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PREFACE.
For railway as well as highway bridguos,
there is probubly no other form of gird-
ers thut are more extensively used and
duily being couslimebed than plate-girders.
The reason for this lies minly in the
siniplicity of their construction und their
stiftness ws compureld with open-girders.
That the eonstruction of plate-givder is
simple, is, however, no reason to Bup-
pose thal thoe stresses prodneed in it by
external forees ave, alwo, simple,  On the
contrary, to determine actunl slresses in
avery purb of a plate-givder is one of the
most complieated problems that can come
in the way of bridge engineers,
. Thl.j abundance of plate-girder draw-
ngs I almost every engineering office,
ho matter whether their designg are cor-
rect or not, has usually been a source to
wany draughtsmen to “ design” a new
girder; and indeed vvon in regular hridgo
works in the rush of work, as is usunl ?n
1.hm‘;u places, is there lardly any oppor-
tunity for draughtsmen to  examine

4

whether each part is rightly proportioned
or not, unless they are thoroughly posted
in the ground principles upon which rest
every part of the design of a stroctave,
and, which latter being not always the
cage, a8 a consequence plate-girders are
often designed and constructed in a most
careless manner, no particular attention
being paid to the proportion and arrange-
ment of parts, the spacing of rivets, ete.,
every one of which forms the most im-
portant factor in the strength of w girder ;
merely showing that the fact that n

. strueture is standing is not the indicution
of the correctness of its design.

Tt is the aim of the writer, in the little
volume now given to the public, to present,
in as simple a manner ag possible,
o somewbat ralional mode of design-
ing girders of this class with specinl
reference to American practice. And in
the absence of any particular treatise vn
the subject within the reach of everyone
as yet, it is hoped that it may be of some
help to beginners in bridge designing.

I H



WEB-STRESS,

While in trusses without superfiuous
members, or thuse supposed to be 80, to
detormine the stresses acting in their
members is quite o simple matter, wo are
in much ignoranco ns to the nabure and
tnount of strosses in cortain parts of plate-
girders, which are wnally  considered
to be the simplest forms of girders, al-
though they have been the subject of
claborate mathematical investigntions,
especially by Prof. Aivy and Mon. Bresse.

In trusses like ordinary luttice girdery,
fny one cun seo at once that the beuding
moment produces two parallel strosses
resisted by two chords, and that the sheur
produces in the web-members stresses
whose directions correspond to those of
the resisting members themselves, in
order to form proper reactions at both
ends of the girder. The amounts of all

these stresses ean be easily ealeulated by
well-known methods.  But not so with
continuown web-plate givders., Fven aftor
we consider, as i3 most frequently done,
as taken off from the web the function of
taking part in resisting fhungo strosses,
and consider flanges alone as taking cave
of the Lending moment, the nmbiguity of
stresses in webs still remains.  Prof,
Airy conmuicated the resull of his in-
vestigation to the Royal Boddety in 166%,
under the title, * On the Sirains in the
Intervior of Beams.” Starting from the
consideration that a henn is composed of
lning in a vortical plane, and that wny
number of forees acting at a point may
wlways Lo replaced by two forces at right
sugles to each other, ho derived equa-
tions of equilibrinm, with whiclh he duter-
mined the mugnitudes and dircetions
of these two forces in several parts of o
beam under various modes of loading and
supporting.  His investigation verified
the nlready existing notion thal stresses,
compression and tension tuke place in
the web at the angle of 45% a fact which
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Stephengon more than 40 years ago
found from his experiment on the model
of the Britannia Tubular Bridge. The
days for Britannin and Conway tubes are
now gone, but in those days there wus
much controversy as to the relative merits
of plate and open-girders for lurge spuns.
Starting from the resultof his experiment,
Stephenson argued that since plate-givder
is nothing more than alattice-girder with
web bury put close together, und that the
bar in tension wmay at tho same time be
subjected to compression in the divection
of ibs width, one-half the nmount of metal
cenn be saved if the web were a continnous
plate.  On the other hund, it has been
rightly argued that, on sccount of the
impossibility of accurnte determination
of stresses in the web, and of other prac-
tienl causes, lnrger amount of material is
required to cover that ambiguity for
plate-girders, than for lattice-girders, for
which a more economical distribution of
malerial iy possible.

It is beyond the scope of our present
work to enter into the discussion of

8

mathematical investigations of continnous
web strains, nor will it bo of much use
when we consider in the light of experi-
ments how different often is the netual
state of affairs in o picce of materinl sub-
jocted to stresses in different directions
from what the theory asserts. Under
gucl eiveumstances, the less strained part
tends to help the move strained part, and
the stresses chango from one direction to
another in mumers depending upon the
intensitics of stresses and molecular we-
rangements of the materinly, and thas
defy all correct determination ol actual
stresses.  On this point the oxporimont
of Mr. Baker* on the strength of beuns
i of great interest.

In order, however, to form some notion
of the nature of stresses in w continuous
web, and to derive formulas neeessary for
proportioning the same, wo will view the
matter in the shwmplest manner possible.
In a beam supported at both ends, and
subjected to the action of o voertical
foree, it is evident that at uny of its ver-

Bee Minutes of the lustitution of Clvil lingineoers, 1850,
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tienl sections, by the virtue of the bend-
ing stress, that part of the beam above
the neutral axis is subjected to compres-
sion, and that below to tension, whose in-
tensitioy atlain maximum values at the
outermost fibers of the beam, and de-
crensu to zero at the neutral axis, "This
intensity at auy poiut is at once obtained
from the well known equation of flexure:
_Lf;,/ S e e (1)
4. ¢, the bending moment M, divided by
the moment of inertin T of the seclion of
the beam, maltiplied by the distunce y of
the point from the nentral uxis, gives the
intensity ' of the stress at that point.
Nouw the bending woment M inereases
from the end toward the middle of the
benw, and with it evidently the in tensity 7
ol the horizontal stress also; so that S
varies not only in vertical direction on
both sides of the nentral axis, but also in
the direction of the length of the beam.
Lot ww und @' @ be two sections of the
beam vory close to esch other, and N N

the neutral axis. Then the variation of
the value of # in both sections may be
represented by triangles with apicey in
the neutral axis, while the variation in
the longilndinal divection between these
two sections, by the differences of the
arens of two trinugles, as shown shaded
in the figure. This increase of horizontal
stress frow one seelion to another pro-
duces at every longitudinal layer force
tending to slide it past the next above it,
und is transmitted ondiminished toward
the neutral axis, where this shearing force,
which has been increasing at every luyer,
atbains  its maximum intensity. This

stress is called the longitudinal sheur,
]
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and can be at once obtained from equa-
tion (1). Thus let /' be the ecorrespond-
ing value of f'in section «' » and let M
and M’ bo the bending moment in the two
sections w o and o o respectively, and e,
un infinitely small erosg aron, distant y
from the nentral axis,

The total horizontal stresses acting in
that part of the section lying between
the extremo fiber distant 4 from the
neatrul axis, and the layer Y'Yy distant, 3’
from the axis in w2 and o o are re-
spectively :

h h
Sfa 3
Yy’ Y

The longitndinu shenr in the lyer y’ 4
belween the two sections ig therefore
equul tu

Lo Y/
2 a— 2y
Y Yy

Substituting in the expression the valueg

of fand f” given by equation (1) we ob-
tain

12
A
h ho MM &
:_‘,;‘/‘/(t——-..y‘z;](tl‘::( 1 )j‘:yu’
y !

Since the aren on which this Lovizontal
ghear is acting is equal to b, 2 = whon b
in the breadth of the eross section at the
layer v ' and A @ the distance bobween
@ and @, we obtain for the intensity of
the ghear
h .
M,,’f“"M > Y . 1 C ()4‘)
! ’ b oow
Yy ,
The existence of such a slresy 1)ccum‘ea
evident {o any one, when, instead of &
gingle beum, two benms be made to ll‘e
one upon another, which eithar by their
own weight or specially applied fo.vc)es
C e
will assume a ghape as shown in Iig. (2).
Fig. 2
ey — «&,\)
e U oy P

o Lo

If they nre now joined together by bolts,
they will act as a single beam, and the
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Ql.murmg slress on these bolts is in-
dicated by the fore reqnired to bring the
L‘w'u‘ boints « and & together. ¢
!?w vertical shearing action at an
soetion of the boam is simply the 1'vn.vlio1)1’
dus to the load ab oné end minn;i /tllmb

purt of the load lyi
ying betwee !
the section, or i ot

S (“V__wg' w) R (1)

0

in whie i
,:,' wtlu(."h S dn thut vortical shear at a
113.},111 distant « from one end g which
16 npward section iy R
Tl int 1
., tmu ut every point in a beam there
wo shearing nctiong taking place at

the same time, Iwmagine w b ¢ d (Iig. 8) ’

Fig. 3

to be an infinitely gnal] portion of {he
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gide of a beam at a point distant y’ from
the peutral axis. Suppose the sides of
this aren element be Awx and Ay and
the breadth of the beam at the point to
be b. There are then found two shearing
gtresses on this element, one vertical and
the other horizontal. "These two shears
form two pairs of couples acting around
the body, ns shown by four arrows. Lot
tw represent the intensity of the horizon-
tal shear at this point and ¢ty that of the

. vertical. The amount of the horizontal

shear is equal to

te. Aw.b.
that of the vertical shear is likewise

==ty A yb.
Tn order that the body bein equilibriumm,
the moments of these coupleg must be
equal, 4. é.,

tw. anb. AYy=ty.ay.b. L
Consequently
Pz B e (4)

showing that at every point in the beum
the intensities of the vertical and horizon-
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tal shiears are equal, and heveafter desig-
nate them with one common letler @
The value of & s already been dedinced
in equation (2) numely:
', A
{ == M —M .}I; wy - : - (B)

b. Aw I :'/l
But, ag will ba explained in the next
clnptor,

W

0
in which o represents the distance of
loads o from the end at which the reac-
tion is R, Likewise :

Hog

M/ =R’ ~ 2 10(e' —d)

o

consequently
@
MMz R e i) et = i)

0
hut
Wit A
Lience
- &
Wl 4,
JAR'Y o
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From eq. (8) we obtain

’

. . M'—-M .
Substituting this value of pe e

(B) we gol

S /f \
61‘5;:“ Yo (6)
This equation gives ut once at any poin
of the beam tlho intensity of longitudinal
and vertionl sheurs.

At the neutral axis whers ¥' =0 eq. (6)
becomes

=<

o, B
g:_i; e (T)

0
There still remaing to be considered
stresses acting on the sides of the ole-
ment (Fig. 8); of which oneis the Lhorizon-
tal force f; whose value wis already given
in equation (1), tending eithor 1o com-
press together or pull asunder the two
faces « cand & d, according asitis on the
upper. or the lower gide of the nentrnl
axis; and the other is the direct com-
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pression on « b dne to the weight lying
onit; but the latter iy usually so small
that it can entirely bo taken out of
consideration

At the neutral axis where fz=o, tx nud
by wre then the only strossas, and we
kuow from mechanies thut the resultunt
tebion of bwo vaual shenrs n right angles
to ench other, exuctly an e and gy are, is
equivalent to that of two equal and oppo-
sito stresses at vight angles to each other,
ealled the priveipal stregses, and muking
an angle of 45° with the shearing stresses,
But at a distance ench side from the
neutral uxis, now eomes in the third stresy
J» which evidently gives the new direction
to the line of vesultunt stress, turning
the uxis of principal stresses toward
itself more and more ag its inteusity in-
Crenses,

Sinee for all directions and intensities
of stresses there can always boe found
two planes at rvight angles to cach other,
and in each of which the resultant action
of these stresses is normyl to ity surface,
forming the planes of action of the prin-
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cipal stresses, and us soon as we know
the intensities and directions of these
stresses, we ean delermine, either graphic-
ally or analytically, the direction and
Intensities of the priveipal stresses; the
values of ¢ and yat any point will give us
the direction and intensities of maxinum
tension and compression at that poiut.

Fig. 4 represonts the appearance which
the lives of principnl stresses thus ob-
tuined presents. The lines of maximum
tension shown dotted, cut the lines of
rompresgion every time ab right augle.
Both lines cross the neutral uxis at the
inelinution of 45° to the same, and run
almost purallel to it in the middle of the
bewm in - the neighborhood of extrome
fibers. It wo represent with p the inten-
sities of stress along these curves, we
have

P E VIR
giving us ab every point two values of P,
viz: compression and tension, and their

directions being at right angles to each
other. )
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Now comes in the question how the
web showld be proportioned to rosist
guch stresses.  There are ahnost as many
methods advanced as there have been
aunthorities on the subject.  Porhaps the
rational, and, af, the same time, the most
practical wuy of proporiioning the web is
to make its section sufficient meroly to
resist the entire shearing stross, without,
Lhowuver, passing the limit helow which
the ocidation by the moisture of the air,
and the excensiva inerease of presswre on
the rivet Lecome unfuvorable elewents;
and wherever in the wob thus propor-
tioned bo found section that is not strong
enough to resist as a column in the line
of maximum compression, the intensity of
the sume, to rivet stiffeners composed of
angles or platey. In Ameriea the thick-
ness of the web plate is hardly ever made
less than # incly, and on the coutinent of
Enrope rarely loss than one centimeter.

Althongh, us we have alrendy seen, the
shearing stvess at any section is not uni-
formly distributed, yet when we solve
eq. (7) for different points in a vertical
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section of a flanged bonm with a very
thin web, we find the values of ¢ vm"y
from the extrome fiber townrd the neutrnl
axis, as shown by the shaded aren (IMig. 5).

Fig. 5

NeilGEAL ™ Ky

fJ.‘he. inerense thronghout the web is almost
lconsiderable, and we ean on thai ac-
count consider the shearing stress to Lo
entirely borne by the web, and 1o be nni-
formly distributed over its section, i.e.,

()

in which A is tho aren of the erosy section
ol the web plate.  Or, since it iy by the
virtue of the bending mowent that the un-
equal distribution of stress takes place in
the section, if we now, under {he suppO-
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gition that flanges ulone resist the entire
bending moment, and the web ouly the
ghearing action, solve eq. (7), confining
the summation to flanges only, we obtain
B
bh,
in which A, is tho distance bolween the
centers of gravity of top and bottom
flanges; und & the thickness of the web,
or what is practieally the samo ug eq. (V.)

Cousequently at any point of the wob,
by dividing the shearing force at thut
point by the distance between the conters
of gravity of flanges wo obtain thie mnount
of shearing stress per unit of length in
its divection, which we will designate by s,
and we have

g=p h="% (10)
//.u
The significance of these formulas will
appear in the following chapters.

In order, therefore, Lo determine the
thickness of a web plate, we first obtain
the maximum shearing force, which, of
course, will be found always at the end of
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the bewm, then divide this by the shear-
ing slrength of iron porunit aren, and the
quotient is approximately the necossary
seetion.  But, ns wan already expluined,
the uelion of the shearing stresses at the
neutral axig is equivalent to comprossion
and tension b vight angles to ench othor
and of equal intensity, making an anglo
ol 45" with the nxis, the web is still in
danger of fuiling by flexure under this
compressive siress.  Consequently the
wob, with its thickness as alrendy propor-
tionod for shearing, must now be exmuinod
for ity strength us o colummn inelined ab
46°, and of the lengtl, thevefore, of 4’ see.
45” fixed at both, 2" being the vertical

Fig. 6

distance between the upper and lower
rows of rivets in the web. For this pur-
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pose, Gordoen's column formula may bo
usod, which is
8000
SR
3000 o*

1+

in which ¢ is the allowable cump‘ressive
stress per square iuch; & the le}glmuws
of the web and J==1' see. 45" It may
be here remarked that the value of 8000
for the numerntor of the second lerm
of this eguation muy be in some Gnmen
found to be taken tuo low, bub to avoid
the ‘tedions operation of conforming to
its ever changing vualues (see (ho next
chapter) we have taken it as cunstnmf,, and
we are 8o mucl on the safe side.  In or-
der farther to save the trouble of wurl.{-
ing out the formula for every ciuso, i
given the following table, from which,
kuowing the values of A anud b, wo at once
obtain the value of ¢

Now if we know the amounnt of shear
at any point where we wish to fl«fLOl*xxlirlu
the strength of the web, we divide that

* ghear by the cross sectional aren of the
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_ s
;:Lm, and then compare this shenrine
l‘ AR 6O 1 o, 1 {
. CEE Jl)e_n. square inch thus obtained witl
he v in t |
value of ¢ in the tuble, against the

corresponding e Mg
¢ value of = If the shear

ser square inch i
ill square inch is less than ¢, it shows
”nL the web ig stiff enough by itself, but
if, on the contrary, ¢ i logy ‘
pons ¥> ¢ 15 less than the ghear
cu the web must be stiffons ,
u : : o,
B30 far ax this reslstaney againgt ¢

presuive stre -

8y alone ig concerned, stiffen-
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ers inclined 45° may be more effective in
strengthening the web than the vertical
ones, but on aceount of the difficulty of
construction of the former, and also for
the action which the latter comes into
when the load lies on the top of the gir-
der direct from the flange, stiffeners are
always made vertical

The spucing of stiffeners in more a
matter of experimental determination and
judgment than of mere caleulation—the
fact which our foregoing discussion of
the web stresses might suggest to any
,one. Mr. Jos. M. Wilson* las given &

gafe rule, which says that “stiffeners in’

girders over 3 feet in deptl shall be
placed at distances apart (center to cen-
ter) generally not exceeding the depth of
the fyll web plate with the maximum
limit of b5 feet. In girders under 3 feet
depth they maybe 3 feet apart, and in
gome special cases, where there is little or
no shearing stress, at greater distances.”
This refers, of course, to those parts of
the girder where there are no concentrat-

BUNEY

R e
*Compare Penna, R. R. Co. Bridge Spectfication.
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ed loadings, 48 in floor beams supporting
stringers, or as in through plate-givders
with floor beams, in whick cases stiffeners
are invariably to be riveted at these
puints of conuections, as shown in Fig. 4,
pl. L

There are several other rules for spac-
ing stiffeners given by different engin-
sers,* '

There is still another point to Le con-

Fig. 7

-
~
- Moment | ~.
1

C L T 1

I
|
1
1
H
L.

“sidered in the strength of webs, thoge
5{1‘&(:1‘»1 in which the mweimum bending

*As uneof thuse worthy of notice, Mr
; 1t ¢, Mr. O, Chaunte
i the N, Y., Lake Erie and Western R, R. Spuclﬁca:
tiun, suys that when the least thickness of web is lens
::A;&l; Igl};autt ?h: dcylljt of the girder the wab shall be
at intervals not over twice
o, wice the depth of the

-
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mownent and great shearing stress exist at
the same point. Thus in a floor beam
at the point of connection of the stringer
with the web, there co-exist at the point,
at infinitely small distance to the left of
a b, muaximun bending moment and
shear, which also is almost maximnm.
Here, specially in the vicinity of the upper
row of rivets, the valve of p given by
equation (8) shoald be found out. It p
ig less than the allowable stress, the web
is strong enough. If, however, p exceeds
it, the moment of inertia of the girders
, must he incrensed.

Franae Srnisses aNp FLaNass.

The deud load ona plate-girder bridge
consists of the weight of girders them-
selves and the floor system which it
carries, and may, under most circum-
stancep, be considered as o uniformly dis-
tributed load. For standard guuge
single track railway bridge, the weight of
floor system (cousisting of cross-ties,
guard rails, rails, splices, bolts and
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spikes) rarely exceed 450 Ws. per €ineal
Joutof the truck.

The weight of girders slone cun be
best determined by the use of a simple
empirieul formula given by Mr, G. H.
Pegram in « paper tread before the Am.
Soe. of Civil Kng., in Feb., 1846,

(5. 8\,
\!:V—(%«i—?‘) 8§q/4

in which s=nspan in feet (cffective
length), and W=weight in pounds of
entire iron work of a single track deck
plate-girder when s is betweeg 20 and
B0 feet, and « is the constant depending
on the kiud of moving lond.

There are severul other formulus,
among which those given by Profs.
Burr and DuBois give very good results,

As to therolling load, the dingram given
on page 30, showing a load systemn consist-

B

* Lu this formula, it i3 assumed that the allowabie
slresy 1o teusion is W00 by, per sy iuch, in sheuring
T by | wnd in cowpression ¥ 000 Ibs., reduced Ly or-
ditary column formuln when neceseury,  Further
that the live load stresses are increased from 80 1o ¥y,
fur spats of from 25 to s ft., 1o allow fortl-e effects of
impuet.
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ing of two 80 ton consolidation elﬁ;ines,
conpled and followed by a uniform load
of 3,000 lbs. per lineal foot, represcnts
about the henviest rolling losd system
in the United States, although these fig-
ures have in few casen been exceeded.

Some  passenger engines may for
siall spans give more unfuvorable luad-
ing than these, nnd every easo must be
investignted for itself; and a bridge en.
gineer must have before him all possible
sorts of rolling lond of the road for which
the bridge is to Lo designed.

The bending moment due to weiforidy
distributed louding is at once obtuined
by the wellknown formula of simple
beans :

Me=4w (l-—) —(12)
in which M iy the bending moment at
auy point distant = from one end of
the beam; o, the uniform load per
unit of length, and / the length of span.

Fig. 9

o

T T

TR R— =
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The word span will throughout be
used to denote the effective length on
the distance between centers of bearings.

For the bending moment at the center
(x=1% 1) equation (12) becomes:

M=} w (1)

The graphical representation of the
bending moment due to a uniform load
is a parabols with apex at the middle of
the span.

The maximum bending moment due to
the rolling load ean be determined either
agalytioally or graphically, the latter
method being, however, far more prefer-
able, on account of the rapidity with
which the work ean be performed. With
the analytical method one has to solve
the equation of bending moment at
different sections of the beamn under the
position of the moving load giving the
maximum moment, Thus, with loading
like Tig. 10, we obtain for the reaction
“R” atone end:

rR=2"4"+ ";”f?ff +wd
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Fig. 10

ur
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?(7/ e d”
o [ T e

et}

and  consequently for the bending
moment at any section, distant » from
one end, we get

M =R(l—u)— 1 0" (d"—u) + w'(d'—w)}

Repetitions of such a work require
even when accurate results are not need-’
ed, cousiderable work.

On the other hand, with the graplical
meethod vue has werely to construet an
e«»luilibrium polygon, and by placing the
given spun in different positions under
the rolling load (which amounts to the
sume thing s letting the rolling load to
pass from one end of the girder to the
other), the maximum moments ut differ-
ent suctions are more readily obtained,

‘ We know from statics that in a simple
girder with loads distributed over it
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either uniformly or arbitrarily, the meei-
maon bending moment at any section is
found when the loads on each gide of this
poiut are to each other as the purts into
which the point divides the span. Bub
for a single loud traveling over the
girder, it is evident that the maximum
moment at any point is found when the
load lies at that point. Consequently
the maximnim bending moment at any
point of the girder will be found when
one lowd les at the point, and the rest
go located us to fulfill the coundition
already mentioned; or, expressed by
formulu:

Moment will bemaeinaun ut any point
x (g, 11) when
a & a1
Sw +a part of w® 3.2'20+th;;§t“3%“£;g
@

@ @b

uy W I Wi Wy Wy W e 10

L

a Fig. Il

b
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"o find the load %%, which, when regt-
ing on a section, gives the maximum
moment for that point, requires some
work, as some trialg must be made for
every load and point; but it ig usually
sufficient for ull practical purposes, for
short spans, to place the second driver of
the second locomotive over the section
at which we want to determine the
moment, and obtain the game by the
method to be wentioned in the follow-
ing pages. Of this one can bo easily
convineed by u few triuls.

The following points will sugyest what
position and what part of the load
system are to be looked for to find the
maxinnn moments,

1 For wniformly distributed load
over the entire span, the maximum bend-
ing moment is in the widdle of the spun,
and therefore at the center of gravity of
the total load.

2. When the load is not uniformly
distributed, the center of gravity, and
with it the point of mazimum moment,
will approach the heaviest Joad.

36

s) i1 1
3. For aload system of the seconc

; of nts,
class, the absolute muemun of mome 5
»

however, does not occur s:; thz1 mi;ll;lulz
. ander o
oint of the span, but un : o
svhich ig neavest to the centu. 9f g(lim;g
of the gystem, when they (bhat load -
the center of gravity of !;he syster'.n)t "
equidistant from the middle poin
the span.* '
Nolw we proceed to an actunl exmx'xp}:;‘;
'As an exumple, let us tuk.e i anzoso
track standard gauge deck girder o o
ft. span, i. e., measured between
. y i
centers of bed plates. . .
he weight of the girder, uc?c;fdlm-],of
the formula already given, with =
will then be eyual to

ng to

W= (15 55 )60/50=28,000 1bs.

*Wor prouf see DuBoly’ ¥lemeut of
ohap. Vil

+ Mr, Pog!
tuken, 7 for the val
ences in assumptions,
his, we make ¢=10.

Graph. Statics,
ran has given for the rolling loud we bave

spount of difer-
sy of ¢, Buton fceou
" ::a will be meen further on, from
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The weight of the floor system assumed
to be 420 lbs, per lineal ft.=
420 < 50==21,000
. Total dead load=49,000 1bs.
Sll}()e there are two girders, the load
per lineal foot on one will be squal to

49,000
5550 =490 lbs.=W.

We will divide the entire span into suy
10 e.qt-m‘l parts to determine at these points
of divigion the maximum stregses(IMg. 12)

¢ b 4 I f"

FRNUR | 27N

e ey TSN NS S
I O D ) S e
Lo v ::v :S,i_i.’i" T O L | ,
B Y

Ly (12). ut once gives th'e moments at
these points as follows :

M M=§5490x 650— 5)=355, 100 |jg
b M=4 % 490 X 10(50—10) = 98 800
¢ M= <490 X 15(50—15) = 128 600+
& M= 4 X490 X 20(50—20) =147 0005
¢ M= X 490 X 25(50—25)= 153, 100"
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These moments, when graphically
represented, form the ordinates to the
purabola with vertex at the middle of the
span (Fig. 18.)

The bending uoment due to the moving
loud will be obtained graphically,* and
the whole process is nothing more than
what is to be seen in Figs.1 and 2 of
Pl. I, and requires but little expiﬂ.nutiou.

In a horizontal line (TMg. 1, P1. L,) lay
down to any convenient genle ; here taken
at 20 feot to an inch (in practice a larger
genle, say b feot to an ineh, should be

chosen), the system of load for length

enough to cover the ranges of varions
positions of 50 fest givder, for whicli the
bending moments are to be determined.
As stresses need to be determined for
one girder only, but balf the weights are
to be taken. Lay down in a vertical
line to a proportionate scale, here 30,000
Ibs. to an ineh (in practice take say
10,000 lbs. to an inch); the weights of the

« proufs for the steps of the method here used are
found in any bu_uks on graphical statics, See DuBols
Giraph, Statics,
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load system beginning at one end in
Succession, as shown in Fig. 2. Thig is
called the force diagram. In it chooge
any point P (called pole) at some con-
venient distance from the vertical line of
weights, day 1§.inch.  This distance
representd, according to the seale, the
horizontal force of 1§X30,000=50,000
s,

" From the pole P draw lineg PM, PN,
PO, ete., to the end of ench weight (Fig. 2),
Then starting fron any point ¢ in Fig. 1,
draw a line { M paralle] to PM, and pro-
dueo it until it cuts in point m, the per-
pendicnlar let fall from the load cor-
respouding to the first weight in the
foree diagram.  Frow thig point m draw g
line parallel to PN (of tha force diagram),
cubting the next perpendicularin 7, Iy
this wuy complete the polygon Zmno P
. Luvwz, observing carefully that
each side of thie Polygon always occupies
the corresponding place, ag the line to
which it is parallel doeg in the force
disgram.  Thus the side 20 running
between perpendiculurs, let fall from the
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loads 8,000 and 6,000, is pm:a.lle‘l to‘ th:i
line PO (of force dingram) which is dl fﬁ:ﬂ
to the point of junction of those welg m;
The position of the locomotive, "
ghown in the figure, follows the ru
ready deduced.
all';i(lycelltel‘ of gravity, or more proper-
ly the resultant of the system of m;y
number of loads, is at once found bly pxl- ':
longing the outermost sides of the .pc; l)w
gon formed by so many louds} o8 ‘
number for which the resultant IT T ;3;
quired. Thus the resultant of theI oa:; '
lying on the girder in the poiltulm 0.0 81 i;
8,000, 6,000, 4 of 12,000 and 2 of 8,’ ,1
f;mnd by producing the oui.;ermugt.mc fﬁ
st 76 and w v until they mset in 'Y, throug
ich the resultant must puss.
Wh‘:;'l(l::rding to what has ulrezf,(lyfheeﬁ
gaid, the muximum mom-ex_lt '1; ow:;ld-
when the center e of the gu-dex 1les 1“ &
way botween the perpendiculurs b 1mt i(-)
Y, and that through the }oud r'mu.resl °
it, viz. r. I shows the girder in suc tlh
(’)sit.ion. Let fall from theA ends of, X e
girder perpendiculars cutting the sides
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of the polygon in points 1 and 2; join 1,
2. The maximum wertical distance
between the line 1, 2 (called the closing
line), and the sides of the equilibrinm
polygon, multiplied by the horizontal
turce represented by the pols distance,
gives the maximum bending moment.
Thus we find the waximum vertical dis-
tance to be at », and which measures
11.85 feet. Bul the horizontal force hng
alreudy been tuken at 50,000 lbs., hence
the maximum moment is equal to
11.65 x 60,000 ==582,600 ft. Ibs,

The maximum woments at the center
and at e diffor very little from this
ubsolute  maximum, and consequently
they will be assumed to be alike.

Shift the span now to the right till the
sceond driver comes over the point ¢, a8
shown in position I, Let full the per-
pendiculars; join 3 and 4, and wensure
the waximum vertical distance between
3, 4, und the polygon. Tlis we find to
be 10.1 f&  Hence the maximum moment
at ¢ is equal to

10.1x50,000=505,000 ft. 1ba.
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Tn the same way, by, bringing the
gsecond driver over points « and 0, s
shown by positions IIT and IV, we ob.tum
the maximum moments at these points.
These we find to be:

At b 7.8 X 50,000=390,000 ft. 1bs.
a 4.26X50,000=218,000 «

The total maximum moments at every
point of the girder will evider.}tlyz"whe‘n
platted give a shape a8 ghown in Fig. 1.},
in which the lower curve is a parabola,

Live-Load

‘ Moment
¥
.\‘f\ni;,d-lmud Moment
Fig. 13

.

and due to the dead load. The sam of
the ordinates at any point on both sides
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of the horizontal line gives the total

waximom moment at that point. Thus

we have for the total moments at several
points:
Dead, Live. Total,

At « 55,100 +213,000=268,100 ft. Ibs.
& 98,000 +890.000=488,000 * ¢
¢ 128,600 + 505,000=683,600 « «
d 147,000 4 582,500 =729,500 «
¢ 153,100 4+ 582,500=T35,600 « «

In determining the sectional area of
Jlunges we will, us already said, take the
web plate out of consideration, and sup-
posethat the flanges alone resiat the bend-
ing moment, mainly for the reason that the
part which the web contributes to the
flange section is inconsiderable, as seen
in the following calenlation :

Mowent of inertis of a web——bll ;
bh* 1
w=Ah, . L =
y 1%y 12 /{ A‘l h()
-

Assuming that A= Ay, we obtain A, = _{C/"..
6
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i. e, the sectional area which the web
contributes to the flange is but § of its
own, which is certainly a very small
amount, seeing the thickness of the web
to be usunally not more than # inch.

The depth of girder is more or less a
matter of judgment for euch case. Such
depths are usually given, us one can fit
& plate from the rolling mill for web
without the necessity of shearing. Fora
given cnse one can find the most
economical depth by few trials, by bearing
in mind that the increase of depth in-
creases the weight of web and stiffeners,
while it decreuses the flange areas, and
vice versa. The depths usually vary
from § to gy of the span, according to
the lengths of the latter; the shorter the
spaun the more nearly the ratio appronch-
ing to the first figures, and the greahm
the span is, the more to 1%.

Our attention will entirely be confined
to the construction of parallel flanged
girders, as the curved flanges are, on
account of the much increased cost of
construction, rarely used.
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It may be here remarked that it is
usually only between spans of 16 and 80
feet that plute girders can be advantage-
ously used. For spuns less than 15 feet
solid rolled beams, and for greater spans
thau 80 feet, open glrdem are usually
used,

We will fix the depth of our givder at
4 feet 6 inches. When we have one or
more plates on the Hanges we can, with-
out much error, assume the distance be-
tween the centers of gravity of the
Sunges to be equal to the distance back
to buck of the flange angles, and take
this as the effective depth of the
girder.

As the flange section increases, the
effeetive depth evidently varies more or
less, but we can assume them to be con-
stunt throughout; at least we are on the
sufe ide by doing so.

To find flunge stresses we have now
but to divide the maximum bending
moment alrendy obtained by the effective
depth. Thus we obtain :
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Ata 3"2 .;.09_ 59,6001bs. 68,500 Ibs.

-

5488000 108500 « 124,800 ¢

e,
i
Qi‘i{’.o_o__uo 800 « o, 161,900 ¢
4.5 ;g
d'ii;.@‘.)-..u*-) 100 © 3 186,400

7?_2_299_163 500 « 188,000 «

This addition of 15 % is to provide to
o certain extent for the impact which the
moving load traveling over the girder
brings about.

The actuwl amount of stress produced
by the moving load like a locomotive is
not possible of accurate determination.
The imperfect condition of the track
causes the moving load to produce
shocks, and then again the centrifugal
force of the unbulanced weight of driving
wheels, which act like a hammer with
repeated blows,* a8 well as the vertical

*8hocks on Railway Bridges. Mr. J. W. Cloud,
Prof. Am. [nst, of Mining Engineers, 1581
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90@1)0nent of the thrust of the connect-
g rod of the locomotive, produces
stresses not always possible of accurate
determination.

All.m‘oablc stress :—There is a diversity
of opinions as to the amount of allowable
stress in a plate-givder, but all agree in
this, that, on aceount of the great differ-
ence between the dead and live load, or
more properly between minimum and
waximum stresses, and the suddenness
with which they ehange from one to the
other proportionally as the spans de-
crease, the allowable stress should be
much lower. than in structures of longer
21;;31; ;..hnn 18 usually spanned with plate-

Luundhart’s formula gives the allow-
a,blfa stresses conformably to the lon
series of experiment (of Wobler), and ii
the one that is Leing more an’d nmors
used by eugineers, but not without
some room for doubt whether it ig appli-
c:.a.bla to all kinds of stresses under al)
circamstances. The following is that
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well-known formula for stresses in the
same direction: T

p=u(L b i, 876,
w aximun stress,
in which ¢ ig the stress which by a single
application produces rupture, which, ac-
cording to Wobler, can be aecomplished
by somewhat less stress than ¢ if repeated
gufficient number of times; w is the
stress per square inch after indefinite
number of repetitions of which the bar
gtill returns to ite originnl unstrained
condition, and consequently its value
becomes greater the less the nawber of
repetitions to be endured is; p i8 the
stress per square inch, which, after great-
est number of repetitions possible, i8 sbill
just capable of gustaining the load.
Woller found for a certain axle-iron that:
4=056,900 1bs. %=31,200 by flexure
and t=46.800 “  u=381,200 by tension.
and for a certain kind of stesl, that:
{=104,400 1bs. w=>51,300 by tension.

+ Compare Weyrauch’s Struoture of Iron snd Stesl
Pransl, by Prof. DuBois, chap. i
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From these figures we can give the
Laundbardt formula, the following shape
to bo used both for iron aud steel.

win. :

S Gy I
in which « is the allowable stress per
square ineh, and ¢ is equal to w« divided
by the factor of safety, and is:

For wrought iron plate and

shapes in tension, 8,000 Ibs.
For wronght iron plate and
shapes in cowmpression, 7,000 +
For steel in tension, 10,000 «
¥« compression, 9,000

Further to obtuin the actual allowable
stress for the comgpressed flunges, the
amount given by the above formula,
whenever the unsupported distance is
more thau 12 times its width, must
be reduced by Ruukine’s formuls, deduced
from Fairbarn experiment, viz:

K= @
1y
5,0006
in which 4 is the actual allowable stresg
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per square inch, and & the width of the
flange, and ! the unsupported length; @
the allowable stress already found.

In ull the allowable stresses above
given, it is supposed that iron has the
elastic limit of not less than 26,000 lbs.,
and an ultimate strength of not less than
60,000 Ibs. per square inch whon tested
in ordinary test piece, and that steel, to
have not less than 86,000 lbs, and 60,000
Ibs. for these values.

Returning now to our 50 ft. girder
we find the ratio of the dead to tofal

gtress us already found or( 9?1.11‘.) is about
p max,

=} throughout. Consequently
=8,000 (1 +4)=9,600 Lbs. for tension.

a="1,000 (1 n %)___21,31(1)0 1bs. for compres-

Hence we obtain the following sections:
Top flange:

At g  58,500_

S22 = 8.2 pquare inches.
8,400

p 124800 4.0 « o«
8.400
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161,900 ., .
vins] =19.¢ . R
¢ §.400 19.3 squareinches.
d ;'?6’400::22.2 ¢ “
8,400
188,060
g —25 MY 09 G “
8,400 224

Bottom flange:
At « —G8’500=
9,600
5 124,800

9,600
161,000_

9,600

156,400
T A eand 3§ IF “

- 9,600 )4

188,000
e —oorloyg4 0w ¢
9,600 ‘

It now remains to find out the sizes of
angles and plates to give these required
sections, It is important, in making up
flunge areas, to keep iu mind that thers
must always exist a certain reation
between the sectional areas of flunge
angles wnd plates. No normal stress can
exist in flunge plates without first puss-

7.1 square inches.
130 " o

16.9 [ “
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ing through angles which alone form
connection with the web.  Plate-girders
are unlike rolled beams, in which every
part is connected molecnle to molecule,
but have stresses transmitted only
throngh rivets which are distributed
only at certain distances apart. Con-
gequently the flange angles arve at every
point more or less subjected to stress in
addition to their own. This additional
stress will evidently increase with the
amount of plates on the back. It is a
good practice, therefore, to make the
girder so deep that the flanges do nob
require n large number of plates to be
packed one upon another, and then to
choose angles as heavy as possible, con-
gistent with the total flange area re-
quired.

Everybody who does any design in
iron should be provided with « Book of
Shapes,” issued by almost every iron
company in the country. Carnegie's
book is especially to be recommended
for the purpose. In order to give the
girder the grentest amount of mowent of
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resistance, it is nsual to use angles with
unequal legs, with longer logs in hori-
zoutal position. It is important that the
top  flunge of a plate-girder should
always lave a plate running from one
end to the other, sven when angles may
be found which alone are sufficient to
wnke up the required section. The ad-
dition of such a plate evidently requires
more work of punching and riveting, but
it gives great lateral stiffness to the
Hange, and also helps to distribute the
stress more uniformly than with angles
alone, while at the same time furnishing
& cover to the small channel left between
the ungles, as the web is not usually
Hush with their backs and where water
can stand.

Fu warking up the bottom Sunge sec-
tivi, rivet holes must bu deducted to
obtain the net section, and in so doing
the diameter of the rivet hols shounld he
tuken at lenst us § inch larger. This lntter
provides to a certuin extent for the
damuge dons to the strength of the
metal in the process of either puncking

LPTR O
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or drilling. On the other hand, for the
top flange, the gross sectional aren may
be taken as making up the same w.hen
the riveting is well done, 4. e., every rivet
completely filling up its own hole. .
Thus we obtain the following sections:
For top:
2 Lt 3px5xX§=80 K» throughout
1pl12 x4 =6

1pl12 x4§ =4"5}-partly.
1pl12 x§ =45

| Seetion in the middle=28.0 sq. inches.

Far bottom flange, supposing we use §

inch diameter rivets :
ek i Rivet holes, Throughout

S aTA BgXEXF=8.0-2X(F+H)X4=7.0

‘ =6. —2X(§+4)x3=5.0
el 1 §=0 @ Partly.

| | ; =435
1 pl. 12X 4% =5.26—2X (3 +&) X 1% L

1 ﬁl. 12X §=45 —2X(F+H)X §=3.76

Nat sectional area in the middle=20.1

square inches. ‘
th is a fact worthy of notice that the
majority of plate-girders of iron as well
AP of steel, though of equal top and

5.
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bot'tom flanges, fail by tension* a fact
which hfzs been observed in the results
of éxperiments made some years ago by
the Dutch Government to determine the
, Comparative strength of iron and steel
riveted giyders, This is evidently due to
the. considerably diminighed effective
Bect{on of the bottom tlange for tension
by rivet holes, and the metal atill furtheri
wenkened by punching or drilling.
, Rolied I beamg usually fail by compreﬁ-.
su?[n w)heu their webs are strong enough,
o n I lnte?ﬁI is to be seen the disposition
mutnhls in flanges as well ag in the
whole girder, In order that the rough
ed‘ge.s of the web plate ba not foﬁgd
sticking out beyond the backs of ﬂange
angles, the depth of the girder back to
back of the lntter is made } ingh (4 inch
;l{gy, p;wever, do just ag well,) more than
ddiw'l th of the web Plate, so that the
additional flange Plate may have a fly;
surface to be riveted on. "

In tlrxf{_ﬁgure, all dimensiong are given

*See Charles Bender's Pringiope o "™
. Prinei
Designs of Metallip Bridyes, p’:‘blgjlas of Economy iy

@
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exact, but ench piece should be ordered
alittle longer than is actually necessary, to
provide for cutting and milling works in
theshop. Thus, for pieces whose lengths
are less than 10 feet, allowance of 4 inch,
and for more than 10 feet, § to 1 inch,
according to the length, should be given.
Those flange plutes which but partly
cover the flange should be run as many
inches bayond the point where, according
to the caleulation we have made, the
gectional area of that plate must form
the required seetion, as to cateh sufficient
nyinber of rivets un the flange in order
t6 trauswit the amount of stress which
the plate is required to sustain. Thus
for the plate 127 X §#* on the top flunge,
the amount of stress whieh it is expected

to receive is equal to

12X % 8,400=37,800 bs.

Now if we have two rows of vertical
rivebs on the flange, and supposing that
each rivet has the shearing strength of
4,400 1Ls., the plate must be extended

to take in at least 31:233 = 8 rivets be-
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yond the point at which it is ealeulated
to form the flange section.

For the latter method, that part of
Fig. 8 lying above the line A B is all
that is necessary for onr case.

If we look ut equation (3) we see the
shearing action of a moving load system
in greatest at any section x when the
sysbern is in such a position that R shall be

@
greatest possible, sud = w the least pos-

0
sible.  Consequently for & single load
it givos the maximum gheur at any point
when it lies over that point, and for a
uniformly distribated load the sheur is
maximum at uny point when the grenter
uf the twu purts into which the point
divides the length of the girder is covered
with the load.

To simplify the operation a little, we
will tuke off the Lead loud of the first
locumotive and make the whole train
advancs from one end to the other. This
gives evidently a somewhat greater
swount of shear than when we take all
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the wheels into congideration, but the
amount is very small, being at the middle
of the girder, where the excess is greatest,
equal to

6,000x 25=75_ 100 11,
50
In order now to determine the snax-
Sium shear ut every point, luy off (Fig. 3)
the locomotive weights along the line
A B, with the first dviver over thie poing
A. In this position it gives the wmaxi-
mum shear at A. It iy of courso Bup-
posed that the first driver vests on the

~'point &t an infinitely small distance to

the right of A. Beginning nt the point
B druw a vertical line and lay upward all
the weights in succession, begiuning at
the first driver. Tuke the puint A as the
pole, and draw as befors the radial lines
from A, and complets the equilibriurm
curve A H. The process is exactly the
same a8 in the case of Figs. I und 2.
The line A B coincides with Aeg BEF
parallel to A/, F G to Ag, und lustly
O'H paxallel to A 0. The distance BH
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whiel, aceording to the scale, is equal to
the force of 53,600 1bs., is the amount of
shear at A, and to obtain maximum shear
for every other point between Cand A
we have but to messure in like manner
the ordinate to the equilibrium polygon
AL F G——H from the line A B.* At
the point B shear is zero, as the locomo-
tive is outside of the girder. I'ur the
total shear ab any point we measure
along the vertical line at that point
between the equilibriun polygon and
the line O . Thus we obtain the maxi-
wum shewrs at several' sections into
which we have previously divided the
girder, the fullowing amounts:

Dead load sheurs,  Live load shears,  Total,
At end 12,300 53,600 65,900
«© 4,800 45,200 55,000
b 7,400 37,300 44,700

¢ 4900 30,000 34,900
d 2500 23500 94,000
¢ 0 17,800 17,800

According to what we have said in

* For proof see DaBols® Graph. Statios, chap. vii.
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Chapter I, we have but to divide the’
shear eq. (9) at the end where it is maxi-
mum, by the allowable stress per square
inch for ghewr to obtain the necessary
web seetion. Txperiments have shown
that the shearing strength of wrouyht
iron across the fiber is equal to about 4
the teusile strength. The shearing
strength along the fiber varies sometimes
considerably, being, however, between §
to 1} times that across the fiber, aceord-
ing to the kind of iron and mode of treat-
ment in rolling mills.  Consequently,
where a pieceof iron is subjected to shears
in both directions, a somewhat snaller
allowable stress shonld be given thun
meyely across the fibers, say § the allowed
tengile stress., T'he ratio of minimam to
maximum shear at the end of the girder is
about }, and same as in the case of flange
stress; consequently we obtain at once
the allowable shearing stress:
9,600 §= 6,400 1bs.
Wes.

The equation of vertical ti:;lmm'in,‘_.!; foree

has already been given by eq. (3) viz.:
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@
Se=R~>w
o

For a given position of load, and
hence for a given value of R, therefore,
s : : w
8. will be mazimum when Sw=o.
0

For the dead loud of girder we Lave
S;=R—uw'z
in which w' represents the load per unit
of length. At the ‘end of the girder
where w==¢
8,2 R =490 1bs. X50' X §=12,300 Ibs,

At the middle of the girder where w’
=R the shearing force is zero. In TFig.
3, Plute I, A B represents the length of
the girder, and C its widdle point. It
we now draw B D aceording to the scale
of force, equal to 12,300 lbs., and econ-
nect CD, the umount of shearing action
at every point between the end and the
middle point of the girder will be equal
to the ordinate frow the line GB to this
inclined line,
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The maximum shearing action to the
moving loud can of ecourse be determined
by the use of equation (3) whieh is
entirely general, but it requires too much
work when the number of points for
which the amount is required to Dbe
determined is large; and in such cases
graphical method is far preferable. Add-
ing 15 % for impact to the end shear,
we obtain

66,900 15 %="75,800 lbs."

The section required is therefore equal
to:
75,800
76,400
The depth of the web is #—8."”  Sup-
posing the number of rivet holes in a
vertical row to be 14, ang tuking the
thickness of the web at the leust allow-
able dimension of §”, we lave the net
gection:
(54”—14")X ¥ =15 square inches,
which is about 3 square inches still on

the side of safety.
Huving thus found out that our web

=11.9 square inches.
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of § inch is strong enough so far as
shearing stress is concerned, it now re-
mains to be seen whether it can resist
the stress as a column (Chapter I, p. 25).

Taking the vertical distance between
two rows of rivets at 4'—2"=60" we
have

v 13,
Ty

From the table on page 25 we see that
the allowable stress per square is about
620 lbs.,, which is even less than tho
loant shearing stress which we bhave at
the widdle of the web, and is equal to
!.Z’fgg:l,lﬂ() Ibs. per square inch. Con-

15
soquently the web must be stiffened
throughout.

We have spaced stiffeners, as shown
in Plate II. The spaciug is, to 2 cer-
tain extent, governed by the positions of
lateral and eross bracing connections ; for
at every point whers we have cross.
bracing we must have stiffeners to form
counection, and also to give the stiffness
at the section. Toward the end of the

64

girder, stitfeners are spaced niuch clgser
than toward the middle, for the evident
veason of greatly increased shear, and
hence of compression at the end.

Stiffeners must always be sightly fitted
between the flange angles. In order to
“bring stiffeners in contact with web and
vertical leg of angles, they are either
bent, as shown in Fig. 14, or fillers may
be used, as in Fig. 15. The first method
requives less materinl thun the second,
but requires the work of bending the
angles, for which particular dies must be
had to give the required amount of
bending, as will be economical when there
are u large number of stiffeners to be bex‘xt
in the same way. The second method is
therefore more preferable for cases
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where girders to be made are but few in
number.
Fig. 15

Filles

Larerar Foroes.

In case the track on the girder is
curved, the centrifugul force of loco-
wotive must be tuken into consideration.
If. A and B represent two flanges of the
girder (in case of deck girder, top flanges
aud in case of through girders, botton;
oues,) and ¢ e the center lines of the
track, then the centrifugal foree acts
rudial to the curve, as indicated by the
arrows, aud its amount is expressed by
the well-known formmula :

Center foree=_2XV"
; rX32.2
in which w is the moving load on the
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girder, v its velocity in feet per sacond,
and r the radius of curvature of the track
in feet. We have thus to consider the
givdor flanges top or bottom, according
a8 the girder is deck or through, as form-
ing & truss lying on its side. The flange
gection should be increased nceording
to the stress obtained as the chord of
this laters] truss. The lateral bracing
should also he, proportioned to resist the
maximum stress due to this foree, in
addition to the wind stress to be presently
considered.

\

Fig. 16

ovfi—\\l/ /ﬁl\\l%& //:JJ ;,_ﬁ

Wind pressure on a railway bridge is
usually taken at 60 Ibs. per square foot
when the bridge is unloaded, and 30 Ibs.
when loaded. It is caleulated that, at
the latter pressure, all empty cars will be
blown away.

In plate girders of ordinary spans (say
up to 65 ft.) only one system of lateral
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Lracing is sufficient for deck spans with
the system on the top, together with
cross bracings, and for through spans on
the bottom. ’

In dack span it is hardly necessary to
consider the stress in the flunges due to
the wind pressure, as the latter on the

girder itself is for ordinary spans quite s

small minount, and when the girder is
loaded the stress due to the overturning
moment of the wind pressure on the
train will in the top flunge be almost
voutralized by the stress coming from
the lnteral system, and in the bottom
flunge, where the stress is due to this
moment alone, can entirely be neglected,
a8 being u very small amount. Thig is
in many esses only true under the sup-
pusition that the total wind pressure is
curried by the top lateral system to the
abutment, and that the intermediate
eross bracing merely gerves to keep the
two girders parallel to each other, and
also to curry some wind pressure on the
lower half of the girder up to the lateral
system ; and consequently the increase
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of vertical loading on the leeward side
girder is only due to the overturning
moment above the rails.

But in tArough span, the stress on the
lower flange, due to the wind pressure,
has sometimes to be caleulated, to see if

. the total stress per square inch, due to

the rolling load and wind pressure, does
not exceed the maximum allowable stress
(i. &, the value of « when” =1 in the

QL.
Laundhardt's formula. (See p.49.) The
flange stress due to the wind in this cuse
oan be easily calculated,

N _ 80 x 10 x Ilbs,

30xhx1lbe,
X220
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The stress on the flange due to the
overbwrning (Fig. 17.) moment of the
wind pressure on the train is equal to

?Q?Q‘ZX.Z?S?M X +h,

in which % is the effective depth of the
givder, The stress coming from the
lateral system is equal to

B0 KLOKE)+(B0XAXL) 2 b XX I+b,
and the total stress is equal to

I* (2,700-+300 A+ 60 A%

Bro

Now, as to the stress in the lateral
braciny itself (Fig. 18), we have a travel-
ing load due to the wind pressure on the
train surface, and a dead load due to
the pressure on the girder surface
itself. We will, however, take both as
& traveling load, as the pressure on the
girder itself is after all quite a small
amouut,

¢

Fig.18

P Y s

d

&

O
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The total wind pressure on the systemn
of the 50 fuot girder, when the train
covers the entire span, consists of :

Ou train surfaee 10 % 60 % 30 =15,000 1bs.
Oun girder* « 2550 x80=15000 «

. Total, =30,000 1bs.
which gives for each point a load of
gl?,’lt.:?g.:%,OUO Ibs.  Consequently, we
obtuin the following stresses, under the
supposition that the girder is in each
cuse coverced with the load from one end
up to the diagonal, in which we then
deterine the stress. It is not, Lowever,
necessury to caleulate stresses in more
than one or two dingonals near the end
of the girder, us stresses in the rest are
inconsiderable.

Siress in o §:==3,000 (3 +T+64+544 4
$+24 1) 4 see. 3P0—501= 4 14,000.

*Here we have taken twice the surfuce of ole
girder, where but 134 times is sufttcient, us the leeward
girder 1s more or less protected by the windwurd ong,

tAfLer u little practice ‘in desiguing girders, one

tinds it hurdly necessury to mako uny culculution fur
theae braces for ordinary spuns,

*

T2

Stress in « 0=3,000 (9+8+7+
— — — —) + sec. 30°—50'= 4 17,600.

Stress in ¢’ 0==3,000 (X10X 4 ¥+ 15,000

The sign 4 indicates that each stress
will be tension or compression, according
a8 the wind is blowing from one side or
from the other. Taking the iwo facts
into consideration, that while the stress
ig alternating in each brace, and cou-
gequently requiring a low allowable
stress, it is very seldom that such a wind
88 we have made caleulation for blows,
and still more seldowm to be blowing at
the very- time when the train is passing
oOver the bridge, we will take the allow-
able stress at 8,000 lbs, per squure inch,
and redues it by the ordinary formula of
columns,

If we use 3 % 8" angles for the brace,
we have in the following formula for least
radius of gyration (»*), sbout .8 inck, the
length of the brace ({) being aboutJ feet.

8,000 o B0
1+(12 uo =; B = 6,500

40,000 ¢ ¥ 10,0058
Ibs. per square inch.
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"This gives the following sections :
171('500:2.7 D

\ * PR -
Itor « o 6,500
14,000 _g yu e
& —= .
b 500
w oo 16,000 _g gun
6,600

The lateral braces are, however, con-
stantly subjected to stresses due to the
vibration which the slight lateral motion
of the passing train sets in the girder,
and for which we have no means of cor-
rect determination. To provide for this
we add 40 ¢ to those sections we have
just obtained, making :

Fora o 2.7 +404=88"=8"x3"x§" L
b AP 4400, =29 “=8 x3 X3 L
“ o3 +40%=32"=38 x3 X§ L
“ b e—ed—and l ¢ 3 X8 xg L
The end cross bracing should be made

stroug enough to earry the entire wind

pressure down to the abutment, where
it is resisted by friction and anchoring.

The amount of stress on the eross brace

is evidently 11,300, multiplied by the

T4

secant of the angle of inclinution of the
brace.

The connection of dingonals to the
girder is cffected by plates. Thenumber
of rivets connecting the plate with the
angle should be so many ag their total
sheuring strength shall be ecqual to, or
groater than the full strength of the
nngle taken as a column,

Although it ig not necessary in or-
dinary spans, yeb it is well to keep in
view to lot the diagonals intersect as near
the center line of the Hange as can con-
veniently be done.

Ahe intermediate cross bracing are put
in merely to give sliffuess to the entire
girder, und to help to carry the wind
pressure to the lpfural bracing above, and
mny be 3 X387 % #” Ij in our case.

RIVETS AND RIVET SPAGING.

As already snid, the shearing strongth
of iron is equal to about 4 of its tensile
strength. In order to cover all the
changing values of unit stress, and thus
to avoid tedious work of caleulation, we
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will take the unit slress for shear—
what we may assume to be the lowest for
ordinury rivet iron. Tuking, then, the
unit teusile stress at 9,000 lbs. (for ¢ in
formula 14), we obtain the «llowadle
shearing stress of

9,000 417,200 1bs.

We will asgume that. the shearing
stress is uniformly distributed over the
cross-section of the rivet. The strength
of arivet § inch in dimneter for single
shenr will then be

(£)" ¢ 1 X 8.1416 x 7,200=4,300 lbs.
And for double shear=8,600 lbs.

For a riveted joint as shown in sec-

tion by Fig. (1Y) the wmount of stress

Fig. 19

fr:?'—-r"

!

A kb
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on the rivet while on the one hand
must not exceed the double-shear
strength, on the other hand must not
be so great as to crush the rivet hole
or the rivet itself. The latter is the
first to fail. It is a well-established fact
that the allowuble compressive stress per
square ineh on the projected area
(diameter of hole X thickness of the
plate) of the rivet Lole can be as much as
and even more* than twice the shearing
stress allowed, or 7,200 x 2.=14,400 1bs.

If b==§" we have for §” diameter rivets
tlle bearing value of
) & X 8X14,400=4,700 lbs.

Since we linve no plate or angle in the
girder whose thicknessis less than § inch,
and as the single-shear value of Lhe rivet
is less than its bearing value on " plate,

‘we need not take bearing value into con»

sideration, except when the rivets are
double-shear.

Rivet holes are made either by drilling
or punching. The former does not

# (Gjarber has shown by experiment that this unit
stress may be twice the unit teosile stress, or, in this
oase, equal to 9,0 2= 18,000 1bs.
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wenken the plate ng mueh as the latter
does, but drilled holes produce a cutting
action on rivets unless they are reamed.
1t is, however, useless to enter here into
any discussion on the relative merits of
these two processes, us, in the present
state of bridge building in America, viz.,
of eompetition in designs and prices, no
bridge builder will go into the extra
work of drilling and reaming rivet holes,
when in o few minutes a longest plate

or angle that comes out of a rolling mill.

can Le punched from one end to the
other, with all the accuracy and correct-
ness of templet works. The dinmeter of
rivet Loles should not be more than 1,
inch greater than that of the rivet.
Every rivet ghould fill up the lLole, and
in case any signg of looseness are de-
teeted, should be cut and riveted anew.
Livet Spucing.—In order that a picce
be punched with a machine it is evident
that rivet holes should be spuced in
stroight lines, in directions both of width
and length.  With most machines it is
necessary that no rivet spacing in a row
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should contain fraction less than §
ineh.

Livets in « row wre spuced rurely
closer than three times the diameter of
vivets. Thus with §” rivets, we take 21"
as the minimum distance allowable
between the centers of rivets in a row.

The meinewin  distunce  wllowable
between the rivets is determined frow
the consideration that, in the part of the
girder subjected to compression, the
thinnest plate composing that part shall
be able to sustain the maximum stress,
uc\ting on its section without buckling
between the rivets, by which they are
held fast to other plates and avgles.
Generally, if spacing does not exceed
twelve times the thickness of the thinuest
plute on the flange, we are ou the safe
gide. Thus, in our girder the least thick-
ness of the plate being §7, we Lave for
the maximuwm distunce, center to center
of rivets, 12X § =44 inches.

Rivets connecting Web und Flunges.
The stress whicl the rivets counecting
the web and flanges sustain is evidently
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due to the stress which is transmitted
from one to the other. "We have here two
stresses to cousider, and for whose result-
ant we proportion the number of rivets.
The one is vertical, being due directly to
the load resting on the flange of the gir-
der, and whence, through the rivets, trans-
mitted to the web, It is difficult to find
out what really will the amount of this
stress be, as 16 depends upon the stiff-
news of the material intervening the load

und rivets. We will not be very far
from the maximum effect if we fake the
weight of one driver, us distributed over
the space covered by two cross-ties,
waking the verticul stress to be resisted
12,000

7‘2:&;';

by the rivet =500 Iba. per inch
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run of the girder. The weight of the .
track is inconsiderable.

The other stress is horizon tal, and was
already found in the first chapter of the
book given by the eq. (10), viz.:

=3
=5

This stress s, as already explained, is
nothing but the wuximum wmovewent of
flange stress ab every sectiou of the
girder. On page 59 we have given the
magimum values of S, at the end, and
goctions a, 0, ¢, d, e of the girder frow
which we can now obtain the values of 8
at these points.

65,900 K
= U2.IYY 1,200 |1, or 10ch A,
At end s L5%12 1bs. D

55,000 3 ggo w ¢ ¥

¢ T X2

(’} “244.70“: 810 113 e e {6
5% 12

L BRIU0 g e
45 %12

g o= 2000 gy e e

45x12
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= 17800 890 ygg, per Ineh T,
4 5K 12
The resultant of ¢ thus obtained with

the vertical stress of 500 lbs, is therefore .
the stress on the rivets, and we have:

1200
N

i ~

+
Atend 4/1,200* 500*=1,300 103, Jer ineh T

! ,\/1 UUU“+5()U"_1 190 ¢ # w «
[y & [13

b T8107 4 500 = Qh() 4 &

e o 8407+ 50O = BLO ¢ « ¢ w

d 4407 £ 500*= Y
[{ SR

¢ 4/ 320+ BUU= 600 ¢

The shear of rivet is double, con-
sequently we take its bearing value, viz.:
4,700 1bs.

At the end where we have the stress of
1,300 lbs. per inch run, we must thore-
fore spuce rivets,

4,700
1,300

3

=384 inches apart.

52

1«199_4 inches apart.
1,120
t & :"_ZQO 5 I 9
450

It is not necessury to calculate any
further, as this lust spacing already
exceeds the distance which we lave
alrendy taken as the maximum. It is
true that the spacing, 4} inches, which we
have taken as the maximum allowable,
is for the flange; yet, in order thut
rivets in the two logs of the angle should
Htwrger each other, both legs must have
the same spacing. This stuggering of
rivets, 8o loug as there is room enough
for the riveter, after vne rivet is in pluce,
to rivet the other, is not necessary in
compression Hapge. But, us already suid,
in order that the rivet holes may lie in
straight lines, vertical and horizontal, the
top and bottom rows should be spaced
alike. Iu the bottow flange angles the
rivets must stagger completely, sinee we
have deducted only one rivet hole out of
each angle in caleuluting the net sectional
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aren. In fact, the spacing in top and
bottom flanges are made ulike.

Rivets in Flunges.—Huving  deter-
mined the spacing of rivets connecting
the web with flunges, it remains for rivets
in the lutter alone merely to be so spaced
as to stagger with them. The distance
between the rows of rivets on the flange
plate should not exceed 30 times the
thickness of the thinnest plate; making
in one girder the masimum usllowable
distance 80X#==11inches. TFor flange
plates more than 12 inches wide it is the
usunl practice to pub in 4 rows of rivets.

Except ab the ends of the girder, no
rivets in the buttom Hanges should be
countersunk, unless speeinl allowanee is
made for the amount of section taken
away by the reaming of holes, and where
the leg of the stiffcner ungle fouls the
rivet hewd, the former way be cut off
enongh to clenr the latter,

As ulready said, every flange plate, ex-
cept of course the one that covers the
full length of the girder, should be ex-
tended Leyond the point at which it be-

B4

gins to form the necessury section of the
flange, far enongh to take in so many
rivets whose total shearing strength
equals the strength of the plale itself.
Thus the uppermost plate 5 (P1. II), 127
X #”, which, according to onr culeulntion,
begins to form the necessary part of the
Hange aren at about the point ¢ is extend-
ed to take in (12§ x8,400)+4,400=8
rivets to the point w. In the same way,
in the bottom flange, the plate f ’, which
is required to form the section at about
the point ¢, is extended beyond that, to
take in (LOX# x 9,600)+4,400=8 rivots.

= The rest of the plates are proportioned
in the same way.

BPLICING.

Phrticulur uttention should be given to
splices in plate girders. Both Hunges
shovld be fully spliced, aud 1o contact
joiut should be depended upon, althungh
in all possible cuses as good a contact
shonld be given to pieces cut i the top
flanges.

Girders not mueh longer thau 50 feet
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cun usually be shipped in single pieces,
0 that the work of erection counsists
mwerely in putting them in place, and
riveting luteral counections.

Girders whose lengths are less than 30
feet hardly require any splicing, as all
the pisces ean be obtained in full length.

In onr girders, nll the full-length pieces
are 1o be spliced, Plates gxy' (PL 1),
are splices for the long flange plates
which are joined in the middle. These
aplices must, of course, be long enough to
tuke in on each side of the joint s many
rivets or more as their totsl shearing

strength be equal to the strength of the
plate. The siress is supposed to be
{rangmitted in & manner something like
us showu by dotted lines in the figure.
Augles are spliced between ¢ and d.

( Fig. 21 l

) ) O (
00000~

86

The splices may cougist of two bars
riveted on both legs of the angle, or,
better, pf cover pngles, n8 we have doue,
Cover angles are always given such a
shape as to fit closely into the inside of
ordinary angles. Since the tlange angles
are 84 X 5' X 4," ench having the sectional
ares of 4.0%'' we take for splice the cover
angle 3"X4” x§". .

The web is spliced in the middle and at
0. The maximum shear at 3, with proper
allowance for impdet, is already found
equal to 51,400 lbs. The number of rivets
required is, therefore, equal to .5.,1"“ ’9.—_ 11,

4,700
against which we find we have a fow more
than is necessary. The splice plates in
the middle are made to fit tight between
flanges, to serve us stiffeners theve.

THROUGH GIRDERS.

Nearly all that has been said thus far
about the deck girders applies cqually
well to through ones. Since it is not
possible in a through girder to liuve top
lateral =~ bracing, particular attention
should be paid to give lateral stiffness to
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the top flanges. This is done by connect-
ing the top Hanges with floor beams by
stiff plates, as shown inTFig. 4, PLL. In
caso floor beams are so spaced that the
ratio of the width of the top flange plate
to the distance between them exceeds 12,
the allowable unit stress in the flange
should. as nlready explained on page 49,
be reduced by the given formula.

Since the lond now travels between
the girders, and is transmitted to the web
through floor beams, the rivets connect-
ing the flanges with the web need be pro-
portioned ouly for the horizontal stress.

Through girders are gometimes con-
gtructed without floor beams or string-
ery, the eross-tie resting directly on the
angles and riveted to the web, as shown
in Fig. (22).

Fig. 22
T =

. SN, S
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5 BED PLATES,
ﬂm'tedt ﬁwizttes xsh_ould be g0 proportioned
7 maxunum  pressure ou  the
magonry shall not exceed n cortain
amount, depending upon the kind of
:.nusonr).r. Preswure of 250-800 b, per
g(éngzoizzzh cun be allowed wsually on
Bed plates should be made so thick
th'ut the pressure will be uniformly dis
tributed nnder its entire aren. re
The maximum end resctivn, with
proper allowance for impact, we have
:Lll'el.).dy found (p. 62) to be 75,800 Ibs.
Taking the allowabls pressure on the
wmasonry to be 300 lbs., we have for the

required area of our bed plate 75,800 _

253 square inches.  Hence we Luve a bed
plate 1.6”)6:1(5"‘::.’.56 syuare inches. ‘
. T girders longer thuu ubout 70 fect, it
18 pecessary to provide ome end w}th
8 nesh of rolleys.  But in smaller spans a
mere Wlng arrapgement is suflicient.
This is done by slottivg  anchor-
bolt holes in the girder flange, enongli to
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accommodate the forward and backward
motion of that end of the girder, due to
the extreme changes of temperature,
which may be usually talen at 150°. The
co-efticient of expansion of iron is about
-000007 for 1° Fahrenlheit. Consequently,
for 50 feet girders we slot the bolt hole
50" X.000007 % 150° % 12"'=§". The diumn-
eter of the bolt being 1”) the dimensions
of the hole hecome 187 X 1”.

OTHER FORUES 'THAN 'PHOSE ALWEADY
CONSLDERED.

In the chapter on Flange Stregs we
bave mentioned the fact of the existence
of certain forees for the stresses cansed,
by which, however, we Liave no exact way
of determination. To these may be
added those due to the changes of tem-
perature, to the lougitudinal thrust of
the moving load, tu vibration, and to
the application of brakes on wheels over
the girder. The amount of sowe of these
forees can be ensily determined, und their
effects calealated. Thus the stress due
to the changes of tewperature is simply
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the amount of friction at the sliding end
of the girder, and is either tension or
eompression, according as the girder is
contracting or expanding., The amount
of force due to the application of bLrakes
on wheels is simply that of friction exist-
ing between the rail and those wheels.

But it is doubtfnl that even but ouce
in the life of a bridge the combined
action of all these forces will tuke pluce.
Evenif it did, we ave guite certain that the
large factor of safety we have assumed at
the beginning will cover every possible
condjtion of louding.

WEIGHT.

The actonl weight of the girder can
now be determined. It is to be re-
membered that w bur of iron of 1 syuare
inch  eross-section, und | yurd long,
weighs very nearly 10 lbs.  Stoel weighs
about 2 per cent. more than iron.  The
total weight of rivets in a girder is about
6 per cent. of the total weight of the
girder, but in determining the actual
or ghipping weight of a girder, only their
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Leads are to be taken, as their bodies
merely fill up thin holes. A pair of
Lends of rivets, as usuanlly made, weighs:
For § dinm. rivets, about 0.5 1bs.
[ I;f" 13 " . O_L 1
" a" 3 i“ @ 0.8 =
Weight of 50 fect spun girder:

Weirht
Lbs,

4 Web plates 547 x g7 X265'—T4" .. 6,012
8Tlnge ¢ 127X4"K26°—T§" .. 4,102
2 s TR RKEE—1 7L 1,022

9 s w12 w Lwd6—b6 7 .. 1,289
3% w12 xE xUF—8 .. 768
%o w12 E X2E L. T2
4 ¢+ pplicel? X3 X £—T7 7 .. 867
4 Welh 8 xi x £4—6".. 180
4 Bud cover platel2 < g X =T .. 276
5 Lunuemun + 10 Ag “ U—6 7 .. 94
4 L D AETE RO P O 125

RS [ >< I'—6 " .. 45

16 = “10 xE X 1—0" .. 200

4 1.4 mE W V=00 60

4 Bu v 16 KE X I—4 7L 218

8 Barg A XE X U470 36

8 Flange vagles 34" X 5" x £ (401bs p. y.)
w 18'—U" weigh, 1,920 Ibs.
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8 Flunge ungles 8% x5 4 (40 lbs. p. y.)
X 83'—38} weigh, 8,549 1bs.
24 Stiffener angles 3X4x4 (832 by, p. y.)
- X&' —06" weigh, 1,152 1bs.
32 Stiffener angles 3X4XE (24 s p. y.)
X4 X 6" weigh, 1,152 1bs.
6 Luteral brace angles 3x3x§ (21 1bs.
P- ¥ K G'—8" weigh, 280 lbs.
2 Lateral bruce argles 3X3x4 (28 lbs.
P ¥.) K 6'—8" weigh, 123 lbs.
2 Liateral brace angles 843§ (38 lbs
P ¥ )X T—5" weigh, 195 1w,
8 Qross brace angles 3x3XE (21 lbs.
p y )X"l" —2" welgh, 408 ]LH
p ¥.) K —0" welgh, 28() 1bs,
4 Bud eross bruce angles 3X3x4§ (38
b, p. ¥ )X —10" weigh, 3458 lbs.
4 Bud cruss brace wngles 33 x4 (38
s, p. y)xd—07" weigh, 253 lbs,
4 Cover unyles 34x§ X 4'—0" weigh,
215 1bs.
2,530 pairs of rivet heads weigl, 1,265 1bs.
4 anehor bolts 17 dimn. 9 long,
nuts, ete., wuigh, 10 1bs.
Makijng the total weiyht=27,60¢ *
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ESTINATE OF COST.

The cost of a girder depends upon the
market price of the materiul of which it
is made, the distance of trunsportation,
aud the uature of the site of the eross-
ing. Under ordinary circumstances, with
the following prices of material, onr 50
foot girder, frce on bunrd the ear at the
place of fabrication, will cost about us
entimuted below:

6,912 Ihs, Web iron o 8 ets, =$207.36
9,449 ¢ Plate ¢ (@25 = 230.43
9,870 » Augle © (@25 “= 246.75
1,800 * Rivets @ 8.76“ = T0.50
Total wt Cost of Fabricaon «o 0.76 + = 206.28

“ THrection @05 =, 137.52
Paintinyg = 12,00

Total, $1,116.64
GENERAL REMARKS.

Girders much lurger than 50 feet have
usually to be shipped in more than one
piece.  Since the riveting done in the
field is more or less imperfect, as com-
pared with that donein the shop, some
allowanee should be made in the number

b e S

. e

of those rivets in the design.  The use
of bolts instead of field rivets should be
avoided, unless they are turned and
made conical, and holes drilled to fit
them, thus insuring perfect contact.

In our 60 foot girder we have riveted
connection plates to the girder, but when
the distance of transportation is very
great, aud reloading necessary, they may
become bont or broken ; consequently,
under such circumstances, they should be
ghipped separately.



