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Discussionon several important issues in measurement and indirect verification of

nonlinear galloping self-excited forceson rectangular cylinders
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hai 200092, China;2. Department of Bridge Engineering, College of Civil Engineering, Tongji
University, Shanghai 200092, China; 3. Key Laboratory for Wind Resistance Technology of
Bridges of Ministry of Transport, Tongji University, Shanghai 200092, China)

Abstract: The nonlinear galloping self-excited forces on a 3 ¢ 2 rectangular cylinder were
measured via wind tunnel tests of a spring-suspended sectional model with synchronous measure-
ments on dynamic force and vibration displacement by using miniature dynamic force balances
elaborately developed. The measurement accuracy of the self-excited force was verified indirectly
through comparing the time histories of the nonlinear galloping displacement of the sectional model
reconstructed by using the measured time histories of the self-excited force with the correspond-
ing measured ones. The importance of considering the nonlinearities of the effective damping and
stiffness parameters of the sectional model system in such verification was discussed. The per-
centages of both the non-wind-induced and wind-induced self-excited forces in the total measured
dynamic forces were also evaluated as well as the influences of neglecting the nonlinearities of the
non-wind-induced additional aerodynamic damping and inertial forces on the measurement accura-
cy of galloping self-excited force. It can then be found that for the 3 ¢ 2 rectangular cylinder the
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portion of the non-wind-induced self-excited force in the measured total dynamic force exceeds
that of the wind-induced self-excited force, and therefore, the non-wind-induced self-excited force
should be deducted when extracting the wind-induced self-excited force from the measured total
dynamic force. The nonlinearities of the non-wind-induced damping and inertial forces exert some
influence on the measurement accuracy of the galloping self-excited force, and deserve to be con-
sidered. The nonlinearities of the equivalent damping and stiffness parameters of the sectional
model system result in a significant influence on the reconstruction accuracy of the galloping dis-
placement time histories of the sectional model system, and thus, it should also be taken into ac-
count in the indirect verification of the measurement accuracy of the galloping self-excited force.

Keywords: 3 : 2 rectangular cylinder; galloping; spring-suspended sectional model; synchro-
nous measurement on force and vibration;self-excited force; non-wind-induced additional aerody-

namic damping;non-wind-induced additional aerodynamic mass;nonlinearity
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Fig. 1  Sectional model suspended in wind tunnel for synchronous
measurement of force and dynamic displacement
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Fig. 2 Schematic diagram of sectional model system
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Fig. 3 Schematic diagram of internal installation of force balance
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Fig. 4  Schematic diagram of simple box-type oil
damper and installation
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Table 1 Cases of sectional model wind tunnel test of rectangular cross section with a width-to-height ratio of 3 : 2
# M, /kg fo/Hz &/ % Se Uviv/(m +s1) U,/(m=+s?) U,/Uviy Re,/103
Al 10. 573 5.029 0.147 10. 60 4.61 3.23 0.7 30.76
A2 10. 573 5.029 0.345 24.91 4.61 7.59 1.6 30.76
A3 10. 573 5.028 0.425 30.73 4.61 9. 36 2.0 30.75
A4 10. 573 5.032 0. 590 42.63 4.61 13.00 2.8 30.78
# M, /kg fo/Hz &/ % Sc Uviv/(m+s') Ug/(m=s") U, /Uviv Re,/10°
Bl 14.582 4.297 0.098 9.74 3.94 2.54 0.6 26. 28
B2 14. 582 4,294 0.219 21.88 3.94 5.69 1.4 26. 26
B3 14. 582 4.290 0.339 33.79 3. 94 8.79 2.2 26. 24
B4 14.582 4.289 0.453 45.15 3.94 11.74 3.0 26.23
# M, /kg Jo/Hz &/% Se Uviv/(m + s Ug/(m+sh) U, /Uviv Re,/10°
C1 10. 573 3.550 0.111 8.05 3.26 1.73 0.5 21.71
C2 10. 573 3.551 0.258 18. 66 3.26 4.02 1.2 21.72
C3 10. 573 3.548 0.364 26.33 3.26 5.66 1.7 21.71
C4 10. 573 3.543 0.453 32.78 3.25 7.04 2.2 21.69
C5 10. 573 3.538 0.561 40. 56 3.25 8.71 2.7 21.67
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Fig. 5 Variation of stable amplitudes of galloping with
reduced wind speed

30 35

0.510:
0.4

03F
0.2 04

0.1F

0 3
-0.1

-0.2F

031
04r 1 L 1 !

0 25 50 75
tls

Bl 6 B8 mi (= Cl T8L,U " =20.97)
Fig. 6 Time history of galloping displacement
(Case #C1,U" =20.97)

DL 6 fron i £ CL T FEPr N E U™ =
U/ (foD)=20. 971 &L T Y 4i 2l i 1z A 1], XoF 6 3t i
KB 3 A~ AU B B AR S AR Bl B Y 6 7% i AR 4 il
TS M A5 R 7 iR . 45 R BOR . R R B
WP ER T AE BRI E G R £, =3, 54Hz &b A 3 1%
AN BAE £ =StU/D=7. 9Hz Ab 17 16 40 3% i 7 58
SIEE ) 1L DI s O (E 5 Tl w1 4 N 2 1 e T
HUH AR . 538 i 2 A 7E K e B B i (0~ 25)
2 QRS 8410 0. 14 % 78 R B Iy Be b 151 (25
~508) H (524 0. 0048 % , 3| & J'é B B J5 1 (50 ~758)
JLFR 0, i AREMBEHRER T, X RUIER T
TE K& W B B Ah 3t IR e A 2 — A~ 2 3 iR 3 .
WA o I J B B 30 0 46 R sl A3k (&1 b s B T T
e B A5 B 4 - B B i T P 38 I i 1 L {55 R
BCAT A AR AR R /N AT DLW 3 B Bt AR Y 6L B8

WD

=

100 125



20 ST

WOk o

(2017 % 31 %

Wi P8, ELAT — 5 B AR Ze MR  AH B A AT AT IA D 2 4
S T IR B

[f,=3.547

f=StUID=79

plitude spectrum
2

75 100 125 150 175 200
fHz

(a) & JE M B (0~25s)

0 25 50

f=3:543

FESIUID=T.86

0 25 50 75 100 125 150 17.5 200
fHz

(b) KJEB B3 (25~50s)

£,=3.53

f=S1UID=1.85

Fl

7.5 100 125 150 17.5 20.0
fiHz

(o) RIEB B G W (50~759)

1
1

0 25 50

TR

?,IS 10|.0 12.5 ISI.I} I?I,S 20.0
fHz
(d) BRI B
7 SRS IR (T £ C1.U " =20.97)
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