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Temperature effect of time-varying modal frequency
of base-isolated structure under ambient excitation
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Abstract: Based on measured temperature and structural acceleration response of a base-isolated
structure ( BIS)  the influence of the ambient temperature on the modal frequency of the BIS is ana—
lyzed. First the wavelet transform method is used to identify the time-varying modal frequency of
the BIS. Then the influence mechanism of the ambient temperature on the modal frequency of the
BIS is deduced by using the singular degree of freedom simplified model and the two degree of free—
dom simplified model respectively. The correlation analysis between the modal frequency and the
temperature of the BIS is investigated. The influence of the temperature on the modal frequency is
quantitatively by the proposed influence coefficients. The correlation analysis results are verified by
the temperature correlation test of isolation bearings. Finally the correlation models of the modal
frequency with the temperature are presented. The influence coefficient curves of the temperature on
the modal frequency are obtained. The results show that the measured influence coefficient curves
agree well with the correlation test results which can provide reliable basis for performance of BISs.

Key words: base-isolated structure; structural health monitoring; wavelet transform; time-varying

modal frequency; temperature effect

1 201641-25. : (1992—) ; ( ) wanghao1980@ seu. edu. com.

: (973 ) (2015CB060000) (51578151
51438002) . (2242015K42028) .

: J. ( ) 2017 47(5):

999-4005. DOI: 10.3969/j. issn. 1001 —0505.2017. 05. 025.



1000 ( ) 47

n

12 x(t) = Z Aieizﬂfﬁlcos( 2mafyt + Yy;) (2)
Ja f:

AY i
fdi =fi 1_5? & i
A ;A o l .
/i n

4 W,(a; b) =f2aiz4ie_2“§f"b¢* (2ma,f,) e ™ +vo)

(3)
: (SsI) . o, i f,
( NExT) - ( HHT) i f, £,

In | W,(a; b) | = —2méfib +

ln @A

.Kijewski ° o i
; arg WV,( a; b)  =2afb + iy, (4b)

' (2maf,) || (4a)

549

Complex-Morlet

; 2
840 8 9 pl1) = Ve (5)

5 S ;
h f.
s Afiioi =fin =Sifiin =(fisn +1) 12, T,
o a By a=2 B=
4 y=0.4 "
2 1.2

201301
201401  2014-08 -6.
6 -1.322.8%C 30 min.
.2013-01

1 2013-01

http: //journal. seu. edu. cn



1001

2.1

(6)
16 8 Hz

940

Te( -40 40) C

(a)
(b)
()
3
()
(b)
(c)
4
100%)
2.2

34

http: //journal. seu. edu. cn



1002 ( ) 47
1 [k
f:z—w r'anl (13)
R/l = Rk
2.2.2
5
19
m, 014, by +k, =k (uw,
+ =0
[ 0 ms][us] -k, k, [us]
2.2.1 (14)
( ) 1% k, Vi, u
~3%
18 (14)
miiy, + k,u, =0 (7) Fy k —me —k ) =0 (15)
k, ym=m, +m, m, ~k, ko —m.o
" (15)
m, = ;m/ m.f w =
J n iy, w, /1[(15,)#@ ks)+\/(kh kﬁ)2+k3(2k,)+ks %)]
+— — | |+
21\ m, m m, m) m\ m m
(7) (16)
2
[k, —w’m| =0 (8) kK =6 m.im, =p (16)
(8) 20 °C
1 k) wZO —
f=5- = (9)
. m 1 9 0\> 4g]k
2[ (Rk +0+—) +\/(Rk +0+—) -
P P p Im
20 (17)
ky =Rk, (10) (17)
. 20
Rk 1 kb =
P
20 1 2
YR 20 R,i:/zl(gﬁm0)+¢(Rk+9+0) _40
£ 20 C P P g
ba (18)
p
. 20 0 R
R, =c+de " (11) h 21 n
10 20 R
cd ) . 1 _211-5 Wy f1 (19)
fz o w§O sz
1 R,sz’ 2.3 -
f=2;4/% (12)
(12) S~ fi

http: //journal. seu. edu. cn




5 1003
5 (-622) C
6. Te( -6 22) R, e(1.106 0.980); (13) T
C e( -622) C
f1=2.67+0.17¢ """ R’ =1 (20a) R; e (1.052 0.990); (18) Te
f1=2.34+40.07e """ R*=1 (20b) (-622) C
£,=8.5740.02¢ "% R =1 (20¢) R, €(1.0042 0.999 8) . 10
R Te( -622) C
( 100%) R, e (1.097
0.996) ; (13) Te(-622) <
R, e (1.047
0.998) ; (18) Te( -622) <
R, e (1.003 3
0.999 8) .
7
(a)
(a)
(b)
6 -
20 °C
Te( -6 22) C
R; € (1.058 0.996) (b)
R e (1.035 0.998) 7
R, e (1.003 85 ;
0.999 89) . 010
R; =0.97 +0.06e """ (21a)
R; =0.99 +0.03e ™" (21b)
R, =0.999 47 +0.002 58¢ **"  (2lc) 10
( ) \ \
. o)
0=18 p =17. 9 Te

http: //journal. seu. edu. cn



1004

) 47

( References)

(1): J.
2016 38(1):94402. DOI: 10. 3969/j. issn. 1000
0844.2016.01.0094.
Li Wanrun Zheng Wenzhi

sign and implementation of structural health monitoring

Du Yongfeng et al. De-

system for base-isolated structure ( [): System design
J . China Earthquake Engineering Journal 2016 38
(1): 94402. DOI: 10. 3969/j. issn. 1000-0844. 2016.

01.0094. ( in Chinese)

(I): J.

2016 38( 3) :344352. DOI: 10.3969/j. issn. 1000
0844.2016.03.0344.

Du Yongfeng Zheng Wenzhi Li Wanrun

sign and implementation of health monitoring system for

et al. De-

base-isolated structure ( [[ ): System implementation

J . China Earthquake Engineering Journal 2016 38
(3): 344352. DOI: 10. 3969/j. issn. 1000-0844. 2016.
03.0344. ( in Chinese)

J. 2009 28( 10) : 99—
105. DOT: 10. 3969 /j. issn. 1000-3835.2009. 10. 020.

http: //journal. seu. edu. ¢n

10

Min Zhihua Sun Limin Dan Danhui. Effect analysis
of environmental factors on structural modal parameters
of a cablestayed bridge J . Journal of Vibration and
Shock 2009 28( 10): 99405. DOI: 10. 3969/j. issn.

1000-3835.2009. 10. 020. ( in Chinese)

J .
( ) 2014 45(7) :24012409.
Deng Yang Li Aiqun Liu Yang et al. Correlation
models of modal frequencies and environmental condi-—
tions for a long-span suspension bridge based on monito—
ring data J . Journal of Central South University ( Sci—
ence and Technology) 2014 45(7): 24012409. ( in
Chinese)
Kijewski T Kareem A. Wavelet transforms for system
identification in civil engineering J . Computer-Aided
Ciwvil and Infrastructure Engineering 2003 18 ( 5):
339-355. DOI:10.1111/1467-8667. 1014 -00312.
Lardies ] Ta M N Berthillier M. Modal parameter es—
timation based on the wavelet transform of output data

J . Archive of Applied Mechanics ( Ingenieur Ar—

chiv) 2004 73(9): 718533. DOI: 10. 1007 /s00419-
004-0329-6.
Morlet
J .

2009 28( 8):2529. DOI: 10. 3969/]. issn. 1000-3835.
2009. 08. 006.

Teng Jun Zhu Yanhuang Zhou Feng et al. Modal pa—
rameters identification of large-span spatial structures
based on complex Morlet wavelet transform J . Jour—
nal of Vibration and Shock 2009 28 (8): 2529.
DOI: 10. 3969/j. issn. 1000-3835. 2009. 08. 006. ( in
Chinese)

J. 2003 19(2) :3944.
DOI: 10. 3969 /j. issn. 1007-6069. 2003. 02. 007.
Liu Wenguang Yang Qiaorong Zhou Fulin. Tempera—
ture properties of lead rubber bearings for building J .
World Earthquake Engineering 2003 19(2): 39-44.
DOT: 10. 3969/j. issn. 1007-6069. 2003. 02. 007. ( in
Chinese)

I ( )
2009 26( 3): 13. DOI: 10. 3969/j. issn. 2095-0985.
2009.03.001.
Li Li

mechanical behavior of lead<ubber bearing J . Journal

Ye Kun Jiang Yicheng. Thermal effect on the

of Huazhong University of Science and Technology ( Ur-

ban Science Edition) 2009 26(3): 13. DOIL 10.

3969/j. issn. 2095-0985.2009. 03. 001. ( in Chinese)
LRB



5 1005
2012 31( 13): 8590. DOI: 10. 3969/j. issn. 1000— neering Journal 2014 47 (5): 4045. DOI 10.
3835.2012.13.018. 15951/j. tmgexb. 2014.05.013. ( in Chinese)

Liu Wenguang Qin Huangting He Wenfu et al. Me- 15
chanical properties of LRB in low temperature state and J . 2017 34
its influence on earthquake response of high buildings (7):6948.

J . Journal of Vibration and Shock 2012 31( 13): Du Yongfeng Zheng Wenzhi Li Wanrun et al.
85-90. DOI: 10. 3969/j. issn. 1000-3835. 2012. 13. Study on the dependency of static and dynamic charac—
018. (in Chinese) teristics with environmental temperature for long irregu—

11 Ding YL Li AQ LiuT. Environmental variability lar base-solated structures J . Engineering Mechan—
study on the measured responses of Runyang Cable— ics 2017 34(7): 6948. (in Chinese)
stayed Bridge using wavelet packet analysis J . Sci— 16 . GB50011—2010
ence in China Series E: Technological Sciences 2008 S .

51(5) : 517-528. DOI: 10. 1007 /s11431-008-0043 . 2010.

12 LiH LiSL OulJP etal. Modal identification of 17 Yan B Miyamoto A. A comparative study of modal
bridges under varying environmental conditions: Tem-— parameter identification based on wavelet and Hilbert—
perature and wind effects J . Structural Control and Huang transforms J . Computer-Aided Civil and In—
Health Monitoring 2010 17(5): 495-512. DOLI: 10. Sfrastructure Engineering 2006 21(1): 923. DOL
1002 /ste. 319. 10. 1111/j. 1467-8667.2005. 00413. x.

13 Mosavi A A Seracino R Rizkalla S. Effect of tem- 18 . M .
perature on daily modal variability of a steel-concrete 2005:38-39.
composite bridge J . Journal of Bridge Engineering 19 .

2012 17(6): 979983. DOIL: 10. 1061/( asce) be. J . 2002 22
1943-5592. 0000372. (2) :3341. DOI: 10. 13197/j. eeev. 2002. 02. 006.
14 Li Zhongxi Zhou Xiyuan. Simplified analysis method

J. 2014 47
(5):4045. DOI: 10. 15951/j. tmgexb. 2014. 05. 013.
Zhu Wenzheng Zhang Jichao. Real time monitoring
of isolation system of Guangdong Science Center based

China Civil Engi—

on intelligent sensor technology J .

of seismically isolated regular building J . Earthquake
Engineering and Engineering Vibration 2002 22(2):
3341. DOI:10. 13197 /. eeev.2002.02.006. ( in Chi-

nese)

http: //journal. seu. edu. cn



