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THE DESIGN OF A PLATE GIRDER
RATLROAD ERIDGE
Data and Speeifications:

The design is to be a tarocugh plate girder bridge for
a single traek railroad, the span being 60 ft.-0O in. center
to center of end bearings. The governing specifications are
those of the A.R.E.A. revised to 1948, Tne live lead is
Coeper's Standard E-72 loading and an alternate loading c¢on-
sisting of twe 90,000-1b. axles spaced 7 ft.-0 in. eenter
to center as given in specification 203.

In order uve satisfy the ¢learance requirements of spec-
ifieation 105, the main girders are speaeed 17 tt.-2 in. e¢en-
ter te center, tanus allowing for 14-in. eover plates en the
upper flanges eI the girders. The stringers are spaced 6 ft.
<6 in. center to center (Spec. 103). Three equal panels eof
20 ft.-0 1#. each will be used, sinece tais arrangement gives
& reasomable slope to tne diagonals of tne lateral system.
An ¢d4 number ef panels is preferable to an even number be-
cause tne maximum moment in the maim girders oceurs at some
distance frem tne center of utne span in tnhe former case, and
the resulting maximum moment is smaller.

Struciural grade, open-hearth steel is to be used for
all parts except tne snoes and pedestals ef tne end bear-
ings whicn are to be of cast steel. Rivets witn & nomimal
aiameter of 7 im. will be used uthrougneut.

The order of design whicn will be followed 1.8
1. Ties.
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2. Stringers.

3. Intermediate tloor-beams.

4. End fleor-beans.

5. Main girders, ineluding wedb and flange splieces.
6. Lateral bracing.

7. Erd bearings.

DESIGN OF TIES,

The specifications affeeting tne design ef tne ties are
aumbers 103, 109, 202, 203, 204 and 301l. ‘tThe ties rest dir-
ectly on the stringers, the live load being applied at tne
base ef tne rails, whieh, for standard gage railroads, are
approximately § rt.-0 in. center to center. The dead lead
of the ties and rails is eonsidered as econeeniratea at the
fails in erder te simplify the cemputations. The maximum
axle lead of YuU,000 1lb. 18 assumed te be austributed ever
3 ties (Spec. 204)., +1he total live lead econceniratien at
each rail on each tie, imeluaing 100 per eent aliowance for
impact, is
;(M): 30,000 1b.
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In estimating the dead load, provision must be made for
the weignts eof éhe ties, the wooden guard reils at each end
of the ties, and the steel rails and fastenings. The rails,
‘guard rails and fastenings are assumed to weigh 200 1b. per
lin. ft. of track and the weight of timber is assumed to be
60 1b./ft} The total weight per tie is assumed as 600 lb.
The total bending moment on one tie is

30,300 (e,s - s.o) x 12 = 272,500 iu.-1b.

The allewable exireme fiber stress is 2000 1lb. per sq.
in. Using the equation for flexure, M = £/I ), in which for
rectangular sections I = é(bh?, the reqnirea product of b x h?
is bh’z 6 x 272,5oo°: 818 in.

An 8 x 12-1n.2tie, laid with the long dimension vertical in
aecordance with standard practice for bridge ties, is satis-
factory. (bh®z 1152 inl). The lengsh of ties is 10 ft.-0 in.
(Spec. 109).

The weight of the floor per tie is then as follows:

Tie = 8x12 x 10 x 60 = 400 1b.

Raila,Iiﬁ;rd rails & Fastenings = 200 1b.

Total = 600 1b.
With a clear spacing of 4 in. between ties, this is also
the weignt per lineal feot of the floer which will be used
in the following computations.
DESIGN OF STRINGERS.

1he dead weight of each stringer per lineal foot may
be estimated from the equation;

v:%(E.SI«# 100)






vz 22 (12.8 x 20 + 100) =

213.5 1b.

Tne tetal dead load per ft. per stringer is gg_o + 214 = 514 1lb.

Maximum Momen. and Shear.

The dead load moment = 1 x 614 x (20) x 12 = 308,000
8

in. -lbo
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Fig. K}

The absolute maximum live load moment occurs when wheels

2, 3, 4 and 5 are on the stringer as shown in Fig. 3a.

The live load moment = (72,000 x 10 - 36,000 x 7.5

The allowance for impact =
[60 - %2?4,320,000
The total moment

‘the maximum dead load shear

The maximum live load shear

- 36,000x 2.5) 12
4,320'000 in.‘lbo

2,567,440 in.-1b.
6,877’440 ino"lbo
10 x 514 = 5140 1b.

occurs with wheel 2 at the
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end of the span, (Fig. 3b) and is equal to

20
The allowance for impact =
[eo - (20)°/90,000 = 53,280 1b.

The total shear 143,280 1b.
Design of Web. The depth of the web will be made equal
to ; of the span, or 34 in.
According to specification 301, the allowable unit shear-
ing stress on the gross section of plate girder wedbs is 11,
000 1b. per sq. in. The tnickness required is

t = i43,280 = 0,383 in.
x i1,

A 34 x -in. wedb plate will be used.

Design of Flanges. The flanges of the stringers, floor-
beams, and main girders will be designed assuming the total
effective flange area as being concentrated at the centers
of gravity of the flanges. The backs of the top flange
angles of the stringers will be made flush with the upper
edge of the web plate, 80 as to prevent the formation of a
water pocket between the web and angles; the bottom flange
engles will project % in. beyond the lower edge of the web
plate to secure tne greatest possible eftective depth. In
order to provide for the flange rivets, a vertical leg which
will permit the use of two rows of rivets will undoubtedly
be necessary. A 6-in. leg is the smallest standard size
which may conveniently be riveted tnis way. A 6-in. oute
standing leg will also be used in order to secure greater
resistance to lateral deflection in the compression flange
than would be obtainable viﬂﬁ a smaller angle. According






to specification 406, the mimimum thickness of a 6 x 6-in.
flange angle tnat may be used is;,x 6, or 0,6 in. It all-
owance is made for the thickness of the angle, this value

may be reducedtofin. Angles 6 x 6 x2 -in, will be assumed.

‘he center of gravity of each rlange is 1.71 in. from
the backs of the angles. The effective depth is then 34.25
- 2x 1.71 2 30.8 in. The maximum flange stress is 6,877,440
- 30.8 = 223,500 1b., and tne required net flange area is
223,500 - 18,000 = 12.4 8q. in. Since 7 of the gross sect-
ion of the web (5 x 34 x Z = 1.86 8q. in.) is considered
effective in resisting bending stiresses, the lower flange
angles must furnish a net area of 12.4 - 1.86 < 10.54 8q. in.

Assuning that the rivet pitch near the point of max-
imum moment is equal to or greater than 4 in., according
(o spec. 409 only one rivet hole need be deducted from the
gross section of each angle. The net section furnisned by
the assumed angles is 2(6.43 - 1 x1) = 11,74 sq. in,

‘the allowable unit stress in the compression flange
(Spec. 301) is 18,000 - 5520 x lzlz= 16,140 1b. per sq. in.
The gross area required in u,u angles .:la

3 §.§8:Z:Zl440 0- 1.86 = 11.97 8q. in.
The gross area furniahed is 12.86 eq. 1n., and tne same
angles are satisfactory tor botn tlanges.

nivet Spacj.ng.‘ Thg smallest rivet. piten is required
at the ends of the stringers, at which points the shear is
a m_aximm; _Since the top flange supports a direct vertical
load, the stress in the rivets due to this load must be con-






sidered in addition to that caused by the horizontal shear.
In order to simplify the shop work, the rivets in the low-
er flange will be spaced the same as those in the upper
flange. . A _

In détermining the vertical load on the rivets, the
weight of one of the heavy drivers, plus 100 per cent all-
owance for impact, is assumed to be distributed over 3 ft.
of flange (Spec. 428). The vertical load per lin ft. , per
stringer is as follows:

Dead load = - 614

Live load = w: 12,000
12,000
24,514 1b.

The vertical loa.d per linear inch, is
24,514 = 2040 1b.

w3z E
The total horizontal increment of flange stress per linear
inch 18 equal to the shear, 143,280 1lb., divided by the eff-
ective depth, 30.8 in. Since part of this stress is resis-

ted by the web itself, the emount that must be transmitted

Impact
Total

to the rivet.l is reduced in proportion to the ratio of areas

involved; therefore

“"'13%‘%59’13%—115 4060 1b.

The resultant increment is
R.I., = V(4060)2 - (2040)1 4540 lb. per lin. 1n. ‘

~The strength of one rivet is governed by the bear:lng
value on t.he,-;-in. web plate, and is equal to 11,800 1lb.
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with the 27,000 1b. unit stress allowed by spec. 301. The
maximim alloweble pitch at the ends of the astiringer is then
11,800/4540' = 2.6 in. 2& in. will be used. Since the two
gage lines in the 6-in. leg are 2} in. apart, the actual
distance center to center of the rivets is 3.36 in., which
satiefies the requirements of spec. 414. o

In a similar manner the maximum allowable pitches at
the quartep point and at the middle point of the span are
computed. The maximum live load shearsat the center occurs
with the alternate load.

Quarter point.

Total shear = (15 + 10 + s}zg_.p_qg - 614 x 5 = 51,430
20 20 20 2 1b. per etx’*inger

Load per ft. = 514 +(3e§ooo)2 = 24,514 1b,

w s ﬂf& S 2040 l.b./in;

H.I. 2 51!4? x __12.86 = 1457 1b.
[} . - [ 6

R.I. = V?zomf + (1467 = 2500 1b. per lin. in.
Max. pitch < 800 = 4.7 in.

Middle point.

Total shear 310 + 3)x 90,000 - 514 x 10 = 24,110 1b.
20 25) 2 per ot.ringer

Load per ft. = 514 +@§_§g@)z = 30,514 1b.
¥ = 30,814 = 2540 1v./in.

H.I. = 245;%9' x __12.86 = 683 1b.

R.I. = |(2540) - (683)° = 2630 1b.
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Max. pitch = ;%%%gg 2 4,5 in.
From the above, the pitch is selected as 4.5 in. over
the center half ef the stringer span.
Connection to floor-beam. The stringers will be conn-
ected to the floor-beams at either end by means of a pair
of angles, one leg of each connection angle being riveted
to the web of the stringer and the other leg riveted to the
web of the floor-beam. Shop rivets are used in the web of
the stringer and field rivets in that of the floor-beam.
The latter rivets are power driven, however, so that the
same unit values are used as for the shop rivets. The m;nf
imum size connection angle, according to spec. 425 is 4 x 4
x 4 1n. ) |
The number of rivets which must pass through the string-
er web is governed by the bearing value on the web.

143,280 = 13 rivets are required
111366

Of these, a sufficient number must be placed through the
angles to prevent failure of the rivets in double shear.

;%%;%gg = 9 rivets

]

Theoretically, those rivets which pass through the flange
angles should not be considered effective in the end conn-
ection as they are already stressed in transferring the hor-
izontal shear from the flange to the web. Since the entire
end connection serves to stiffen the stringer at this point,
however, it may be considered as safe practice to count one-

half of these rivets as available for the end connection.






11

With this number of rivets required, it will be necessary

to place them in two rows. Thus the connection angle size
will be increased to 6 x 6 x 4 in. to satisfy spec. 413. The
detail ghown in Fig. 4 furnishes 9 rivets in double shear
and 13 in bearing on the stringer web, 4 of the latter be-
ing in the filler plates outside of the angles. The act-
ual spacing of the double-shear rivets is 3 -in. center to
center, which is permitted by spec. 413. ‘

The number of rivets required in the outstanding legs
of the connection angles must be sufficient to provide for
the maximum stringer reaction in single shear, or for the
maximum floor-beam reaction (which provides for the mexims
um simultaneous loads on two adjacent stringers) in bearing
on the floor-beam web. The latter number cannot be determin-
ed until the floor-beam is designed. The number required
in single shear is o

N 143,280)8,100 = 18 rivets ' _

Nine rivets will be Placed in each angle, unless the number
required for bearing on the floor-beam web necessitates an
increase. This will be investigated at the end of the floor-
beam design. These rivets cannot be spaced finally until
the position of the angles with respect to the floor-boqnv‘
is fixed. The complete stringer detail is shown in Fig. 4.

- Computed Weight. Before proceeding with the design of
the remaining parts of the bridge, the actual weight of one
stringer will be determined in order to check the value
which was previocusly assumed. In dstermining the finished
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length of the stringer flange angles and web, an erection
clearance of ;7 in. is provided at aech end; the thickness
of the floor-beam web is assumed as 4 in. and that of the
floor-beam flange angles as 3 in.

The resulting weights are as follows:

1 web plate 34 x Z x 19 ft.-9% in. @ 51.2 #/ft. - %3
4 flange angles 6 x 6 x£x 19 ft.-9%in. @ 21, 9#/rt..=1

4 filler plates 9 x £ x'1 £1.-10 in. @ 31.5 #/f%, =

4 conn. angles 6 x 6x % x 2 ft.-9% in. @ 19. 6#/ft.-
300 rivet heads @ 21.3 #/100 79
64 #

Total 54
The weight assumed was 214 x 20 = 4280 1b., which is accept-
able.

DESIGN OF INTERMEDIATE FLOOR-BEAM,

Each 1ntermediate floor-beam is a built-up girdcr, the
span of which is equal to the distance center to center of
the main girders, 17 ft.-2 in., qn¢ which puppprya'tmp_aym-
metrical concentrated loads (Fig. 5) spaced 6 ft.-6 in.
apart, in addition to its own weight. Each of the concem-
trated loads is equal to the sum of the maximum simultan-
eous end reactions at the abutting ends of tho_twb adjac-
ent stringers, including the dead load, live load, and the

4
-t Stringer 4 2 ~rworbeam A=

l Stringers l dﬂcm qirder
! !

. I <t Floor-beam
-~ 1.

54, 66" 54",

!zi zu
Fig- &
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allowance for impact. The weight of the floop-beam varies
with too many factors to permit of an accurate preliminary
estimate, other than may be obtained by comparison with pre-
vious similar designs. Some of the influencing factors are
the spacing of floor-beams, the spacing of girders, the
depth of tne floor-beam, the maximum thickness of metal
which may be used, which efrects the composition of the
flanges, the class of loading, etc. A sufficiently approx-
imate criterion of the weight, W, of one floor-beam is giv-
en by the formula

W < 2600 + 2E4
in which E = the class of Cooper's loading

d = the distance between floor-beams in feet.

W=2600+2x 72 x 20 = 5480 1b.
In order to simplify the computations for moment and shear,

one-half of the weight of the floor-beam will be consider-

ed as concentrated at each stringer.

Maximum Moment and Shear. The maximum live load floor-
beam reaction for the given conditions occurs when wheel 4
is placed at the middle support of two adjacent panels,
wheels 1, 2, and 3 being on one span and wheels 5, 6 and 7
on the other span. Tne live load reaction is

ﬁ% x 18 + %% x 36 + %g x 36 + 36 + %g x 36 +§% x 23.4

+§% x 23.4 2 118,000 1b.

The allowance for impact, assuming the loaded length to be
2 panel lengths is
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[eo = _{)ngf]lw.ooo = 67,000 1b.

The dead load concentration is 3164 + 20 x 300 = 9164
1b., and the total maximum floor-beam load from the stringers
is 118,000 + 67,000 + 9164 = 194,164 1b.

Assuming the weight of the floor-beam as 5480 1lb., the
total concentrated load at each stringer connection is

194,164 + 5480 = 196,904 1b.

The maximamomnt < 196,904 x 17.17 - 6.5 x 12 = 12,600,
000 in.-1b.

The maximum shear = 196,904 1lb.

Design of Web.

__ Baseof raily

L

e

+

s

44%2 bb.
34444,

4%
et

72/13111’/,
Fig. 6
The depth of web must be selected witn due consider-
ation tor the connection of tne stringer. The angles of
both the upper and lower flanges project } in. beyond tne
edges of the web plate, so as to provide for the proper plac-
ing of the cover plates (assuming that such are necessary).
As shown in Fig. 6, the depth of the floor-beam web
i8 10 in. greater than that of the stringer. The upper sur-
face of the top flange angle of the stringer is made flush
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with the lower edge of the top flange angle of the floor-
beam. With the 12-in. ties notched %4 in., a clearance of
83-in. (43 to top of rivet heads) is provided between the
base of the rail and the uppermost surfece of the floor-
in. vertical leg will be necessary for proper riveting, and
that one 3-in. cover plate will be sufficient to provide
for the flange stresses in the floor-beam. The lower sur-
face of the bottom flange angle of the stringer is so lo-
cated with the arrangement indicated above, that a 3 x 3 x
-in. erection angle mey be riveted to the lower gage line
of the 6-in. floor-beam angle and at the same time support
the stringer in its peoper position. A filler plate is
Placed in the clear depth of the floor-beam web, the thick-
ness vo‘f} this plate being the same as that of the floor-
beam flange angles.

Web thickness = I% = 0.407 1in.
’ x

Since the commercial thicknesses are multiples of ;; in., a
iz-in. web is selected. | | .

Design of Flanges. In the preliminary investigation,
the effective depth is assumed to be 23 in. less than the
distance back to back of flange angles, or 42 in. | The max-
imum flange stress is

- 124600,000 = 300,000 1b. .
and the total effective net flange area required is

300,000 = 16.67 8q. in.
’






Flange elements must furnish 16.67 - ;5 x 42 x;Z = 14.37 8q.

in.

A rivet pitch of 2% in. in the flange angles is assum-

ed, thus requiring 1 rivet holes to be deducted from each

vertical

leg.

A total of 4 holes must be deducted from

the two angles and a total of two holes from each cover plate.

The former number may have to be revised when the exact riv-

et pitch is known.
The flange section assumed is: A .
Section| Total gross | Total No. of | Total area of | Total neét
area, sq. in. rivet holes | rivet holes, |area, 8q.
8q. in. .
24 ‘;7/;3; 13.88 43 3.56 10.32
Tom L] LN N oo 000 m
I - —_—
The true effective depth may now be deteniined. The

distance from the backs of the angles to the center of grav-
ity of the flange section, using gross areas, is

i:.‘13.8812.-625!0.12.1-34111.
13. gg + 6.25

And the effective depth of the floor-beam is
~ h® 44,5 - 2 x 1.34 T 41.82 in,
The ervised required net section of the flange elements is

12 600,000 #2.3 = 14.43 gq. in.
x 41.

The same section will be used for the compreasion

flange. o
Piteh of‘Rivetl. ] , _
H.I. = 196,900 x  20.13 = 4225 1b. per in.
'ZT"QQ". 26"1:5'—"3+ 3.

The etrength of one rivet 1s governed by lle bearing value

on the -in. web plate, 11,800 1b., The maximum pitch is

17
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A value of 2% in. will be used from the supports to the str-
inger connections. This is a greater pitch than the val-
ue assumed in computing net flange area and_no.reviﬁiop.pgl
design ie necessary. Since the shear at any section between
the stringers is practically zero, the maximum pitch all-
owed by specifications, 7 in., will be used in this port-
ion of the floor-beam.

The required pitch in the cover plates is

(H.I.)' = ;%%;g%g x.§6§i§§__§_§ = 1310 1b. per in.
. . g .

p' = 8100 = 6.2 1n.
1310

Since two cover plate rivets are placed in the same cross-
section, this value of p' may be doubled for the pair of
rivets. According to spec. 413, however, the maximum all-
owable pitch 18 6.5 in., which governs in this case. »

Comnection to Main Girders. The end connection of the
floor-beam.will consist of a pair of 6 x 6 x -in. angles,
riveted to the floor-beam and to the main girders in a man-
ner similar to that used in fastening the stringers to the
floor-beams. The number of shop r;vets requirednin}bpar-
ing on the ;-in. web plate is 196,900210,350.; 19; the num-
ber required in double shear is 196,900)16,200 s 13; and
the number of field rivets (powpr driven) required 1g.ain-
gle lhear_through the web of the main girder is 196,900)
8100 < 2s.






Computed Weight., Assuming 'a -in. girder web, and 3-in,
girder flange angles, and allowing -in. erection clear-
ance at either end, the actual finished length of the floor-
beam is 19ft.-10 in. The weight of one floor-beam is as fo-
1llows: _ ' o

1 web plate 42 x” x 19 ft.-10 in. @ 63.1#/“. < 12580 1b.

4 flange 4, 6 x 4 x 3 x 19 £t.-10 in. :
1820

7 @ 23.6#/ft. =

2 cover plates 10 x % x 19 ft.-10 in. -

| | @ 2L.54#/ft. = 850
4 filler plates 9 x 3 x 2 ft.-10 in. :
. _ . @ 23.04/1ft. = 260
4 coom. 6x6x%x3ft.-8%1n. =
4 filler plates 20 x 3 x 2 £t.-10 in.

@ 51.0#/ft. = 6580

800 rivet heads @ 21.3#/100 s 170
4 erection 4 5x 3 x % x 1 ft.-1 in.
Total | 6330 1b.

The assumed vei_ght was 5480 1lb., #0 no revision is necess-

ary.

'rin_o. does not permit the completion of the design, but the
procedure for designing the end floor-beams and main gir-
ders is similer to that used for the stringers and inter-

mediate floor-beams.

19
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