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Abstract

In response to the issue of reducing the damage of vertical seismic action to high-rise buildings
and large-span structures, this paper combines a vertical foundation isolation structure with a
vertical tuned mass damper (TMD) to form a hybrid system. The time-history dynamic analysis of
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the vertical seismic response of high-rise buildings and large-span structures is conducted, and
the dynamic characteristics of the vertical foundation isolation structure and the vertical TMD
vertical foundation isolation structure are compared. The displacement and acceleration time
history curves of the structural isolation layer relative to the ground under vertical seismic action,
as well as the displacement and acceleration time history curves of the top layer relative to the
isolation layer, were plotted. It was found that the vertical TMD vertical foundation isolation
structure can reduce the displacement and acceleration response of the vertical foundation isola-
tion structure.
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Figure 2. Relative floor displacements and relative acceleration of top floor (El Centro wave, 0.2 g)
2. TREMEX M E L8 5 iR E RO BT R2fhZk (El Centro 3%, 0.2 9)

0.5 : : : : . : : 30 : : ,
. — TMD-f & 451 — TMD-ff & &5

0.3
02f
o 5‘\”\ 10
R 0 = 0
= =
<01 =
E _10 .
-0.2
03 20
-0.4
-0.5 . : ' : . : : -30 : ‘
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
I T/ A

Figure 3. Relative floor displacements and relative acceleration of top floor (Kobe wave, 0.2 g)
3. Tz HE o 3 T 32 7% A m 528 E At A2 i 2% (Kobe 3%, 0.2 g)

DOI: 10.12677/hjce.2023.127115 1013 T ARTHE


https://doi.org/10.12677/hjce.2023.127115

T, /)

10 : : :
ol —mEA |
| —— TMD-FaE 45
6. 4
|l
L 1 |
R |
11 [T TP m nj'
g 2 11 ettt b 1N —
& I t it \ TR THETIVM
o [N WA e il
= =2 Pl i it
A e '
. !
sk
-8r i
-10 : : : : : :
0 5 10 15 20 25 30 35
B |)/s

40

s BF/(mm/s?)

150 - -
-~ — KRG
TMD-Bf 2 454
100 i y
1 Ly
50 ! |‘| ‘l i‘
1! i \
i "}' :l‘ | ' |i| hna b
(AR ! fth) TR T
0 it \!‘\ \i ( L AR r' I v d
1 || ll I X {\ ‘|', il '
: Hl: J.;'1: ! h'l:’
-50 - | ‘H‘ ! 1
T
1 |
-100 "
i
-150 : . . l . 3 .
0 5 10 15 20 25 30 35 40
I ) /s

Figure 4. Relative floor displacements and absolute acceleration of isolated layer (EI Centro wave, 0.2 g)
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Figure 5. Relative floor displacements and absolute acceleration of isolated layer (Kobe wave, 0.2 g)
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Figure 6. Relative isolated layer displacements and relative acceleration of top floor (EI Centro wave, 0.2 g)
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Figure 7. Relative isolated layer displacements and relative acceleration of top floor (EI Centro wave, 0.2 g)
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Table 1. The displacement response of isolated layer under different earthquakes

1 ERFERERIER THIPRRE R AL R

. R  REsaE L Wea 7o 25 K L 7 RESMNE
=Y Ay N X i 7= 2 [0
R U /e defem PR rgem driliem 0T
El Centro 0.88 0.74 15.47 0.19 0.14 28.95
Kobe 0.79 0.67 15.40 0.18 0.14 23.76
Chichi 0.53 0.42 20.86 0.10 0.07 29.59
Tianjin 1.02 0.86 15.38 0.21 0.17 20.19
Table 2. The acceleration response of isolated layer under different earthquakes
= 2. ETREIMRRAER T8RRI 05 & i
. WA RASEMInEE . PEREAHINEEE  RESMIEE
HoES - - = % . _ N ~ ok Z 2R 1%
BRI Ciggemsy wefiems ) PO gtiniiemsd) ikl ems ) ot
El Centro 14.48 11.99 17.17 3.01 2.13 29.26
Kobe 13.52 10.85 19.76 3.07 231 24.67
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BT, T

Continued
Chichi 10.06 8.22 18.31 1.73 1.25 27.85
Tianjin 16.92 14.06 16.93 3.49 2.76 21.06

Table 3. The displacement response of top floor under different earthquakes

3. ETRIMREIER TBTBUE L% M
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=y i 7= 20, N R R0,
R dfigem defmom  EER higem st PO
El Centro 0.92 0.77 15.52 0.20 0.14 29.08
Kobe 0.83 0.70 15.99 0.19 0.14 23.53
Chichi 0.55 0.44 20.69 0.10 0.07 29.00
Tianjin 1.05 0.89 15.18 0.22 0.17 20.37
Table 4. The acceleration response of top floor under different earthquakes
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El Centro 14.91 12.34 17.23 3.09 2.18 29.39
Kobe 13.91 11.13 19.96 3.16 2.38 24.71
Chichi 10.40 8.46 18.60 1.78 1.28 28.08
Tianjin 17.42 14.48 16.90 3.60 2.85 20.88
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