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Tab. 1 Design parameters of specimens

Bt S Bk KA 1 K2 K3
A E R R 0% 50% 100%
HE . n 0.18 0. 36 0.54
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Fig.1 Geometry size and reinforcing bars of specimens
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Tab. 2 Properties of steel products

JERBR I RRRREBRE SRR Ji MR

ke fy/MPa fu/MPa E./MPa NEAZ / e
4N Y 329. 8 465. 8 2.02X10° 1632
i 76 9 JB B 391.5 503 1. 99X 10° 1967
PR % 268. 3 443.6 1.93X10° 1390
77 J B 329. 8 465. 8 2.02X10° 1632

I\ Bl4 446. 3 523.8 2.15X10° 2075
$i 7115 B8 418.9 491.6 2.12X10° 1976
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Tab. 3 Properties of recycled coarse aggregate concrete

i A DAELN AN EiE A 1
o BRI BURHEE LR il it
N %, freu/MPa & f./MPa  f,/MPa  E./MPa
C40 0% 45.98 34. 94 2.89 2.533X10"
C40 50% 44. 16 33.79 2.83 2. 508X 10*
C40 100% 40. 65 30. 89 2.67 2. 440X 10*
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Fig. 2 Test set-up Fig. 3 Loading site of test
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Fig. 4 Failure patterns of specimens
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Fig. 5 Load-displacement of hysteretic loops of specimens
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Fig. 6 Skeleton curves and their dimensionless curves of joints
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Tab. 4 Main characteristic value of skeleton curve of joints

W oM iR Y= JeR JIR A U {85 e BR A JIZEE .
i M P,/kN  A,/mm  P,/kN  A/mm Puw/kN  Ap./mm P/kN A./mm 2
i3 73.2 5.57 130. 24 13.05 175. 1 26. 7 148. 8 42. 67 3.27
CFJ1 3.38
A —71.51  —5.62 —132.05 —13.37 —165.57 —27.38 —140.73 —46.65 3.49
e 68.6 5.16 118. 24 12.43 163.17 28. 31 137.9 39.91 3.21
CFJ2 3.23
hir —70.12  —5.03 —125.06 —13.15 —161.1 —29.03 —136.94 —42.73 3.25
i3 70. 31 7.81 112.06 12.67 152.13 26. 94 129. 31 39.01 3.08
CFJ3 3.13
EA —71.06 —38 —115.27 —13.21 —154.24 —27.61 —131.1 —42.01 3.18
i 52.13 6.23 91. 29 12. 60 143. 23 31. 68 121.75 47.61 3.78
CSJ4 3. 84
kA —54. 62 —6.7 —92.36  —13.37 —146.49 —33.15 —124.52 —52.15 3.90
i3 79 7.45 107. 86 12.57 163. 24 25. 32 138.75 33.65 2.68
CSJ5 2. 86

EDTA —81.21 —7.26 —109.67 —11.92 —174.61 —25.67 —148.42 —36.23 3. 04




55 6 1 RS AV A TR BE AT - B A G HE AR R ) AL B Y 943

3 HAAERTRRENRE

3.1 BREMKREHER

A N DI A AS5Z T B R SR 2R i 4R R AR 25 RN R AR R DY B T e, A
il 28 25 FRAE A2 B FF 8 ACP A s TR IR 48480 BCP,, A s W AT 2R A CC Py » A s M BR 7 2K 15
D(P,. A) . Horb s R fr 2k 8 B 2R FH 3 H e Ml 25 0 1 R A5 0 BR far 484 D B (B far 4800 85 % . W F
BRI A AAAE— o 2 50, B e & A A i R AT T A AL B, AN & 7 TR A P M
- D 53 B 7 T 11T [0 0 450 10 0 (i 280 S X L B TS 3 — P 1 — A 53 0 6 7% 71 150 0 ) Jo 282 1 e
(B 2% e L 17 A 57 %

M &1 7 W] LA . 28 TG i 9 A A 38 19 77 a5 B 2 ol 26 45 B0 o5 B B A B L AN BT 7 SR
TN o R FH RT3 X 4 At 0 Y 2 45 B B 5 A AT 0 1 B L D i e i AR il R L A R 8 T
OA.AB.BC.CD 1 OA' A'B" . B'C'.C'D" 435Il &y %7 &5 1E ) A1 52 ) Jn 28 i) 3500 B Bt e 24 4% T4 Bt L
i 5 Ak B B RN IR B B o 19 i R e A5 B B T B AN R 5 FTUR

1.2 ¢ T c
12, - PI(+P,,) pa
PI(+P,) 2P 0.8 - Y
0.8} - ,-_{{ e ~D
& 0.4 4
041 B Af]-4, All+ 4,
X
Afl-4, b AlFA | 0 : e :
0l I 1 (0]
£ 04 - 4/
04/ g D
Ye
r 08 ¢ - )
0.8 .....‘..‘a-; .if.i' (‘ B
“-" o L L - L | L |
ol vy -12 o o ' ) o 3
_ -2.5 -1.5 -0.5 0.5 1.5 2.5
-2.5 -1.5 -0.5 0.5 1.5 2.5
BT ARG i P8 b SRl 2R A A

Fig. 7 Dimensionless skeleton curves of joints Fig. 8  Skeleton curve model of joints

F5 A SR LR T A 2 Bl )1 5 R

Tab.5 Regression equations of skeleton curve model of joints

LB )= 7 fE e ik =X 510 %% h g2 £ Wi
OA P/(+P,)=2.11514/(+A,) 65° 2.1151
AB P/(+P,)=0.95344A/(+A,) +0.2407 44° 0.9534
BC P/(+P,)=0.4654/(+4,) +0.555 25° 0. 465
CD P/(+P,)=—0.4409A/(+A,) +1. 4745 —24° —0. 4409
OA’ P/|—P,|=1.9697(A/| — A, D 63° 1.9697
A'B" P/|—P,1=1.0582(A/|— A, |—0.2126 47° 1.0582
B'C’  P/|—P,1=0.4369(A/| — A, | —0.5749 24° 0. 4369
C'D" P/|—P,l=—0.3568(A/| — A0 | —1.3909 —20° —0. 3568
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Fig. 9 Comparison between calculated and experimental values of skeleton curves of joints
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Fig. 11 Degradation rule curve of stiffness Ki» and Ky of joints
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Fig. 12 Degradation rule curve of stiffness K3, and Ky of joints
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Fig. 13 Degradation rule curve of stiffness Ks; and Ky of joints
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Fig. 14 Comparison between calculated and experimental values of hysteresis curves of joints
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Experimental study on restoring force model of
composite frame nodes of SRRC columns and steel beams

MA Hui, SUN Shu-wei, MAO Zhao-wei, LIU Yun-he, DONG Jing

(School of Civil Engineering and Architecture, Xi'an University of Technology, Shaanxi 710048, China)

Abstract: In order to establish restoring force model of nodes in composite frame consisted of steel
reinforced recycled concrete (SRRC) columns and steel beams, low cycle repeated load experiment for
five composite frame node specimens was carried out. The failure processes and morphological
characteristics of specimens were observed; the hysteresis loops and skeleton curves of each specimen
were obtained; and the hysteretic behavior and seismic behavior were speciallly analyzed.
Experimental results show that the typical shear failure pattern occurs in each node specimen, and the
stress process has experienced four stages: elastic stage, working stage with cracks, yielding
strengthening stage and failure stage. The hysteresis loops of node presents a relatively full fusiformis
shape. The average displacement ductility coefficient is 3. 29, showing good seismic performance. On
the basis, considering the stress characteristics of node specimens, a four broken line restoring force
model for steel reinforced recycled concrete column-steel beam composite frame nodes is established
This model includes skeleton curve model, the stiffness degradation pattern and hysteresis rules. The
calculation curve is in good agreement with experimental curves, which can well reflect the hysteretic
behavior of nodes subjected to low cyclic repeated loading. Above results can be used as a reference for
seismic design of composite frame nodes.

Keywords: steel reinforced recycled concrete ( SRRC) columns; steel beams; node; seismic

performance;restoring force model



