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Synopsis :

A series of static loading tests was conducted on large-sized tubular structural models
subjected to local lateral loads. The main objective was to estimate collapse load and
absorbed energy of steel tubular structures under collision loading. Some deformation
models have been established based on the test results, and using these models,
semi-empirical equations including two experimental constants to estimate collapse
load and absorbed energy have been proposed. These equations can well explain the test
results in the range of tested parameters in diameter of 350-500 mm and wall thickness

0of 9.5-12.7 mm.
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Synopsis:

A series of static loading tests was conducted on large-sized tubu-
lar structural models subjected to local lateral louds. The main
objective was to estimate collapse load and absorbed energy of steel
tubular structures under collision loading.

Some deformation models have been established based on the test
results, and using these models, semi-empirical equations including
two experimental constants to estimate collapse load and absorbed
energy have been proposed. These equations can well explain the
test results in the range of tested parameters in diameter of 350-500

mm and wall thickness of 9.5-12.7 mm.
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Tahle 1 Dimension of test specimens and estimated values of & in Eq. {10)

Dent depth under . Mean. Plastic section Plastic section
spﬁ;l::?:r:en Ma};’, load ma:é. load Thickness diameter modulus of cicle Span modulus of ellipse Eq. (10
£ 9 t L o
No- ) () (mm) | (mm) (i) (om) () k
x 108 x 108
1 91.6 192.9 12.98 496.02 3.194 4000 2.205 0.35
2 63.1 171.2 12.00 496,00 2.953 5000 2.156 0.43
3 57.9 183.5 9.44 396.86 1.487 2 500 0.923 0.19
4 50.7 167.7 9.44 356.86 1.487 3000 (.980 0.23
5 41.3 140.2 9.44 396.86 1.487 4000 1.075 0.30
6 75.8 157.6 11.98 394.32 1.863 3000 1.268 0.01
7 122.9 132.4 16.01 390.39 2.441 3000 1.796 —0.08
8 41.5 164.3 7.91 347 .29 0.954 25600 0.582 0.15
9 36.4 134.6 B.00 347.60 0.967 3000 0.669 0.39
Mean value 0.22
1 000-tf structure testing machine
P
Load 1
&

A Static
ﬁ '\j strain meter
B B
cell
Displacement r
SENSOT

Cﬁ

o= Bi-axial strain gauge

Fig. 1 Blo.k diagram of testing system

ENLTI=avicAR L. AT —70itht Fig. 1 1R
T+

REMELL, WTORX, HE, EE%YF4—xL0LT Tablel
iRt No.1~No. 9 ¥ 7o I+ AR L. ZhoRBECTR
PR L LR EAm 1000 b v s Ry TR
BEY SN my, BEhoREOEM L bCIEORRY AL L
foe

B E—TORBE TR E LB O BYE RS 0B 0K
B fi - feblot, HEEUHRE - L. REFOWMHRK TR, HE
Mt T E D DB ESLMEAT » 70 & ICEL I EOF %
FF o tee BBEEEREN R E < Fr b MADTCER A, REM R b
2, BEA—EETolMNT 3 S L HE, Bk LUESMEME
HEIL T, ZRIHRICREFEY ST HHERR L, HESORE
M~ o BERE & b S EN R RTFERIC L » T=F ¥ -2 RIR

Fig. 2 Local denting deformation
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Fig. 3 Overall bending deformation

Table 2 Summary of test results

Test Urder the maximum load
speci- . R
men | Lateral load | Dent depth | Deflection Displacement at
T P, Bg 8y loading point
No B » P
' (tf) {mm) (mm) &, (mm)
1 91.6 192.9 74.3 267.2
2 63.1 171.2 92.2 263.4
3 57.9 183.5 43.0 226.5
4 50.7 167.7 55.4 223.1
5 41.3 140.2 77.1 217.3
6 75.8 157.6 71.4 229.0
7 122.9 132.4 79.6 212.0
] 41.5 164.3 54.7 219.0
9 36.4 134.6 54.6 189.2
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(a) Circular tube

(b) Elliptical tube

Fig. 4 Geometries

Fig. 5 Steel tube with local dent depth d,
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Fig. 6 Relation between lateral load and dent depth
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Fig. 7 lLateral load-dent depth, deflection, and displacement

at loading point

Table 3 Estimated values of X in Eq. (1) and related test

parameters
Test | Max. Degérdepth Thick- | Mean YS Eq.
speci-| load | M7 ) ‘Ijnax. ness dia, (1)
men | Fp 5 t D | kel
d
No. | (tf) ) | (mm) | (mm) | mme | K
1 91.6 192.9 12.98 | 496.02 48 73
2 63.1 171.2 12.00 | 496.00 43 69
3 57.9 183.5 §.44 | 396.86 73 89
4 50.7 167.7 9.44 | 396.86 43 81
5 41.3 140.2 9.44 | 396.86 43 73
) 75.8 157.6 11.98 | 394.32 45 74
7 122.9 132.4 16.01 | 390.39 50 66
8 41.5 164.3 7.91 | 347.29 48 80
9 36.4 134.6 8.00 | 347.60 48 76
Mean 76
value
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Fig. 8 Relation between Zp and 84 depending on k

Table 4 Load and dent depth on cellapsing

Test Calculation Experiment
ane:,:- Collapse | Collapse dent | Max. load | Dent depth
No. load depth P, under max. load
Py, (tf) 84 {(mm) (tf) dqp (mrm)

1 96.3 194.7 91.6 192.9

2 68.8 169.8 63.1 171.2

3 52.0 202.6 57.9 183.5

4 48.7 177.9 50.7 167.7

5 43.0 138.2 41.3 140.2

6 73.7 142.3 75.8 157.6

7 123.7 100.8 122.9 132.4

8 39.5 166.7 41.5 164.3

9 37.5 143.7 36.4 134.6
Mean 64.8 159.6 64.6 164.5
value | (100.39%) (99.5%) | (100.0%) (100.09%)
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Fig. 9 Absorbed energy at maximum load
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Table 5 Measured and estimated absorbed energy and esti-
mated C values in Eq. (17)

Experi- .
Test ment Calculation
.| Ab- Ab- b- Col- Initial
s,]f:,; sorbed | sorbed | sorbed | lapse Dfigflc' vielding g%
No. energy | energy | energy | load deflec-
) d o P | 8, tion C
(tfeem) | (tfeem) | (tf-cm) | (tf) | (mm) |8, {(mm)
1 1979 12560 729 96.3| 75.7| 12.27 6.2
2 1358 779 579 68.8; 84.1| 17.20 | (4.9)
3 103 703 310 52.0] 59.7 5.06 1 11.8
4 902 578 324 48.7| 66.5 7.28 9.1
5 732 396 336 43.0| 78.1| 12.95 6.0
[} 1418 699 719 73.7| 97.5 7.73]12.6
7 2152 831 1321 |123.7(106.8 8.87|12.0
8 726 439 287 39.5( 72.5 6.61 | 11.0
9 550 360 190 37.5| 50.8 9,51 5.4
Mean 9.3
value (8.8)*
* When included No. 2 data.
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Fig. 10 Statically allowabie absorbed energy £
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Table 6 Statically allowable absorbed energy

Experi- ] .
Test nent Calculation B
specl- | Absorbed | Absorbed | Absorbed | Allowable | g 100
men energy energy energy | absorbed
No. a b energy (%)
(tf+em) (tf+cm) (tfeem) | E(tf-cm)
1 1879 1250 1094 2344 118.4
2 1358 779 {1039) | {(1818) 133.9
3 1013 703 244 946 93.4
4 902 578 329 907 10C.6
5 732 396 516 911 124.5
6 1418 699 528 1227 86.5
7 2152 831 1017 1 848 85.9
8 726 439 242 681 93.8
9 550 360 330 690 125.5
Mean 103.6
value (106.9)*

* When included No. 2 data
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