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Experimental study on seismic behavior of recycled aggregate
concrete filled square steel tube columns

ZHANG Xianggang' > CHEN Zongping' > XUE Jianyang' SU Yisheng'’
(1. College of Civil Engineering and Architecture Guangxi University Nanning 530004 China;
2. School of Civil Engineering Henan Polytechnic University Jiaozuo 454000 China;
3. Key Laboratory of Disaster Prevention and Structural Safety of China Ministry of Education
Guangxi University Nanning 530004 China)

Abstract: To study the seismic behavior of recycled aggregate concrete filled steel tubular ( RACFST) columns six
specimens with different replacement rates of recycled coarse aggregate and axial compression ratios were tested under
the cyclic reversed loading. The entire loading process and failure mode were observed the hysteretic curve skeleton
curve ductility dissipation capacity and stiffness degradation were analyzed and then the ultimate compression and
flexural capacities under cyclic reversed loading were calculated using existing theories. It is shown that the failure
process and failure mode of RACFST columns are similar to those of concrete filled steel tubular columns in which the
circular steel tube at the bottom is buckled. All the hysteretic curves which change from bow shape to arch shape are
plump and within the parameters selected in test the influence of replacement rate on hysteretic curves is little. The
average displacement ductility factor is close to 3. 0. The equivalent viscous damping coefficients at failure point are
between 0.323 and 0. 360. It is suggested that design formulas with the consideration of a reduction factor 0. 92 and an
amplification factor 1. 13 in GJB 41422000 and DBJ 13512003 respectively can be used to design the compression
and flexure strength of RACFST columns under cyclic reversed loading.

Keywords: recycled aggregate concrete filled square steel tube; replacement rate of recycled coarse aggregate; quasi—

static test; seismic behavior index; bearing capacity calculation
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Table 1 Design parameters of specimens
y/!% n o 0 A L/mm B/mm
sS4 0 0.8 15 1.61 19.51 850 150.9
S2 30 0.8 15 1.62 19.51 850  150.9
S3 70 0.8

S-4 100 0.8
S5 100 0.7
S5-6 100 0.6

15 .62 19.51 850 150.9
15 .62 19.51 850 150.9
15 .62 19.51 850 150.9
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Fig.1 Physical dimension and construction of specimens
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20 mm o
v 0% 0% ~30% -
70% 100% 4 C40.
RAC N
- RAC 2,
2 RAC
Table 2 Constituent content of RAC
; /(kgem™>)
v 1% %
0 0.47 33.6 204.8 435.7 564.3 1115.2 0.0
30 0.47 33.6 204.8 435.7 564.3 780.6 334.6
70 0.47 33.6 204.8 435.7 564.3 3346 780.6
100 0.47 33.6 204.8 435.7 564.3 0.0 1115.2
1.2
JCJ 53—1992 (
) 12
3.
3
Table 3 Basic physical properties of coarse aggregates
/ / / / /
mm (kg‘m_S) (kg‘m_S) % %
5 ~20 2722 1435 0.05 0. 00
5 ~20 2 655 1270 3.16 1. 82

GB/T 228—2002 {

» " 3 .
478.3 MPa 2.18 x 10° MPa
0.272 1.865 x10°.

GB 50010—2010 ¢

» f. 85%
406. 5 MPa.
RAC 3
3
GB 50081—2002
» o 4,
4 RAC
Table 4 Measured mechanical properties of RAC
v 1% fow /MPa  f, /MPa Sl E, /MPa
0 46. 8 37.1 0.79 3.72 x 10*
30 50. 8 36.9 0.73 3. 84 x 10*
70 53.8 38.2 0.71 3.89 x 10*
100 50. 1 36. 8 0.73 3. 67 x10*
E S S RAC

1.

1.

Fig.2  Test setup

1500 kN
o JGJ 101—1996
>> 16
5 kN
1 ’
A.V
0 mm 3
85% o
h gkl ﬁﬂ%ﬁﬂ?ﬂ

Fig.3 Loading protocol of horizontal load
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~

Table 5 Measured load and displacement at characteristic points

P, IkN A, /mm P, /kN A, /mm P, /kN A, /mm #
59.47 16. 04 70. 12 30. 01 59. 60 48.44 3.02
S4 59.12 15.22 71. 44 30. 03 60. 72 44.78 2.94
59. 30 15. 63 70.78 30. 02 60. 16 46. 61 2.98
62. 96 16. 06 69. 55 29. 88 59.12 47.39 2.95
S2 58.41 13.01 69. 54 30.01 59. 11 40.73 3.13
60. 69 14. 54 69. 55 29.95 59.12 44.06 3.04
72.08 15.58 89.43 30. 01 76.02 43.33 2.78
S3 50. 07 13.37 57.31 19.98 48.71 37.81 2.83
61.08 14. 48 73.37 25.00 62.37 40.57 2.80
70. 12 13. 19 88. 06 19.99 74. 85 41.49 3.15
S-4 53. 05 14. 64 59.79 20.03 50. 82 41.10 2.81
61.59 13.92 73.93 20. 01 62. 84 41.30 2.98
63. 85 15. 45 78.01 29. 85 66. 31 44.85 2.90
S5 55.50 13.37 64.75 19. 88 55.04 43.22 3.23
59. 68 14. 41 71.38 24.87 60. 68 44. 04 3.07
59.34 18. 88 67.20 30. 02 57.12 51.50 2.73
S5-6 55. 86 13.92 66.79 30.01 56.77 47. 66 3.42
57. 60 16. 40 67.00 30.02 56.95 49. 58 3.08
P 07
Y, A |
7 oot 28] 4
B : V SousSens ;i _:_ :-3 /A/ﬂ}
S I IRD~ &
: : 04 f- 53 =
| | ol /’/ :
4, 4. 4 0244kl -
8 0.1 i' ) - : - : + -
. _ 10 20 30 40 50 60 70
Fig. 8 Diagram of energy equivalent method A/ mm
. 10 h,A
: S(ﬂf\c‘»f@) S( AOBE + AODF) ¢
9 i Fig. 10 Curves of h,_ versus A
P h, 0.167 ~0. 197 h,
B 0.323 ~0. 360 o
0.1~0.2
FA(lG / h,o
‘ CE 4 2) sS4 S2.53.54 h,
%ﬁ;?
;f
D .
9 ht‘ 6 h
Fig.9  Calculation diagram of h, Table 6 Measured h, at characteristic points
h, 1 h,
10
hc h\ 0.4 S4 0. 153 0.192 0.358
S2 0.159 0.192 0. 358
S3 0.178 0.197 0.324
6 S-4 0. 145 0. 167 0.323
h S5 0.137 0.176 0. 338
‘ S-6 0.126 0. 191 0. 360
1) h, 0.126 ~0. 178
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Uniformization analysis of stiffness
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versus displacement

7
Table 7 Measured stiffness of specimens at
characteristic point

K,/ K, / K, / K,/ K K, K,
(kNemm™") (kNemm™") (kNemm™"') (kNemm™') K. K K
S4 14. 15 3.79 2.36 1.29 0.27 0.17 0.09
S2 13.16 4.18 2.32 1.34 0.32 0.18 0.10
S3 14.20 4.22 2.94 1.54 0.30 0.21 0.11
S4 13.35 4.43 3.69 1.52 0.33 0.28 0.11
S5 12.27 4. 14 2.87 1.38 0.34 0.23 0.11
S-6 8.40 3.51 2.23 1. 15 0.42 0.18 0.09
0.3K,
0.2 K,
0.1K,
4
CECS 254:2012 7 GJB 4142—2000 * DBJ 13-51—
2003 " CECS 159: 2004 * ; AISC-
LRFD * BS 5400 * EN 199444
2004 %, #
N,, N,.
8.9, 8.9
1) CECS 159:2004.BS 5400.EN 199444
2004
. CECS 254: 2012
24% .
2) GJB 4142—2000.DBJ 13-51—2003
AISCARFD
AISC-
LRFD
o GJB4 142—2000
8% ;
DBJ 13-51—2003
13% . GJB 4142—
2000
0.92 : DBJ 13-
51—2003
1.13 .
1 1 DBJ 13-51—2003
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8 N,
Table 8 Contrast result between N, and N, .

/ CECS 254:2012 GJB 4142—2000 DBJ 13-51—2003 CECS 159:2004 AISCLRFD BS 5400 EN 19944 4:2004

N
N Noo Nool Nyol Nool Nool Nool
kN Nu /Ny e Ny /Ny Noi/Ny Nut/Nu N /Ny Noi/Ny N

ut Yut

kN kN kN kN kN kN kN
5S4 62.84 48.73 .29 66.12  0.95 53.42 1.18 99.54 0.63 51.65 1.22 121.39 0.52 74.70  0.84
S2 60.16 47.24 27 64.08 0.94 52.95 1.14 9596 0.63 50.28 1.20 123.98 0.49 75.04  0.80
S3 59.12 46.78 .26 63.18 0.94 53.04 1.11 95.52 0.62 49.24 1.20 125.93 0.47 75.23  0.79
S4  62.37 47.43 .31 64.37 0.97 52,99 1.18 96.37 0.65 50.50 1.24 124.04 0.50 74.97 0.83
S5 60.68 49.66 .22 67.47 0.90 53.56 1.13 101.54 0.60 53.85 1.13 108.54 0.56 90.94  0.67
S-6 56.95 51.90 .10 70.58  0.81 53.90 1.06 106.73 0.53 57.21 1.00 93.03 0.6l 106.48  0.53

CECS 254:2012.GJB 4142—2000.DBJ 13-51—2003  CECS 159:2004
; AISCLRFD  EN 19944 4:2004

N,

ut uc

/N, .

ut

—_— e e e e

0.8 ; BS 5400 2
9 Ny /N,
Table 9 N, /N, . demographic characteristics of specimens
Nu l/Nu c
CECS 254:2012 GJB 4142—2000 DBJ 13-51—2003 CECS 159:2004  AISC-LRFD BS 5400  EN 1994 -:2004
1.24 0.92 1.13 0. 61 1.16 0.52 0.74
0. 006 1 0.003 4 0.002 0 0.001 6 0.008 0 0.002 8 0.014 4
0.062 6 0.063 7 0.0395 0. 066 5 0.0770 0.1008 0.1612

GJB 4142—2000
0.92 ; DBJ 13-51—2003

o 1 . M .
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