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SEISMIC FORCE REDUCTION FACTOR EVALUATION OF
DOUBLE-LAYERED DOMES SUPPORTED BY MULTISTORY SUBSTRUCTURES
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Tomohiko KUMAGAI and Toru TAKEUCHI

This paper extended the seismic force reduction factor D; evaluation method previously proposed by the authors to double-layered domes supported by

multistory substructures. The evaluation procedure is carefully formulated based on Japanese Building Code. Furthermore, the extended evaluation method was

strictly validated by using a series of nonlinear response history analyses (NLRHAs) of a massive amount of double-layered domes supported by multistory

substructures. Finally, static analyses with an equivalent seismic load with the proposed D, were compared to the NLRHAs.
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(a) Isometric view (ex. 6-story) (c) Equivalent roof member
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(D F: Flexible roof, R: Rigid roof (2 The number of storiesn =3 to 15
(3 Roof span L = 60, 100, 150 (m) @ Yielding base shear factor C,= 0.3, 0.4, 0.5, 0.6
(B Yielding roof drift 6, = 1/750, 1/150 (rad.) ® Post-yielding stiffness ratio p = 0.01, 0.05, 0.2, 0.5
(D Stiffness distribution: Regular, Soft 1st story (x1.5, x3.0), Soft middle story (1.5, x3.0)
(d) Model ID and model parameters
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: stiffness &;

(el) Flexible roof model (e2) Rigid roof model
(e) Numerical modeling (ex. 3-story model)
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Regular (Soft
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(f) Schematic of story shear, stiffness, drift and mass distribution at yielding (ex. 5-story)
Fig. 1 Numerical model schematics

Table 1 Member and story specification
Roof span L (m)

Story

60 100 150
Roof member 0-307.5x7.5 0-414.5x14.5 0-715.5x15.5
Tension ring 0-809.0%9.0 0-1020.0x10.0 | O-2525.0x25.0

Roof mass m r_(kg) 0.62x10° 1.72x10° 3.86x10°

Number of story n 3~15

1.12x10° (Regular)
5(1=3~7), 4(n=8~15)

Story mass m; (kg)
Story height H; (m)

14 O1 roofpjcrioq Design Spectrum
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Fig. 2 Acceleration response spectra (£=0.02)
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Fig. 3 Proposed method to evaluate seismic force reduction factor
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Fig. 4 Comparisons of normalized 1st mode shapes (rigid roof model, L=60m, C,=0.3, 6,=1/750rad.)
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Fig. 14 Modal contribution in substructure response
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Betaeq= max([((1.0-C)+RM*(1.0-C)*(1.0-C))/(1.0+RM*(1.0-C)*(1.8-C)),08.6]) #30(7)

5 MR I RO DR BB DS P -

if T1<0.16 :SA = 3200.0+30000.0*T1 # TARVERE (CH (T D10 (C 4 U DMEEB DT AIEREGE AR ML

elif T1<0.640:SA = 8000.0 # TARVERR (CH 1T D10 (C 4 U DIMEE DRt FANREGE AT ML

else :SA = 5120.0/T1 # TEBYERR (C | 210 (L4 U D HMEE DT AIRELE AT ML

SA@ = SA*math.sqrt((1+25.8*0.050)/(1+25.0*h0)) T ROYEABISHER he (CEDE TANRY I\M‘Efat@“mm@“é(he 2%TH#) 1.0g (C12D)

sbe = (Betaeq*Betast*SAe)/(z 0*pai/T1)/(2.0*pai/T1) #BEAGEARY NM&*E&MTE&Z/\/J MLEUTIMRENSHBET D

Teq = #)HEAME (S T1

heg o o #A)EAME (L he

#%ﬁ%ﬁ'li— BHERORKRETDOIRBETE

for i in range(20):
mu = ((SDe/1eee. 0)/(Hs*sitay))*math.sqrt((1+25.0*h0)/(1+25.0*heq)) #20(9)
if Teq< Tc = mu*(Teq/T1)*((T1+Teq)/(2.0%T1)) #70(9)
elif Teg>= Tc and T1<Tc mu = mu*(Teq/T1)*(Tc/T1-(Tc/T1-1.0)*(Tc/T1-1.0)/2.0/(Teq/T1-1.0)) #20(9)
elif T1 >= Tc :mu = mu*(Teq/T1) #70(9)
if mu>1.0:

Teq = Tl*math.sqrt(mu/(1.0+p*mu-p)) #:g(le)
he + pai*mu*p)*math.log((1.0+p*(mu-1.0))/(mu**p)) #30(11)

#%Fﬁ%ﬂ’ﬂ%%ﬁﬁ%ﬁli Eélf‘ ERDOAKRETNS Ds EZ 5

Ds = math.sqrt((1+25.0*h0)/(1+25.0*heq)) #10(12)

if Teq<Tc :Ds = Ds*(T1/Teq)*((T1+Teq)/(2.0*T1)) #10(12)

elif Teg>= Tc and T1<Tc :Ds = Ds*(T1/Teq)*(Tc/T1-(Tc/T1-1.0)*(Tc/T1-1.0)/2.0/(Teq/T1-1.0)) #10(12)

elif T1 >= Tc :Ds = Ds*(T1/Teq) #10(12)

return Ds

if __name__ == '__main__":#/\SA—SEEELTDs EEEHIEDI A>T~ |\(jDﬁ71.&(&*;.@1?73“9&@73‘55&331’1%)

MIist ~— = [1120,1120,1120+617.82] #[m1,...,mi,...,mn+mR] 1EEMNS nEBXTIRBECANDLT nBIEREE R ZEDHD.

mR = 617.82 #mR & MList [dEAIEMZ S

Sitay = 1.0/750.0

Hs = 15.0 #EAI(E m

Cy = 0.30

p = 0.01

01 = 0.22

he = 0.02

Tc = 0.64

Ds = Ds_ModifiedForGridshells_Multistory(Mlist,mR,Sitay,Hs,Cy,p,01,h0,Tc)

print(Ds)
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Fig. A1 Example python 3 code of the extended seismic force reduction factor Ds evaluation method
for gridshells supported by multistory substructures

(2024 4E 12 H 8 HIEAs=z3, 2025 4E 5 H 14 HERTIE)




