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Abstract

A series of quasi-static crushing tests were carred out on thin-walled square tube
specimens with axial and/or circumferential stiffeners including unstiffened specimens. The
effective crushing length and mean crushing strength of the test specimens were investigated
Using the equivalent plate thickness approach, a simplified analytical model for predicting the
mean crushing strength of stiffened square tubes has been developed.
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Table 1 Tensile test results

Specimen Elongation E g, g7
No. (%) (GPa) (MPa) (MPa)
(0.2% proof stress)
Us-1 419 199.2 286.1 3519
US-2, LS,
0s, 3H4 205.8 3108 363.3
TS-1~6
Us-3 35.6 207.8 299.3 351.2
US4 x5 1999 3668 4508
TS-78 ’ ’ ’ )
Us-5 374 200.1 3285 3994
US-6 249 209.7 4276 4772

Note: US = Unstiffened Specimen,
LS = Longitudinally Stiffened Specimen,
TS = Transversely Stiffened Specimen,
0OS = Orthogonally Stiffened Svecimen

b -8
- t\'/».‘ ‘>:<\

(a) o)} (0 (d)

Fig. 2 Configuration of test specimens:
(a) unstiffened (US),

(b) longitudinally stiffened (LS),

(c) transversely stiffened (TS), and

(d) orthogonally stiffened (OS)specimens.

Photo 1 View of test machine after
setting up a specimen
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Table 2 Dimensions of test specimens
Specimen L b ! tsL ts-, hsL hs1 I3 7] N N " 7y
No. (mm) | (mm) | (mm) | (mm) | (mm) | mm) | (mm) | (mm) | (mm) L T (mm) | (mm)
Us-1 450 100 2.2 - - - - - - - - 25 47
Us-2 450 100 2.8 - - - - - - - - 42 7.0
US-3 450 100 3.0 - - - - - - - - 5.0 8.0
US-4 450 100 4.2 - - - - - - - - 5.0 92
US-5 450 75 21 - - - - - - - - 15 36
US-6 450 75 3.2 - - - - - - - 27 59
LS-1 450 100 2.8 2.8 - 20.0 - 50.0 - 4 - 4.2 7.0
LS-2 450 100 2.8 2.8 - 30.0 - 50.0 - 4 - 4.2 70
LS-3 450 100 2.8 28 - 40.0 - 50.0 - 4 - 4.2 7.0
LS-4 450 100 2.8 2.8 - 20.0 - 333 - 8 - 4.2 7.0
LS-5 450 100 2.8 2.8 ~ 30.0 - 333 - 8 - 42 7.0
LS-7 450 100 2.8 2.8 ~ 15.0 - 50.0 - 4 - 4.2 7.0
LS-8 450 100 2.8 2.8 - 15.0 - 33.3 - 8 - 4.2 7.0
TS-1 450 100 2.8 - 2.8 - 20.0 - 225 - 4 42 7.0
TS-2 450 100 2.8 - 2.8 30.0 - 225 - 4 42 7.0
TS-3 450 100 2.8 - 2.8 - 40.0 - 225 - 4 42 7.0
TS-4 450 100 2.8 - 2.8 - 20.0 - 150 8 4.2 7.0
TS-5 450 100 2.8 - 28 - 30.0 - 150 - 8 42 70
TS-6 450 100 2.8 - 2.8 - 40.0 - 150 - 8 4.2 7.0
TS-7 450 100 4.2 - 42 - 20.0 - 225 - 4 50 9.2
TS-8 450 | . 100 4.2 - 4.2 - 20.0 - 150 - 8 5.0 9.2
0s-1 | 40 | w0 | 28 | 28 28 200 | 200 | 500 | 225 4 4| 42| 70
0S-2 | 450 | 100| 28| 28 28 300 | 300 | 500 25| 4 4| 42| 70
0S-3 | 450 | 100 | 28 | 28 2.8 400 | 400 | 500 | 25| 4 4| 42| 70
0S-4 | 450 | 100 28 | 28 28 200 | 200 | 500 | 150 4 81 42| 70
0S-5 | 450 | 100 | 28 | 28 2.8 300 | 300 | 500 | 150 4 8| 42| 70
0S-6 | 40| 100 28| 28 28 400 | 400 | 500 | 150 4 8! 42| 70
0S-7 | 450 | 100 | 28 | 28 2.8 200 | 200 | 333| 25| 8 41 42| 70
0S-8 | 450 | 100 | 28 | 28 28 300 | 300 | 33| 25| 8 4| 42| 70
0S-10 | 450 | 100! 28 | 28 28 200 | 200 | 333 ] 150 8 8| 42| 70
0S-11 450 100 2.8 2.8 2.8 30.0 30.0 33.3 150 8 8 4.2 70
0S-13 450 100 2.8 2.8 2.8 15.0 15.0 50.0 225 4 4 42 70
0S5-14 450 100 2.8 2.8 2.8 15.0 150 50.0 150 4 8 42 7.0
0S-15 450 100 2.8 28 2.8 15.0 15.0 333 225 8 4 4.2 70
0S-16 450 100 2.8 28 2.8 15.0 15.0 33.3 150 8 8 4.2 70
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Table 3 Test results of specimens

Specimen No. | to, (mm)| to,/& | 0, MPa)| P, ’N)| A | P, kN)| P, (kN)| P,/ Po| P,/ P,| 5
US-1 220 | 00220 | 286.1 25174 |0.1370 | 231.28 6064 | 0919 0241 | 0.764
US-2 280 | 00280 | 3108 34805 [0.1422| 337.12 | 10098 | 0969 0.290 | 0.760
Us-3 300 | 00300 | 2093 359.15 |0.1393] 36162 | 106.18 | 1.007 0296 | 0.767
US-4 420 | 00420 | 3668 | 61625 |0.1601] 68600 | 27160 | 1.113 0441 | 0727
Us-5" 210 | 00280 | 3285 206.95 |0.1973| 193.06 59.00 | 0933 028 | 0758
Us-6Y 320 | 00430 | 4276 41047 | 02253 40474 | 14840 | 0986 0362 | 0724
LS-1 336 | 00336 | 3108 41766 |0.1401| 481.18 | 16166 | 1152 0387 | 0633
LS-2 364 | 00364 | 3108 45246 |0.1360 | 52234 | 201.08 | 1154 0.444 | 0687
Ls-3? 392 | 00392 | 3108 487.27 |0.1307 | 554.68 - 1.138 - -
LS-4 392 {00392 | 3108 48727 01360 | 59584 | 22074 | 1.223 0471 | 0658
LsS-5? 448 | 00448 | 3108 556.88 |0.1306 | 668.36 - 1.200 - -
LS-7 322 | 00322 | 3108 40027 |0.1414 | 44786 | 13387 | 1.119 0334 | 0664
LS-8 364 | 00364 | 3108 45265 |0.1393| 53312 | 20616 | 1.178 0455 | 0662
TS-1 280 | 00280 | 3108 34805 |0.1422} 33712 | 10556 | 0.969 0303 | 0747
TS-2 280 | 0.0280 | 3108 34805 |0.1422| 33124 | 11883 | 0952 0341 | 0709
TS-3 280 | 00280 | 3108 34805 |0.1422| 34692 | 11039 | 0997 0317 | 0738
TS-4 280 | 00280 | 3108 34805 | 01422 | 32928 | 11677 | 0946 0335 | 0724
TS-5 280 | 00280 | 3108 34805 |0.1422| 33859 | 13250 | 0973 0381 | 0.704
TS-6 280 | 0.0280 | 3108 34805 |0.1422| 34055 | 127.98 | 0978 0.368 | 0.713
TS-7 420 | 0.0420 | 3108 61625 |0.1452 | 66150 | 26842 | 1.073 0436 | 0698
TS-8 420 | 00420 | 3108 61625 |0.1452 | 68502 | 29442 | 1.112 0478 | 0667
0S-1 336 | 00336 | 3108 41766 |0.1401| 47677 | 18573 | 1.142 0.445 | 0660
05-2? 364 | 00364 | 3108 452.46 | 0.1360 | 519.40 - 1.148 ~ -
0s-3? 392 | 00392 | 3108 487.27 |0.1307 | 533.12 - 1.094 - -
0s-4? 336 | 0033 | 3108 41766 |0.1401 | 495.39 - 1.186 - -
0s-5? 364 | 00364 | 3108 45246 |0.1360 | 526.26 - 1.163 - -
05-6° 392 | 00392 | 3108 48727 |0.1307 | 543.90 - 1.116 - -
0S-72 392 | 00392 | 3108 487.27 |0.1369 | 61054 - 1.253 - -
0s-8? 448 | 00448 | 3108 556.88 | 0.1306 | 671.30 - 1.206 - -
0S-10 392 | 00392 | 3108 48727 |0.1369 | 61887 | 364.14 | 1270 0.747 -
0s-11? 448 | 00448 | 3108 556.88 |0.1306 | 681.59 - 1.224 - -
0S-13 322 | 00332 | 3108 | 40026 |0.1414| 45423 | 15023 | 1135 0375 | 0.702
0S-14 322 | 00322 | 3108 400.26 |0.1414| 45472 | 195.32 | 1136 0488 | 06%
0S-15 364 | 00364 | 3108 45265 |0.1394| 52724 | 20155 | 1.167 0443 | 0664
0S-16 364 | 00364 | 3108 45265 |0.1394 | 53557 | 22062 | 1.183 0487 | 0673

Note: 1) b= T5mm, 2) Overall collapse mode
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Fig. 4 A typical crushing response for the
unstiffened specimen (US-2)
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Fig. 6 A typical crushing response for the
transversely stiffened specimen (TS-7)
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Fig. 7 A typical crushing response for the
orthogonally stiffened specimen (0S-13)
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