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ON THE AERODYNAMIC IMPROVEMENT OF GALLOPING
OSCILLATION OF TOWER LIKE STRUCTURES

By Naruhito SHIRAISHI, Masaru MATSUMOTO, Hiroshi ISHIZAKI,
Hiromichi SHIRATO and Makoto OSADA

Synopsis

This study aims to clarify the aerodynamic effects of the “corner cut” for the sake of the
mitigation of aerodynamic instability of the tower like structure. Two-dimensional rectangular
cylinders with various cutting of their corners were tested in a wind tunnel, and their re-
sponse, stationary pressure and stationary aerostatic force were measured in smooth flow. Be-
sides flow visualization in water flume was carried out in order to visualize the effect of “cor-
ner cut” to the flow pattern.

Finally, the optimum size of corner cut was discussed by use of the elastic full scale
model of tower of a long spanned cable-stayed bridge.

1. ¥ A M &

STEBI MO I ERE ST TH Y, TOREH, BIRTT - 50 & LA BU» o BEM
BAEE-TWWE, 25 LB s &b, BREMOES - RO - &5 ICEBEEEDEN,S DR
IS PIC L - THRRBORKEN, BEBIMNELEIN, 72EIRARS L OVHE (FREHE 40m) P
HFEDOTFAE (1 465m) DLSBEAMERLEEINTLS. —F, BROF V4 v bFEER
Th Do BWOWIRIET AV BT T, BBEABOLS AR, BREOLH>RHYH, 745 I vEPH
®IBRICR O N 2 MR, SEFORMEKBE CRHESALSN, SHEE SHREAONBERRL
TWB, CHDIBESBMICTHEEE UTHIET 27213 T, BROMPICEL, H25WLI3EHHEEICE
G AE—FBDE= 2 X b EIEHEETONBNISTRENDEEBOREN LI 5o

COLD BEFECF V4 L COERORE, EHEICENEREMNERNERINDI T L L7,
R I - TSRS K CEEREEBET L, EHRREREOE UL TWREMSEAL TE/L T
Dtz DHEIZ S BAADT &, HHDy — T VBB T EAGEEEATEL, MREELNELED
BRERDHH Do

BROEREMEE L USRI Y 2 8BENREEREOHIREINEICIE 7 =2 118D EENMIED
DEMH B * H=HNEHMEEL LTI, HEERSK, HESL L €75, Tuned Mass Damping!’ 75
RIEEMRBEFENEY, UL OFEBRERRECEVTOARBIFINIGEGDD, TEE,
HT, MRS EOETHELIESC ENE 0. CIICK L2 IHIE R & & ICTRBRILE &P,

—_—1 -



a2 FORBIRBIAR 205 B-1 W61 4 (1986)
KHMOEN, HMOMEAAHLIC K > THELRIEA(T 500X ORERBZ TELLOD, BIRLEHER
AN SIS B C EHTREL 1850 BB NFIRNMOBE R BFZ TR OFL B ORI - BiE
LTHY, SHROFBBIMIGEND L HTH B

AT CRCD LS BHREHE L, BANBRIBROF ¢ 0 » €0 7ICHL, EEMEICEYY £
BB L& > TR SRR RERS 720 COMTEICEE L, BIISERHIE, ERETS LURRE
LU RET B & & bICAHREICE > TUTEN D ORNORIBEE S HICT B0 8 5ICHTER IR
SUBBERL S ET, KEYDEMEICONT bRHEML 720

2. BiREREKOKEER

21 FLoic

AR THE & U RAAIREERORIAR & £BI% Fig. 1IORT . WHEREEEE T 5 DR
BHDORRBICR S NISOHBONEA R L, BB EHBRL TR L LRSIk T P8
METHR SN TOELI Y, BH TRBIGEREOSOBERTSH S EEI 6N 5. & IUBHIGHOR
KR LUF v m oy E 7 DORENTHEIN, TRRALCBOTY - T VICE BEERBEOEADPELNDR RN E
OEEHFLEEILRITHZL L05, MoOrOHREENERINS.

&TC, ¥Fruy EUFCOWTIE, Den Hartog MEDIEHIC L DRDOBENEZT 50 & LB# ST T
LK S OUFEDILINT B, HIBEH T 5 » # DR THF 4 B v ¥ 2 73 IERNIC T RTATRE S ME—DHI T
BT, ERTELIEMHICE S SEEERRICE > TY T v M 44 2 VOBESEOSIIES I $ TR
BLLEMTE Bo I5ICARBORE DENVEZE LIEFRATOX v 0 v By 2 BIEICOLT O ER LSS
FE» & FHIT & 5 C &8 Parkinson?, Novak® SICK - TRENT B0

EEHEDF © v oy €2 S ORABEIIELRANCRO L 5 BEMNILINTI S, Fig. 2ITRT LS

MEDRBICL - THRNPFHNGHE LS L, FTETRANEANE

3.5m  3.5m 45w S trailing edge ICHER LM ED wake b 5 DFlAHEIHD
"_"' “‘_"_‘_T - |- TR1TbNT, TOMRIBBERIIIZR I NWEMETEHEL . —
¥ LTI HEEE ARIEDS trailing edge & O BEN B 720 ICHHAR
BOMTONENMESIEENS ., COENET « EHEEICES L
THROESEVESLBET 20 E 18- THRIVERT 5, Fou
o v € ORI, DD i L EHO#RESANE & TEO
: HIBEE ARTEOIREICETICE#E L T B,
\/ 118
/-\ g' pressure recovery
qE) -
2’ u
X f
a fluid interference
| | 1N inner circulatory flow
27.5n 6.5m Fig. 2 Mechanism of exciting force due to body

Fig. 1 Shape of pylon. movement.



B - K - T - L - B RIS X « » ¢ SR LR 213

ERHEREREBEORSEYE LUTX M5B8, Parkinson BIKS L DA% IC K BHEMNILZNT
&7z, Bearman & Trueman® [ZERMEHLAE CIEEOE { TERIN T @Y, BELORICE
V> trailing edge DL FIT T FHANCEBI L, ¢ OBESEFEMEET 20 E4T Ui, £ Lane-
vill & Young® {24 V< L IBOMBICEF LARWOURILICK - T, BEVISHROHRNAD/$Z ~ L 3EE
HIOSE U TL DDOBRBEICHETE B ERE L

—73, EIRBERGOBRMEICOVNTREICEHENEE LTHRINT LS, 20—FE LT, M
HEEETEF v vy €L 7 OHBERNIC, ZOHMBIC2RDOT T » 7%, &850V = THHMICFHF
TV P 2 EZNTHIEIRMNICRT T 5. C DX 518 attachment 253 5 C LICKk D ENBHES T
Bohsdds, Chid LEBRUTHICBOTHESANBORAENEEINE LD TH B, T, Thd
BRHE TORBEAICLHEL, NI TRIBBRNELHINZEILT 22 E M52 T 5, Roshko
& Kenig (JEEMHKONMERICHEPOBEL TH 2K IOFRARE L, £OMEREFIOBRIT O
THIEL T, € DR ZRATSERO & X JESAKEIDEAREICHE LPT LY, HANELIR
DPFBCLEERBLTO S COMERENALERZOMELHNE LicdDTIREBLY, BRELEE
BEDLHEL LTBHTH L EELON S0 AR TAVLBID I OBMEEZE LI SDT, 2Ok
IEPWHT 5 C & THB TOHBEZMZ, HMTANBOENBZLLEZF v oy o7/ OMEIEERS 20

22 £BREM

AT, FIEBUOMEDZEISERM, RO DEIEHES LURNORELEEEBL1ICT
HEMT, ZRITHIAREZNERIC, @IGERBRERR, OERELIUTER OFENUEERE
EifiL7co FRKMERRICK BMNONRILEEEAT, BREREOHEETY. CNO ZRITERICK
BHRBKERAUZ, EREWICET 2B ORI OO TS RITE) S ARRE WS & USSR
EEBRALELUTHRET %,

@), OBIC=ZRICEEICHT 5 KBRICITREAE TR+ AR TR EsNICRBE I ATy 7 2 v
BERAB O CORRIZES 1.5m, I8 2.5m, BX 8m TH-T, BEBHFEIH 0.7m/s~20 m/s DHEIFE
THBACHIE ST B2 EDBTE B, £@ODRITRIAKENC X 228ICEREL T, BRERES -7 —
T, BREFZH7 — A1 LIk B BEEHIEYT S b ICHIT M EICE BB 3T T 5. OITHER L&
i3, ABEEACEBINREH LNy 72 VBER (FE 1L.0m, 180.7m, X 5m) THD, %Ki
& EARRICKIRERLIT LA DS BB AT T %, Hafld 0~15 m/s DEIFA THIBAE TE 5, T2ARN
EEEET NPL e b ~BE2RANICES, $IEEBEOELF v vv /s 2 —% (DP20-A %, HSE
D &> THIE L,

—HOERIIDTN GBI HROBREMEE LT 50, CRUIRHELEHIC, COHFEDEICKH L+
0y €U I HTFESNEHRHERCIIR I TH B o

23 ERBE

1) ZRTRISERIER

TUGURAET B X OBEOT0% A X OMEOKEAFA L, B0 OK & 324 E(LZ ¥,
BRI IR T KO EFLDALE % Fig. 3 IRT . #E No. 1~No. 6 (ZIESTE, No. 7~No. 9 [ZEAE=%
AZAOBUI D BET Th 5. FAMH (No. 0) DIF#ILNOES4 B, HEAFANLEZADEL,
VD DOKREZEDERNTELK . /@), ©THOIMEEIOHFIZHED 1/35, OIIFE1/80 TH 5.

@ISERIBATER - BAZEFRRICETECHT 1 BHESHIN, 8ARDa 42T Y L7tk
RS2 60TV S, REEMIA T L VRO AT Shfca TRz L 2 > MCE DRI 72 EY —
O OEFEOENLE UTHRIEL, 42 7Y v o GREEEIERRD, B (6008F B, H8@IET
EHB), w—e27 0% (E3201 Y, NF EBHET 0o 28 28 U7, CoE&La—#(WTR
281 B, PRI KK 8) ICHIEAER Lic, Table 1 (RO RBEMHE XOYHETETT o

— 3 —



214 ﬁj(@’jﬁlﬁ%%ﬁﬁiﬁﬁ& #5205 B-1 [H6L. 4 (1986)

Table 1 Test conditions of two-dimensional models.

) f o oom 8 s | s 8
Section (Hz) (kg~sz/m2)‘.(20mm) I(15 mm) l(10 mm) | (5 mm)
0 | original section 2.9297 | 0.5994 ] 0.01180| 0.01103" 0.01019| 0. 00939
1 ' corner cut D/18 2.9578 | 0.6124 ' 0.01116| 0.01067; 0.01011| 0. 00829
2 | corner cut 2D/18 2.9365 | 0.5960 . 0.01421| 0.01079| 0. 01018 0. 00916
3 | corner cut 3D/18 2.9286 | 0.6037 | 0.01008 0.00967| 0.00921 0.00827
4 | corner cut 4D/18 2.9524 | 0.6134 | 0.01360! 0.01347| 0.01329| 0. 01250
5 | corner cut 5D/18 2.9303 | 0.6094 | 0.01346 0. 01217 0.01152" 0. 01001
6 | corner cut 6 D/18 2,9920 - 0.5945 | 0.01153| 0.01059, 0. 00964 0. 00823
7 | corner triangular cut 2D/18 2.9001 | 0.6148 | 0.01080; 0.01040{ 0.01030] 0. 00820
8 | corner triangular cut 4D/18 | 2.9241 ' 0.6063 | 0.01080| 0.01020| 0.00980| 0. 00930
9 | corner triangular cut 6 D/18 | 3.0121 ; 0.5989 | 0.01066| 0.01021] 0.00962] 0. 00921
N - ! 1 : - .
B. 145.7mm (63.75mm)
S V—
E o ] C] 3]
gl
Smll o| o of o o o
-2
no o [ o o
No.0 original No.l D/18 No.2 2D/18 No.3 3D/18
No.4 4D/18 No.5 5D/18 No.6 6D/18
°
E a O o 3 Pressure Hole
= () : 1/80scale
No.7 2D/18 No.8 4D/18 No.9 6D/18

Fig. 3 Section of 2-dimensional models.
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Fig. 5 Water tunnel configulation.

Table 2 Test conditions of three-dimensional models.

, T 7T 7 Cout 55 mm)
Section i\ B/D B/D . 4(5 mm)
(corner cut)  [(T0%H)| (100%H) [““‘f_’lgase) phase) |(inphase) | )

11 1.6 D/18 1.19 1.05 4.8724 5.6973 0.01105 0. 00537

1.6D/18
12 | Gith 3.3D/18 plate] 12

Top 9% -2 D/18
13 rest - 1.6 D/18 119 |

14 2D/18 1. 68

1.05 4. 8363 5. 6534 0.01171 0. 00681

1.51 5. 0656 6. 0096 0. 01300 0. 00693

| 0. 01523 0. 00892
‘ (10 mm) | (10 mm)
I _

10 Original section ‘ 1.46 ‘ 1.29 ‘ 5. 0000 6. 2069 0. 01023 0. 01000
i
‘ 1.51 5.3571 6.2791
L
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Fig. 7 Deflectional amplitude (No. 2, No. 3).
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Fig. 10 Deflectional amplitude (No. 8, No. 9).
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Fig. 11 Aerostatic force coefficient curve (No. 0, No. 1, No. 2).
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Fig. 12 Aerostatic force coefficient curve (No. 3, No. 4, No. 5).
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Fig. 13 Static pressure v.s. pitching angle (No. 0).
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Fig. 14 Static pressure v.s. pitching angle (No. 1).
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Fig. 15 Static pressure v.s. pitching angle (No. 2).
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Fig. 16 Static pressure v.s. pitching angle (No. 3).
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Fig. 17 Static pressure v.s. pitching angle (No. 4).

Cp
1 A
2 — i
-
-1.0{ ge \~ = sp/18
-0.8
-0.6
-0. 44
-0. 21 t
0 5 10 15 20 B (des)
0.2]

Fig. 18 Static pressure v.s. pitching angle (No. 5).
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Photo. 1 Flow pattern (No. 0). Photo. 2 Flow pattern (No. 1}.

Photo. 3 Flow pattern (No. 2). Photo. I Tlow pattern (No. 3).

Photo. 5 Flow pattern (No. ). Photo. 6 Flow pattern (No. 5).

Photo. 7 [low pattern (No. 6). Photo. 8 [low pattern (No. 7).
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Photo. 9 Flow pattern (No. 8). Photo. 10 Flow pattern (No. 9).
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Fig. 19 Deflectional amplitude (No. 10).
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Fig. 20 Deflectional amplitude (No. 11).
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Fig. 21 View of strakes.
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Fig. 22 Deflectional amplitude (No. 12).
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Fig. 23 Deflectional amplitude (No. 13).
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Fig. 24 Deflectional amplitude (No. 14).
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