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Large numbers of structural and non-structural components in steel roof gymnasiums with RC substructures were damaged 
in the past earthquakes. Particularly in 2016 Kumamoto earthquake, structural component in some space frame roofs 
experienced serious damages including buckling, post-buckling fracture and fallings, which could have caused serious human 
damages. This paper presents the damage mechanism of space frame roofs with the effects of cantilevered RC walls based on 
numerical simulations of member-by-member models considering member buckling and fractures. The numerical simulation 
results were analyzed by comparison with the actual damages. 
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In steel roof gymnasiums with RC substructures, out-of-plane response of Cantilevered RC walls are 
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 is the newly observed damage characteristic. Space frames are generally elastically designed, 
thus it is important issue to make clear the damage process for the aseismic design, which is the main purpose 
of this paper. The chapter 2 presents the detail of the damaged gymnasiums (Gym. A and Gym. B), the numerical 
modeling, the observed seismic inputs. The chapter 3 and chapter 4 present the seismic damage evaluations of 
Gym. A and Gym. B, respectively. The numerical simulation results were analyzed by the comparison with the 
observed damages. The chapter 4 presents the applicability of static estimation method proposed by the AIJ 
design recommendation. 

In summary, the following results were obtained: 
1) In Gym. A, out-of-plane response of the cantilevered RC walls along the transvers direction were main reason causing 

the roof damages. After the collisions between the anchor bolts and the slotted hole ends during the main shock, the 
upper chords and diagonals connected to these bearings are forced to be bucked. Following the buckling behavior of 
these member, the load path is considered to shift from the transvers direction to the longitudinal direction, which 
triggered the load increasing of the lower chords along the longitudinal direction and the subsequent connection bolt 
fracture. 

2) In Gym. B, out-of-plane response of cantilevered RC walls along the longitudinal direction and the asymmetrical. 1 
wave mode of the roof along the transvers direction were main reason causing the roof damages. The lower chords 
connected to the roof bearings along the longitudinal direction are forced to be buckled by the reaction force of the 
cantilevered RC walls during the former shock. The lower chords connected to the roof bearings in the transverse 
direction are forced to be buckled by the roof response itself during the main shock. Considering the actual damage, 
it is assumed that the actual ground motion level could be less than the input seismic waves. 

3) Vertical collapse displacement may be dependent on the stability and load capacity of the upper compression 
chords along the transverse direction. Based on the results, the roof damage of Gym. B was more moderate 
than that of Gym. A because the main direction of the seismic responses of Gym. B was not the transverse 
direction. On the other hand, the vertical collapse displacement is less than the actual situation. It is assumed 
that the non-structural members, which is not considered in this numerical simulation, could affect on this 
difference. 

4) Static analysis considering the combination load of the roof response used in the AIJ design recommendation 
and bearing forces by cantilevered RC responses generally captured the observed damaged roof members. This 
relatively simple method can be used for screening the expected damages in these kind of space frame roof 
gymnasiums. 

SEISMIC DAMAGE EVALUATION OF SPACE FRAME ROOFS OF RC GYMNASIUMS

Yuki TERAZAWA＊1, Shogo INANAGA＊2, Ryota MATSUI＊3  
and Toru TAKEUCHI＊4

＊1 Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, M.Eng. 
(Research Fellow of the Japan Society for the Promotion of Science) 

＊2 Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology 
＊3 Assoc. Prof., Hokkaido University, Dr.Eng. 

＊4 Prof., Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng.

（2018 年 3 月 23 日原稿受理，2018 年 8 月 21 日採用決定）

─ 1799 ─


