The Stresses in Viaduct-Bents.

By I. Hiroi.

The writer having neglected to consider the effects
of temperature changes in the discussion of stresses in
viaduct-bents in his  “ The Statically-Indeterminate
Stresses in Frames commonly used for Bridges ”, has
made it the subject of an article, supposing that it would
be of interest to some of the members of the Society.

The temperature stresses in ordinary viaduct bents
are often not possible of combination with stresses
arising from other causes, unless the temperature at the
time of erection is exactly known. The following
discussion concerns the “stresses produced by any given

change in temperature alone.
Lot t=the range of a tem-

I ——
! perature change.
I t =coefficient of expan-
2 h sion and contraction.
) b Then in the bent of
Fig. 1 a rise of £ above an
7 1(47 o initial temperature would

Fig. 1 increase the distance &
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between the posts by #5, were the latter free to
move. The lower ends of the posts are, however,
being assumed to be firmly fiked, moment and horizontal
reaction would be produced at cach end:each horizon-
tal reaction H acting, as it were, through a distance of

Calling the moments producing co npression on the
outside fibre of the frame positive, we have for the
bending moment at any point in the post

M-—-Hzx
and in the cross-girder
M -4

Then, neglecting the effect of direct stresses, we get

for the internal work in the frame
1
2Kl

i I
w= ! f M= Ui+ L J (M — HASdx
EL ,

h

=51 + Zo (M—HJ)

H?/Lz)
2ElL,

(Mz—HM/t-r— o

J
in which I, and I, denote the moments of inertia of the
cross—girder and posts respectively and E the modulus
of elasticity of the material.

Then according to the principles of work



The Streszes in Viaduct-Bents, 3

dw do

=0 a1
So that we at once get
oM —HA+ 2 (M—HA)=0
I, I,
2 /4 b

(3M—2HA) + - (M~ HA=— 27
1

3L,
from which

= 2AL+0l,
AT, + 8L

M =( AL+ 8l ,)3.‘5,,124@/)
. il + 261, V5

In case the lower ends of the posts are Jnged
M =0 so that we get

=(,_£t_12_) E#66
241+ 3bL, ) 7P
Refering to the numerical example given on page
27 of the above cited work, for
t=  50° Fah.
E =30,000,000. lbs per sq. in.
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we get
M =263400 in.-lbs.
H=2840 lbs.
M - HA= 247,800. in.~lbs,
and for the same with lower ends of posts hinged
H=707 lbs
—H/Z=— 127260 in.-lbs.

Showing that the moment in the post due to
temperature change is very much augmented by rigid
connections, while against horizontal forces the reverse
would be true-a fact perhaps so well known as to
hardly require any further comment.

Longitudinally, the temperature stresses produced

in the posts also differ considerably according to the
modes of connection made between the girder and the
posts and the number of spans so connected.
Suppose that in Fig, 2. two continuous spans are fixed
longitudinally at C and movable at A and the posts
firmly fixed at D and rigidly riveted to the girder.
Then a rise t in temperature will tend to displace the
point B with respect to D by #/, so that H would
be acting, as it were, through that distance in the
direction as shown in the figure,

Calling moments producing compression in the
upper fiber of the girder and on the left side one of the
post positive, we have “for moment at any point of : —
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Fig. 2
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Again neglecting the effect of direct stresses, we
get for the internal work in the frame

= sy frras SR Y

o
h

(M—Hax)dx

1
[ ]
in which Iy and I represent the moments of inertia of
the girder and posts respectively, both considered as
being constant throughout.
Then since according to the principles of work

dw do do
"= mar=°  WR

=0
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we get
2L gh-M-Ry+ 2 (2HA- 3M) = SEH
I.’; I4 h
A?I{(H/z— M~R/+ 3{’7‘(H/1— 2M)=o0
3 4

HZ—-M—-2R/=0
from which

- (AL 3/, YGRLAY
2/T,+ 341, y2

- (/I + 64, )_61«:_14_10_1
2L+ 30L ) 7

If the lower ends of the posts were hinged at 1), M
would" disappear, so that we get

=(_ LI 4) 6E0!
y+241, 7 12
Again refering to the previous example and assum--
ing
I,=30000 in*. /=350 ft
I,= 1000 * k=15 ft
we get for the case of fixed posts
M =1,126,400. in.-lbs.
H= 12,290 bs.
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M —Hh=— 1,085,800 in.—lbs.

A comparison of such figures will show that in
most cases occuring in practice, the max. moment in
the post when the latter is firmly connected to the
girder and to the foundation may, without material error,
be assumed to be twice that produced when either end
is hinged.

The combined action of lateral and longitudinal
moments is to throw the greatest compression, in the
above case, on the outermost corner on the left side of
the post base.

By applying the foregoing computations to any
form of post-—sections it will at once be seen that a
considerable stress is produced .in certain portion of the
post, in the kind of bents discussad, under changes of
temperature  which are by no means uncommon, and
that such stress is greatest when the post is fixed at
b th ends, has been the principal reason of the adoption
of hinged posts in older structures. Modern practicc
in this kind of construction is however to secure, at the
sacrifice of material and work, the greatest possible
amount of rigidity, which is so essential to structures
intended to serve the purpose of rapid transit. Even
expansion—joints are no longer provided for every span,
but are placed at intervals as long as possible. It is for
this reason sincerely hoped, that on the clevated lines
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of Tokyo, now in course of construction, more substantial
structures will be constructed for street—crossings than
those originally designed for the purpose; and thus not
only to bring the first structures of the kind in this
country, in line of modern improvements, but at the
same time to make them safe and lasting ones to meet
the demands of rapidly increasing speed and number
of trains on the railways centering in the City.
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Pipes to be rolled into Flanges

Thres scores %" deep struck with

75 Bad, in each Flange.

100,10 15"

Holes for Bolts to be Drilled " larger

than Diameter of Bolts.

Pipes to be Beaded over Edge of
Flange a distance. T=Thickness of pipe.
Entering Part of Flange to be Turned
<%’ less in Dia. than Receiving Part

STANDARD DIMENSIONS OF ROLLED AND RIVETED STEEL FLANGES FOR STEEL PIPE.

PRESSURES FROM 101 TO 300 LBS. PER SQ. INCH. PRESSURES FROM 301 TO 500 LBS. PER 8Q, INCH.
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