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Mechanical behavior and bearing capacity calculation of self-stressing steel slag

aggregate reinforced concrete filled circular steel tube columns

FANG Yuan, YU Feng* , ZHANG Yang, XU Lin , WANG Xuliang
(School of Civil Engineering and Architecture, Anhui University of Technology, Ma’anshan 243032, China)

Abstract: To studythe mechanical mechanism of self-stressing steel slag aggregate reinforced concrete filled circular
steel tube (steel slag aggregate/concrete@circular steel tube) columns, eight specimens including six short columns
and two intermediate length columns were designed for axial compression test, the variable parameters, such as the
diameter-thickness ratio, expansion rate of steel slag aggregate concrete and length-diameter ratio were considered.
The whole failure process of specimens was observed, and then the strain-stress curves as well as the peak stress
was obtained. The influence of variable parameters on the mechanical behavior of self-stressing steel slag
aggregate/concrete@circular steel tube columns was analyzed. Test results indicate that the short columns
under axial load exhibit shear failure while the intermediate length columns experience global flexural buckling
failure mode. The stress-strain curves of all specimens are basically similar, which undergo the peak point, descending
section, slow rise section and so on. The peak strain and peak stress of all specimens are significantly increased

compared with those of common steel slag aggregate concrete, and the improvement effects are more obvious in
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short columns than those in intermediate length columns. According to the limit equilibrium condition and entire

process analysis, the calculation formula of bearing capacity of self-stressing steel slag aggregate/concrete@circular

steel tube columns was proposed, and then the stress-strain model of self-stressing steel slag

aggregate/concrete@circular steel tube columns was established depending on the experimental data. The theoretical

calculation results are in good agreement with test data. The research results can provide reference for further

research and engineering application of self-stressing steel slag aggregate/concrete@circular steel tube columns.

Keywords: steel tube; steel slag aggregate; concrete; self-stressing; mechanical behavior; bearing capacity;
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Table 1 Proportion and measured strength of steel slag/concrete

Material usage/(kg.m)
Particle size of Sand : - Cube compressive ~ Expansion
steel slag/mm ratio/% Lap Cement Coarse aggregate Fine aggregate  Fine aggregate strength/MPa rate/10™

water (gravel) (sand) (steel slag)
1.18-2.36 0 201 365 961 0 621 34.29 -3.5
0.15-0.3(75%)+ 201 365 961 0 621 21.85 2.8

0.3-0.6(25%)

*2 EWNEBRENNELRRERELT NE/RELeERNE) HiXFEXSH R TNRE
Table 2 Parameters and test strength of steel slag aggregate reinforced concrete filled circular steel tube columns
(steel slag aggregate/ concrete@ circular steel tube) column samples

Sample Po/10" [/mm D/mm t/mm L/D f,/MPa f,/MPa f,/MPa 0 N/kKN 0 pax/MPa € gy € emax
1 2.8 500 140 2.08 3.57 176 312 17.50 0.58 625 40.6 -0.0125 0.0082
2 -3.5 500 140 2.08 3.57 176 312 27.44 0.48 737 47.9 -0.0119 0.0069
3 2.8 500 140 3.63 3.57 233 296 17.50 1.23 1016 66.0 -0.0147 0.0091
4 -3.5 500 140 3.63 3.57 233 296 27.44 1.14 1147 74.5 -0.0134 0.0079
5 2.8 500 140 4.22 3.57 236 301 17.50 1.42 1123 72.9 -0.0158 0.0103
6 -3.5 500 140 4.22 3.57 236 301 27.44 1.36 1223 79.4 -0.0151 0.0095
7 2.8 1000 140 3.63 7.14 233 296 17.50 1.23 858 55.7 -0.0123  0.0082
8 2.8 1500 140 3.63 10.71 233 296 17.50 1.23 799 51.9 -0.0101 0.0070

Notes: P,—Expansion rate of steel slag aggregate concrete; D,t,—Outer diameter and thickness of steel tube, respectively; L—Height of

specimen; fq, f;,—Yield and ultimate strength of steel tube, respectively; f.,—Compressive strength of steel slag aggregate concrete;

N,.—Measured ultimate strength of column; 6 —Confinement coefficient, 6=

axial strain of column; & .,,,—Ultimate circumferential strain of column.
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Fig.1 Failure modes of steel slag aggregate/concrete@circular steel tube columns
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Fig.2 Stress-strain curves of self-stressing steel slag aggregate/concrete@circular steel tube columns
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Table 3 Comparison of calculated values and test data of self-stressing steel slag aggregate/concrete@circular steel tube
short columns under axial load

N,/Ng.

Specimen D/ L/D P, /10" N,/kN N,e/kN Na/Nge Standard Variation
Averagevalue deviati fficient

eviation coe

1 67.30 3.57 2.8 590.5 625 0.9448

2 67.30 3.57 -3.5 650.4 737 0.8825

3 38.56 3.57 2.8 1018.4 1016 1.0024

4 38.56 3.57 -3.5 1042.8 1147 0.9092 0.953 0-054 0.0567

5 33.17 3.57 2.8 1151.3 1123 1.0252

6 33.17 3.57 -3.5 1164.8 1223 0.9524
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Table4 Comparison of calculated values and test data of self-stressing steel slag aggregate/concrete@circular steel tube
intermediate length columns under axial load

Specimen D/t D/L Py /107 Ny/kN N,e/kN N'y/kN Nal/Nae N’ a1/ Nae
7 38.56 7.14 2.8 806 858 855 0.940 0.997
8 38.56 10.71 2.8 785 799 794 0.982 0.994

3 Wit/ BRTeENEFERRENT
3.1 MiE/RRETeRNEREHERREMNTITE

it /IR EE - @R XS A 8 B AR B 7K 28 7 B X6
) At 1) Dy A8 A AR B R AR, X TR B 1 @B
WE AL RE W EHE G br . A RINE /IREE T @
(3] 9 45 i e 2 A AR RIS T AR, X R e B 2 AT [
PP AT, N 5 s, WX AR Bt @R 4N A A
e Bl 1) A PR 0 AR TR A
Ean = ka (0.002 767-0.005 76+ 0.015 4) (23)
P ea A /IR BE T @15 5K A8 S A A PR 0 A2
kea b 5 BRI A 4k R A, Y A O B i TR
MR A -3.5x107 i, HUk,=0.95, il A% O/
TREE LK N 2.8x107 I, Hitk,=1,

0.016

0.014 +

0.012 |

Ultimate compressive strain &,

0.010 . .
1.0 1.5 2.0 2.5

Confinement coefticient 0
5 i /iREE L @ HE AL R R B s, S B R B0 R
Fig.5 Relationship between ultimate compressive strain &,, and
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Table 5 Comparison of calculated values and test data of ultimate compressive strain of self-stressing steel slag
aggregate/concrete@circular steel tube columns under axial load
Specimen L/D P, /107 Eac & X Equ/Eac &/ Eae
1 3.57 2.8 0.0125 0.0130 - 1.0402 -
2 3.57 -3.5 0.0119 0.0126 - 1.0588 -
3 3.57 2.8 0.0147 0.0125 - 0.8503 -
4 3.57 -3.5 0.0134 0.0118 - 0.8806 -
5 3.57 2.8 0.0158 0.0128 - 0.8101 -
6 3.57 -3.5 0.0145 0.0120 - 0.8276 -
7 7.14 2.8 0.0123 0.0109 - 0.8862
8 10.71 2.8 0.0101 0.0095 - 0.9406

Notes: &5,—Calculated value of ultimate compressive strain of short columns;

&g —Calculated value of ultimate compressive strain of

intermediate length columns; £,.—Test data of ultimate compressive strain of columns.
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ar = —6.33y°+2.51y* — 2.34y+8.01 (27)
by = 4.62¢° — 1.530% + 1.62¢+7.10 (28)
2 = 829.25y° — 325.34y° + 475.120+163.43 (29)
dy = —102.35¢° +319.73y% - 324.13y+11044  (30)
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Fig.7 Comparisons between measured stress-strain curves and calculated stress-strain curves of self-stressing

steel slag aggregate/concrete@circular steel tube column
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