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Measurement of ambient vibration of a twin-tower building
with enlarged base and model modification
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Abstract: A modal experiment of a full-scale 27 story frame-shear wall high-rise building structure was conducted,
using ambient vibration measurements. The building consists of two towers connected by air corridors and an
enlarged base. The natural frequencies, translation and torsion mode shapes were measured, and the analytical
natural frequencies and mode shapes were obtained by using the SATWE module of the software, PKPM. In
comparison with the empirical formulas for calculation of the fundamental frequency of tall buildings in different
countries, it is found that the measured fundamental frequency of the structure is higher than the calculated and
empirically-evaluated fundamental frequency, indicating either the stiffness of the structure larger than that of the
analytical model or the mass of the structure smaller than that of the analytical model. By considering the stiffness
effect of the basement of the structure and the actual load on the floors, a primary model update was conducted.
Then the infill-wall was modeled as an equivalent inclined brace and its width was optimized in the final model
updating. After model updating, the calculated natural frequencies agree well with the measured data, illustrating
that the method can be used in model updating of high-rise building structures.

Keywords: twin-tower structure with enlarged base; tall building; random vibration measurement; experimental
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Fig. 4 Placement of measurement point on the 14th story

Bs5 REENSHER

Fig. 5 Placement of measurement point on the

standard story

ERNRAR
o

-

Ibl’ni-llt: L] Pa.
B6 A-AKXHEERBEEE
Fig. 6 Calibration of the transducer on
A-A point in X direction

Mo 19170

8. 3ue-8 o EnEESH

1 TiHz) [ 4] H m LI g

1 8.6 8,684 207 1.1E41

H 11172 8480 2.BIE-E) -1.7%-R ST = B.544E8)

3 4R 2.9%W  BAES -LTER Wen

4+ T.012 T J.HE-E1  -1.660-6F

5 s.m 1465 2060 1 .06E-R

6 12,09 3613 4 ME-ED | 4AE-R Een

7 W6R 8081 5.MEWD 9678 M- 0.l

— - WO.: 182 |

34 ! N a7 |
b= 141 |
t= 1367
e S5 M¥ER |
M- 9.6 |

T : : 1 nem

AT A e =

3 i 3 W TE e D

o1 v T

W v <A o

d } : : +16:16

9 : I

] s i i

=9,

M7 MEA-BRXFEEEE

Fig. 7 Cross power spectrum on A-B point in X direction
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Table 2 Comparison of the natural frequencies between calculation and measurement
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Table 3 Comparison of cases in initial model updating
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Table 4 Comparison of the numerical frequencies by initial model updating Ha
S X LY ST Ji X S Y So T S X S T S Y Jo X Su T Jo T
0.684 0.977 1.172 2.734 3.027 3.809 4.102 — — 7.910 9.082 —
Case 1 0.402 0.496 0.518 1.537 1.698 1.763 2.954 3.159 3.489 4.482 4.843 5.666
Case 2 0416 0.514 0.536 1.596 1.754 1.846 3.073 3.268 3.675 4.679 5.003 5.959
Case 3 0.452 0.559 0.585 1.732 1.900 2.003 3317 3.524 3.965 5.048 5.400 6.435
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Fig. 12 Simplified inclined brace
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Table 5 Comparison of the cases by detailed model updating
Case 4 Case 3 250 mmx600 mm 250 mmx300 mm
Case 5 Case 3 250 mmx400 mm 250 mmx200 mm
Case 6 Case 3 250 mmx300 mm 250 mmx150 mm
Case 7 Case 3 250 mmx250 mm 250 mmx125 mm
Case 8 Case 3 250 mmx200 mm 250 mmx100 mm
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Table 6 Comparison of the numerical frequencies by detailed model updating Hz
fi X £y ST fi X 5 Y Jfo T S X S T 5 Y S X Su T Ju T
0.684 0.977 1.172 2.734 3.027 3.809 4.102 — — 7910 9.082 —
Case 4 0.652 1.031 1.104 2.406 3.184 3.348 5.066 6.549 6.702 7.880 9.960 10.215
Case 5 0.660 1.022 1.083 2.420 3.142 3.248 4978 6.196 6.378 7.734 9.515 9.852
Case 6 0.660 1.008 1.059 2417 3.097 3.171 4.900 5.952 6.154 7.593 9.174 9.579
Case 7 0.659 0.997 1.041 2411 3.064 3.121 4.843 5.807 6.017 7.491 8.969 9.407
Case 8 0.655 0.979 1.019 2.400 3.018 3.061 4.771 5.637 5.855 7.364 8.711 9.200
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