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EFFECT OF CONNECTION STIFFNESS ON SEISMIC RESPONSE
OF TIMBER-STEEL GRID SHELL ROOF

O BTN Y SR OROES, R R BORY

IR R S N S

fig*e

Hiroaki HARADA, Naoki IRIGUCHI, Yuki TERAZAWA, Ryota MATSUI,
Yoshihiro YAMAZAKI, Hiroyasu SAKATA and Toru TAKEUCHI

In our previous paper, the static rigidity and the flexural strength at the joint of the lattice shell with the timber steel hybrid

connection were clarified by static experiments and their effect on the buckling behavior of the entire roof was revealed by

elastic buckling analysis. Here we examine the influence of the rotational stiffness of the connections on natural oscillation

and earthquake response characteristics. Also the accuracy of the response spectrum evaluation using CQC method and the

equivalent static seismic load are verified, followed by a simplified evaluation method proposal for the effect of rotational

stiffness at connections.

Keywords : Composite Structure, Lattice Shell, Seismic Response Evaluation, Rotational Stiffness, Response spectrum method, COC method
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Table 1 Member specification
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1O diameter | diameter 4 (o) inertia period ratio | Ry ()
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Fig. 6 Accelefation spectra (BRI-L1, hy=2%)
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Table 3 Effective mass ratio
(a) Fr-11-fx (Single layer)

| &, Effective mass ratio
1st 2nd 3rd 4th Sth 6th
0 | o3 66th 63rd 47th 3rd | O1 44th 76th
34.98% 22.55% 12.29% 9.54% 4.12% 3.92%
1 loos 2nd | O1 | 9th | O2 | 5th | O2 19th 52nd 29th
41.77% 33.69% 23.66% 0.28% 0.26% 0.10%
01 1303 2nd 6th | O1 | 8th | O2 52nd 18th 29th
99.80% 0.18% 0.02% 0.00% 0.00% 0.00%

(b) Fr-110-fx (Double layer)

Effective mass ratio

f | Ry

Ist 2nd 3rd 4th Sth 6th
10 oo 17th 15th 8th | O1 | 10th| O2 | 1st | O1 | 2nd | O1
36.05% 23.82% 9.45% 8.81% 8.51% 3.47%
1 lios 2nd 5th | Ol | 13th| O2 11th 70th 18th
86.37% 13.30% 0.13% 0.09% 0.03% 0.02%
01 13901 2nd 5th | Ol | 13th| O2 11th 70th 40th
99.95% 0.05% 0.00% 0.00% 0.00% 0.00%
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In our previous paper, the rotational stiffness and the flexural strength of the timber-steel hybrid connections for the
lattice shell roofs were clarified by static experiments and the effects on the buckling behavior of the entire roof were
revealed. In this paper, we examine the influence of the rotational stiffness at connections on natural oscillation
characteristics and earthquake response characteristics of the roofs with supporting substructures. Also, the accuracy of the
response spectrum evaluation using CQC method and the evaluation with the equivalent static earthquake load are verified,
followed by the simplified evaluation method proposal for the effect of rotational stiffness at connections.

As in the past researches, we study with the steps using roof models without supporting substructures then models with
substructures. The roofs are categorized as single-layered lattice roofs and double-layered lattice roofs with depth-span
ratio being 1/60, where the rotational springs obtained in the previous experiment were incorporated at the both ends. First,
we investigate the influence of connection stiffness on the seismic response characteristics of the roof model, comparing the
response spectrum method with the time history response analysis to verify the accuracy of the response spectrum method.
Here, the applicability of the equivalent static load using response amplification factors proposed by the past researches are
also verified. Next, a model with a supporting substructures were set and the earthquake response characteristics were
verified. The influence of the rigidity of the supporting frame on the earthquake response was analyzed, and accuracy of the
equivalent static load was verified. Here, we also analyze the influence of the rotational stiffness of the connections as well
as the roof model. From these investigations, it was confirmed that there was no significant influence of the connection
stiffness on earthquake response characteristics were observed, if the natural periods of principal modes are correctly
evaluated. Therefore, it was considered that the influence of the rotational stiffness at the connections on the earthquake
response can be represented by the natural period ratio Rz. It was also found that the natural period of the antisymmetric
mode including connection stiffness can be expresses as the function of normalized rotational stiffness x, and easily
evaluated from the eigenvalue analysis with rigid connections.

From above studies the following knowledge was obtained.

1) In the roof models with the rotational stiffness at connections, the influence of the rotational stiffness on the vibration
characteristic is not significant where normalized rotational stiffness x >7..

2) Seismic response of a lattice shell roofs with the connection of normalized rotational stiffness x = 3 ~ ©°o (rigid) is
can be well evaluated if the correct roof natural period with the rotational stiffness at connections are obtained and used. It
was confirmed that the accuracies of the equivalent static loads with amplification factors are almost the same as the those
with rigid connections.

3) The effects of connection rotational stiffness on the principal natural period of the roofs can be expressed as a function
of x. Therefore, the natural period including the connection stiffness for equivalent load estimation can be easily obtained
by multiplying the proposed formula to the natural period of the roof model with rigid connections. The accuracy of the

proposed method is verified, and confirmed to provide equivalent accuracies.

(2018 42 6 1 7 HIsfa 88, 2018 42 10 I 1 HERFIUsE)




