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Amplitude-dependency and Correlations of Natural Frequencies and Modal Damping Ratios

in High-rise Steel Buildings
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Synopsis

Modal system identification is applied to many earthquake responses recorded in four

high-rise steel buildings to understand correlations among their natural frequencies, the

corresponding damping ratios, and peak structural responses. For each building, the

correlations before and after the 2011 Great Tohoku Earthquake are compared. The natural

frequency-damping ratio correlation provides a new viewpoint to know variance in modal

property independently of seismic structural response. In a lower vibration mode, its damping

ratio is approximated as a quadratic equation of natural frequency and it has a peak value at a

certain frequency.
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Table 1 Buildings and peak accelerations under main
shock of 2011 Great Tohoku Earthquake

Peak
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(cm/s?)
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Bldg. Location Story  completion  used

year sensor
L-dir T-dir
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A Cit, 1973
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Fig. 2 1st natural frequency depending on peak
acceleration on 15th floor in longitudinal direction
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Fig. 4 1st modal damping ratio depending on peak
acceleration on 15th floor in longitudinal direction
of Building A
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Fig. 3 2nd natural frequency depending on peak
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Fig. 5 2nd modal damping ratio depending on peak
acceleration on 15th floor in longitudinal direction
of Building A
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Fig. 6 1st natural frequency depending on peak
acceleration on 15th floor in transverse direction of
Building A

Damping ratio (%)

5.0 s

® Before

& Main+A fter
4.0 ‘
3.0
2.0 S sA

o % "°
1.0
2]
00 1 111 d 1ol 1 1111
1 10 100 1000

Peak acceleration (cm/s?)

Fig. 8 1st modal damping ratio depending on peak
acceleration on 15th floor in transverse direction of
Building A

PEIIAELE TRV, BRIERB L TR0,
FENC R B &, I EE10cm/s2 R ) IR IB MR A 2
AT AEBRAIELS 2 EHMICHDH. ZOHAET
Fig2 LFig3&# FE R 5 &, KX 2RIE CAR P EE <
AT RBDF M THHERTE D, REHE & EEE
DOEAERBEOBENB2KE— FTREVEDL, B
JimEIkmELTns.

Fig.8 & Fig 9z /” 3 & — NEEIIE, BEHIRIHEIC
g LTk 0 B WBIR R 2R L, ARERT &
ARBELE OB VITHRE TIX RV i RN E 2
10cm/s> 2 L 72 W RE S TR oMK R A c s U C
BY, BETFTHEAPELFAEY BELEANLTND.

W DOREERFT CIREVEAT 2 3 D BRITIE, WML

Frequency (Hz)

2.0 .
e Before
LY & Main+A fter
19 ¢ i .
. — = Design
Iy ) |
2, 'Y !
1.8 —4 o' ¢ y=-0.073In(x) +1.9112
: R*=0.7683
1.7 ¢
16 | *
‘ W, 2 AA
s L¥=-0067In() +1.8124
- R2=0.7997
1.4 1 1 I | L 1 |\|||1\ 1 1 1111
1 10 100 1000

Peak acceleration (cm/s?)

Fig. 7 2nd natural frequency depending on peak
acceleration on 15th floor in transverse direction of
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acceleration on 15th floor in transverse direction of
Building A
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Fig. 12 1st modal damping ratio depending on peak
acceleration on 19th floor in longitudinal direction
of Building B
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acceleration on 19th floor in longitudinal direction
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