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Proposal for Suspension Bridge with Additional Mass

—A Solution for The Severn Bridge Problem—
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Chapter 1

The Severn Bridge has been the most controversial
topic recently among the engineering world, and it is
now widely known that the bridge is approaching to
the end of its life through material fatigue after 16 to
17 years of public service.

Dr-Ing Hellmut Homberg of West Germany as-
cribed its cause to the inclined hangers (Ref. 1), but
Mr. Bernard Wex, Engineer and partner of the
Freeman Fox and Partners in the UK., claimed that
the fatigue of the Severn Bridge mainly resulted from
the soaring increase of traffics — the condition of live
loading has changed greatly since the time the bridge
was built. Moreover, he further commented that the
phenomenon to the material fatigue is not so simple
as to be attributed to the inclined hangers alone, but
it is actually a more complicated and more delicately
entangled one (Ref. 2) .

Indeed, both the above explanations clarify the
causes of the Severn Bridge problems in some aspects,
but we dare say that they are not enough to satisfy
us. The reason why is that in the above arguments
one of the fundamental factors is forgotten. That is
the dead load, or the weight of the suspension bridge
itself.

Chapter 2
More than a hundred years ago in the U.S.A., John
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Roebling pointed out three important factors for the
stabilization of the suspension bridges. They were
“weight”, “truss” and “cable stays”.

After the disaster of the Tacoma Narrows Bridge
in 1940, American engineers adopted customarily
heavy stiffening trusses for their great suspension
bridges.

In the UK., however, when they started to
construct the Severn Bridge, the engineers invented a
stream-lined box girder and adopted inclined hangers
for the sake of cable stays. With these two innova-
tions which are widely acclaimed, it seems that bridge
engineers disregarded heavy trusses and, at the same
time, it looks that they forgot utterly what John
roebling said of the weight.

Once neglected its weight, or the significance of
the dead load, the suspension bridge has become to
be very sensitive structures against live load as well as
against wind forces. See Fig.l (A) which shows how
sensitive a light suspension bridge is.

In Fig.2, cross sections of both the Severn and the
Forth Bridges are shown for the reference. The con-

ditions for the above calculations are shown in Table
1.

The Severn type light box section shows the
largest displacement with live load. The Forth type
truss section shows more of the stiffness than the
light box, and accordingly its deformation is about
20% less. The most eminent is what we propose,
the Severn type box section with additional mass.
It shows the most stiffness, 20% better than the
truss-stiffened one, and 40% better than the original
Severn type light girder.

These diagrams explain eloquently how sensitive
a light suspension bridge is, and at the same time,
they show how effective it is to add mass or weight
upon a suspended structure.

The weight, or the additional mass, for our pro-
posed section is rather a reasonable one. In this case
we considered 7.45t/m of longitudinal uniform load.

For the reference we provide the maximum
moment diagram in Fig.1 (B). This also shows
evidently the excellence of our proposal.
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So far as Fig.l concerns, we discussed the live
load and the vertical displacements alone. Concern-
ing the long span suspension bridges, however, wind
forces and lateral displacements are often more
critical than the vertical ones. Fig.3 deals with this.

As shown in Fig.3 (A), truss section has naturally
wider resisting area against the wind than the stream-
lined box section. Accordingly truss sways wider,
thus distinguishing the eminence of the stream-lined
section. Even in this case, additional mass increases
the stiffness compared with the original light girder.
The same effect is clearly shown in the maximum
moment diagram of Fig.3 (B), where the moment
of the mass added section is about 23% less compared
with the original light section at the center of the
span.

Speaking of dynamic characteristic, it can be
easily proved through numerical calculation that
the natural frequency of a suspension bridge is hardly
affected by the application of mass on the suspended
structure. This tendency is especially prominent with
the vertical oscillation, and even with the torsional
oscillation, so far as the mass is concentrated along
the center of torsion of the suspended structure, the
same tendency is clearly seen.

It is true that the polar moment of inertia is
affected if the mass is applied excentrically on the
center of torsion of the structure. It is also true that
once the polar moment of inertia is changed the
natural frequency of the torsional oscillation varies
consequently. We have already confirmed, however,
that the variation of torsional frequency of a suspen-
sion bridge is slight and practically negligible, so long
as the addition of mass is applied uniformly in the
form of concrete slab upon the surface of the sus-
pended deck.

As it is clear now from the above explanation, the
natural frequency of a suspension bridge is hardly
affected with addition of mass upon its suspended
deck, provided that the cross sectional characteristics
remain unchanged. This follows that the addition of
mass upon a suspension bridge reduces the amplitude
of oscillation induced by the external force such as
wind or vehicles. In other words the addition of mass
improves the aerodynamic stability of a suspension
bridge, and Fig.4 shows the three typical cases of
such aerodynamic amelioration: the bending aeolian
oscillation, the buffeting motion, and the critical
wind velocity of classical flutter.
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Table 1

Conditions for Calculation

Sev. For. Sev.(M)
9 |Cable and Hanger (t/m/Br) 2.76 3.90( 4.0)| 4.80
Q
’,g Supended Structure (t/m/Br) 9.55 |11.50(17.0)| 17.00
<
A Total (t/m/Br) | 12.31 |15.40(21.0)| 21.80
gg 'Wc (on cable) (t/m/Br) 0.217| 0.256 0.284
£SWg (ongirder)  (t/m/Br) | 0.238] 1.080 0.238
Area of Cable (m? /Br) 0.324| 0.452 0.556
., |Moment of Inertia (vertical) 1.126 | 4.7( 3.5) 1.126
2 |(m*/Br): Ix
=]
& [Moment of Inertia (lateral) 48.070 | 38.0(27.0) | 48.070
& |(m* /Br): 1y
Torsional Stiffness (m*/Br) 2.898 | 1.3( 1.3) 2.898
Factor of Girder: J

( ): side span

In the above table, symbols for Sev., For. and Sev.(M) mean
as follows;

Sev. — Original Severn Bridge itself, that is the one stif-
fened with the Severn type light box section.

For. — This means the case where the suspension bridge
is stiffened with the Forth type trusses with steel
deck.

Sev.(M) — This is our proposal, the Severn type light box
section with “‘additional mass”.
In this case, the reinforced concrete slab on the
side span of the Forth Road Bridge is considered
as the mass.
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Table 2 Examples of Unstiffened Suspension Bridge

with Heavy Deck
Name of Bridge | Year Built | Span Length Width
(m) (m)
SHIROGANE 1955 162.4 2.6
YATATE 1955 90 3.5
ICHINO 1962 90.8 3.1
HACHIMAN 1969 160 3.5

Chapter 3

A. Hirai, one of the authors, proposed some 25
years ago an “Unstiffened Suspension Bridge with
Heavy Deck” (Ref.3) with Dr. Manabu Ito, now
professor of the University of Tokyo, and got patent
right in Japan. In this invention the necessary stif-
fness for a suspension bridge is mainly obtained
from the dead load, or mass, and its first application
was the Shiroganebashi Bridge in the year of 1955.

Since then, this type of suspension bridge has been
widely accepted in our country for light traffic,
medium-size spans becuase of its economical advan-
tage. Up to this time, scores of such bridges have
been erected and some of their early examples are
listed in Table 2.

In Fig.5, we showed the typical cross section of
this type of heavy deck. Principally most of the
heavy decks of our type of unstiffened suspension
bridges are in similar designs and are all very simple,
but actually their lifetimes of service are longer than
that of the more sophisticated Severn Bridge.

So far not a single span of our invention was
reported to have been critically damaged or recon-
structed.  This tells us most eloquently how
important the weight working upon a suspension
bridge is!

Since the time, however, when the stream-lined
box section for the stiffening girder was adopted for
the Severn Bridge, it was regrettable that the engi-
neers seems to have forgotten the role and the signi-
ficance of the weight or mass in a suspension bridge.
Instead, they invented the inclined hangers for the
purpose of stabilizing a light suspension bridge, and
made the matter worse on the contrary.

To tell the truth, if only we remembered correctly
what John Roebling meant, and if we added some
mass on that suspended box girder, the inclined
hangers were of no use and would not have been
contrived.
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Fig. 5 Cross Section of the Unstiffend Suspension
Bridge with Heavy Deck
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In our opinion, the stream-lined box section with
the additional mass should have been prevalent as the
best solution for both structural and economical
reasons, not the one with the inclined hangers.

Speaking of the hangers which are the most criti-
cal and so the most controversial among the members
of the Severn Bridge, addition of the mass or the
weight does not only mean the alteration of hangers
from the inclined position to the vertical, but it
also ameliorates greatly the resisting strength of the
material for the fatigue. Additional mass makes the
dead load heavier and the proportion of the live load
relatively smaller, thus the amplitude of the live load
stress comes to be smaller, too. This effect is equally
expected for the other members, such as cables,
towers, and so on.

Increase of the steel weight in the superstructure,
owing to such addition of mass, is quite a reasonable
one. Compared with the original Severn Bridge with
light box section, it does not surpass 20% at most by
our estimation. This value is equivalent to about
the half of the increment of the expected steel
weight, if the Forth type stiffening trusses were
adopted.

Speaking of the volume of the additional mass or
weight applied in the above calculation, we con-
sidered that of the concrete slab just for our conven-
ience. This could be varied, of course, and we could
find optimum quantity for each case. Further
studies concerning the oscillations, both vertical and
torsional, may well suggest us to concentrate the
whole additional mass to the center of the twist,
instead of distributing it like slab or pavement as we
mentioned here.

In conclusion, we want to say all the troubles now
occurring to the Severn Bridge and its followers
resulted from just one thing: the bridge engineers
disregarded the important role of the “weight” in
the suspension bridge. Thus the' solution for these
troubles are clear enough now: just add the necessary
mass to the suspended structures and increase the
dead weight of the bridge according to our method.
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