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SYNOPSIS

The aerodynamic instability of complexed structures as the truss-stiffened suspension
bridges should be investigated by the only arrangement of structural members at the first step of
their aerodynamical design. At the second step of the design, it should be considered to improve
the aerodynamic instability by attaching the proper shape plates (fin, flap, etc.) to the structur-
ally designed sections, which have the effect to offer more stablé sections of suspension bridges
as a result of changing the pattern of separation flow around deck plate. However, the inves-
tigation at the first step has not been carried out systematically on the point of view of the
arrangement of structural members in conventional researches about the aerodynamic character-
istics of suspension bridges. It is discussed in this paper that the acrodynamic stability of
truss-stiffened suspension bridges remarkably depends on the arrangement of structural members

of main truss.

1. INTRODUCTION

Recent vears a lot of researches about the im-
provement of aerodynamic instability of truss-
stiffened suspension bridges have hbeen done.
When the flutter osciilation of suspension bridges
is investigated, it must be considered which
member mainly influences the flutter phenomena.
As the Autter of suspension bridges is assumed to
be the stall flutter which is caused by the sepa-

ration flow from the upstream members, the con-

ventional works have been taking the standpoint
that the dominant members to the flutter are the
handrails and the curbs which are placed at the
ends of bridge deck. Mowever. the upper chords
of structural frames are located outer than the
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handrails and their sizes of long-span bridges are
similar to the height of handrails, therefore the
location of the chords may have similar effects to
the flutter oscillation as those of the height of
handrails. But recent researches about the im-
provement of aerodynamic instability have been
focussed on changing the structurally designed
section to the aerodynamically stable one with-
out considering the arrangement of structural
members. They may be roughly divided into
two researches. These have been examined by
pulting proper shape plates (fin, flap, etc.) on the
ends of bridge deck!'™and the vertical plate on
the central reserve of that® The former tries to
improve the aerodynamic instability by changing
the pattern of separation flow from the upstream
members, the latter by changing the reattach-
ment of separation flow. In any case, they alter
the structurally designed original shape to an
aerodynamically stable one by attaching some
plates to the original shape. This means that
the design of long-span bridges has been accom-
plished by means of separating the structural and



the aerodynamical designs without considering
the arrangement of structural members.

The worlk of this paper is to investigate how
the aerodynamic responses are influenced by
changing the arrangement of structural members
and which member of the main truss is dominant

to the flutter of suspension bridges. The experi-

ments are carried out by focussing on the rela-
tions among the aerodynarnic responses and the
settlement of deck plate and structural members
of main truss.

2. MODELS IN EXPERIMENTS

The following experimental cases are adopted
to investigate the aerodynamic stability of sus-
pension bridges by the arrangement of structural

members. Fig. 1 shows the cross-section of orig-

inal model which has the dimensions in experi-
ment, the length of 1.060 m, the weight of 5330 g/
m, the moment of inertia of 15.60 g.m.s*/m, the
frequency of torsional oscillation of 3.47 hz, the
frequency of bending oscillation of 1.73hz, and
the logarithmic decrement of structural damping
in torsional oscillation of 0.0026 to 0.0036 (which
depends a little on the torsional double ampli-
tudes 2¢). Fig. 1 is used for the explanation of
the following experimental cases.
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Fig. 1 Cross-Section of Original Model (mm)
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Casel: T-30-0Q, T-32-0; the original sec-
tions with the width of main truss of
30 cm and 32 cm, respectively.

Case2: T-30-C, T-32-C; the modified sec-
tions by covering the gratings (@ at
the both ends of original models with
thin plates.

Case3: T-30-H, T-32-H;; the modified
sections by covering the gratings @
and the handrails @ of the original
models, in both cases H; and H,, mean
half and full covered handrails, respec-
tively.

If there is the difference of aerodynamic res-
ponses between T-30 and T-32, it is probably
based on the difference of width of main truss
because the difference of width will make change
the pattern of separation flow from the upstream
upper chords of main truss. Case 3 is adopted to
observe the region of path of separation flow
from the upstream upper chords. If there is no
difference of the responses, the separation flow
from handrails is probably dominant to the flutter
oscillation in this case and the layer of separa-
tion flow from the upper chords is assumed to be
very thick.

Cased: T-32-D,; the 32cm width original
sections with the deck plate of the
height of # mm from the main truss.

This case is chosen to investigate how the aer-
odynamic responses are influenced by alteration
of the height of deck plate from main truss.
As it is difficult to make the model with
continuous alteration of width of main truss, the
alteration of width is replaced with that of height
of deck plate from main truss, for it is assumed
that the pattern of separation flow is similar in
both alterations.

Case5: TM-W-D,; the modified models
which have the only upper chords of
main truss and the deck plate of orig-
inal section with the height of /z mm
from the upper chords. The width W
is changed in 5 steps of 26,28, 30,32
and 34 cm.

Fig. 2 (a) gives the reference to the explanation
of Case5. This case will supply the informa-
tions about the effect of upper chords to the flut-
ter oscillation of suspension bridges.

Case6: TK-W-D,; the modified sections
with the upper side K-truss of main
truss of the width 1Y the same as Case
5 and with the deck plate whose height
is .2 mm from the upper side K-truss.

Fig.2 (b) is K-truss for Case 6. The last case
will teach us the influence of K-truss which has



(a8} Model for Case 5
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(b) Model for Casec 6

Fig. 2 Cross-Section of Modified Models (mm)

diagonal and lateral members between both up-
per chords. The pattern of separation flow may
be changed by the diagonal members after the
upstream upper chords in the direction of main
flow,

It will be made clear from the results of the
above mentioned cases that the arrangement of
structural members is important in the investiga-
tion of the aerodynamic responses of truss-stiffen
ed suspension bridges.

3. RESULTS OF WIND TUNNEL TESTS

The experiments are carried out in focussing
on obtaining the aerodynamic responses by using
the two-dimensional models with angles of at-
tack (a) of 07, 427, £4°, +6. The results are
shown in Figs. 3 to 7 whose abscissas and ordi-

nates have the dimensions of wind velocity (V)
and double amplitudes of torsional oscillation
(26}, respectively.

() Test of Casel (Fig. 3)

Both sections have no responses of steady state
oscillation at the angle of attack smaller than
those of 0 over the wind velocity in experiments.
Concerning the critical wind velocity (¥, ) which
causes abruptly the torsional flutter of suspension
bridges, V., of the model with narrow width of
main truss is higher than that of wide one at all
angles of attack. The model with narrow width
is more favourable in aerodyvnamical design than
the wide one in this case.

(b} Tests of Case 2 and 3 (Fig. 1)

The medel with narrow width is more stable
than the wide one as similar to Case 1 according
to the results of Case 2. On the other hand, both
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responses of the models with narrow and wide
width are nearly equal in Case 3. This means
that the plates covering the handrails have the
effect to prevent the separation flow from the
upper chords from passing over the plates, as a
result of that, the Autter oscillation of this case is
assumed to be generated by rather the separation
flow from the plates than that from the upper
chords.

(c) Test of Cased (Fig. 5}

According to the results of Casel to 3, the
aerodynamic responses depend on the width of
main truss. Cased is used to investigate the in-
fluences of the height of deck plate from the main
truss to the aerodynamic responses. Fig. 5 is the
result of the height of 0 mm to 10 mm of deck
plate from main truss with the width of 32 cm at
the angle of attack ¢ = +6°. This figure shows
that the critical wind velocity becomes high with
increasing the height of deck plate -

(d) Tesl of Case 5 (Figs. 6, 7)

The results of Case 1 to 4 teach us that the
aerodynamic responses depend on the width of
main truss and the height of deck plate. Case5
is adopted to investigate the effect of the width of
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upper chords and the height of deck plate from
the upper chords. Figs. 6, 7 show the responses
of Case 5 at the angle of attack o« = +4°, includ-
ing the case without structural members (i.e. with
only deck plate) at the same angle of attack.
Fig. 6 is the case of the height of 0 mm and Fig.
7 is that of 4mm. Concerning the width, the
model does not always become more stable with
decreasing the width, but there is probably the
most suitable width to the aerodynamic respons-
es of suspension bridges. They have the tenden-
cy to be unstable with increasing the height ex-
cept for the case of width 26 cm between both
chords.

(¢) Test of Case 6 (Figs. S8, 9)

Comparing Cased with Case 5, the result of
Case 5 has a reverse tendency to that of Case 4
about the influence of the height to the aerody-
namic responses. It is assumed that the differ-
ence of this tendency is caused by the existence
of diagonal members between upper chords.
The reponse curves in Figs. 8§ and 9 have similar
tendency as Case 4. Therefore the aeredynamic
responses are delicately influenced by the exist-
ence of diagonal members between upper chords.
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from Main Truss (Case 4)
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4, CRITICAL WIND VELOCITY
ACCORDING TO ARRANGEMENT
OF STRUCTURAL MEMBERS

The critical wind velocity is discussed with re-

lation to the height of deck plate from main truss
and the width of that. The critical wind velocity
in this seclion means the velocity corresponding
to the double amplitudes of 24 =1 in the re-
SPONSe curves.

(1) Critical wind velocity — height of deck
plate (the case of constant width of 32 cm of
main truss). According to Fig. 10 which
shows the relation between the critical wind
velocity and the angle of attack, it has the
general tendency that the critical wind velo-
city becomes high at most angles of at-
tack with increasing the height of deck plate
{from the main truss. In this case, it may be
concluded that T-32-D; is most favourable
section. In order to investigate the effects
of K-truss (upper side truss of main truss),
Fig. 11 is offered which shows the relation
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Fig. 11 Critical Wind Velocity to the Altera-
tion of Deck Plate from Upper Height of
Chords with Constant Width of 32 cm

between critical wind velocity and height of
deck plate for 3 cases of Cased, 5 and 6.
With respect to the critical wind velocity to
the height of deck plate, Case 4 has a reverse
tendency to Case 5, but it has the similar one
to Case 6. This means that the aerodynamic
responses depend on not only the upper
chords but also the diagonal members be-
tween bhoth chords. It is considered that a
little difference between Case 4 and Case 6 is
caused by the another members, for example
the side trusses and the gasset plates to
connect the truss members. It may be
concluded that the upper side K-truss mainly
influences to aerodynamic responses of truss-
stiffened suspension hbridges.

{(2) Critical wind velocity — width of upper

chords (Cases 5 and 6)

Fig. 12 shows the relation between the criti-
cal wind velocity and the width of upper
chords in the case without the height of deck
plate from that. Both cases have similar
tendency that the critical wind velocity he-
comes high with increment of the width of
upper chords and takes a maximum value at
the width of 30 cm but becomes low with
increment of that over 30 cm. The maximum
value Is about two times as large as the mini-
mum one. This means that the choice of
proper width of main truss is very important
to improve the aerodynamic instability of
long-span suspension bridges.
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5. CONCLUDING REMARKS

The conclusions from the present investigations
are followings.

{1) The aerodynamic stability’ of long-span
suspension bridges remarkably depends on
the arrangement of structural members.

(2} The flutter oscillations of suspension bridg-
es depend on not only the separation flow
upper chords but also the change of flow
pattern by the existence of diagonal mem-
bers between upper chords. The effects of
diagonal members appear remarkably in the
case of alteration of height of deck plate

from main truss.

(3) It is possible to connect the structural and

the aerodynamical designs by the considera-
tion of arrangement of structural members
in the design of truss-stiffened suspension
bridges.
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