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Stability analysis of long-span CFST truss arch bridges with L-shaped bracings
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Abstract; In order to study the effectiveness of L-shaped bracings in stability of long-span CFST truss arch bridges, the
mechanical behavior and the stability of long-span CFST truss arch bridges are analyzed and compared through theoretical
analysis and numerical calculation based on Hejiang River Third Bridge. In addition, the significance of L-shaped
bracings in the stability of truss arch bridge is checked by orthogonal test and multi-factor variance analysis methods. The
results show that (1) for the topology optimization types of L-shaped bracings, the main arch has the best stability when
the K-shaped diagonal bracing is set at the top chord of main arch rib and close to arch foot; (2) compared with the K-
shaped, X-shaped or double-cross-shaped bracings, the L-shaped bracings may have less influences on the maximum
value of axial force, in-plane bending moment, out-of-plane bending moment, stress and the vertical deformation of the
main arch, but they may affect the horizontal deformation of the main arch to some extent. (3) When the parameters are
within the reasonable ranges, the replacement of K-shaped, X-shaped or double-cross-shaped bracings with the L-shaped
bracings may not significantly reduce the stability of bifurcation buckling and the extreme-value point of the long-span
CFST truss arch bridges. Hence, the L-shaped bracings can be chosen by engineers in the stability design of such arch
bridges without no special emphasis.

Keywords: L-shaped bracing; concrete filled steel tube; truss arch; stability; orthogonal test; variance analysis; finite
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Fig. 1 Schematic diagram of L-shaped bracing
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Ig. 2 Comparison of appearances of different bracings
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Fig.3 Topology optimization types of L-shaped bracing
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Fig.4 General layout of Hejiang third bridge (unit: cm)
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Fig. 5 Finite element model of the arch bridge
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Table 1 Main material parameters of the finite element model of arch bridge
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Table 3 Stability comparison of arch bridges
with different L-shaped bracings
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Fig. 6 General types of truss bracings
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Table 4 Comparison of the most adverse inner force of the main arch rib

with different bracings under basic combination of loads

. B2 ﬂa{ﬁ* ) EE?E‘&
L% K X I K — (AETR) (RE—FIE)
HET 44.11 44.27 44.17 44.59 44.77 44.29 0. 48%
(X)i.;fi N ZH A TLCE XU ) 43.33 43.11 43.02 43.43 44.85 43.22 0. 44%
A T AU iR ) 44. 42 44. 67 44.72 44.94 44.93 44. 69 0. 48%
HET 3.23 3.43 3.81 3.79 7.44 3.57 7.95%
el ZH A TLCE XU ) 3.25 3.45 3.82 3.81 7.45 3.58 7.83%
(x10°kN + m)
A LT AU i) 3.21 3.26 3.78 3.77 7.43 3.51 8.91%
HE T 2.14 2.18 2.17 2.17 3.05 2.17 0. 80%
SN 4
Ef*’ ZH A TECH AU e ) 2.10 2.14 2.13 2.14 3.09 2.13 0.89%
(%10°kN + m)
A TLCT IRV e ) 2.14 2.17 2.17 2.16 3.04 2.16 0. 65%
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Table 5 Comparison of the maximum deformation of the main arch with
different bracings under standard combination of loads
(cm)
s R it 5 5 R AL
LI K% X% KFE _egp (AE—TE) (RE—TIE)
HA I 30. 49 30. 74 30. 74 30. 52 29. 74 30. 62 0. 44%
12 ] YA TV (GO XU ) 29.05 29.53 29.53 29.14 28.29 29.31 0.87%
LA IV (U i) 29. 04 29.52 29.52 29. 11 28.27 29. 30 0. 88%
HE 26.31 15.83 15.83 16. 12 120 18.52 28. 04%
K- A TV GHRU 08 24.75 14.20 14.2 14.34 118.79 16. 87 31.13%
A IV CF IR 18 ) 24.71 14.18 14.18 14.31 118.77 16. 85 31.13%
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Table 6 Comparison of the maximum stress of the main arch and corresponding

bracings under standard combination of loads

(MPa)
eyl . §
i p Sl ERRH
LI K X ks g FAECTR) (RE-FR)
ZH4 I 129.0 136.0 141.0 142.0 190 137.0 4.34%
HE) A TV GHRUA 08 129.0 133.0 137.0 138.0 191 134.2 3. 06%
HA IV KU ) 129.0 138.0 142.0 144.0 192 138.2 4.81%
RSN 97.2 66.7 53.4 56.6 188. 1 68.5 29. 17%
T ZH A TV (IR 8 ) 97.1 66.2 53.7 56.6 188. 1 68.4 29. 04%
A IV CF IR 18 ) 86.6 82.8 40.8 36.5 188. 1 61.7 43.28%
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Table 7 Comparison of bifurcation stability coefficient of the main arch
with different bracings under basic combination of loads
gl
iy it Wi ERRM
P A P A
LI¥ K ¥ X KT i (ANE—FE) (AE—FIE)
HAET 5.318 6.530 7.260 7.258 1.18 6.59 13.90%
[EI S ZHA TG AU ) 5. 402 6. 657 7. 407 7.410 1.192 6.72 14. 09%
ZH A TICE AU e ) 5.403 6. 658 7.409 7.411 1.195 6.72 14. 09%
HET 9.419 9.453 9.344 9.457 9.48 9.42 0. 56%
[2ES ZH A TLCE XU ) 9.619 9. 665 9.546 9. 656 9.66 9.62 0.56%
ZH A TICE AU e ) 9.630 9. 682 9.548 9.657 9. 663 9.63 0. 60%
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Table 8 Influencing factors of bifurcation

buckling and corresponding ranges

‘ ‘ LB K

i it i 1 | N :

A T gy g TP R
2 Bemtt  (BE) .

(mm) ()

1 L 0.036 0.15 0.22 20.22m(20) 10 26

2 K 0.050 0.20 0.26 22.75m(18) 16 37

3 X 0.064 0.25 0.30 26.00m(16) 20 45
4 * 0.078 0.30 0.33 30.33m(14) 25 57
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Table 9 Orthogonal test table and corresponding test results
. I FHE B (] B BEYEREIR K17 Ridefd o33, A
B BHRRAL G KB gy o (mm) ) BERN HARM
1 L 0.036 0.15 0.22 20.22m(20) 10 26 2.534 1.376
2 K 0. 050 0.20 0.26 22.75m(18) 16 37 5.523 1.779
3 X 0. 064 0.25 0.30 26.00m( 16) 20 45 7.075 1. 491
4 PSS 0.078 0.30 0.33 30.33m( 14) 25 57 6. 190 1. 170
5 L 0. 050 0.20 0.33 30.33m( 14) 20 45 3.946 1. 476
6 K 0.036 0.15 0.30 26.00m( 16) 25 57 3.967 1. 448
7 X 0.078 0.30 0.26 22.75m(18) 10 26 5.502 2.029
8 /S 0. 064 0.25 0.22 20.22m(20) 16 37 6. 569 1.979
9 K 0. 064 0.30 0.22 22.75m(18) 20 57 8.677 1.99
10 L 0.078 0.25 0.26 20.22m(20) 25 45 6.477 1. 848
11 PN 0.036 0.20 0.30 30.33m( 14) 10 37 4. 008 2.020
12 X 0. 050 0.15 0.33 26.00m( 16) 16 26 2.759 1.772
13 K 0.078 0.25 0.33 26.00m( 16) 10 37 5.778 2. 545
14 L 0. 064 0.30 0.30 30.33m( 14) 16 26 3.956 2.101
15 K 0. 050 0.15 0.26 20.22m(20) 20 57 3.476 1.29
16 X 0.036 0.20 0.22 22.75m( 18) 25 45 6. 642 2.071
17 X 0. 036 0.25 0.26 30.33m( 14) 16 57 5. 095 1. 115
18 PN 0. 050 0.30 0.22 26.00m( 16) 10 45 6. 68 0.970
19 L 0. 064 0.15 0.33 22.75m( 18) 25 37 2. 686 1. 095
20 K 0.078 0.20 0.30 20.22m(20) 20 26 4.300 1.315
21 X 0. 050 0.30 0.30 20.22m(20) 25 37 7.020 2.455
22 S 0. 036 0.25 0.33 22.75m( 18) 20 26 6.017 2.474
23 L 0.078 0.20 0.22 26.00m( 16) 16 57 5.090 1.794
24 K 0. 064 0.15 0.26 30.33m( 14) 10 45 2.951 1.979
25 PN 0. 064 0.20 0.26 26.00m( 16) 25 26 4.649 2.502
26 X 0.078 0.15 0.22 30.33m( 14) 20 37 2.501 2.108
27 K 0. 036 0.30 0.33 20.22m(20) 16 45 5. 805 2.652
28 L 0. 050 0.25 0.30 22.75m( 18) 10 57 5.309 2.214
29 K 0.078 0.15 0.30 22.75m( 18) 16 45 2.585 1. 009
30 X 0. 064 0.20 0.33 20.22m(20) 10 57 6.091 1.674
31 K 0. 050 0.25 0.22 30.33m( 14) 25 26 4.000 2.130
32 L 0. 036 0.30 0.26 26.00m( 16) 20 37 4.319 2.202
F10 EXHBEERREE
Table 10 Range values of the orthogonal test
K- R Fo B L KB R e L AL ] 4 B R K 7 i e ff

7] 4.290 4.798 2.932 5.337 5.284 4. 857 4.215

72 5.125 4. 839 5.031 4.749 5.368 4.673 4. 801

K, 5.336 5.332 5.790 4.778 5.040 5.039 5.270

%4 5.022 4. 803 6.019 4.909 4. 081 5.204 5.487

22 R, 1. 046 0.533 3.086 0.588 1.287 0.531 1.272

Tl FKF 3 3 4 1 1 4 4
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Fig. 7 Comparison of range values of the

orthogonal test for bifurcation buckling
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Table 11 Results of variance analysis of the orthogonal test for bifurcation buckling
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variance analysis for bifurcation buckling
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Fig. 9 Comparison of range values of the orthogonal

test for instability of the extreme-value points
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Table 12 Results of multi-factor variance analysis of the orthogonal test for instability of the extreme-value points
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Fig. 10 Comparison of F-values of multi-factor

variance analysis for instability of the extreme-value points
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