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SEISMIC FORCE REDUCTION FACTOR EVALUATION OF
DOUBLE-LAYERED DOMES SUPPORTED BY SINGLE STORY SUBSTRUCTURES
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This paper performed a series of nonlinear response history analyses (NLRHAs) for double-layered domes supported by single-story substructures to investigate

the effect of the roof span L of 60m to 150m, yielding story drift ratio 6,, yielding base shear coefficient C, of 0.3 to 0.6, post-yielding stiffness ratio p of 0.01

to 0.5 on the seismic force reduction factor D, and ductility ratio 4. Furthermore, a simple force reduction factor evaluation method considering the resonance

between the dome and substructure was proposed. Finally, static analyses with an equivalent seismic load with the proposed D; were compared to the NLRHASs.
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(b) Numerical modeling

(a) Target building
A/zJ s-60-C0.3-T100-P0.01
d

O =-> 3 o @ (©) @
4RO (D Roof span L = 60, 100, 150 (m)
d:Depth L:Span ( Yielding base shear factor C;= 0.3, 0.4, 0.5, 0.6
Depth/Span d/L : () Yielding story drift ratio 6, = 1/100, 1/150, 1/750 (rad.)
1/50 @ Post yielding stiffness ratiop = 0.01, 0.02, 0.05, 0.20, 0.33, 0.50

A

(c) Equivalent roof member (d) Parameter definitions
Fig. 1 Numerical model schematics

Table 2 Roof member specification

Roof'span L (m)
60 100 150
Roof member 0-307.5x7.5 0O-414.5x14.5 0O-715.5x15.5
Tension ring 0O-809.0x9.0 0O-1020.0x10.0 0-2525.0x25.0

Table 3 Substructure specification

c g, Post-yielding stiffness ratio p = 1/(1+ka/ks)
" |(rad.) 0.01~0.05 0.20~0.50 (ka/ks=1.0~4.0)
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Buckling-restrained braced frame|Special moment resisting frame with BRB
1/750 (BRBF) (SMRF+BRB)
0.3 T=0.225~0.37s T0=0.225~0.37s
~ R 7=0.60~1.55 R r=0.60~1.55
0.6 1150 (c) Special moment resisting (d) Dual system of
frame (SMRF) SMREF + other devices (SMRF')
1/100 T ¢=0.525~0.92s T=0.525~0.92s
Rr=1.37-4.09 R r=1.37-4.09
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Fig. 2 Acceleration response spectra (§=0.02)
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Fig. 3 Comparison of CQC and NLRHA
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Fig. 4 Conventional Ds evaluation based on the SDOF method?®)

Table 4 Evaluation results by the conventional SDOF method
(a) Force reduction factor D;

Post-yielding stiffness ratio p = 1/(1+ka/ky)
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Table 5 Summary of predominant modal characteristics
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Fig. 5 Predominant modal shapes

Fig. 6 Response amplification factor with elastic substructures
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Z, 03 | NLRHA] 0441044 [ 0.45[044] 04510451046 04610471 0.5210.53[0.5410.58 1 059 [0.59 [ 0.64] 0.65 ] 0.66
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Fig 16(80;1‘; g r’i;‘gn of 0.6 INLRHAT0.601 0621 0.631 0.61[ 0.621 0.64] 0.62] 0.63[ 0.64[0.66 [ 0.670.6810.68 [0.6910.70] 0.72] 0.73 ] 0.73
NLRHAs and evaluations SDOF ] 0.63]0.68[0.77]0.64]0.69[0.77[0.65]0.6910.78 [ 0.6910.74] 0.81 [ 0.74 [ 0.78 | 0.84 | 0.80 [ 0.83 | 0.88
0, Post-yielding stifthess ratio p = 1/(1+k,/k;)
(rad.) 0.01~0.05 0.2~0.5 (k /k;=1.0~4.0)
1 iEt 2 2 2 - 2 2
orizontal (m/s”) Horizontal L Horizontal Horizontal (m/s%) Horizontal Horizontal
7]\7/[Ed111ed
: 1
NLRHA
2 Vertical(m/s?) C=0.3 4 Vertical C=0.6! 2 Vertical 2 Vertical(m/s’) C=0.3 2 Vertical C,=0.6| "|Vertical G=0.6
1/750 p=0.01 p=0.01 p=0.50 p=0.50 p=0.50
10h 200 10— N W0 10 =0 A 200 AR =
A\ 7z A 7 N
_ N Za\ N P P 7
A [0) A A [¢] A’ A 0] A A [¢] A A ] A’ A 0] A
(al) L=60m (a2) L=100m (a3) L=150m (b1) L=60m (b2) L=100m (b3) L=150m
(Rr=1.19~1.55) (Rr=0.70~1.17) (Rr=0.60~0.74) (Rr=1.19~1.55) (Rr=0.70~1.17) (Rr=0.60~0.74)
(a) American BRBF (b) Japanese SMRF+BRB
oHorlzomal(m %) oHonzomal 2 Horizontal 1 Horizontal (m/s%) 1 Horizontal 2 Horizontal
4 g o e s 1
Vertical(m/s?) =03 Vertical(m/s?) C=03| TVertical C,=0.6] “ [ Vertical
p=0.01 p=0.50 p=0.50)
vioof| f o OO B e B I e N
A [0) AT A [6] A A 6] A’ A 6] A A [¢] A TA [0) A
(c1) L=60m (¢2) L=100m (c3) L=150m (d1) L=60m (d2) L=100m (d3) L=150m
(Rr=2.91~4.09) (Rr=2.03~2.83) (Rr=1.62~2.23) (Rr=2.91~4.09) (Rr=2.03~2.83) (Rr=1.62~2.23)
(c) SMRF (d) Dual system of SMRF+other devices
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import math
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for i in range(20):

pai = math.pi

g = 9.81
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RT = T0/01
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mu = (SDO/(Hs*Sitay))*math.sqrt((1+25.0*h0)/(1+25.0*heq)) #20(2)
if Teq<Tc :mu=mu*(Teq/TO)*((TO+Teq)/(2.0*T0)) #70(2)
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return Ds
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Fig. A1 Example python 3 code of the modified seismic force reduction factor evaluation method for gridshell structures
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