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THE TORISIONAL BUCKLING STRENGTH OF
SOLID RIB ARCH BRIDGE

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

SYNOPSIS
In this paper, the author discusses the late-
rally torsional elastic buckling problem of two-
hinge circular arch bridge, composed of two
main arched girders, cross beams and lateral
bracing, loaded by uniformly distributed vertical
forces (see Fig. 1). Employing the energy me-

thod, he obtains the critical stress.

T IEVIREA T TRRRRIR

0
] L

%@ﬁ Ty

Fig. 1

The total potential energy of the distorted

arch is given as a function of the displacement

and twist as follows :
[ Gy 1 N LEBY ., 1\
V'QJ_—a/? (ﬂo "R > CAR! (ﬂ/_ru/>

| EFb ‘<ﬂr 1 ) L GEJq by

4R?

b 1
( S R? l9/2+——2R2 /2>H—-»—{(/16—i R)cos?e
Rcosp}ﬂ}R ol @rereere e (1)

where J; is the torsional coefficient, F is the
area, J is the moment of inertia about y axis
of the main arched girder’s cross section, J, i

the moment of inertia of the cross beams’
cross section and 2 is the spacing of the cross
beams.

As the functions which satisfy the boun-

dary conditions, the deflection curve and twist

curve of the arch axis are assumed to be of the

forms
u:A-R(cos~—§~¢ +.%COS3T’”¢> ............... (2+2)
ﬁ:A(Vl cos {Tlpﬂwz cos 3(; (;) ~~~~~~~~~~~~~~~ (2+b)
ﬂaﬁA<u3 cos- ; @-+y, cos 3%—;0) --------------- (2+c)

where

El

TGy
(%) (g )
AP

9(7?7)( 2EF> 1

T
q( >+GJbz
B <n>2+6FJR2

. l

2 Glrb 7
2 2
g Y L 8BS
yo— a GJTb A
e NE * L BELR
o T GIrb 2

Those deflection and twist cuves produce
no strain energy due to bending about the radial
axis and give the arch a minimum strain energy.
The buckling load in symetrical mode is smaller
than that in asymmetric one.

The average critical stress at the arch crown

can be expressed as
aop=E ag{ije R)

where ¢ is the radius of gyration of the main
arched girder’s cross section and therefore
(i/e R) means the slenderness ratio of the arch
rib. The buckling coefficient g depends on the
loading condition, the torsional rigidity of the
main girder, the flexural rigidity of the cross

beams, the distance between the two main

girders, and alss on the central angle and
The ax is computed
(2) and

shown in the figures with various ratios m=

GJ/EJ, with various ratios (b/a R) and with

radius of the arch axis.
neglecting the terms of FH in Eq.
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stress becomes lower. This reduction factor u,
to ag is also computed for various ratios /R

and shown in the figures.
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various central angles . For example, ax is
shown here in Figs. 2 and 3 in the case of
m=0.1 and m=0.

Generally speaking, the flatter is the arch,
When the

arched main girder has fairly large torsional

the higher is the critical stress.

rigidity, the narrower is the arch, the higher is
the critical stress for the torsional buckling.
When the main girder has fairly small torsional
rigidity, the narrower is the arch, the lower is
the critical stress.

The above mentioned results have been
obtained under the assumptions that the cross
beams are rigid and rigidly connected to the
main arched girder. While the torsional rigidity
is reduced by the deformation of cross beams.
This reduction factor u, for the torsional rigi-
dity of the main arched girder is computed and
shown in Fig. 4.

‘When the loads are applied on the horizon-
tal line 4, above the arch crown the critical

For example, this reduction factor u, is
shown in Figs. § and §, when A/R-=0 and
/R =0.04.

The critical stress for the buckling in the
plane of arch axis is expressed in the same
form as that of the trsional buckling and in
this cose, @y is about 40. Therefore, there
is the possibility of the occurrence of torsional
The

rgion ¢x< 40 is computed varying the ratio A,/R

buckling, when «g is smaller then 40.

in the case m=0 and shown in Fig. 7.

x
0.8
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