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THREE DIMENSIONAL ANALYSIS OF SIMPLY
SUPPORTED CURVED GIRDER BRIDGES

By Dr. Eng., Ichiro Konishi, C.E. Member and
Dr. Eng., Sadao Komatsu, C.E. Member

SYNOPSIS

Whenever a curved girder bridge is loaded
transversely, the bending and torsion are gene-
rally bicoupled. Hence, it is much favorable
to adopt such a structural type as box girder
bridge or grillage one, which can resist effecti-
vely the torsion induced over the whole cross
section of bridge.

In this paper, the authors have obtained the
solutions for the deformations and also for the
strese resultants by means of the generalized
torsion bending theory which they developed in
the previous paper.

1. Fundamental differential equations

and boundary conditions.

Firstly, the authors reduced six pertinent
equations of statical equilibrium for the differ-
ential element cut off by two vertical planes,
which contain an infinitely small angle and pass
through the center of curvature both.

From these equations the authors obtained,
through substitutions, the following four funda-
mental equations governing the two bending
moments M, M, with respect to the horizontal
and vertical axes Oy, Oz through the centroid
O, of the bridge section, the axial force N and
also warping moment M,

When arbitrary vertical load acts upon the
curved girder, the differential equations and the
boundary conditions for the bending moment
M,, the warping moment M, the twist 6, the
absolute rotating angle g, the deflection &, the
St. Venant’s torsional moment 7, the secon-
dary torsional moment 7, and the shear Q,
are expressed in the following Table A.

2. The solution of the stress resultant

and the deformation.

The solution for the simply supported girder
can be readily found in order of Table A, and
that are given, for various loading conditions
as shown in Fig. 1, in Tables 1~9 inserted in

Table A.
I differential lequation I :333&?;3:
d2M,, R
My, a5 +My=— ﬁippzd ° My=0
d?M, Rg
My, ] <p2w —a?M,= ~R(My+fm pYod p) My, =0
a2
[4 ECy W=Mw =0
dp R R?
= —— —_— =0
A e +B8=M, Boly + My X 8
3 0=Ry(0—F) 6=0

de
Ts TS=GSJW -

a3
Tw Tw=—ECyw W

T T=T+Tyw —

__1 (4My _
Q | e ( e +T)

(2) uniformly distributed (b) longitudinaly distributed
load poton/m?

line load W t/m

(d) concentrated
load p ton

(c¢) transversaly distributed
line load W t/m

(e) partiallg distributed (f) concentrated torgue
load po t/m m, t/m
Fig. 1 Typical Loading Conditions.
this paper.
3. Numerical Example.
Applying the previously described theory, the
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authors have performed numerical calculation
with respect to box girder bridge, which has a
span of 33.527 m and a radius of the curvature
of 30m, as shown in Fig A.

statical quantities ;

= | ¢

1) o, n —

w0 *-1; 7 ~Z =

ouf ol 635'l i N ,

58 T -

. . -

J__in | -

U ]

T 1T 20 1231.9 || 14414 |

1371:6- ]

Fig. A ]

The results of the calculation was freely illu-
strated in this paper.

The contents are as follows :

(1) stress resultant

The distribution of the following seven kinds
of stress resultant along the longituginal girder
axis under the typical loading conditions was
clarified ;

(1)
(2)
(3)

bending moment M,,

warping moment M,
shear due to bending O,

(1) bending moment M, at the mid span,

(2) warping moment M, at the mid span,

(3) total shear Q at the end,

(4) shear due to bending Q at the end,

(5) total torsional moment at the end,

(6) " St. Venant’s . torsional moment 7 at
the end,

(7) secondary torsional moment 7,

(8) absolute rotating angle A at the mid
span,

(9) twist 8 at the mid span,

(10) deflection of the shear center & at the
mid span,

(11) deflection of outside girder 6, at the
mid span, and

(12) deflection of inside girder 4; at the
mid span.

(iv) Normal stress distributions for the four
cases where the bridge is subjected to either the
uniformly distributed load p,=350kg/m* over
the whole surface of the deck plate or the con-
centrated loads P=10ton acting upon the three
different points at the mid span respectively.
The normal stress distributions were made clear,

(4) St. Venant’s torsional moment 77,
(5) secondary torsional moment 7T,
(6) total shear Q,

(7) total torsional moment 7.

(ii) deformations

(1) normal stress due to bending o,
(2) tortion bending stress o,,

(38) total normal stress c=0,+0,,
(v) shearing stress distributions

The distribution of the following three kinds
of deformation along the longiturdinal girder
axis under the typical loading condstions was
clarified,

The shearing stress distributions at the end
section, under the same loading conditions in
the previous paragraph (iv), were found as fol-

(1) deflection ¢

(2) absolute rotating angle #
(3) twist 6.

(iiil)  influence surfaces

The influence surfaces of the following twelve

lows,
(1) shearing stress due to bending r,,
(2) 5t Venant’s shearing stress r,,
(3) secondary shearing stress 7,, and
(4) total shearing stress r=r1,+7r,+1,,.

(Recieved May 25, 1962)






