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

1 2 3 4 5 6 6

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. 
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Fig. 1 Proposed connection system for the timber-steel grid shell Roof

*1 NIKKEN SEKKEI, M. Eng.
*2 Graduate Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology

*3 ( ) Graduate Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, M. Eng.
*4 ( ) Associate Professor, Hokkaido University, Dr. Eng.

*5 ( ) Assist. Professor, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr. Eng.

*6 ( ) Professor, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr. Eng.

CL

CL
Hexagon Bolt T-section Steel Glued Laminated Timber

Lag Screw M12 × L150 Glued Laminated Timber
T-section Steel

21
0

79.579.5Lap 300 Lap 300

24(m)

Glued Laminated
TimberSteel Connection

木鋼格子ラチスシェルの地震応答における接合部回転剛性の影響
EFFECT OF CONNECTION STIFFNESS ON SEISMIC RESPONSE  

OF TIMBER-STEEL GRID SHELL ROOF

原 田 公 明＊1，入 口 直 樹＊2，寺 澤 友 貴＊3，松 井 良 太＊4， 
山 崎 義 弘＊5，坂 田 弘 安＊6，竹 内   徹＊6

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

＊ 1　�㈱日建設計 工修
＊ 2　�東京工業大学建築学系 大学院生
＊ 3　�東京工業大学建築学系 大学院生・修士（工学）
＊ 4　�北海道大学工学研究院 准教授・博士（工学）
＊ 5　�東京工業大学建築学系 助教・博士（工学）
＊ 6　�東京工業大学建築学系 教授・博士（工学）

NIKKEN SEKKEI, M.Eng.
Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology
Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, M.Eng.
Assoc. Prof., Hokkaido University, Dr.Eng.
Assist. Prof., Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng.
Prof., Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng.

日本建築学会構造系論文集 第84巻 第755号，51-59， 2019年1月
J. Struct. Constr. Eng., AIJ, Vol. 84 No. 755, 51-59, Jan., 2019

DOI http://doi.org/10.3130/aijs.84.51
【カテゴリーⅡ】�

─ 51 ─



2 / 8

24 m×24 m 30°

3.22 m 1.18kN/m2

5 1)

Table 1

Fig. 2

R Fig. 3 F

RL/(EI) ( R: , L: ,

EI ) 2) 6)

1) BB TB300 TB440

7 12 22 =1 3

r

(I1) 10 Fig. 4

1/60

(I10)

R

10

Fig. 5 Table 2

C0 = 0.7

1/400 f1

0.98 kN/m2

6.0 m RM =Meq/MR(Meq: MR:

) 1.39

f1

0.1 (f0.1) 10 (f10)

RT RT

Teq 1

TR
2)

Fig. 6 BRI-L15)

El Centro NS Hachinohe NS JMA Kobe NS

BRI-L1

Fig. 7

R1-I1 90 1 (O1)

Fig.7 (a) (c) (b) (d)

52nd Mode
50.93%, 0.039(sec)

52nd Mode
50.95%, 0.039(sec)

52nd Mode
46.04%, 0.044(sec)

43rd Mode
44.4%, 0.044(sec)

5th Mode
16.44%, 0.312(sec)

3rd Mode
12.29%, 0.292(sec)

55th Mode
13.65%, 0.041(sec)

2nd Mode
15.35%, 0.226(sec)

55th Mode
11.07%, 0.034(sec)

55th Mode
10.92%, 0.034(sec)

2nd Mode
11.14%, 0.315(sec)

52nd Mode
10.42%, 0.038(sec)

48th Mode
3.99%, 0.086(sec)

5th Mode
4.69%, 0.253(sec)

6th Mode
4.19%, 0.195(sec)

7th Mode
7.94%, 0.121(sec)

3modes 4modes 8modes 4modes
(a) R1-I1 (b) Rr-I1 (c) R1-I10 (d) Rr-I10

Fig. 7  Frequency eigenvalue analysis results

Table 1 Member specification
Member Material Section (mm) E (N/mm2) I  (mm4) G  (N/mm2)
Lattice
Outer

Diagonal
Section Area

63.6mm2 63.6

Column CHS-406.4×12 1.12×105

SS400 2.05×105

8.71×102

(Ref.1))
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Specific symmetrical
composition glulam

E105-F300

Rectangle
210×150 2.43 10101.31×104
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24m
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1 1 1

Boundary condition
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Frame model
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Table 2 Substructure column specification (Fr-I1-fx)Z

f (-)
Outer

diameter
D (mm)

Inner
diameter
d (mm)

Section area
A (mm2)

Moment of
inertia

I (mm4)

Natural
period ratio

RT (-)
RM (-)

f0.1 158.2 78.12
1.49 104

2.89 107 3.03
1.39f1 406.4 388.4 2.89 108 0.96

f10 1252 1244 2.89 109 0.303

O2 O1

O1

90

O1

O2 O2 O2
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Fig. 18 Response acceleration along ridge of roof AOA’ (I1 model)
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Fig. 18 Response acceleration along ridge of roof AOA’ (I1 model)
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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 RT. 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 , 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 >7..

2) Seismic response of a lattice shell roofs with the connection of normalized rotational stiffness = 3 ~ (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 . 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.
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