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ANALYSIS OF SUSPENSION BRIDGE BY MATRIX OPERATION

By Dr. Eng., Shigeru Kuranishi, C.E. Member

Suspension bridge has been usually analyzed
by differential equations replacing the hangers of
suspension bridge by a screen which resists to
While, if the

analysis of suspension bridge is carried out

vertical tensile stress only.
taking the effects of individual hangers into
consideration, the analysis may be more conve-
nient as compared with that of the screen
theory as described below ;

a) We can easily calculate the difference bet-
ween stiffening plate girder and stiffening truss.

b) We can calculate the effects of panel
loads placed between hangers.

¢) We can accurately calculate the influence
of variable cross section of stiffening plate girder
and truss.

d) We can analyze suspension bridge of any
cable form.

There is the following relationship between
panel point moments and deflections of stif-
fening girder
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While, the relation between deflections and forces
of cable may be written as follows;
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In which S, is given by
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For stiffening plate girder, each constant A,
B,, C, and a;, by ¢, is given from “three
moment theorem” as follows ;
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When the stiffening girder is a truss, the each
constant depends on the type of truss. For
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Pratt type, for example,
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are obtained, ignoring the elongation of the
vertical members of truss.

From equations (1) and (2), the panel point

moments are expressed in matrices as follows ;
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In which, if the stiffening girder is a plate
girder with a constant cross section, the matrix

|G| is given by
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This matrix | G| determines the distribution of
bending moment acting on the stiffening girder.
When the suspension bridge has a constant
cross section, the matrix |G| depends on the
value of 4 or p only. For example, taking p=
3, 4, 8,-10, the bending moment of a 12-panel
suspension bridge under a concentrated load at
center of span is obtained as shown in Fig. 2-
4. In which the term of 4H is neglected and
(p=3) corresponds to (the Steinman’s stiffening
coefficient=1/11).

Additional bending moment by a concentrated
panel load placed between hangers is shown in
Fig. 2-5.

As shown in Fig. 2-4, the p determines the
distribution of bending moment, if stiffening
Therefore,

an equivalent geometrical moment of inertia of

girder has a constant cross section.

stiffening truss to stiffening plate girder, which
gives stiffening truss equal p with stiffening
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plate girder, is found out in the following equa-
tion for Pratt or Howe type truss.
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In which, the first term shows the moment

of inertia of the chord member’s cross section
and the second term is correction term. This
correction term may be generally very small

Here presented analysis corresponds that of
“Linearized Deflection Theory”. The difference
of results by this method and by linearized de-
flection theory is very small as shown in Fig.
4-1.

Notation

H=horizontal thrust of cable by dead
load

4 H=increment of horizontal thrust by live
load
M} =panel moment at the k-th hanger
Np=term concerns panel load
Dy,0p,Up=member forces of truss shown in
Fig. 9
Pp=concentrated load
dp,0p,up,hp=length of truss member shown in
Fig. 7
F,2,F,?°, Fy*=area of truss member’s cross section
shown in Fig. 7
ap,Br,7r=inclined angles of truss members
shown in Fig. 7
A=panel length
7p=vertical deflection of stiffening girder
shown in Fig. 8
£,°,Ex% =horizontal displacement of panel point
of truss shown in Fig. 8
yp=ordinate of cable






