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An opinion was expressed in the annual session of Punjab Engineering
Congress 1922 that bridges must either be stiffened in the orthodox
way or left unstiffened altogether. The author disagreed with this view
and showed how stiffness of most of the bridges in the Punjab Hills
depended on the rigidity of their floors. This paper attempts to give a
solution of the general case where the moment of inertin of the
stiffening system may vary from zero to infinity.

The method used in this paper is not new, According to the author of
the “Framed Structures” the bending moment is nat proportinal to the
load and the use of influence lines is, therefore, inadmissible, This
objection is not practical. The hridge designers are relying more and
more on influence lines. The author has restricted himself to the
methads of drawing these. The special case of small Moment of Inertia
or what is sometimes referyed to ns the stiffened floor has also been
dealt with. No attempt has been made to treat the general case of
continuous girder and suspended side apans, The practical example
“taken up in the paper is of a bridge with free ends at the tawers and
straight back stays.

The hasic assumptions are : (i) the moment of inertia is uniform for all
parts of the span, (i) there is no bending moment and (iii) no end
reactions are produced under dead load. Mean temperature has been
assumed for the analysis. Thrust computation is based on the
assumption that deflection is negligible which is same as assuming a
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large moment of inertia. Bending moment has then been worked out
for a single load as a function of thrust and deflection. Deflection has
been eliminated from the moment deflection relation to yield and
equation expressing moment as a function of the thrust, the position of
the load and the position of the section at which the moment is
required.

Thrust has been found by the method of least work. It depends on the
work done in bending the stiffening girders, stretching the cables
including backstays and that due to temperature strains. It must
therefore be worked out independently for each case. The following
solution allows for the work done in bending only and will generally
give results within 5%.

Work done in bending the girder = Fo= 0 M®dx

Where

"~ M is bending moment at a point due to load W.
E is modulus of elasticity
and | is moment of inertia of floor
Differnentiating the above equation w.r.t thrust H,
equating it to zero and putting M = M~ - Hay

H = s
where
H = thrust due to load W
M+ = bending moment in girder assuming no cable.

To find the influence line for H, assume a single load W and let
M = Wam- S

where .
mo= 1/2(1-2)(1+x) X<Z

andme = 1/2(1+2)(1-%)=120-20+x-x-2);X > Z
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andy = (1-x¥)/r
hence h = H/Wr = nz‘_’_(_}_:_zti)__c!x
Solving the above equation we get
h=(- z?) (1-Z9)x5/64
This is the influence line of H.
In the case of a uniform load W over the whole span :

H=1/2Wra

the bending moment due to a single live lead W is more
accurately expressed as;

M =M - Hay - Hau
Where "au" is the deflectien at P, H the total thrust due to all Loads
dead and live. H is that due only to load W. the terms due to dead load
are left out as they cancel each other. The equation is rewritten-as ;
Wam = Wanr - rhayW - Hau

or m = m¢ - rhy - Hu/W

From the above equation, the equation for bending moment influence
is dertved which is ;

-m = A sinhcx + BCoshex + D

A and B are constrants of integration and [D = 2h/¢

where ¢ = g” H/El

sinhc (1 - 2) ~cosh ex sinh ¢x 2h ) cosh cx

- . l b
2c cush'e sinh ¢ [id cos he
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sinhe (1 + z) cosh ox sinh ex 2h tush %
and M =T seremsmscsran R PE—— i

rtetens s
" N i
2c cosh e sinh ¢ s cos he,

.................

When c is very small, moment of intertia I tends to be infinite and the
above equations become those ordinarily used for stiffened bridges.
When c is large, I is small and the equations are those of the
unstiffened bridge. In the former case influence lines for bending
moment ‘m’ and shear ‘s’ are given respectively by the following
equations;

m=1/2(1-2)(1 +x)-h(i-x*)ie m°-rhy

and m'=1/2(1 + 2 (1-%-h (i-x*) ie. m"-rhy
s=2hx+ 1/2(1-2) x <z
8 =2hx-1/2(1+2) x>z

In the latter case influence lines for bending moment and shear are
given respectively by the following equations.

-c{z-%)

m = a/2¢ le -4hfcli x <2
-c (x-2)
m’ = 1/2c[e -4h/c]l; x> 2
-¢ (z-Xx)
and s =-1/2e X<z
-¢ (x-2)
s =1/2e TX>12

The suspension bridges have so far been divided into two distinct
classes, stiffened and unstiffened. The latter have been used wherever
cheapness was the primary consideration and the former where
stiffness was essential. By the use of the preceding formulae it has
become possible to design a bridge for any specified stiffness or depth
of girder. To determine the economic degree of stiffness to be adopted

we must have a much clearer conception of the relative advantages and
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disadvantages of this property. The principal considerations will
probably be the cost of stiffening girders when these are used and the
excessive gradients and dangerous oscillations without them,
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