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EXPERIMENTAL INVESTIGATIONS ON AEROELASTIC RESPONSE
CHARACTERISTICS OF LONG-SPANNED TRUSS BRIDGES

By Ichiro Konisui, Naruhito SHIRAISHI, Masaru MATSUMOTO,
Shigeru KoMAE, and Shigeo TAKEI

Synopsis

Experimental investigations are performed by wind tunnel tests on aeroelastic characteristics
of long-spanned truss bridge in connection with the design of the Nanko Bridge in Osaka, Japan.
Based on previous contributions by number of former researchers a few cases of shear flows are
simulated so that the variation of wind profile may be taken into an account in model tests. Results
indicate that, though the bridge is aerodynamically stiff enough, the induced drag and side forces
depend remarkably on the solidity ratio and the angel of yaw and experimental results on these
take an important role on design of this kind of structures.
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Table 1 Comparison of wind-resistance between long-span truss
bridge and suspended bridge.

item long-span truss bridge suspended bridge
number of members many few
dimension of member large small
rigidity rigid flexible
stability for vibration insensitive N sensitive
check board of safety static air force dynamic response
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Fig. 2 The calculated profile of the generator of shear flow.
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Genemtors of shear flow

Y20

Fig. 3 Generators of shear flow.

Table 2
cone number height (cm) l cone number height (cm) cone number \ height (cm)
0 30 9 15.75 18 8.25
I 27.96 10 14. 67 19 7.65
2 26.07 11 13.59 20 7.17
3 24,33 12 12. 69 21 6. 69
4 22. 56 13 11.85 22 6.18
5 20. 94 14 11.04 23 5.79
6 19. 53 15 10. 26 24 53.7
7 18.21 16 9.53 25 5.00
8 16. 98 17 8.85
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Fig. 4 Wind velocity-hight Intensity of turbulence-height.
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Fig. 5 Wind velocity-height Intensity of turbulence-height.
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Fig. 6 Wind velocity-height Intensity of turbulence-height.
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Table 3

sectional model (P,

angle of attack total elevation area | solid elevation area ¢=S8g/Sr (%)
a(’) Sz (cm?) S g (cm?) é(a) $*(a)

0 3382 830 24.5 24.5
10 3403 2025 48.5 47.7
20 3418 1802 53.3 52.7
30 3430 1580 46.7 46. 1
40 2909 1432 42.3 49.2
50 2722 1546 45.7 56.2
60 2002 1161 34.3 57.9
70 1519 972 28.7 63.7
80 1000 758 22.4 75.8
90 422 246 7.3 58.2

sectional model ;P

angle of attack

total elevation area

solid elevation area

$=S8x/Sz (%)

a(®) 8z (em?) Sz (cm?) ¢(a) ¢* (a)
0 3105 762 24.5 24.5

10 3157 1596 48.5 47.7
20 3202 1688 54.3 52.7
30 3245 1496 48.2 46. 1
40 2731 1344 43.3 49.2
50 2575 1447 46.6 56. 2
60 1887 1093 35.2 57.9
70 1458 932 30.0 63.7
80 969 735 23.7 75.8
90 422 246 7.9 58.2

full scale model
angle of attack total elevation area | solid elevation area ¢=SrISr (%)
a (%) St (cm?) Sz (cm?) #(a) ¢*(a)

0 1362 423 31.0 31.0

10 1375 741 54. 4 53.9
20 1385 812 59.6 59.8
30 1393 717 52.6 51.5
40 1187 662 48.6 55.8
50 1113 689 50.6 61.9
60 815 520 38.2 63.8
70 597 427 31.4 71.5
80 404 327 24.0 80.9
90 135 93 6.8 69.0

— 10 —
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(k)

20 t @ =Solid Elevation Area(e)/ Total Elevation Area ( o(=0)

30° 60° 90°
ANGLE OF YAW
Fig. 9 ¢-angle of yaw (;P4 model)
(%l (b = Solid Elevation Area(ot)/ Total Elevation Area{ 0(=0)
0 S S o N . , AANGLE OF YAW

30° 60° 90
Fig. 10 ¢-angle of yaw (full scale model)
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Table 4
’ ratio of drag coefficients Cp*ICp
| I -
model | boundary layer wind speed (m/sec)

’ — ; S mean value
‘\ s | 4 | 5 1 s

A (1.0181) 1.4450 ‘ 1.3791 1.3682 ‘ 1.3838

sectional model ¢Py |—— - - - S S

\ B 1.1209 1.1227 | 1.1139 1.1139 1.1182
. e - S | -

A (3.0788) 2.7581 | 2.4925 ‘ 2.3496 2.5334

full scale model ——
B (1.3872) 1.3784 ’ 1.3711 i 1.3574 1.3690
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Table 5
drag coefficient Cp, Cp*
model air flow a=0° maximum value a=90°
Cp* Cp a Cp* Cp Cp* Cp

boundary layer A 1.9 14 [20°~30°] 2.3 1.7 0 0
sectional model 4P, i

boundary layer B 2.0 1.8 10°~15% 2.5 2.2 0 0
sectional model ,P, | boundary layer B 2.0 1.75 [15°~20° 2.4 2.0 0 0

uniform 2.0 20 0° 2.0 2.0 0 0

windward
) measuring boundary layer A 3.0 1.2 0°~30° 3.0 1.2 0 0
3 point
g boundary layer B [1.7~2.51.25~1.8 25° 2.6~2.819~22 0 0
L
g uniform 2.0~2.12.0 ~2.1 0° 2.0~2.112.0~2.1 0 0
=~ | leeward -
& | measuring boundary layer A 3.0 1.2 10°~20° 3.5 1.4 0 0
point |
boundary layer B 2.2 1.65 |10°~30° 2.2~2.5' 1.7~19 0 0
3 WHhEHK

EFROMRTH S b 7 AMBIIOWTR, FHIEHER/FEERT 2KFRENTS 20, REK
FICAERT 2 KTERAN 2N LT LT 5. HNRMOBE LRI, BIRKETRET 2BELH
SREE L KICHRERVHEL A2 20T, RO2EHDOr —2EER LT,

() BHRBBHROREREAHZ O FICHEERORESHEZRT 254

() HREAO—BREAELOLUVCZEMLKOTMELEZRTLHS
D), (DOBETERINIHBPR, ThELROLI TR D,

Cs* = i - S R T L L L (3.10)
7‘1"% Z:l Ull(x)l ()4 Zi
Cs = T S (3.11)
5 PP AU
7L, pr BREE, S:#N
b0 BEILKRDOFER
Table 6
ratio of side force coefficients Cs*[Cg
model boundary layer wind speed (m/sec)
3 4 5 6 mean value
A (1.0181) 1.4450 1.3791 1.3682 1.3838
sectional model 4Py |—
B 1.1209 1.1227 1.1154 1.1139 1.1182
A (3.0788) 2.7581 2.4925 2.3496 2.5334
full scale model
B (1.3872) 1.3784 1.3711 1.3574 i 1.3690

— 14 —
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G s

251 SECTIONAL MODEL oPy
25} BOUNDARY LAYER B
20.-.
20F
1.5}
154
o 0 %o ° 5
10F o %o
10 ooo
[o]
0.50-‘5L ° °°
(s}
L 2 3 1 1 1 1 ) 1 LANGLE
0 ¢ 30° 60° 90°0F YAW
Fig. 13
X
CslG
25; SECTIONAL MODEL Py
25 BOUNDARY LAYER B
20+
20}
1.5¢
1.5¢ 0 © ° o
o]
10t °
10F o o
o]
0.5{05} °
o]
L 3 1 i 1 I 1 1 1 1 ANGLE
o & 30 60° 90° OF YAW

Fig. 14
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Ui(2): BX 2, 2+ 4zK BT 1T 5 FHEH
U.: EREN R
A BAON R ERE
Li(2): B2 z, 2+ 4z KEOBROEHEX
Cs*,Cs: BA11RE
BREA B IZHFERAHEEE L CABRRBEEITHT 2B REE Cs*/Cs tERERL D, K(310),
KRB 1D X hRDONE®D Table 6 O L5 IT% %,
ki, EBESE%2 3538/ Figs. 13a0d 14 0 X5 th by, ZhrRigE+NE, Table7 00X )
2% 5,

Table 7
side force coefficient Cgs, Cs*
model air flow a=0° maximum value a=90°
Cs* Cs a Cg* Cs Cg* Cs
sectional model | boundary 0 0 550 1.45 1.30 0.55 0.50
oPy layer B ) i : )
sectional model | boundary 0 0 550 1.55 1.40 0.75 0.70
Py layer B i ) : ’
uniform 0 0 45° 1.25 1.25 0~0.2 0~0.2
windward
| measuring b°“§‘j;;]A —05 |—02 30° | 1.8~2.3 [0.75~1.0 |—2.8~—4.0| —1.2~—1.6
) R
point
£ boundary | 0 ls5~60° 1.1 0.8 0.2 0.15
° layer B
b uniform 0 0 60° 2.1 2.1 09~1.2 | 09~12
2| leedward
S| measuring | POU92TY log 1.3 0.3~0.5 45° | 52~5.6|2.15~2.30  2.10 0.80
= point layer A
boundary 4 350.60.25~04 45° | 2.9~3.1 |2.1 ~2.2 1.2 0.8
ayer B

4) EIFRNFAMOERHHRH
Fig. 15 {TR+ X5 I8, BBRERATIAFNOESNE F L L, NBRE WIRREERLIEHE

Fig. 15

LRBD 200y — A HETNE, BEOEBELT, TNENRO2EHESELDbN S, ThbD,
F

Cp*= n PP PP PR PP (3.12)
S00e £ UMD ()2

Cr = e (3.13)
4 ppeAU.E
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ThHbo —F~7 brfik LT,
F=Dcosa+Ssina
THALNDD L, BLE, R (3:8), (3:11), (3*13)&k b
Cr=—CpcoSa+t CgS8IM@ - oermrerrmmimier e (3.14)
EhB, R(3:12), (3:13) 0K L ReE, Table8 0k 51tk b, R(314)DEHELE TR, Table
I9Dk3THY, 2 30HIO>wTRFETIIE, Fig. 16and 17 0 X 5 12% 2,

Table 8
model Sectional model P, sectional model ;P,
air flow uniform flow | boundary layer B| uniform flow |boundary layer B
Crp* 0.5 0.6 0.6 0.6
a=—90°
Cr 0.5 0.55 0.6 0.55
S a —15°~ —20° | —20°~ —40° —20° —20°~ —30°
*; maxium value | Cp* 2.2 2.2 2.25 2.3
&)
Cyp 2.2 2.0 2.25 2.1
g
i Ce* 1.75 2.05 1.8 1.9
c‘g, a=—0°
8 Cr 1.75 1.8 1.8 1.7
g Cp* 1.75 1.85 1.8 1.9
b a=+40°
£ Cr 1.75 1.7 1.8 1.7
8 -
$ a 15°~  25° 25° 20° 20°~  30°
L5
<
maxium value Cr* 2.2 2.5 2.25 2.3
Cr 2.2 2.25 2.25 2.1
Cp* 0.5 0.6 0.6 0.6
a=90°
Cr 0.5 0.55 0.6 0.55
Table 9 Sectional model 9Py, boundary layer B
angle of attack drag coefficient ratio of side | aerostatic force coefficient
force coefficient =
a Cp Cs Cr (calculated) Cr (experimented)
0° 1.79 0.00 1.79 1.85
10° 2.18 024 2.19 2.06
20° 2.00 0.52 2.06 222
30° 1.80 0.94 2.03 2.19
40° 1.51 1.14 1.89 2.13
50° 1.23 1.28 1.77 1.97
60° 0.80 1.26 1.49 1.68
70° 0.42 1.12 1.20 1.35
80° 0.15 0.81 0.82 0.92
90° 0.00 0.52 0.52 0.54
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Cr
25+ SECTIONAL MODEL 9P9
. o83 ¢ UNIFORM FLOW
R 8
2'0 8 8 o
6 o o 220
e <0
15f ¢
(]
10 .
Q
05} °
1 1 1 1 1 1 L 1 [ ANGLE
m 1 1 3|0° L 1 Gloo L 1 9|0° OF YAW
o° -30° -60° -90°
Fig. 16
25L SECTIONAL MODEL 7P9
25+ BOUNDARY LAYER B
20} °o° ° 3
20l o . 8§ oo o x>0
T ° e © o ox<<Q
15¢ $
o
15F 8
o
10l 8
[}
os0-5r °
S J 2 1 5 L ! 1 1 1 1 ANGLE
0 . . 310 . , 69° . . 990 OF YAW
0° - 30° -60° -90°

Fig. 17
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(5) SBRESRBICERTIBNEKHENXA (angle of attack)

INFCOERIAKTEDLA (angle of yaw) XT3 EFNELRNBRBOERFBROVTIT-72d 0T
H2N, HEEKBEOTTIEKE L 80m OB B0, bW A2 AT IHNERO 3l
fFotce KEAZACORBTOREIHBBRIRAL hRdT,

BIE Q:T_A__ ........................................................................ (3.15)
50 U*BI
O R Q:T_Q_) ..................................................................... (3.18)
—r Uy
EywFvsee—2Y HEE Q:T_JL__ .......................................... (3.17)
—5-PUBY
EL, o ZAME, U: —#EH#, B: KEOWE, I #BOR VR, A:REWEARER

P BB E O R K
AFEIZACIBRESBBORTEERBIROLS TH 5,
B=0.091m, /=0.935m, A=0,1244m?, ¢,=0.310
A&t 5.00m/sec, 10, 10m/sec, 15, 15m/sec, 18.58m/sec 4 B BE Licds, ThbOREI I RD L
h 3 EHME KN H# T Table 10 (TR+4L 5t 2,

Table 10

Aeroelastic Force Coefficients

angle of attack
CL CD CM
30° 1.1213 3.382 4.609
25° 1.045 3.180 2.775
20° 1.041 3.164 1.671
15° 0.881 3.027 0.863
10° 0.710 2.676 0.466
5° 0.429 2.343 —0.459
0 -0.081 2.258 —1.770
— 5° —0.403 2.316 —2.509
—10° —0.552 2.480 —3.535
—15° —0.652 2.731 —4.031
—20° —0.759 2.982 —4.523
—25° —0.837 3.236 —5.308
—30° —0.859 3.405 —5,700

3.5 BMIBERER
HEESBOSRNEANBROBRREL O TRIBO LS TH 24, BMHEIC O WTR, koF—=
TONTERNER 2 T->%0 ThDD

(G) RBOBMAREDRH

(i) BBHORBEDHICET IR

(i) #BHOMEESITET 5B
ThHbo

FFRROBNARERIZOVWTIR, ZOERBHHEEHLIRLEATRER LAWY, XBENORE,
FTHEZEOXHEEIL Y, BEY REE 3 IVESEREMSEDIELT L. K, BEEIOWTH
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TFRRZINTEERT I EEARETH LD, BEEAT, BREH0.002~0.003%x% L L TR L. T
DEREMFRNY 7 v # —RABRBIE 100m/sec M4, BLAYHMBL LAV, 2-HEES, BEHE
Bd i A CEBREEIMEBRRIBEAEENEELLND,

3:6 EBERICHITEIEE

INETORKLY, HEEKBEOWMBEIZONWTREROLS ITFHETE 2,

1. BREIAKELT

(G BMERNEKFEDZA

#E, BRI 72BREERTIERZILL TR, RABPLRBLINTELLY, FHEORKRE, Bh
(B#AAMOZELSS) dhE v KRERMEERL, BHERHLLTRBEAIALLEeTERBL ARG
bk, INLORAFIVCENRKEDRLA BHEAFMZ0 L45) LLEIRELRL, 208
BRRDOL) THD, EHROERRININTORIVELTWIRBE X CRRBEIZ7 20, XM
IZONANBIHLTWEI VDWW BEREORB TR, Hilhe 70°~80° DA ETRES H 2B AR
KEZWAN2E L, T 1B L 30°~45° OEAE S FHBENRIKRE BN *EL b, BRBITRHA,
BAOKERZ AT 28 EROEFRFORELIZIZR UEMERT Y, LEZRABERE LR
FROBE & 2T AEHN70°~90°C D LIEBEL 2> Tnd, ZOL )5 ZKREDLBITKHT L5,
H ok, —BK, TANEEYRZIBARIT, RUERERT. —h, BAROWTERAEANLAH
0°~90° OHEIThI> TAE LR S, FOKREIRHN, HMATHTED TN W,

() FEERELHN

KEDZ A 0L &, FER (EHEHE/NLER) 1T L MBI L T24.5% TH Y, KFBLA
T 2 HREROE(EHEIE, RKAOENITIL{PTE ), EERLAHRBEOMRKEZ L2 ) B HEEM
brLELZLLND,

(iii. #HmAhoSHEE

HABEO LS XA BEINERIEOAT, KEHL A 0°~35° RHETHRE Lz, ZNid Parkinson®
BED TEWTERBLEZDIOTH LY, ZTOBRLEBEMISROFHTHRM I RIVREEH %S
FHEDOLEB LY, KEMZ AN 12°~28° OBEHETHTHBMF R OFBREERNTZI_ROIES
R b,

(iv) BRESATEZIRROEE

BHMEAFRAOKEARI L 2BHERHITELT, KERRIZEAEERET, BHOEMEIPRA
EL{hBBRETH S, —HML A (angle of attack) (T 2 HSERBEREMNEIC/ERTIHNERN
RPREOBEICHMCEREZRL T, Z0BE, 2KOKENKESERLTNS30LBbN %,
WA AN0~30° OFTREBNEROAARRALNY, ThZL2HNFRAREARY L2V EE
Zbh b,

) HA%horeRAs

BEEEBICERTIRALLUBDIOERSE, XS5ibhokfle—2 v F2HAILLER 1317
FEBTIELBm OMLEIRD Y, HMETIELAEELLTVEY,

2. BMREEIZOWT

() FHEAKBEORBHITHT 2 BB IOV TR Z D 2 > o5 — Wi HE A IE BRI EITE72,
BAEFRE L RBEBRHIZOWTEFT 2T - ZOHR, WRAREL BIFHEIEZLONIHHM (1400%
1300) 22T, BERIITL ZFWIFR/O TN (0.8mm UTF), 2TRETDH 2, 2 BBIREO
BAREIBO TRKELZMELY, REIED ) 230THEN,

(i) HBERESKL L COBMBEL, KEXRSHRICEL LELLN. Z0BE, BRoMT
BN 2HABEERT7 7 v 2 ~OARRERRBEBRHITKDO b LEL, tbdh  DLHEBOEED
E-FOHMARITHLT, 2075 v 4 —RABEII L Z 170m/sec 81, REORETREY L %
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4. & ¢ U

EFEAEEEEE NI, BRI 2BOMAKIK OV T2, 30XBNFETHLICI L, T%b
b, BHELSNEEL I VBHRERICOWTERNITER Licl, BB EALMEREZNOIINLT,
HBHESNBCHALPIUCEIELE DV KEL R0, RIALTACEETAILERDLENED, 2O
5 ABEWIIET ARENERR, 2 RBROMBREINTWEE, ZRBIRILCI 2227, 4
BEDAZDEOBEBEY I ONWTOWEBLETD S,

FRRTR—BHROTTOWMBAE L W) REROWEREITMA T, MABERICL D, vAMELEY 23
V= T 5R2E T o700 CNEBERBERTHID0I 20T RBHEENTHLIILEEELLIDTS
B, LOMBRERNBEILLT LA —BHRRES LT, R ESENZRBBERINZTRELD
ENZERPLHE % - T

LALZdb0BRARBRRAHERREBELR - OTH Y, FITEANLEZRENRED LS 28Rt s
25ROV TRT A EAZERBTb b T SHRBMAEICLY, 25 LLBRAOKE: L VY AEY
RERTLFEMMEINZFNEELENTHH ),

ARMRELETT IS ), EBMRELEBLIATZEERMAZOEMOZROMEHEnciinic L
ERBHOBERTH2I0TH b, RS HERAHHESE, AEBERXBEFTRELMOAMBERE
OHBHZEETRHFOEEETLIDOTH b,
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