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MEMBER GLOBAL BUCKLING STRENGTH ESTIMATION
OF SPATIAL TRUSS ROOF WITH SEMI-RIGID JOINTS CONSIDERING BOUNDARY CONDITIONS
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Yuki TERAZAWA, Ryunosuke KISHIZAWA, Toru TAKEUCHI,
Tomohiko KUMAGAI and Miao CAO

A member global buckling strength estimation of spatial truss roof with semi-rigid joints is proposed according to both the results of the connection

bending tests of spatial roof truss joints. The proposed estimation method is introduced to a parameter formulation for the phenomenological

constitutive model simulating yield strength increment by cold-forming, post-buckling behavior and post-buckling ductile fracture. The accuracy is

validated against static unit-truss element test and dynamic shaking-table test, including truss member buckling and member fracture.

Keywords: Double-layer grids, Semi-rigid joint, Circular hollow section, Global buckling, Local buckling, Post-buckling ductile fracture
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Table 3 Neutral axis position calculation results

Bolt | Coupler Experimental value Simple evaluation
. . Bolt Coupler Bolt Coupler
radius | radius . . . .
neutral axis | neutral axis | neutral axis | neutral axis
r1(mm) | 72 (mm)
yimm) | ys(mm) Y i(mm) Y 2(mm)
BT60 10 17.3 0.67 11.88 0.32 13.39
BT100| 16.5 28.5 0.32 23.00 0.53 22.06
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Table 4 Comparison of K,

Bolt | Coupler Bolt Coupler Exact Approximate | Approximate
radius | radius | L y. | neutralaxis | neutral axis K, K, K,
r T2 (mm) [1=0.032r | y,=0.77r> | (kNmvrad) (kNm/rad) (kNm/rad)
(mm) | (mm) (mm) (mm) Eq. (6) Eq. (10 Eq. (11)
MI2 | 6 95 1245 0.19 4.67 10.0 10.0 (+0.1%) [ 8.5 (-15.0%)
M14 7 0.8 [28.0 0.22 6.67 16.2 16.2 (+0.1%) | 13.8 (-14.6%)
MI16 8 26 [31.5 0.26 9.34 24.6 24.6 (+0.1%) | 20.9 (-14.8%)
M20 | 10 73 [385] 032 26.67 50.1 50.2 (10.2%) | 41.8 (-16.6%)
BT60| 10 17.3 | 56.0 - 4(.) 34.5(-13.8%) | 28.7 (-28.3%)
(Experiment)
M22 | 11 182 [43.8 0.35 28.0 63.9 64.0 (+0.1%) | 53.9 (-15.7%)
M24 | 12 182 1473 0.38 28.0 82.4 82.5 (+0.1%) [ 70.7 (-14.2%)
M27 | 13.5 | 208 |52.5] 0.3 32.0 119.1 __[119.3 (+0.1%)[101.0 (-14.5%)
M30 | 15 25. 57.8 0.48 38.6. 167.9 168.2 (+0.2%)[141.1 (-15.9%)
M33 | 16.5 | 25. 64.8 0.53 36.1 215.1 215.3 (+0.1%)[184.3 (-14.3%)
BT100| 16.5 | 28.5 | 89.6 - - ISO,'X 159.6 (+5.8%)[133.1 (-11.7%)
(Experiment)
M36 | 18 273 170.0 0.58 42.01 281.5 281.9 (+0.1%)[241.5 (-14.2%)
M39 ] 195 ] 320 [753 0.62 49.35 366.6 367.1 (+0.1%)[309.4 (-15.6%)
M42 | 21 320 |823 0.67 49.35 4444 445.0 (+0.1%)[380.7 (-14.3%)
M45] 225 368 |87.5 0.72 56.68 558.2 559.0 (+0.1%)[471.6 (-15.5%)
M48 | 24 36.8 192.8 0.77 56.68 673.0 673.8 (+0.1%)[575.9 (-14.4%)
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Table 7 Member specifications and buckling strength evaluation
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In steel roof gymnasiums with RC substructures, the out-of-plane response of Cantilevered RC walls is
predominant during seismic responses, which triggers sequential damages of structural or non-structural
components. Particularly, in 2016 Kumamoto earthquake, structural damages related to space frames (i.e.,
member buckling, member local buckling, post-buckling ductile fracture and connection bolt fracture) were
reported, which suggest structural engineer may be required to perform a non-linear numerical simulation of the
spatial roof to ensure the seismic performance of similar gymnasium used as shelter in the future. In this paper,
a member global buckling strength estimation of spatial truss roof with semi-rigid joints is proposed according
to both the results of the connection bending tests of spatial roof truss joints. The proposed estimation method is
introduced to a parameter formulation for the phenomenological constitutive model simulating yield strength
increment by cold-forming, post-buckling behavior and post-buckling ductile fracture. The accuracy is validated
against static unit-truss element test and dynamic shaking-table test, including truss member buckling and
member fracture.

In summary, the following results were obtained:

1) A simple equation is proposed to evaluate the rotational stiffness of a semi-rigid joint based on coupler and bolt
specifications. The proposed method applies to arbitrary coupler and bolt specifications.

2) The global buckling strength estimation equation for system truss member considering two types of joint
rotational stiffness depending on the rotational constraints of the spherical nodes are proposed. The proposed
evaluation method was predicted with an error of -5.7 to +2.3 kN in quasi-static cyclic loading tests of the
system truss unit and an error of -3.4 to +5.7 kN in shaking-table test results of a reduced partial model of a
gymnasium.

3) The proposed global buckling strength evaluation method and the modified Shibata-Wakabayashi
phenomenological buckling hysteresis model considering member fracture can capture the relationship
between the global buckling strength and load deformation of system truss members for both static and

dynamic inputs, and member rupture can be conservatively evaluated.

(2020 4F 12 7 7 HJGRES2BE, 2021 42 5 6 HERAUE)
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