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Abstract: In order to study the influence mechanism of self-stress on the axial compression
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performance of concrete-filled steel tube (CFST) short column, self-stressing concrete was
prepared by using different dosages of expansion agents, and axial compression test of 12 self-
stressing CFST short columns were carried out, the influences of self-stress on the failure mode,
load-displacement curve, ultimate bearing capacity, failure displacement and load-strain curve of
the specimens were analyzed. The self-stressing CFST axial compression short column finite
element model (FEM) was established by using the finite element software ABAQUS, and the
simulation results agree well with experiment results. The influences of self-stress on ultimate
bearing capacity, load distribution between steel tube and concrete, contact stress and so on were
further analyzed. The influence mechanism of self-stress on the axial compression performance of
short columns was illustrated by the change of contact stress between steel tube and concrete,
and longitudinal stress of concrete. Finally, based on the method of statistical analysis, the
partial correlation analysis of the factors affecting the self-stress was carried out, and a self-stress
prediction model was proposed. The results show that self-stress does not affect the failure form
of the specimens, and the influence of self-stress on ultimate bearing capacity has an optimal level
in the test, the average ultimate bearing capacity of the 12% expansion agent content group is the
highest. The failure displacement corresponding to the specimens reaching the ultimate bearing
capacity decreases with the increase of self-stress. The effect of self-stress on load-displacement
and load-strain is not significant. Improving the concrete strength, steel tube strength and wall
thickness can improve the ultimate bearing capacity of specimens.
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Table 1 Specimen parameters and measurement results
2 5 A5 D/mm L/mm t/mm feu/MPa €9/1076 e, /1076 6./ MPa q/MPa 7
EC-5-1 159 636 4 33.8 55. 61 32.87 1.16 0.78 0.023
1 EC-5-2 159 636 4 33.8 72.69 33.28 1. 29 0.97 0.029
EC-5-3 159 636 4 33.8 77.45 30. 96 1. 27 1.02 0.030
EC-10-1 159 636 4 34.5 82. 34 70. 22 2.23 1.21 0.035
I EC-10-2 159 636 1 34.5 85.45 62.98 2.08 1.23 0.036
EC-10-3 159 636 1 34.5 42. 38 31. 28 1. 33 0.61 0.018
EC-12-1 159 636 4 37.8 119. 20 112. 95 3.49 1. 80 0.048
1T EC-12-2 159 636 4 37.8 127.66 108. 67 3.45 1. 88 0. 050
EC-12-3 159 636 4 37.8 136. 21 124. 25 3. 88 2.04 0. 054
EC-15-1 159 636 4 35.7 130. 25 109. 63 3.49 1.92 0. 054
N EC-15-2 159 636 4 35.7 178.02 143. 65 4.63 2. 60 0.073
EC-15-3 159 636 4 35.7 143.08 125. 48 3.96 2.12 0. 059
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Fig. 1 Relationship between strain and time of specimens
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Fig. 2 Schematic diagram of steel tube stress
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Table 2 Test results of specimens
20 5 KRS | fo/MPa | fi/MPa | ¢/MPa q./MPa N./kN N./kN u/mm u,/mm Nuw/kN | N./Nn
EC-5-1 33.8 307.2 0.78 1309.8 6.90 1365.5 0.96
1 EC-5-2 33.8 307.2 0.97 0.92 1318.9 1316.1 7.02 6. 82 1 366.1 0.97
EC-5-3 33.8 307.2 1.02 1319.6 6.54 1 366.2 0.97
EC-10-1 34.5 307.2 1.21 1338.0 5.24 1375.1 0.97
1 EC-10-2 34.5 307.2 1.23 1.02 1312.2 1327.0 5.46 5.39 1375.2 0. 96
EC-10-3 34.5 307.2 0.61 1330.7 5.48 1373.3 0.97
EC-12-1 37.8 307.2 1. 80 1322.9 5.28 1415.7 0.93
I EC-12-2 37.8 307.2 1. 88 1.91 1362.6 1 348.4 5.21 5.28 1415.9 0.93
EC-12-3 37.8 307.2 2.04 1359.8 5.36 1416.4 0. 96
EC-15-1 35.7 307.2 1.92 1315.8 5.51 1376.5 0. 96
I\ EC-15-2 35.7 307.2 2. 60 2.21 1254.0 1277.7 5.51 5.09 1378.3 0.91
EC-15-3 35.7 307.2 2.12 1263 4.25 1377.0 0.92
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Fig. 6 Relationship between self-stress and ultimate

bearing capacity, failure displacement
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results and test results
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Fig. 16 Relationship between concrete strength and bearing capacity
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Fig. 17 Relationship between steel tube yield strength and bearing capacity
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Fig. 18 Relationship between steel tube wall thickness and bearing capacity
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Table 3 Construction and material parameters of self-stressing concrete-filled steel tube columns
¥5 K9S | D/mm | ¢/mm D/t L/D |few/MPa| f./MPa £ w/c | q/MPa|q./MPa| q./q. B ok IR
1 S1-1 114 3.50 32.6 3 35.3 289 1. 35 0. 35 5.03 5. 40 0.931
2 S1-2 114 4. 00 28.5 3 35.3 289 1. 84 0.35 5.17 5.83 0. 887
3 S1-3 165 3.50 47.1 3 35.3 289 1.08 0. 35 1.18 1. 38 0.953
4 S1-4 165 4. 00 41.3 3 35.3 289 1.25 0. 35 4.53 4.73 0. 957
5 S1-5 220 4.25 51.8 3 35.3 289 0.98 0. 35 3.93 4. 14 0. 949
6 S1-6 220 4.50 48.9 3 35.3 289 1. 04 0.35 4.08 4.29 0.952
7 S2-1 114 3.50 32.6 3 43.2 289 1.31 0. 35 5. 60 5.40 1.037
8 S2-2 114 4. 00 28.5 3 43.2 289 1.51 0. 35 5.75 5.82 0.987
9 S2-3 165 3.50 47.1 3 43.2 289 0. 88 0. 35 4. 65 4.33 1.074 .
10 S2-4 165 4. 00 41.3 3 43.2 289 1.02 0. 35 5.04 4.70 1.071 ES RN
11 S2-5 220 .25 51.8 3 43.2 289 0. 80 0.35 4. 37 4. 06 1.076
12 S2-6 220 4.50 48.9 3 43.2 289 0. 85 0. 35 4,54 4.22 1.075
13 S3-1 114 3.50 32.6 3 52.2 289 1.08 0. 35 6.33 5.38 1.177
14 S3-2 114 4. 00 28.5 3 52.2 289 1.25 0.35 6. 49 5. 81 1.116
15 S3-3 165 3.50 47.1 3 52.2 289 0.73 0.35 5.25 4.21 1. 246
16 S3-4 165 4. 00 41.3 3 52.2 289 0. 84 0. 35 5.69 4.63 1.228
17 S3-5 220 4.25 51.8 3 52.2 289 0. 66 0. 35 4.93 3.91 1.262
18 S3-6 220 4.50 48.9 3 52.2 289 0. 70 0.35 5.13 4. 09 1. 254
19 L1C1S1-1 159 4 40. 6 5 64.8 367.35 0. 88 0.45 3.65 3.69 0.990
20 L2C181-2 159 4 40. 6 8 64.8 367. 35 0. 88 0.45 3.27 3.69 0. 887
21 L2C1S2-3 159 4 40. 6 8 65.2 367.35 0. 87 0.43 5.43 3. 86 1. 405
22 L3C1S1-4 | 159 4 40. 6 10 64.8 |367.35| 0.88 0.45 3.18 3.69 | 0.863 SCHRL3 ]
23 L4C1S1-5 159 4 40. 6 12 64.8 367.35 0. 88 0. 45 3. 41 3.69 0.925
24 L.2C2S1-6 159 4 40. 6 8 76.4 367.35 0.7 0. 36 3.11 4.48 0.694
25 L2C3S1-7 159 4 40. 6 8 84.8 367.35 0.67 0. 33 3.51 4.71 0. 745
26 T1C1S1-7 159 3. 14 50. 6 3 64.8 345. 54 0. 65 0. 45 2.72 3.05 0. 893
27 T1C1S1-7 159 3.14 50. 6 3 64.8 345. 54 0.65 0.45 2.79 3.05 0.916
28 T1C1S1-7 159 3. 14 50. 6 3 64. 8 345. 54 0.65 0.45 3.28 3.05 1.077
29 T2C1S1-1 159 3.92 40. 6 3 64. 8 367. 35 0. 88 0.45 3.65 3.69 0.990
30 T2C1S1-1 159 3.92 40. 6 3 64.8 367.35 0. 88 0. 45 3.34 3.69 0. 906
31 T2C1S1-1 159 3.92 40. 6 3 64.8 367.35 0. 88 0. 45 2.86 3.69 0.776
32 T3C1S1-8 159 4.68 34.0 3 64. 8 346.79 1. 00 0.45 3.52 4. 15 0. 848
33 T3C1S1-8 159 4.68 34.0 3 64. 8 346.79 1. 00 0. 45 3.84 4.15 0.925 .
34 T3C1S1-8 159 4.68 34.0 3 64.8 346.79 1. 00 0. 45 3.33 4.15 0.802 XH[14]
35 T2C1S2-2 159 3.92 40. 6 3 65. 2 367.35 0. 87 0.43 5.35 3. 86 1. 384
36 T2C1S2-2 159 3.92 40. 6 3 65.2 367.35 0. 87 0.43 4. 87 3. 86 1. 260
37 T2C1S2-2 159 3.92 40. 6 3 65. 2 367. 35 0. 87 0.43 4,46 3. 86 1. 154
38 T2C2S1-3 159 3.92 40. 6 3 76. 4 367.35 0.74 0. 36 3.17 4.48 0.708
39 T2C2S1-4 159 3.92 40. 6 3 77.8 367.35 0.73 0. 36 3.87 4.47 0. 866
40 T2C2S81-5 159 3.92 40. 6 3 84.8 367.35 0.67 0. 36 3.41 4.38 0.778
41 T2C2S1-6 159 3.92 40. 6 3 85.3 367. 35 0.67 0. 36 3.92 4.38 0. 895
42 t2. 5-a-0 150 2.50 60.0 3.33 45.3 305. 3 0.69 0. 33 3.85 3. 84 1.002
43 t3. 5-a-0 150 3.50 42.9 3.33 45.3 329.7 1. 06 0. 33 4. 81 4.85 0.992
44 t4-a-0 150 4.25 35.3 3.33 45.3 327.5 1. 30 0. 33 5.14 5. 41 0.949
45 t2. 5-b-0 150 2.50 60. 0 3.33 53.9 305.3 0.58 0.28 4. 43 4.16 1. 064
16 3. 5-b-0 150 3.50 42.9 3.33 53.9 | 329.7 | 0.89 0.28 5.68 5.42 | 1.047 k1]
47 t4-b-0 150 4.25 35.3 3.33 53.9 327.5 1.09 0.28 6.09 6.06 1. 005
48 t2. 5-¢0 150 2.50 60.0 3.33 61.3 305. 3 0.51 0.23 4.75 4.48 1. 060
49 t3. 5-¢-0 150 3.50 42.9 3.33 61.3 329.7 0.79 0.23 5.89 6.05 0.974
50 t4-c-0 150 4.25 35.3 3.33 61.3 327.5 0.96 0.23 6.66 6.77 0.984
S 1.000
bR 22 0.159
5 R R 0.159

TE:L/D AR ALL s D/t ARERIARIE L s B R 6= [ A (feAD » [e=0. 67 feusw/c FRBEE L BRI L UK 89 B 5K i 2 1

qu NELM BT A JIE s g AR B R HE .
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Table 4 Partial correlation analysis of different

factors to self-stress

H= D/t w/c ¢ S fs
AR 2% | —0.630 | —0.574 | —0.410 | —0.385 | —0.023
5 R 0.000 | 0.000 | 0.005 0. 008 0.878
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Fig. 20 Comparison between predicted value and

measured value of self-stress
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