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DUE TO RANDOM GUSTS
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Shoshi KisuimoTo and Satoshi MARUYAMA

Synopsis

This paper presents timely varying aerodynamic responses of plate-like structures due to
rasdom gusts. The aerodynamic admittance or the dynamic lift functions for a few typical
structural sections, which are considered indispensable in determination of aerodynamic forces
due to fluctuation of wind velocities in lateral and longitudinal directions, are examined
by use of wind tunnel tests and are compared with the Sears function and the Horlock
function for thin plate. Based on these aerodynamic lift function, acrodanamic lift function,
aerodynamic responses of thin airfoil (NACA-0012) and of long-spanned suspension bridge
are numerically calculated, the results of which indicate a fairly good agreement with the
experimental results.
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Table 1 Characteristics of Models

Notation l ] Dimension Truss Hexa, A Hexa. B | NACA0012
span length ! m 8.00 0.93 0.93 0.93
mass per unit vsecZemm — 2
span length m kgesec?+m 41.314 0.6767 0.6524 0.4576
half chord length b m 1.71 0.30 0.30 0.15
initial circular - .
frequency ®, sec 1.3196 10.300 10.550 10.400
initial damping $o 0.00955 0.00099 0.00090 0.00070
ratio

dCr

slope of force —E
coefficient do 1.5915 3.67 4.06 4.20
air density 0 kg-secZem ¢ 0.125 0.125 0.125 0.125
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Fig. 6.
Lift force coefficient.
(NACA-0012)

Fig. 7.
Lift force coefficient.
(Hexagonal A Section)

Fig. 8.
Lift force coefficient.
(Hexagonal B Section)



56 RABI KB EAESR: 8195 B ([{51.4)

1 R (NACA-0012) (4F)u-o~48 (%F),_—45 (‘fi_?),,,wzz.s
2. REAAANE (%%)M:sj
3. [EEAH BYE (‘%’)¢=0=4.o (4Cr), =38

(i) BMEI A H,
WKOHEIC LD, HRICHT MRSV LBHELIER B Lt LT, RA0XS5mEMR
DERERTHZO,
HE(D==ZFk) e 4+ 1
727U, F(k); Theodorsen B DEL
X @) 2—BROSEEN ECEET 5700, BERERNIREOICL D RICHT 2 BRISHINESR
AR (5T )a-0=2n & 2 OWHOBNE S FRTEEBA BT ELLD, RATEUMICEDY
BLOEEZLLNG,
H{(k)=~4i¥ﬁf CFR) (4. 2)
REBAERE, WA a=10° OBAOERICONT, Fig. 9 ITRLE, 1k, N (4.2) TRbEh3E
B, EREDESNBBERM (V=U/bo) ©2REME L TEL L fiie HBHORL T 3,
(i) BB
ERIICR (2.29) KE-TRO SN, BHHIEROER BAH a=10° Ki 3B (NACA
-0012)) % Fig. 10 [C/RT, Eiz, BEAMAWE (a=0°), RBFEAH BHE (a=5°) It 52 BHH

-H* NACA-0012 © =10

15

»__(dCr/da).. /
Hy === °I'=(k}/

/

10

/ o H¥=-0296V* 2044V

/

5

#

0 10 20 30 40 50 U/bw=V
Fig. 9. H*-Reduced velocity.

— 12 —



BA - R« B - Sl SERREENTE OF A P ISEICEYT 52, 30EHK

AH1

NACA- 0012 o=10

IStk —_—

o0t —————
(e /dadegg )

R =10 —r———

0.5
M.
\\\Q\‘\ 0 © \““Q"%—-N_
TR
(o] — 5 o]
[}
X " N L Il i L L L !
0 0.5 1.0 K
Fig. 10. Dynamic lift function.
AH1
Hexagonal A Section o =0°
1.0

1S(k)I

(e B tistn) ———

0.5 I\

N\_\_\-\-
° o 5 ———
© %0 o0og © ( ) .

0 1.0 2.0 X

Fig. 11. Dynamic lift function.
AH1 Hexagonal B Section o=5"
1.0 1Stk

(dCr /ol o a0t T
—zi—lS(k)l

625 ————

0.5 —\\\

0 1.0 2.0 k
Fig. 12. Dynamic lift function.

— 13 —

57



58 FABKHEMER F195B (1B51.4)
AH2
NACA-0012 & =10°
1.0F
ThlaH(! _
(dCr /doth ———
{dCe Moo T toH(k 1
0.5} o
(o]
[e)
[o]
Now
Q
%
L 1 1 1 1 n " i
0 0.5 1.0 k
Fig. 13. Dynamic lift function.
AH2
- Hexagonal B  Section ®=5"°
B
T80 lotH(k ) —_—
(dCr/de)xs &
o o
[¢] (e}
O-h_lh_‘- L 2 Cx)o I
0 1.0 2.0
Fig. 14. Dynamic lift function.
AH2
r.or NACA-0012 o= 0
0.5+
o [} o)
C o o °
e} o [}
%00 ° o
o
X . I | L 10 ! |
0 0.5 1.0

Fig. 15. Dynamic lift function.

k



BA - BAK - BA - Suli  SERRBENTE O 2 P EEKET 2 2, 30FEK 59

B ERE REThTh, Fig. 11, Fig. 12 IORT, Ch bk, SEH A ZE B E#Ick 2808505
¥eEZIOh, BEICEIT S Sears B KW IESFoNnEb0TH B, ERHERLEARKC, {EkoFE
CLAT tw(t), 1A 2 9(2) ik BB 1Ad(R)] 2REY, TOMEBREITAZADOKR
XXV DAZMEDL T, |Ad(R)| OFBRENEERLTOE, ThIRHERE O F BRSO TRMAED S
REDRREZLT 1Ad(R)| KRE->THEHFOEHREL S/ TNEHEELGNG, T/, WIAHOD
BWind &b, ERERICSY 2EMISIEMOBR/INES R 2ERRA DN, BB ABE~NDEHF
MEHEEOFSHBREL L -TVB L EERLTV S,

¥, R (2.28) KL -TRHON/-ERRERE, HE (a=10°) Ko\ Ti Fig. 13, FEAMA BYE
2 Tld Fig. 14 iIKRY, ChoolEik, ERFAEBRECK 3HNEIEREEI h, FEKLE
i} % Horlock FIMUICIMZMA a 2hid A bDCHEIT bh 5, HREERICIX, FEEC, Horlock B
BOMsHE [H(R)| WCBAE a2 ULERERT, T, B2A a=0° OBAOERICONTS, BN
BB OERRERE Fig. 15 CRT, ChXDMLA a=0° TN TRERNICERFEOESELIC &
BN EROMEIR 0 TH 57, ERERZISZELEL, MWAM a=0° OPFAICd, EHFRNEDHE
HIC K BEAE D BIBENDEEN S PHZ B, T, WXAOEICE 2HNIEHEROBOEE, 8
EFAEERED zhichk~N, EERERAS5Y5NENES5TH S, Ch5OMEISVTE, SBKkET%
M2 3LENSHBLDEEDNG,
—ikic, AT A& B R
T AN OER, EHFR
EHEECHTEZ20ELIVRE
<, SREFMETREIC X 2 808E-
DHRENDEENKTH B LM

WIND VELOCITY ]

nhs s, FWCTATING | [ \iean wino | | FLUCTUATING
e ] | veLoaTy 5 | (v
5. HX MERGE m"‘" | vy
ARFECB TS, HEE TN AERODYNAMIC | | AERODYNAMIC | |AERODYNAMIC
o, BARRHED 2 EBHEY ADMITTANCE | | DAMPING 3 | |ADMITTANCE
BE¥EHOL, BEERTOT X
SRR BB L E DI, I l |
BERIES LCRRERICES 2, pYNAMIC FREQUENCY DYNAMIC
3 OFRRHEITEHRE L, FUNCTION | | RESPONCE FUNCTION
BIEHEAFEL, EREUEE ] FUNCTION l
Bigii 2125 6 0TH A, AERODYNAMIC | AERODYNAMIC
5.1 HiEEE RESPONCE. RESPONCE RESPONCE
AREIB T}, HENEOE FUNCTION FUNCTION FUNCTION
SlbE EBE LT, BN, ht h(t)
B 2R SRR L OVE R BUSE R
BEREROBKE LTthEx3Te Nult) M (t)
KD, BEMOENELTELN
BINEBE R B ICH 7 — ) T2 [ o

B (FFT. Itk3) ¢4 L itk
=T, BEOBEKE LTRD 3,

—_ 15 —

Fig. 16.




60 SRR K BICHTAESR 195 B (1851 4)

B, BHBIERIR, ERiIck |
D SERUTTH O HHI5 1 FREER D,
WAAKT S 850 BRI EAK e e e ., S — ;S |
», ZhEROT, Sears BB &
U* Horlock B D#EXMEEHIEL
7B, -%0

Ady()="C2L2% g0

1330
e————
513
7

T

t
|84 I $70 | 912 [ 570 L ese )
........................ 5. 1) 3420

Section of Truss-stiffening Girder

weLRt

balince

plano-wire

BRI, ¥R EERER =~
B3 BAICKEL 113 BRIER R
Hid, BHEROBAIE, RRIC
D785 NIEDERRE A, TR
EREO AR, RN (4.2) thx
SN ELREROL, HEERO
7057 M% Fig 16 IGRT,

coil spring

c

2818 of model

turn table

— N
5 ! EBRERLBIUEE cover & supportinu frame
(> wmrs b S e
BRI, FRERMLTSN FyeFyi rensionmeter

Aj.Byi accelerometers for pilching motion -

O/ EBRICEE Shi: ANEE iq.Ay: accelerometers for heaving motion
S TORRBTTH D, I s e e o e
EB LUK E¥EL Fig. 17 IOR

Lic, 138, MAERE OF T
Table 1 i€ Truss & LTRANT
W3,

H 2+ BEEEHEEE Fig 18 KR, FEGERIEUEICHET 6~ 7EBEL/NSVAY, KSR
BT B IBEEEIC >N T A B &, HAMICEPRDFETESbDEEZ N5, T, BREAT
5 EHREHMEC Jhi, PETIRECHS~EREHEEOH SR &L, LbIBBEICHd s EHT
MEBREXOEBRIAEVEEL NS Y, BEHFHECZOEBNASNE, 1, HEHEEIFEN
EEEANSNMEL 8> TS AIONTE, BN ERN BREILFPTEAETE - TOBLRS S
13, ARERBEECTH 2 B BNOE H R (16(k)| BET [H(RI) Liciod, Al ZEBEES
hTORVLEASHIHEEEZ SN,

¥, ANELAEHEEOMERNER Fig. 17 K0T W, TRENTVZATHD, BROEMSH
BHEERET, ZRTHANELTOIELMBEELELOND, §B, LOHEOFEAIAEK 3.5 T
Hote

(2) RAER

HRWE (NACA-0012) %355 & 35 EHHE% Fig 19 IRT, 46, REFECHCLEERZ
Random Gust TH Y, Wi a=10°, F/EHEEE U=40m/sec ThH5,

7, BEBMERCOVT, EREREHERERERETS &, HENIKE, X{A-TVEb0DLE

Fig. 17. Section of mode! and supporting system.

— 16 —



B B - A -l PRRESHEON X MEEKETS 2, 30EEK 61

kol veaniza sost

AT \%W‘w\ﬂ S

| "
“Pr'\}\\"“\‘l agevh, \J,M’!H ,ﬁ '\{’\"’\w\,\f\h{"' ’J\ "
-

i,
)
T

A

L

A A A

=t

- ( C)
Fig. 18.
e (A) Vertical gust.
m /-\ {\/v/\/\/\/\/\/\/\/-\/\/\/\/\/\/\/\/\/\/ (B) Longitudinal gust.
B \/ % ro r3 L B0 e
(o (C) Measured response-

(D) Response due to
vertical gust.

f \/\J\A/V\/\A/V\N\A/VW\NW (E) Response due to

vertical and

s

B w © © s

- longitudinal gust.
(E)
-
(m/sec)
Vertical Hind Velocity v(t) ogkNWMMMAJ”W\VMW\M AL
-02:
{m/sec)

1+
Longitudinal Wind Velocity U("ED?WMW zw\.r\v/\jj \RM%IVF‘/\A /j}‘;’j 'd
-2. 0‘

(mm)
) 7N\/\/\/_\[\[ s \
(m)

L
Measured Response z OJW AV _f\/
Calculated Response P\MWW\AL\/EW/U N\}\ H%/\A l\ (\ ,\ " 4‘ Hx
{due to v(t} ) \T

(m)
20t ‘ ,
Gr1cstted fos . oF L AV AVAVAVAVATRVAVAVAVAVAVAVAVACES
2.0
T _ZO@M“/V\ /\/WW\A U\M /\{WWM/V WARARAAANA-
. 14 16 18 20 sec
Tire l

Fig. 19. Calculation of response NACA 0012 (@=10°).



62 HABI KSR H195 B (514

bhb, ¥z, ERFAEHRIC XS ISEFEMR, BEFRESHRIC L BEHEMEDOKN | ~ 2 HRES
RL, WECAHEENSSGN, BEOTE LTHLMEREBEIERL, 77 204R0BFE <1+ 2
DHROBABRON TS,

6 © ¥ U

AETE, ERRBENEEETERBRON 2  FMEAIREICET2EBOMEL LT, tbhal
BHERSRCES T 2 ZHEEBEEN (32 0RIBNEHBEE) Ko T, BFEERICKD, Sears B¥H 2
Wi Horlock BEME H#RaL, F7, #2 MESEHBEAERICENT2, 3 OBENEENRE L TH
ERTEE TR -7,

UTF, AARTHLNE L > ADVTHERT 2,

(1) HEWELGS 5 A1 AEE LLEE, ERINEGHEORE:OHEENOFTOEAIAZ AL
KELSBBEL, FAIEEE2HETS LTERATERVEETSH S,

(2) ERAHMEBRKICHT 2 BNEHEEDAA a=0° OBACEVT, BREHNICR0THEH,
EBRERRISAEEHFL, W2ADPCOBASCBNTHERFNEHEOKENELETSEELLND,

(3) HEWESAZALELLES 550E, FRANESREHHBEFOEHRECLSTRRT
ERVEBREVEA, ¥ 2P BEESHELTRES LT, BCEREIAEHROEELEZRLSThEES
20,

38, 4HROFEELT

(1) BBAEEERDBEA, $20E, BEEAEEL ARELARICOVTHET 2 BEFITEY
T, EBHRERENEOEROME

(2) RARKET3EHKEE BRBOMOHELAIOME

(3) BOBETHBZENDR T — & WEREE OMBEEEE L 12 2 0BIBENIC >\ T OFFE

(4) HARROKEBTOY I av—va v OME
EERFELENTELS,

BRICAPFEETTIES TS, KREBEROITEERO 20 i TERENE—ERE LT, Rk
IR I AT HEEZRRARZOERCE L BHOBERTEHDTH S,

g E X #

1) Davenport A.G.,: A Statistical Approach to the Treatment of Wind Loading of Tall Masts and
Suspension Bridges, Ph D. Dissertation, Univ. of Bristol, 1961.

2) /NE—BE, BEERA, BA B EEHEOSRRGEICET 5 —BE, BENORELICETSE
SEY YRV U LRI 1973, pp. 247~254.

3) #BIETE : Simulation of Multivariate and Multidimensional Random Processes, JASA, 1971.

4 BB % CEEHAEES  AHEEIC XS RERELONRRRBIGE. B8R AERERFNE R
£, 1973, pp. 425~426.

5) BAMRA, ARBED  EARBORRNSHESEREET 2% RN KRR ERS
172 B, 1974, pp. 191~208.

6) /NE—EF, BHARARY  RABROBIMIBEKICET 2 BWNEE, HEEY K RRERS
18% B, 1975, pp. 395~413.

7) Sears W.R.,: Some Aspects of Non-Stationary Airfoil Theory and Its Practical Application, JAS,
Vol. 8, No. 3, 1941, pp. 104~108.

— 18 —



8)

9
10)

11)

BF - A - BA - Al FRREENEON 2 P IEEKET 52, 30ER 63

Horlock J.H.,: Fluctuating Lift Forces on Airfoil Moving, Eng’g, Trans. ASME, 1968, pp. 494~
500.

Fung Y.C.,: The Theory of Aeroelastisity, J, Wiley, 1955.

Scanlan R.H.,: An Examination of Aerodynamic Response Theories and Model Testing Relative
to Suspension Bridges Wind Effects on Buildings and Structures, SAIKON, Co. Ltd., Tokyo,
1971, pp. 941~951.

Shiraishi N., : An Investigation on Aerodynamic Response of Plate-Like Structures in Fluctuating
Gusts, Wind Effects on Buildings and Structures, SAIKON, Co. Ltd., Tokyo, 1971. pp. 1039~1048.

— 19 —



