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Vertical acceleration response of structure considering the influence of floor slab

LIU Xiaorui'*, BAI Wen'?, DAI Junwu'?, LIU Rongheng'?, SHAO Zhipeng'*

(1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics, China Earthquake
Administration, Harbin 150080, China; 2. Key Laboratory of Earthquake Disaster Mitigation, Ministry of
Emergency Management, Harbin 150080, China)

Abstract ; In addition to horizontal seismic actions, vertical ground motion also significantly affects the damage state
of non-structural components such as suspended ceilings. However, there is currently insufficient research on the
vertical acceleration response of structures under vertical ground motion. To address this gap, a case study is
conducted using a real frame structure with different-sized floor slabs. This study performs vertical mode analysis of
the structure and conducts time history analyses under four categories of seismic motions, totaling 80 records. The
vertical acceleration response of the structure and its influencing factors are studied, and a standardized vertical
design response spectrum for seismic analysis of non-structural components is fitted. The results show that the
vertical peak floor acceleration amplification factor for the floors range from 1.21 to 8. 16, which is much higher
than the horizontal amplification factors specified in various national standards. The vertical acceleration response of
the structure is influenced by the self-vibration frequency of slabs, the dominant frequency of vertical ground
motions, the height of the floors and the position of slabs within the floors. The vertical response of the structure
may be amplified significantly due to the vertical flexibility of the structure, which have obvious adverse effects on
non-structural components. Additionally, a standardized design spectrum and mathematical expression for vertical
acceleration of the structure are obtained, which can be better used for the seismic analysis of non-structural
components.

Keywords: non-structural components; self-vibration frequency of slabs; vertical peak floor acceleration

amplification factor; vertical response spectrum; vertical design spectrum
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Tab.2  Floor fundamental frequency coefficient
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. . 2.5 11.388 0 23.601 0 23.148 1 16.526 0
Fig.1 Finite element model of frame structure
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Tab.3  Comparison of theoretical formulas and simulation results
ETABS ANSYS g AR
USRS K SBRN ean
B/ He R/ He R/ % HHE TR/ He BR2E/ %
1 1.54 10.20 19.34 19.59 1.29 19.90 2.90
[fil 2 2 1.50 9.69 21.22 22.12 4.24 22.20 4.62
3 1.79 13.72 32.51 31.37 3.51 33.22 2.18
1 1.54 5.35 7.37 7.82 6.11 8.04 9.09
B 2 1.50 5.11 9.17 9.37 2.18 9.62 4.91
3 1.79 6.92 10.73 11.96 11.46 11.52 7.36




. 100 - R

S B NI

Eild 558 #

1

ZE b A BR T R B R R e A b A i R
FRAEAR RN, 3 A aR B4R B py A R 25 Sk
T, AT DABAT O AT BRTTAEA i e
1.3 ZHEEiRE S

HH T A AT 3 A 0 48 A 1 155 ] o 2 i i
T LML T 22 () 5 1 6 ) iR A | [) o 5 2 A AR
Jry B PR shA R R, 1 ] Ritz ] ik R TR 43
T S R BRI D O VA PR = T N e h o £
FROTHLRL AT 300 BB, {5 168 [ 455 45 i 78 o o
25 ZBGRE] 90% VAL, T F053 75 1825 44 158 ) A5
AR, ZA T =B K A 3R E O 0. 76,
0.74.0.66 s, W IRMTHESH RZELFK 4, 7L
F L TE 279 B iR ALAL G5 R ) i S 5 R EGA F
T 90% . K5 45 R i MR Jm 8k 3 = R A 45
Fa U2 ) PR TUAR OCAE S . 8] 2 45 AR o A DG ) 45 44 1%
R A

R4 EHMEERESSEY

Tab.4 Vertical mass participation coefficient of structure

Einei] JE /s u, Sum U,
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3 0.657 0 7.392 x10 ¢
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Tab.5 Information about vertical modes of structure
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Fig.2  Vertical modes of the structure
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