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Ambient vibration dynamic test and finite element
analysis for high-rise buildings

Tan Dexian Zhou Yun Mi Site Yi Weijian Xie Limin  Jiang Yunzhong
( Hunan University Changsha 410082 China)

Abstract: Natural frequencies and modal shapes of high—<ise buildings obtained from on-site ambient vibration test and
operational modal analysis are very important for evaluation of structural dynamic performance and seismic design. In
this paper a dynamic test project of Guangxi Laibin high—rise buildings was introduced. In this project 8 high—rise
buildings were selected for ambient vibration test to obtain the basic time history signals then the cross correlation
function analysis and fast Fourier transform were utilized to generate cross power spectra from which the modal
parameters such as natural frequencies can be obtained by operational modal analysis. Finite element ( FE) models were
constructed in PKPM and Sap2000 programs to calculate analytical modal frequencies and mode shapes. In order to
consider influence of mass and stiffness of the in-filled wall on the dynamic properties of the high—rise buildings 3 FE
models were built in Sap2000 to estimate modal frequencies and modal shapes. It was found that the measured
fundamental frequency is twice larger than that obtained from PKPM analysis. In addition the structural modes obtained
from the FE analysis which uses shell elements to simulate mass and stiffness contribution of the in-filled wall to the
corresponding beams agree well with those obtained from the test. Finally the frequencies of the 8 high—ise buildings
obtained from the tests were compared with those calculated by the empirical equation in 5 countries.

Keywords: high—ise building; ambient vibration; operational modal analysis; in-filled wall stiffness; model calibration;
fundamental period estimation
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Fig.1 Pictures of tested high-rise buildings
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Table 1 General description of tested high-rise buildings

('m) (C) 10min (m/s)
1 H# 128 39 16.2 ~17.9 . 8873
2 2# 107 33 10.0 ~11.2 .4723
3 H# 107 33 - 18.2 ~18.4 .9373
4 3# 123 39 - 22.5~26.3 . 9880
5 A 86 24 12.0 ~12.8 . 8490
6 B 86 24 14.8 ~16.5 L7169
7 d# 96 29 10.1~10.3 . 6856

8 2# 87 26 14.0~15.6

.3767
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Fig. 2 Test equipments for on-site high-rise building test
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Fig.3 Instrumentation layout for Xiangyunyuan A building
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Fig.4 Typical tested vibration signal and power spectrum for Xiangyunyuan A building
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Fig.5 Typical modal parameter identification stabilization figures for Xiangyunyuan A building
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Fig.6 Sap2000 models for tested high-rise buildings
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Table 2 Comparison of tested and calculated frequencies for Xiangyunyuan A# building (Hz)

1 2 3 4 5 6 7 8 9 10

1.09 1.16 1.25 3.85 3.93 4.18 7.22 7.56 7.81 10. 84

PKPM 0.44 0.51 0.53 1.51 1.81 1.84 3.11 3.64 3.81 5.14
SAP( 1) 0.63 0.71 0.73 2.23 2.54 2.63 4.61 5.30 5.53 7.54
SAP( 2) 0.51 0.59 0.60 1.82 2.12 2.16 3.75 4.37 4.60 6.13
SAP( 3) 1.33 1.49 1.98 5.06 5.11 6.18 10.01 10.05 10. 46 11.18
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(a)f, =1.091Hz (b) f, = 1.156Hz () fy =1.250Hz (d) f, =3.852Hz () f; =3.927Hz (1) f, =4. 181Hz (&) f, =7.221Hz ( h) fy =7.555Hz (i) f, =7.807Hz () f;o = 10. 835Hz
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Fig.8 Measured modal frequencies and modal shapes for Xiangyunyuan A building
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Fig.9 Calculated modal frequencies and mode shapes for Xiangyunyuan A building using Model 3
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Table 3 Calculated fist three measured and T =0.014H ~ 0.025H (4)
calculated modes (Hz)
LMS PKPM  SAP2000 SAP2000 SAP2000 o
! 2 3 (€) 2012 %
st 0.71 0.28 0.48 0.37 0.86
1# 2nd 0.84 0.29 0.50 0.38 1.13 H
T =0.03 +0.03— (5)
3rd  0.96 0.37 0.58 0.45 1.79 \/E
Ist  0.80 0.28  0.48 0.35 0.98 H (m);B (m)
2# 2nd  0.89 0.30 0.53 0.39 1.28 5
3rd 1.05 0.38 0.64 0.47 1.96
Ist  0.76  0.29  0.40 0.33 0.92 N Guendelman
1# 2nd 0.83 0.30 0.44 0.36 1.01 °
3rd  0.84  0.43 0.46 0.38 1.47 Guendelman
Ist  0.62 0.28 0.37 0.30 0.67 °
3# 2nd  0.68 0.29 0.38 0.31 0.82
3rd  0.78 0.36 0.41 0.34 1.43 5
Ist 1.09 0.44 0.63 0.52 1.33
A 2nd 1.16 0.51 0.71 0.60 1.49
3d  1.25  0.53  0.73 0.60 1.97 4 8
Ist 1.09 0.43 0.64 0.52 1.33
B 2nd 1.16 0.51 0.71 0.60 1.49 °
a3d 127 0.54 074  0.61 1.9 PKPM Sap2000
Ist 0.56 0.23 0.31 0.25 0.63 5
1# 2nd 0.64 0.24 0.32 0.26 0.72
3rd  0.98 0.28 0.35 0.28 1.15 ( 1)
Ist 0.70 0.27 0.38 0.31 0.74
2# 2nd  0.71 0.28 0.44 0.35 0.77
3rd  0.82 0.32 0.46 0.37 1.46
=007 0131 (3) ’
/B /B (2)
( d) Guendelman * 2010
2622 x N 3
4
Table 4 Comparison of tested frequencies with those estimated by empirical equations (Hz)
1# 2# 1# 3# A B 1# 2#
0.708 0.803 0.760 0.618 1.091 1.087 0.563 0.703
1.218 1.437 1.375 1.118 2.051 1.978 1.069 1.301
0.526 0.601 0.601 0.542 0.708 0.708 0.652 0.702
0.697 0.689 0.793 0.682 0.943 0.941 0.815 0. 884
Guendelman 0.558 0.668 0.668 0.581 0.831 0.831 0.744 0.821
0.859 0.904 0.991 0.859 1.187 1.188 1.044 1.136
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