0.002 ” " 275352 “ ” 0.007 “
194:856 0.001 211737 0.005
i - g iy L =0 i s,
0.161 et 0.000 =8 20:894 (pny 0000 [ |
(a) JZMMIFEF11/550 (b) JRIEFEEE A 1/30

B 12 RCS-2iXFHiZREREZ B AL A THI R ZF Mise Kz 1 = B

Fig. 12 Cloud diagram of strain and Mises stress of RCS-2 specimens under different interlayer displacement angles
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Fig. 13 Cloud diagram of strain and Mises stress of RCS-3 specimens under different interlayer displacement angles

3.3.3 dirllPERe

[l 14 2 3 MEGLA A FRICIH A 25 R AT 8 - A8 i it £, el AT, 3 A3l g i [l i 4 4 {4 &2
MY, X RN B A B FERERE J1 . 78 S S ot 98 1k B B 301, A 2R 1 7K ST 7K 2 g Bl A2 3% I 2K i
HEI 5 240 TSI JS 0 S AP AR IR B B KT AR AR MR T 92 5 Y AE SR BB BT IR S, AR
FFFUENRE, AT HREN RCS HEALIA{ RCS-2 Ml RCS-3 AHELF AN AT HREH1 RCS HESLIERCS- 1143 [l i 28 4 2%
TR R BRIy, B TR 2 MESRRFEREIE TR .

A FE A frad (L% f /rad i i /rad
WogQ04 002 0 002 004 W04 002 0002 004 45004 002 0 002 004
300} 300] 300]
200} — 200} 200}
100} 100} 100}
Z ol Z o £ o
R 100} R 100} R _jo0f
—200} —200} —200}
~300y —— RPFRCS-1 300 £ —ikfkres2| 0 —IRCS3
A R oI s e w0 e e 0 0 0 a0 e 0 im0 60 4020 020 40 60 80 100
A7 F%/mm A% /mm v #/mm
(a) IXfFRCS-1 (h) iXfFRCS-2 (e ) fFRCS-3

B 14 HiXGHEE L

Fig. 14 Hysteresis curves of various specimens
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Fig. 15 Comparison of skeleton curves
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Fig. 16  Comparison of stiffness degradation curve
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Table 4 Displacement ductility coefficients of various RCS frame specimens

ey i e e U OSSPAN  BUREIES,/% u=§—: -
RCS-1 i3 212.79 1.03 258.91 220.07 3.50 3.40 3.49
DA -209.51 -0.98 -257.75 -219.09 3.50 3.59
RCS-2 I 264.51 0.84 326.51 277.53 3.50 4.18 5.58
A -273.46 -0.50 —-346.19 -294.26 3.50 6.99
RCS-3 i 261.46 0.90 329.35 279.95 3.48 3.89 5.22
ki —-290.29 -0.53 -351.13 —-298.46 3.47 6.56

3.3.6 #Efie
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