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Study on Mechanics Properties of Recycled Concrete
Filled Circular Steel Tube Columns Based
on Orthogonal Design
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Abstract; In order to study the sensitive factors to the mechanical properties of recycled concrete
filled circular steel tubular columns and deduce the bearing capacity formula suitable for such com-
posite columns, the load-strain and load-deflection curves of the columns are analyzed by orthogo-
nal test with the parameters of steel content,substitution rate and slenderness ratio,and then simula-
ted by finite element method. The test results show that the elastic-plastic failure characteristics of
composite columns are remarkable ,and the sensitivity of bearing capacity factors is slenderness ra-
tio, steel content and substitution ratio in turn. The average values are 196,147 and 113, respective-
ly. When slenderness ratio is 50, steel content is 11% and substitution ratio is 30% ,the maximum
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bearing capacity is 1 351 kN. The simulation results show that the stress in the middle of the com-

posite column is the largest and the damage degree is the greatest. According to the domestic and

foreign rules of bearing capacity it is concluded that the regulations of CECS28—2012 in China is

most suitable for this kind of structure, Finally, obtains the calculating formula of bearing capacity
from this composite column: N =( -0.016 8A +1.809 3) (f,A, +K,f.A,).
Key words : orthogonal experiment ;recycled concrete filled steel tubular composite columns; finite

element simulation method ;bearing capacity ; mechanical property ;relationship carves
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Table 1 Physical and mechanical properties of steel

- Jat AR bk AR
J&%/MPa &% /MPa 10° MPa
2 345.6 414.0 2.04
3 314.2 401.3 2.08
4 332.7 407.6 2.17

1.2 NTHRHE

RTINS A AT R AR R AR, AR
BHERY 174 172 3/4 AbH DY JE X5 ) A BN,
AR IFEALARE AT E 4 MBI, A
PR AT R B, HoA B sl 1 .



464 WHERKESMARBFR)

o535 3%

Fx2 HEHSEER
Table 2 Parameters table of combination

column specimen

- A/ BERL/ K B AW

mm mm EVL - Y1/
1 C-1laA 2000 2 50 0 5
2 C-1cB 2000 4 50 30 11
3 C-1bC 2000 3 50 60 8
4 C-2bA 2200 3 55 0 8
5 C-2aB 2200 2 55 30 5
6 C-2cC 2200 4 55 60 11
7 C-3cA 2400 4 60 0 11
8 C-3bB 2400 3 60 30 8
9 C-3aC 2400 2 60 60 5
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Fig.1 Strain gauges and displacement gauge layout
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Fig. 4 Load-strain curve of combination column
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Fig.5 Load-displacement curve of combination column
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Table 3 Influence factor and level of combination

column
K KL WA % EANE/ %
1 50 0 5
2 55 30 8
3 60 60 11
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Table 4 Orthogonal experimental result analysis

of combination column

- IKF IK K R# 1/
P k) (RIGE % (SE/%) KN

1 1(50) 1(0) 1(5) 1 304
2 1(50) 2(30) 3(11) 1351
3 1(50) 3(60) 2(8) 1256
4 2(55) 1(0) 2(8) 1320
5 2(55) 2(30) 1(5) 1159
6 2(55) 3(60) 3(11) 1269
7 3(60) 1(0) 3(11) 1 260
8 3(60) 2(30) 2(8) 1089
9 3(60) 3(60) 1(5) 981
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Table 5 Orthogonal experimental range analysis

of combination column

e 2%
K- 1 K2 K3
K, 3 955 3911 3 498
K, 3 809 3 645 3 701
K, 3 367 3573 3 940
N, (K,/3) 1318 1304 1166
N, (K,/3) 1270 1215 1234
N, (K3/3) 1122 1191 1313
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IREET 45 « (6]
<C50 2.00 1.00
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Table 7 Ratio of ultimate bearing capacity and
ultimate bearing capacity and statistic

feature of the test

BRI FRAR T /TR B R

G DL/T50 CECS28—
All AISC
85—1999 2012
C-1laA  1.011 1.098 1. 121 0.976

C-1cB 0. 942 1. 125 0. 876 1.102
C-1bC 0. 960 1. 064 0. 956 1. 006

C -2bA 1. 021 1. 209 1. 105 0.978
C-2aB 1. 004 1. 145 0. 996 0.943
C-2cC 1. 100 1. 557 1. 153 1.097
C-3cA 0. 909 1.427 0.972 0. 964
C-3bB 1.207 1.502 0.943 0.945

C-3aC  1.064 1. 466 0.989 1. 062
SERME 1,029 1. 266 1.015 1. 008

L= 0. 006 0. 029 0. 008 0. 003
FRfEE  0.077 0. 170 0. 089 0. 055
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Table 8 Formula calculation results of bearing

capacity
%' K4k  N/KN O N/KN ¢ =N/N
C-1laA 50 1304 1 266 1.03
C-1cB 50 1351 1571 0. 86
C-1bC 50 1256 1441 0. 89
C -2bA 55 1320 1420 0.93
C-2aB 55 1159 1233 0.94
C-2cC 55 1269 1 567 0. 81
C-3cA 60 1260 1575 0.80
C-3bB 60 1 089 1433 0.76
C-3aC 60 981 1242 0.79
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Fig. 6 Relationship between the slenderness ratio and i
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