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Experimental study on seismic behavior of recycled aggregate
concrete filled steel tube columns
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Abstract: To study the seismic behavior of recycled aggregate concrete filled steel tube( RACFST) columns ten circular
specimens with different replacement ratio of recycled coarse aggregate slenderness ratio axial compression ratio and
steel ratio were tested under the cyclic reversed loading. The entire loading process and failure mode were observed and
the seismic behavior indexes including hysteretic curve skeleton curve ductility dissipation capacity and stiffness
degeneration were obtained. The bearing capacity of compression and flexure under the cyclic reversed loading was
calculated by several existing codes. It is shown that the failure process and failure mode of RACFCST columns are
similar to those of concrete filled steel tube columns. The main phenomenon was that the bottom of the circular steel tube
buckled. All the hysteretic curves are plump whose shapes change from fusiformis to arch. Within the variation range of
existing replacement ratio parameter the hysteretic curves are influenced little. Based on the request for seismic
performance recycled aggregate concrete ( RAC) can be used in engineering capacity-bearing structures. The
displacement ductility factors are more than 3. 0 and the equivalent viscous damping coefficients at failure point are
between 0. 305 and 0.460. The DL/T 5085—1999 Code can be used to calculate the compression and flexure strength of
RACFST columns under the cyclic reversed loading. The research results can provide reference for further extension and
application of RACFSRT structures.
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Table 1 Mix proportion of RAC
(%) (kg) (ke) (ke) (ke) (ke)
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 33.6 204.8 435.7 564.3 334.6 780.6
100% 0.47 33.6 204.8 435.7 564.3 0.0 1115.2
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Table 2 Design parameter and of specimens
C4 C2 C3 C4 CS5 C-6 Ccq C8 c9 c40
b% 0% 30% 70% 100% 100% 100% 100% 100% 100% 100%
A 20.46 20.46 20.46 20.46 18.05 15.64 20.67 20.67 20.67 20.67
n 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.6 0.5
a 0.12 0.12 0.12 0.12 0.12 0.12 0.07 0.07 0.07 0.07
[4 1.35 1.36 1.31 1.36 1.36 1.36 0.70 0.70 0.70 0.70
1 400 — = 4 RAC
) I — ‘:‘7 1 8@50 Table 4 Measured strength indexes of RAC
3| | | T y Juu( MPa) £.(MPa) Sl
= > 1 Tmr 0% 46.8 37.1 0.79
i 2 30% 50.8 36.9 0.73
2 8 70% 53.8 38.2 0.71
~ R 100% 50.1 36.8 0.73
.| iR
3 ‘“"‘j‘!ﬁt‘: ¢ ' MLV : 218 > Rac
1 —t = * TP = ( D8@100 Table 5 Measured deformation properties of RAC
3 g §\ ‘Tf1 2418 v, E,
T T = T 0an 04 0.6n 0.8 (x10'MPy
L 800 — S 0% 0.16 0.19 0.20 0.21 3.72
Bl #rEE 30% 0.17 0.19 0.19 0.22 3.84
Fig.1 Elevation of specimens i~ 0.18 018 0.21 0.21 389
- AS/A(, As A(, 100% 0.18 0.19 0.20 0.21 3.67
RAC ; 0 = AJyk/Aufck fyk
0 A =4L,/D L, 4 RAC f, f.
LD o 4 Sou 8.55%
1.2 5.91% -6.88%; f. - 0. 54%
€ 3.52% -3.66%
» e 3 RAC .
; ( 5 RAC
> RAC
RAC
o 3 ~ 5 o ; RAC
3~5 f A 3.23% 1.30% -5.66%
VE. E, RAC &y
S S RAC .
oV, UV, RAC o 4 5 RAC
3
Table 3 Measured mechanical properties of steel tube 100% RAC
f,(MPa)  f,(MPa) E( x10°MPa) v, &, pe) i
4.6mm 416.0 489.4 2.08 0.296 2000 1.3
2. 7Tmm 366.8 431.6 1.98 0.257 1853 2
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Table 6 Measured load and displacement at characteristic points
w=A/A, “
P (kN) A,(mm) P, (kN) A, (' mm) P,(kN) A,(mm) '
46.19 13.81 53.71 31.75 45.65 45.26 3.28
C4 46.57 12.42 54.93 23.87 46.69 38.31 3.08 318
46.38 13.12 54.32 27.81 46.17 41.79
47.80 14.27 56.43 29.97 47.97 47.96 3.36
C2 45.40 10.73 50. 16 19.92 42.64 40.78 3.80 38
46. 60 12.50 53.30 24.95 45.31 44.37
43.30 14.18 50.8 29.97 43.18 51.30 3.62
C3 47.66 9.89 53.25 29.96 45.26 48.10 4.86 +
45.48 12.04 52.03 29.97 44.22 49.70
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w=A/A, w
P, (kN) A, (mm) P, (kN) A,,( mm) P(kN) A,( mm) :
39.96 13.04 45.66 20.01 38.81 52.54 3.98
C4 52.53 12.35 64.24 30.01 54.60 38.61 3.12 3.58
46.25 12.70 54.95 25.01 46.71 45.58
39.97 10.19 47.75 13.98 40.59 52.70 5.18
c5 64.94 11.63 79.29 27.97 67.40 42.83 3.70 4.43
52.46 10.91 63.52 20.98 54.00 47.77
85.30 8.47 99.08 24.48 84.22 35.35 4.17
c6 49.56 3.40 58.84 7.01 50.01 24.92 7.33 375
67.43 5.94 78.96 15.75 67.12 30. 14
35.91 9.68 43.31 18.02 36.81 34.91 3.54
c 32.57 8.85 36.35 18.01 30. 90 26.77 2.86 3.32
34.24 9.27 39.83 18.02 33.86 30. 84
31.80 13.12 37.72 17.99 32.06 35.37 2.70
c-8 33.32 7.81 46.33 18.04 39.38 28.7 3.67 319
32.56 10.47 42.03 18.02 35.72 32.04
33.17 11.31 40.21 27.02 34.18 39.74 3.51
c9 33.10 10.57 37.95 17.93 32.26 29.95 2.83 317
33.14 10.94 39.08 22.48 33.22 34.85
37.12 14.01 45.01 26.72 38.26 45.33 3.24
c4o 29.06 10.8 32.07 17.91 27.26 30.82 2.85 3.04
33.09 12.41 38. 54 22.32 32.76 38.08
57.60 16.40 67.00 30.02 56.95 49.58
3 h,
. Table 7 Measured &, at characteristic points
N c4 c=2 c3 C4 o
o A (mm)  0.152 0.190 0.175 0.179 0.161
3.4 A,(mm)  0.248 0.257 0.299 0.234 0.213
h, A,(mm)  0.402 0.406 0. 460 0.433 0.433
o h, = S(ABC+CDA) /(2m - S( ()BE+()DF)) c6 ¢4 C3 c9 €40
S ac s con) S\ o8t + 0vm) A(mm)  0.157 0.187 0.163 0.163 0. 160
10 o h, A,(mm) 0.212 0.234 0.239 0.233 0.210
A,(mm)  0.378 0.356 0.338 0.335 0.305
7o
? ; 7 h,  0.152 ~0.
% 190 . 0.210 ~0.299
i h,  0.305 ~0.460
k4 ' - 0.1~0.2
] C E A
s RACFST RACFST
%/ h, 1/2 RACFST h, 1/3,
D 3.5
10 &,

Fig.10 Calculation diagram of h,
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Table 8 Measured stiffness at characteristic point
K,( kN/mm) K, ( kN/mm) K,,( kN/mm) K, ( kN/mm) K, /K, K, /K, K, /K,
C4 10.43 3.54 1.95 1.10 0.34 0.19 0.11
C2 9.87 3.73 2.14 1.02 0.38 0.22 0.10
C3 9.90 3.78 1.74 0.89 0.38 0.18 0.09
C4 10. 64 3.64 2.20 1.02 0.34 0.21 0.10
CS5 18.87 4.81 3.03 1.13 0.25 0.16 0.06
C-6 38.46 9.62 5.60 2.23 0.25 0.15 0.06
Cca 9.32 3.70 2.21 1.10 0.40 0.24 0.12
C8 8.60 3.70 2.21 1.10 0.43 0.26 0.13
C9 7.93 3.03 1.74 0.95 0.38 0.22 0.12
Cc40 6.99 2.67 1.73 0.86 0.38 0.25 0.12
9 N, N
Table 9 Contrast result between N. and N¢
N (N) CECS 254:2012 DL/T 5085—1999 DBJ 13-51—2003  AISCH.RFD( 1999) BS5400( 2005) EC4(1994)
N.(kN) N /Ny Ny(kN) - NN NU(KN) o NG/NG o Ni(KN) o N/NG NG(KN) o NU/NG S NG(KN) NN
C4 54.32 44.21 0.76 60. 47 0.90 69.00 0.79 37.90 1.45 28.71 1.74 47.88 0.92

C2 53.30 42.13 0.77 58.79 0.91 68.25 0.78 36.82 1.47 30.01 1.63 48.15 0.90

C3 52.03 41.66 0.76 58.82 .88 68.29 .76 36.01 1.47 31.03 1.54 48.35 0.88

C5 63.52 48.57 0.81 66. 84 .95 78.23

0 0
C4 54.95 42.38 0.80 58.95 0.93 68.32 0.80 37.00 1.51 29.88 1.69 48.10 0.93
0 0.81 42.00 1.53 30.94 1.91 54.64 0.95
0

C6 78.96 40.92 1.04 64.83 1.22 82.51 .96 34.00 2.37 49.09 1.50 59.47 1.26
CH 39.83 23.65 0.93 37.18 1.07 39.85 1.00 14.25 2.88 23.59 1.58 27.51 1.24
C8 42.03 26.74 0.91 39.61 1.06 41.14 1.02 16.33 2.63 20. 64 1.91 42.95 0.99
CH 39.08 29.83 0.79 42.03 0.93 41.87 0.93 18.41 2.16 17.69 2.07 43.04 0.91

c40 38.54 32.93 0.74 44.45 0.87 42.04 0.92 20.49 1.90 14.75 2.45 43.12 0.90

10 N, /N,
Table 10 N'/N: demographic characteristics of specimens
CECS 254:2012 DL/T 5085—1999  DBJ 13-51—2003  AISCLRFD( 1999) BS5400( 2005) EC4(1994)
0.83 0.97 0.88 1.94 1.80 0.99
0.0095 0.0123 0.0097 0.2913 0.0854 0.0202
0.1171 0.1140 0.1121 0.2785 0.1623 0.1439
(2005) EC4(1994)
EC4( 1994)
; AISC-LRFD ( 1999)
EC4
(1994) RACFST
o AISC-LRFD( 1999) 0
BS5400( 1979) 0 (3) CECS 254:2012,DL/T 5085—1999

(2) AISC-LRFD( 1999) .BS5400( 2005) DBJ 13-51—2003 RACFST
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