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EXPERIMENTAL STUDY ON FAILURE MODES OF COMPRESSION
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Abstract: The Instability of compression members of space structures is one of the important causes of structural
failure. The sleeves were applied to reinforce the compression members in space structures to restrain the
buckling of the compression members, and to improve the ultimate bearing capacity and the ductility of the
components. Thusly, axial compression tests were conducted on 12 specimens to investigate the ultimate bearing
capacity, the failure modes and, the ductility of the compression members with and without sleeves. Key
parameters include the sleeves thickness, the gap between the inner compression members and sleeves, and the
overhang length of the inner compression members. The maximum increment for the ultimate bearing capacity of
the specimens after reinforcing was 146%. Besides, the bearing capacity increased with the increase of the sleeves
thickness and, with the decrease of the overhang length of the inner compression members. The bearing capacity
decreased slightly with the gap between the inner compression members and the sleeves. After reinforcing the
compression members, the failure modes of the components changed from the overall instability of the
compression members to the coupling instability of compression members and their inner overhangs. Moreover,
the overall instability was prone to occur with the decrease of the sleeves thickness. The instability of the
overhang of the inner compression members was likely to be observed with the overhang length. The influence of
gap on the failure modes was not obvious. In addition, the ductility of all specimens with sleeves is larger than

that of the specimens without sleeves, and the ductility index could be more than doubled with reasonable design.
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Fig. 1 The instability of brace in space structure
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Fig. 2 The lateral constraints by the outer sleeve

sleeve reinforcement; failure mode; ultimate bearing
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Table 1 Design values of sleeves
S2  L2400g2.5T2.5 80 2.5 2.5
S3 L2400g2.5T4 83 4 2.5
S4  L2400g2.5T10 95 10 2.5
S5 L2400g5.5T4 2400 89 4 100 55
S6 1.2400g8.5T4 95 4 8.5
S7  L2400gl0T2.5 95 2.5 10
S8 L2400g2.5T6 87 6 2.5
S9 L2350g2.5T6 2350 87 6 150 2.5
S10  L2450g2.5T6 87 6 2.5
S11  L2450g2.5T4 2450 83 4 50 2.5
S12 L2450g2.5T10 95 10 2.5
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Table 2 Measured values of specimens
S1* 2660.53 69.86 4.26 — —
S2 2400.17 80.05 2.68 100.00 2.34
S3 2397.60 83.56 4.32 103.40 2.61
S4 2398.90 96.23 10.93 100.63 2.23
S5 2397.87 88.95 4.18 103.70 5.26
S6 2399.13 94.80 4.31 101.93 8.09
S7 2399.07 94.86 2.54 100.93 9.89
S8 2389.67 89.02 6.36 101.40 3.24
S9 2350.07 89.42 6.52 151.47 3.24
S10 2451.20 89.23 6.48 48.83 3.19
S11 2451.43 83.44 4.55 49.57 2.23
S12 2449.40 95.40 10.92 51.33 1.90
T SUATH A AT WA (K A FS AT S RSP 2444 .
R"3 MRMESH
Table 3 Material constants
e TRPEMCR A SUBMRSREE  BURORIRGREE WS KR
W Gpa 092/MPa oy/MPa 5/(%)
R70T4 190.87 303.98 462.05 21.04
R80T2.5 206.51 327.56 488.04 19.66
R83T4 193.03 310.89 476.52 18.81
R89T4 203.62 336.56 465.94 24.33
R87T6 195.55 276.02 451.10 21.42
R95T2.5 206.34 342.03 471.09 19.61
R95T4 205.08 276.38 459.85 21.17
RIOST10  209.44 314.93 476.22 18.17
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Table 4 Test results of specimens

NG YRS PRI AR BT PN A AE PR i
S1 - 107.54 1.67
S2  L2400g2.5T2.5 164.13 2.55
S3 L2400g2.5T4 200.13 3.04
S4  L2400g2.5T10 265.34 2.07
S5 L2400g5.5T4 203.85 2.12
S6 L2400g8.5T4 189.23 3.95
S7  L2400gl0T2.5 157.54 3.22
S8 L2400g2.5T6 227.69 4.28
S9 L2350g2.5T6 214.15 2.71
S10  L2450g2.5T6 220.00 1.82
SI1  L2450g2.5T4 232.15 3.45
S12 L2450g2.5T10 260.22 2.35
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Table 5 Failure modes of specimens
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Fig. 6 Load-displacement curves of different wall thickness
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Fig. 7 Load- displacement curves of different gap
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Fig. 9 Flexural deformation modes of the sleeved bar
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