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EFFECT OF DESIGN SPECIFICATIONS OF RC GYMNASIUMS WITH METAL SPATIAL ROOFS ON
RESPONSE CONTROL OF CANTILEVERED RC WALLS AND THE RESPONSE EVALUATION METHOD

SO O CBRTL WA B ORT oA e
Yuki TERAZAWA, Keita ICHIHASHI and Toru TAKEUCHI

This paper investigates the effect of the span of cantilevered RC wall, the in-plane stiffness of the roof, the layout of friction damper support on both

the response control of cantilevered RC walls in RC gymnasiums with metal spatial roofs and the proposed response evaluation method. According

to the response history analysis results, the proposed method was proved to be available on various RC gymnasiums and the evaluation formula of

the column base moment of the cantilevered RC walls was modified following the appropriate moment diagram.

Keywords: Out-of-plane Response, Cantilevered RC Wall, Metal Spatial Roof, Roller Support, Friction Damper; Spatial Structure
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Friction damper ~ Roller
support  or support
-

ouble-layer roof
o

T RFL
4FL
#3FL
2FL
1FL
X9
Y6 ]
RC wall E is mCantllevered RC wall
RC frame
‘\I/’ Y1 X1
yeoe (a) Target building
Roller Fricton Steel roof
support damper Elastic Single S_L-L ﬁ-A3_0
b ayer | © 0D @
n f
Elastic e 'Bé'ndQ'Qd@
@ @ ®

© SL : Single Layer roof
DL : Double Layer roof

(D Span of ginder direction

4.1 L :34,40, 46, 52,57 (m)

3.2| @ Half subtended angle

3.8 020, 30,40 (°)

@ Level of roof stiffness
B:1,2,3,4,5,6,7,8

(@ Number of friction damper
n,:1,2,3,4,5,6,7,8

(5 Damper capacity above a wall
¥0,: 0~ 1200 (kN)

direction
RC wall RC beam & column

y
i Degradation bilinear

(b) Numerical models (c) Models name rules
Fig.1 Target building and numerical model

Table 1 Member specifications

(a) RC substructure (b) Double layer roof member

RC section| Young's |Cracking| Yield CHS U L Web
No.| BxH |modulss| M. | M, No.| Dxt Epj szr eb
chord | chord [ member
(mm) | (N/m® | (kNm) | (kNm) (mm)
RG2| 500x1000 207 224 DI |60.5%3.2 O
4C3| 700x1000 385 932 D2]76.3x3.2 O
3C8| 700x1000 21682 367 733 D3([89.1x42| O O O
3C3| 7001000 Fo=1 424 1043 D4 [101.6x4.2] O O O
3C2| 700x1000 ¢ 367 733 D5|114.3x4.5] O O
2C14 700x1000 510 1155 D6]139.8x4.5] O O
1C4{ 700x1000 543 1246
(c) Single layer roof member (B5) (d) Single layer roof member (L. = 46m)
No. Section (mm) Level of Brace section | T'rr
Girder roof stiffness (mm) (s)
s1 H-700X300<1324 Bl O-21.7%2.0 | 0.43
Beam B2 (0-27.2x2.0 | 0.38
s2 H-350X175711 B3 0-34.0<2.3 | 0.32
Gable column B4 O-42.7x2.3 [ 0.29
s3 H-200<200x8x12  TBs" Bace model) | O-48.6x2.5 | 0.26
Brace B6 0-89.1x2.8 | 0.17
BS ©-48.6x2.5 B7 0-139.8%3.6 | 0.12
B8 (0-216.3x4.5 | 0.09

Table 2 Comparison of predominant modes between the double-layer roof model and the equivalent single-layer roof model

Sway

Sway

Mode shape
Double Single Double Single
Number Mode 2 Mode 5 Mode 4 Mode 8 Mode 16 Mode 27 Mode 21 Mode 87 Mode 46 Mode 85
Period (s) 0.260 s 0.261 s 0.196 s 0.199 s 0.085 s 0.087 s 0.073 s 0.016s 0.050 s 0.016s
Mass ratio (%) 20.2 % 29.5% 3.77 % 3.11% 1.94 % 2.50 % 0.362 % 1.84 % 0.300 % 1.20 %
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‘ OPin_ ® Roller ® Friction damper ‘

Fig. 2 Friction damper layouts
Table 3 Summary of modal characteristics without friction dampers

Span L | Angle 8 B Substructure period Roof period T'r; | Period ratio
(m) () Ty (s) (s) Rn
L L] 033 37
1 2 | 030 53
] B %
34 30 5] 0.45 01R 3
1 6| 013 346
7] 000 476
R 00 A3
L1 0 3R 28
1 2| 0.3
E i =
40 30 3] 0.48 094 04
1 6| Q015 325
7] 011 447
R 00R OR
L1 0.41 23
12 0.37 38
131 0.31 65
0 HH 0.27 85
LS| 0.25 2.04
1 6] 0.16 3.09
1 7| 0.12 422
8 0.09 71
L1 043 19
1 2 | 038 33
41 639 A
46 30 5] 0.51 0726 of
1 6| 017 03
| 7 012 416
R 009 S8
L 1] 0.45 13
12 | 0.40 27
| 3] 0.34 50
40 1 4| 0.31 66
1 5] 028 80
1 61 0.17 2.99
| 7] 0.13 4.03
8 009 36
L1 (048 10
2] 042 24
] N @
52 30 5] 0.52 09 >
1 6| Q018 292
7] 014 388
R 010 22
L1 053 a2
1 2 | 047 15
E e
57 30 3] 0.54 03 70
1 6| 023 231
| 7 015 363
R 011 4 9
l4——
E=3% ——— Design spectrum
12! —— El Centro
1O ——— Hachinohe
/ —— JMA-Kobe
Kumamoto

Taft

Acceleration spectra (m/s”)

(=T SR - -

2 3
Natural period 7 (s)
Fig. 3 Acceleration response spectra
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(rad/s) (15)
(m/s?)  (16)
2 ZITHUISER S, ROTIRENRFMELR I, Co (TR AV I ERE(Co

ZZIi

S DITPEEE S R — 3k &N LT RCF FRAAE DA 1 1 b 2 1l
24T 5 % E T, W0 30K 1 R0 OREX L R—iit ) 041,

D SOKIRD NV — XA =R & 6 (AWFFE THREN 2 JSURTTE T
+50mm), LESERBER Ry, REEE n, HHET DREEEL =3

HERIL ng &ARERIME K,y J0 ft(17)~fﬁ(20)f°§+% L,
u & M IERQD~RQ23) TEHFET

ARHEZQ 5 2Tm L&D,

JEEARI A D
o RANE, & DEEES 3 —jiit
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PLEWRT LS
REFEEEED D250 CREAM S 4y, BRARES N2 D

By I8
B yEl'E

, SUREBFAXIZEALIZER ZRI & % 2 RC FFi4E
BEEN TV

WV U, EFHOPRIBE A B RE LR E G PO S RE L

Ll &FEboboon,
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Table 4 Summary of the out-of-plane response evaluation results
(a) Specifications of the equivalent single beam model or equivalent single plate model
Lo| L | he | hg E Iceq Ioeq | 1™ | D, D, my | me o |wo| Mo | My | o Ke |204
(m) | (mm) | nm) | nm) | (NAne) | o) | o) | ey | Nmm) | Ny | k) | G | 7| 7 | radis) || o) [N | | | (5imm) | N
34 [ 34310 1.67E+10] 1.12E+10] 1.67E+10]6.32E+10(4.23E+10(252500( 45465 | 0.456 | 1.607 | 13.5 [133.3] 1462.8 | 566.1 [0.375] 5 | 19472 [ 405
40 | 40060 S16gy L67EFI0] LI2E+10]1.67E+1016.32E+10]4.23E+10]294500] 45465 | 0.427 | 1.588 | 12.6 |152.2] 1616.0] 560510328 | 6 | 19884 | 525
46 |45810| 9850| 5750| ) |L67E+10[1.12E+10] 1.67E+10]6.32E:+10]4.23E+10|331834| 45465 | 0.409| 1.576] 10.1 [1789] 19605 | 486:2]0.279| 7 | 2868 | 695
52 | 51560 1.67E+10| 1.12E+10| 1.67E+10|6.32E+10{4.23E+10{378500] 45465 | 0.397 | 1.568 | 10.1 |178.9] 1922.4 | 476.8 |0.279| 8 | 2868 | 794
57 | 57310 1.67E+10] 1.12E+10] 1.67E+10]6.32E+10{4.23E+10420500( 45465 | 0.389 | 1.563| 10.1 [178.9] 1960.8 | 486.3 [ 0.279] 9 | 2868 | 893
(b) Member specification of the target building (L,=46m, 6=30°, BS)
1 X coord.| 7" | 52" | Section Io " n® " 1,%
L S — ‘ Y " (mm) | (mm)|(mm)| (mm) (mm") ’ ’ mm') | mmH | (mm')
; N 3C3] 5960 1000700 [5.83E+10] 0.239 [ 1.171 | 1.63E+10
B m | N 3¢3| 11710 1000700 | 5.83E+10] 0.239 | 1.171 | 1.63E+10
o ¢— (S S H 3C3| 17460 1000700 | 5.83E+10] 0.240 | 1.171 | 1.64E+10
wohy i | H 3C3| 23210 [ 4100 - |1000x700 |5.83E+10]0.240 | 1.171 | 1.64E+10| - -
w7 P he| ELT O 3C3 | 28960 1000x700 [ 5.83E+10] 0.239 | 1.171 | 1.63E+10
1 ' ' r’ 0 3C3| 34710 1000700 |5.83E+10] 0.239 | 1.171 | 1.64E+10
wof2 N i 3C3 | 40460 1000x700 [ 5.83E+10] 0.238 | 1.171 | 1.63E+10
LR VR R o 2 4C2| 5960 1000x700 | 5.83E-+10] 0.281 | 1114 1.82E+10
: A AN R Y - e Tec T 1000700 | 5.83E+10] 0.282 | 1.114 1.83E+10
o v 72 77 4C4 | 17460 1000x700 | 5.83E+10] 0.282 | 1.114 1.83E+10
23210 | - | 5750 1000x700 |5.83E+10] 0.282 | 1.114 - 1.83E+10 -
28960 1000700 | 5.83E+10] 0.282 | 1.114 1.83E+10
34710 1000700 |5.83E+10] 0.282 | 1.114 1.83E+10
40460 1000700 |5.83E+10] 0.280 | 1.114 1.82E+10
1000500 [4.17E+10| 0.272 | 1.061 1.20E+10
1000500 [4.17E+10] 0.251 | 1.061 L11E+10
1000500 [4.17E+10] 0.251 | 1.061 L11E+10
) ) _ [1000x500 {4.17E+10] 0251 | 1.061 i ) L11E+10
(b) Translation from frame model to equivalent plate model RG2] 1000500 |4.17E+10 0.251 | 1.061 | LLIE+10
RG3| 1000500 |4.17E+10] 0.251 | 1.061 L11E+10
Fig. 4 Schematic of the simple evaluation models (Ref. 15)) RG2| 1000x500 |4.17E+10] 0.251 | 1.061 L11E+10
RG3 1000500 [4.17E+10] 0.249 | 1.061 1.10E+10
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250
g Evaluation
EZOO Evaluation Evaluation :178.9 mm
3 § X :178.9 mm :178.9 mm
- Evaluation = —_— ] — ——
5 Evaluation | 152.2 mm ]
£ 190 133.3 mm I
2
2100|
2z
i
50
=
Q
S
1 X4 X 1 X4 X5 X 1 X5 X 1 X5 X6 X1 1 X6 X1
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Fig. 7 The effect of half subtended angle on the relative
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Fig. 13 Summary of seismic responses without friction dampers (Lx = 45m, B5, 6=30°, Takeda RC hysteresis)
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Fig. A1 Overview of linear static analysis to obtain approximate Tr:

Table A1 Comparison of Triand Rr

Brace Tri(s) R
section | Exact [ Approximate| Exact | Approximate
B1{O-21.7x2.0| 0.43 0.47 1.19 1.09
B2| ©-27.2x2.0| 0.38 0.41 1.33 1.23

B3| O-34.0x2.3] 0.32 0.34 1.58 1.47
B4| O-42.7x2.3] 0.29 0.31 1.77 1.66

B5| O-48.6x2.5| 0.26 0.27 1.94 1.85
B6| O-89.1x2.8| 0.17 0.19 3.05 2.68
B7|0-139.8x3.4 0.12 0.13 4.16 3.86
B8|0-216.3x4.5 0.09 0.09 5.57 5.50

(2023 4% 4 H 4 HEAFE, 2023 455 A 24 AERAHE)
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