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Abstract: A new type of torsional lattice shell composed of
six-bar tetrahedral units is proposed in this paper. The
configuration analysis shows that its form is simple because of
the comparatively fewer members and the higher evacuation
ratio. The shell has advantages both of single-layer and
double-layer shells. Both static and stability analyses of the
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lattice shell with semi-rigid joints are carried out in this
paper. It turns out that the upper chord members all carry
loads in compression while the lower chord members all carry
loads in tension. The web members are mainly in tension
except for the ones close to the boundary. The members can
be designed using similar sections due to the little variation
between their internal forces, which makes the structure
design convenient and helps improve the material using
efficiency. The integral rigidity of the structure is good; its
nonlinear stability coefficient is just a little smaller than its
eigenvalue of the first mode. The steel consumption is
comparatively small. This new structure can be applied in
single torsional shells with two evacuation schemes, three
kinds of torsional shells composed of four single shells and one

kind of torsional shells composed of two single shells.

Key words: six-bar tetrahedral units; torsional lattice shell
composed of six-bar tetrahedral units; single torsional shell
static analysis;

with semi-rigid joints; structural form;

stability behavior; steel consumption
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Fig.1 Single torsional lattice shell composed

of six-bar tetrahedral units
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Fig.2 Torsional lattice shell composed of

six-bar tetrahedral units T,
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Fig.3 Torsional lattice shell composed of six-

bar tetrahedral units T,
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Fig.4 Torsional lattice shell composed of

several single ones
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Fig.5 Numbers of six-bar tetrahedral units and joints
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Fig.6 Axial forces of six-bar tetrahedral

unit ij’s members
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Tab.1 Internal forces of upper chord members

lﬂlﬁﬁs N/ onij/ M;/ ov; / oM | /o
S i kN MPa (kN » m) MPa O Nij
11 —484. 3 —34. 05 21.57 9.11 26.74
12 —565.2 —39.73 21.57 9. 11 22,92
13 —b547.6 —38.51 20. 86 8.81 22,87
14 —535.5 —37.64 2. 43 1.03 2.73
15 —525.9 —36. 97 3.92 1. 65 4,48
16 —522.7 —36.74 3.92 1. 65 4,50
21 —587.8 —41.32 7.06 2. 98 7.21
22 —559.7 —39.35 7.91 3. 34 8. 49
23 —538.7 —37.87 7.93 3.35 8. 84
24 —b528.9 —37.18 3.03 1. 28 3. 44
25 —525.7 —36. 96 3. 04 1.28 3.47
31 —527.7 —37.09 7.25 3. 06 8.25
32 —520.7 —36.60 7.22 3.05 8. 33
33 —512.9  —36.06 6. 54 2.76 7. 66
34 —510. 2 —35. 87 2. 83 1.19 3.33
41 —545, 2 —38.33 15. 03 6. 34 16. 55
42 —533.0 —37.47 16. 54 6. 98 18. 63
43 —b522.8 —36.75 16. 59 7.00 19. 06
51 —409. 5 —28.79 9.19 3. 88 13.47
52 —393.7 —27.67 9.19 3. 88 14, 02
61 0 0 0 0
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Tab.2 Internal forces of web members
WSS ij Sy /kN S /kN Sye /KN Siia/kN
11 0 —44.1 0 —44.1
12 28.3 10.5 28.3 10. 5
13 13.4 4.3 13.4 4.3
14 5.7 6.7 5.7 6.7
15 .2 6.3 6.2 6.3
16 6.2 6.2 6.2 6.2
21 0 —0.1 —3.2 20. 6
22 10. 6 11.9 —2.9 9.6
23 6.0 6.2 6.8 7.3
24 6.1 6.5 5.9 6.6
25 6.1 6.1 6.7 6.7
31 0 —1.1 4.1 2.9
32 6.1 5.4 6.3 7.8
33 .0 4.4 5.9 5.7
34 5.3 5.3 5.2 5.2
41 0 0.1 7.8 9.3
42 1 15.9 1.3 8.4
43 5 4.5 10. 3 10. 3
51 0 12.2 9. —7.9
52 —15.7 —15.7 3.4 3.4
61 0 0 45.9 45.9
®3 TRETEM
Tab.3 Nodal displacements
WAHS i  Ax/mm Ay/mm Az/mm A/mm
11 0 0 0 0
12 —0.93 —0.93 0. 36 1. 36
13 4.51 4,51 21,07 22.01
14 3. 86 3. 86 22. 65 23.30
15 1.78 1.78 15, 44 15. 64
16 0.44 0.44 9.79 9.81
21 0 0 0 0
22 —1.99 6. 20 10. 37 12. 24
23 1.51 4,10 17. 67 18. 20
24 2.77 0.44 16, 09 16. 33
25 2.63 —1.75 12. 74 13.13
31 0 0 0 0
32 —1.71 2. 87 6. 58 7.38
33 2.24 —0,13 15, 34 15. 50
34 4. 04 —3.18 18. 38 19. 09
41 0 0 0 0
42 —1.66 1.98 7.03 7.49
43 5. 30 —4.,42 21.98 23.04
51 0 0 0 0
52 —1.13 1.79 12,91 13. 08
61 0 0 0 0
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Fig.7 First 5 eigenvalue buckling modes
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Tab.4 First 20 eigenvalues of the structure
A 18 2 By 3 Br 4 By 5 By 6 78 8 Br 9 By 10 B
TEREK 5. 87 6. 07 6.12 6. 23 7.07 7.29 7.62 7.74 8. 11 8. 49
| 11 By 12 By 13 By 14 By 15 By 16 By 17 By 18 B 19 By 20 By
TR 8. 62 8.63 9. 10 9.19 9.57 9. 65 9. 85 9. 95 9. 96 10. 00
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Tab.5 Nonlinear stability coefficients of the structure with different imperfection distribution patterns

BRG  AARAS 18 2 B 3B 4 By 5B 6 B 7B 8 By 9 By 10 By

TR AR 5. 40 5. 36 5. 40 5,10 4,99 5.53 5,51 5.03 5,52 5. 34

B i 11 By 12 Br 13 By 14 By 15 B 16 By 17 Br 18 By 19 B 20 By
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Fig.8 Nonlinear load-displacement curve
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