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Girder Bridges

All bridge struoctures may be divided into three
groups, Beam Bridges, Suspension Bridges, and Arch Bridges.
Beam bridges exert only & vertisal pressure upon the bearings
or supports. Beam bridges include, simple bridges, draw-
bridges, contimuous bridges, end cantilever dridges. A simple
bridge is one resting on two supperts.

8imple bridges are of two kinda, truse bridges and
girder bridges. A girder bridge has its floor supported by
g80l4d or built up beams. A wooden beam, & rolled I beam,
and a plate girder formed by riveting angles and plates
together are examples of girders. Girder bdridges are used
for short spans, usually less than 100 feet. Other kinds,
however, such as the 140 feet built up plate girders are not
uneommon.,

About 1860, built up plate girders, formed by
riveting angles to a solid web plate, were used in Europe.
Plate girder dridges were not used extensively in this
country until 1895. Today, the plate girder is the first
choice for spans from 30 to 100 feet in length.

The advantages of &8 girder bridge are greater stiff-
ness, advantage in erection, & solid floor may be used vith the
regular ballast and very shallow floors. The through plate
girder hes the added advantege of requiring very little

headroon.
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Introduotion

The Beal Road Bridge was built in the late summer
of 1913. The structure was built by the Michigan Railway Eng.
Co. for the Michigan & Chicago Railway Co., The eactusl con-
gtruction and erection was done by the Toledo Bridge and Crane
coQ Mr; ¥m, FPargo was the consulting engineer.

Beal Road is a highway one mile south of Grand Rapids,
At the loocation of the bridge, the G; R; & I. R.R, orosses
the highway at grade. The Michigan and Chicago Railway was
forced to oross the G; R. & I; roadbed overhead; The GQ R. & I.

rails at the crossing has a curve of £° without a spiral
easement. The two railways oross at an angle of 31° 3!, This
fact arbitrarily fixed the location of the supporting
members. (See drawing 1)

The bridge is plate girder type throughout carried
on conorete end piers and ten columns composed of buil wup
sections. The dridge oonsistg of two deck spans, each sixty
feot long, and three skew through spans, in addition to two
short through spans which connect the skew spans and the deck
spans. Due to an arbitrary placing of the columns no two
girders in the through span are of the same lensth; The
arrangment of girders is shown in Drawing 2,

The bridge is an extremely long one for an overhead
orossing. This is due to the fact that the earth f£11ll at the
north end of the bridge has a depth of 28' under the pier.

The approach from the south 18 8lso an earth £ill and is 12°'
deep under the south pier. The greatest clearance over
natural earth is 30'. The olearance over the G. R. & X rails
18 228#,



The dbridge ie in strioct keeping with the rest of the
roadbed of this division, The maximum grede on the Kalamazoo-
Grand Rapids division 18 1% and the greatest curve outside of
the oities 18 29,

The Miochigan Railway Company operates its Kalamazoo-
Grand Rapids 4ivision oars over this bridge. The weight of
their orrs are as follows:

Limited 08r8 —wcecccw=----76 tons.
Local cars ~--e-ecmeecea- -60 tons.
Preight motors -w-vecewees3 tons,
The dbridge is designed for E 40 loading with a libersl
allowance for dead load.

The floor of the structure consists of 3/6" steel
plates supported on 10® - 30F I beams reasting direotly on the
flanges of the girders. Ten inoch cedar ties are used on the
bridge and the bdallast 18 orushed rook;

The analysis of the structure will fall under three
heasds, Pirst, the computation of the stresses in one of the
deck girders, two thourgh girders, one pair of columns, the
sway bracing between them, and one pair of column footinmgs.
The sesond step will be the aoctusl design of the members noted
above, This design will be base on A, R. E. A, specifiocations
of 1910. The third step will be the comparison of the authors
design with the design actuslly found in the structure. An
attempt will be made to account for differences found and
justify them 1f poseible;






General Conclusions

A close examination of the bridge in April 1921
showed the structure to be in very excellent condition. There
were absolutely no signs of rust on any of the girders, I beams,
or lateral braeing; There was a tendency exhibited for the
raint to peel from four of the columns exposing the shop paint.

The most serious signs of depreciation were at the
bases of the columns where the oconorete was beginning to weather
eaway. The conorete was poured about the column to & distance
about six feet &bove the column footing. The conorete had
failed to form & close seal to the column and water was working
down between the steel snd the concrete, encasing it, and upon
freezing, was causing the steel to rust and the conerete to fall
away from the steel, There is no reason to fear that the columns
" will Pail before any of the rest of the structure.

The conorete in the piers seemed to have been of poor
quality &8 large pit-holes are forming in the sloping top of
the bases. Looal aggregates were used in the oconcrete and

orgaenio matter is quite liable to have gotten into the conorete.






Design of a Flate Girder Bridge

The specifications used in this design ere those
prepared by the American Railway Engineering Association in
1910.

The loads that will be considered in this deeign
are the dead load, live load, impact, and wind loads, The
live load will consist of Cooper's E 40 loading. The dead
load will consist of the weight of the metal in the struocture,
the floor, traek and fastenings, ballast and all loads that
are constantly aprlied.

Rapidly moving trains produce greater stresses in
& bridge than would the same load simply standing on the
structure. HFor this reason allowance is made in the live load
stresses for the additional stress, The allowance 1s a certain
per cent of the live load stress and varies ascording to the
length of the bridge. This ration is found from the formula

= 200
1=8( L * 300 )

The horizontal pressure exerted on dbridges by the
wind 48 called "Vind Pressure”. Thirty pounds per aquare
foot on the horizontal projection is usually allowed. Vind
pressures will be found included in the lateral foroces
descridbed in the specifications.
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Complete Design of 60' Single Track Deck Flate
Girder Span, G 10 - 11
Data:
Length 69' ¢-0 of bearings. Dead load as computed.
74dth 7' o-0 of girders. Live load Cooper's E 40,
Caloulations for main girder.
Deead load.
Metal only. (12,56 L - 100) .9 = 765¢f
Tie 1607
Rails and fastenings 16
Ballest 6 ocu. ft. 80
I beam 2804
Pletes 12' long 184
Third reil and
Tw b insglatgrglz" sof
oocurb Ls 6 x z ,
s/8" 244 -
“1638F
Total dead load 2400# per f£t, of track,
M due to dead load = 1/8 x 1200 x 69° x 12 = 604,600 in #
From ¢t able in Retcham's Handbook
Max, ¥. due to E 40 Loading on & 58' span = 1223,400 in #
For maximun impact 300 = 83.6
800 + 60 %
83.6% of 1223,400 4n # = __1025,800 in #
Total moment at the center 2763,200 in #
The mext thing to do is to determine the economio
depth, Mo wed should be less than 8/8" thick. Ve will assume

3/8" as thiokness of this web and sudbstitute in the formula

1.1/__:_T

i 2983.200 = 75.7 1n,
1.1, -
16000 x 3j8

So we will use a web plate 76" x 3/8".






The flange area will next be determined., It is reedily
seen that the effective depth will be slightly less than the
total depth, so assume 74" as the efrfective depth.
2763,200 ¢+ 74 = 372000#
For the glange stress 372000 ¢ 16000 = 24.2 sq. in. recuired
in each flange,
Use in each flange:
21ls 6x6x6/8-1/2" 11.72 8q. in. net 9.5 sq. in, net

1 pl. 16 x 1/2 x 42° 7.00 7.0
1pl. 16 x1/8 x 31 7.00 7.0
25.7¢ 8q. in. 23.5 8q. in.
1/8 wed 3,37 8,87
—£9.09 ° ~Te.8Y

The thickeat cover plate should be placed next to the angles,
but in this case both cover plates are the same thickness,
For the length of the longer plate we have:

60 / 7,00 _ = 30.6'
26.67

and for the length of the longer plate

60 // 14.00 = 41.2'
26.87

According to the specifications one cover plate must cover '
the entire flange. The other plate will be made the same length
as the longer under plate.

The next thing to determine is the stiffening angles and

web., The masimum end shear is:

Dead Load 34800#
Live lLoed 95900
Impact 80800

ZII000F 10,000#/8q. in. is



allowed for shearing stress. Therefore, 8l.2 8q. in. 18
required in the web. A web plate 72" x 3/8" gives an ares
of 24 s8q. in.

According to the specifiscations, the outstanding leg
of the stiffeners must not be less then 1/80 of the depth of
the girder plus 2",

_%%_ o 8" = 4.5" The angle nearest this 1s

6" x 3 1/2" which will be used throughout for the imtermidiate
stiffeners.
The end stiffeners must be designed {to carry the entire
end shear ~nd aot a8 colwrms, Then assuming 6" x & 1/2" x 1/2"
used, we have for each eolumn used:
L 12
r = /_&5._2..11; + 19,98 z 2.88
Then substituting this value of r and the oolurn length:
16000 - 70 _.:l’.'.g.. - 16, O7Bf

and for the allowable compressive stress on the end stiffeners:

211,000 - 14,85 sq. in. req'd,
16, 076

So we will use 4 - 6" x 3 1/2" x 1/2" 18 area 16.00 8q. in.
Ve will use the minimum size intermidiste stiffeners and

make the spacing ascordingly. Using the assumed web 75" x 3/8",

we heve:

B = 21%3900 = 7,016# for the maximum unit
shearing stress in the web. From which

4 = .%ég- (12,000 - 7,016) = 47" for the required spacing
near the end of the girder. Since this 18 less than 1/2 the

depth of the girder, we will use e spacing of 45" or 3,.;ﬁg¥:¢ya
F



For the bearing on the masonry, §:%&9°0 = 352 8q, in.

Use bearing plates 18" x 20", Eaoch bearing must be designed

80 that there will be at least this muoh bearing on the masonry.

This compleses the necessary calculations for the main
girders, and the next thing 18 the lateral bracing.

The latercl bracing should be symmetricsl about the center
of the span, The laterals should have & slope as near 45° as
practicadble, The distance between oross frames should never
exceed 156'. In accordance with this there will be Bix inter-
mediate oross frames in a 60! span,

The lateral bracing will dbe as shown:

11 10 9 8 7 6 b 4 3 8 1
66 B5 45 36 28 21 15 10 6 3

Acoording to the specifications the laterals must resist
s uniform lateral force of 200 « .10( 65880 ) = 775%.
Suppose this load moves on from the right as a unifb:nxlive
load; The load at each panel point will de 4.t x 776 = 8780+
(about). Then for the maximum shears in each panel, we have:

Shear in panel 820 x 1 = 320# m
320 x 3 = 9607 ml
320 x 6 = 1920f 1x
320 x 10 = 3200% kh



320 x 16 = 48007 hg
320 x 21 = 6620# gf
320 x 28 = 8940# fe

320 x 36 = 11,3007 ed
320 x 45 = 14,200# do
320 x 65 = 17,6007 ob
320 x 66 = 20,800 ba

Tengent of the engle £.8_ ., .686  sec 0 = 1.213

Then for the maximum etresses in the diagonals,we have:

rf = 6620 x 1,213 < 7600 minus
qf = 8940 x 1;213 = 10,800 plus
dq = 11,300 x 1;213 - 13,620 minus
pd = 14,200 x 1.213 = 17,200 plus
pdb = 17,600 x 1,213 = 21,400 minus
bo = 20,800 x 1.217 = 26,200 plus

It w1ll be seen that the diagonals have to resist both compression
end tension, but compression will probably goverp. Let us try

a single angle sey 1-L 3 1/28" x 3 1/2" x 3/8". %he radius of
gyration of this angle is 1;07 ; L = 108", ‘ en substituting

in the eompression formula, 16,0C0 - 70 1 ’
r

16,000 - 70(.%9%,.'.) = 9,000% for the allowable

stress,
Dividing the greateat oompressive stress, which ocours in b0

20,800 ¢ 9,000 = 2,31 for the req'd oross section
of the laterel end the assumed L has an area of 2.48 sq. in. Por
the area required in tension, 20,800¢ ¢+ 16,000 = 1;30 sq; in., 80
the angle 18 quite suffiocient for the end lateral. The sangle
selected is the smallest allowed by the specifications so 1t will
be used throughout in the lateral breeing.






11

The oross frames oan be fairly well analysed. The stress
in the top angle of the frame can be taker equal to one-half
of the lateral force per foot of span multiplied by one-hald
the length of the span, and this force multiplied by the secant
of the angle of slppe of the diagonala; The bottom angle of
the frame has no stress(theoretically); Then according to the

above we have:

11§-§-§2- = 11,3004%

for the stress in the top angle of the frame snd a8 the die-
gonals have a slope of about 45° with the horizontal the stress
in the diegonals will be:

11,300 x 1.4 = 15,800#
A31/2" x31/2" x 3/8" 1s plenty large for this position, so
a 3 1/2" x 3" x 3/8" engles will be used in the oroas frames.
This ooncludes the preliminary computations for the deeign of
the girder,



wt,
per
60' Girder Bo. |ft. [Totsl
Web _ 60' x 72" x 3/8" 1 |91.8 |5508f |11,016%
Flange
Angles 60' x 6 x 6 x 5/8 4 |24.2 |BBOSF |11,
Plate 60' x 16" x 1/2" 1 |[27.2 [1632#
Plate 32' x 16" x 1/8" 2 |27.2 (17414
Plate 42' x 16" x 1/2" 1 27,.2 11384
Rivets /8" x _l%." 800 675¢ |21,988#
Stiffeners 6" x 31/2" x1/2"x 61 8 [13.6 | 6b2F
6" x 3" x 5" x 3/8" 12 9‘.8 704+
Fillers 8 i/z" x 5" x 5/8" 8 | 4.46| 778#
Rivets 748" D 110 74# | 3,216%
Crose Frames |3" x 3" x 3/8"x 7'-5" 7.2 | 216f
Angles (end)8 1/2" x 3" x 3/8" 7.2 | 144#
Plates 12 1/2" x 17" x 1/2" 4 |21.25 126#
14 1/2" x 16" x 3/8" 24.65 1214
8" x 8" x 3/8" 2 [13.60| 18f
Rivets 7/8" D 104 656# 8714
Tintermediatd
Angles 3" x 3" x 3/8" x 7'6" | 12 7.2 | 648#
3" x 3" x 3/8" x B'11"| 12 7.2 | 518f
12 1/2" x 17" x 1/2" | 12 |21.2B| 378#
14 1/2" x 16" x 3/8" | 12 [24.65 499#
8" x 8" x 1/2" 6 |13.60| b&5#
Rivets 7/8" D 104 55¢ | 2,5134
Lateral
Bracing
Plates 17" x 29" x 3/8" 6 |(21.04| s40f
17" x 11" x 3/8" 6 116#

21.06|




: !
Angles g" x 3" x 3/8" x 8'8" 12 | 7.2 | 750¢#
Rivets 7/8" D 260 1414 | 1,807#
VWeb Splice 9" x 30" x 3/8" 2 | 9161, d48f
Plates 13" x 42" x 3/8" 2 |16.58] 116#
Rivets 7/8" D 42 46# 418#
Tothl 41,4694
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Conclusions for the Deck Girder Span

Considerable difficulty was encountered at first in
discovering the dead load allowed which would produce the
stress which the web plate would ststain. The span is deaigned
for a dead load of 2400f/ft., of track which makes & liberal
estimate of the weight of ballast,

Using the E 40 live load and the dead load as stated,
the total shear 18 found to require & web area of 21.18 8q. in.
A wed 75" x 3/8" gives an area of 28 sq. in.

The economic depth 4s 75.7 sq. in., but & depth of
75" was found in the girder,

The flanges as designed were found to be exactly the
same g8 those found on the girder. The flange areas are 2.5
8q. in. 1n excess of the required areas. The cover plates as
designed were alaso the same length as found in the flange.

The end stiffeners as designed were the same ts8 used
on the girder. The stiffeners were alaso amply etrons; having
an area 2 sq., in., in excess of that recuired. The spacing was
elso very liberel, end the entire web 18 sufficiently stiffened.

The minimum sized laterals used in the specifications
ere 8§ 1/8" x 3/8" x 3", but the rngles found in the laterals
were 3" x 3" x 3/8". Vith this one exception, everything else
about the girder is well above thet required by the speocifiocs-

tions.
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Complete Design of & 35' Through rlate
Girder, @ 8.---(Johnson, Bryen, and Turneau)
Length 86' oc-0 of bearings.
Width 16' o-c of girders.
Dead Load
(metal only) 0.9‘12'.5 L « 100) = 485%.
Total dead weight 2ooo¥/tt. of traok.

Maximum moments occur at the center of the span

Dead Load 153,128
Live Load 523,000
Impaot 468,300

T, 1,126 4in #

Maximum shear ocours at end

Dead Load 17,600
Live Load 69,200
Impact 62,000

~ 14B,Y00 ¥

For the depth(economical)

h = A4 2
E /62.5 *+ by

- - M - ol
=6 - 6o E 36) 1/2 he 49
160

8/8" 18 the minimum thickmess used so = web plate 3/8"

will be used.

FPor the economical depth h = 1.1/1,144,425 = Bl1.6"
14,000 x 3/8 *

Reducing this by 204, h = 40.6".
Ve will use a web 42" x 3/8", srea 15.75 sq. in.

The flange area will next be determined. The effective



depth will be 8lightly less than the total depth, so an
effective depth of 41" will be azsumed.
1,144,425 in.7 ¢ 41 = 280,000 for the flange stress.
280,000 + 16,000 ® 17,5 8q. in. in lower flange.
For the upper flange

2P
16,000 - Y0 {t

- 280,000 |
16,000 - 70 x 35 x 12
: 14
- 80;2 8q. in,
Use in the lower flange
21s 8x8x5/8" 19.22 16.72
-1 pl 6" x B/8" 5;75 z}uo
1L 4" x 3" x 3/8" 2.48 1.73
1/8" wed 1;97 1;97
Iz —FZ.9% 8q. in.
Use in the upper flange
2 Le 6" x 6" x B/ 8" 11.72
1 pl. 14" x 7/16" 5.25
1 pl. 14" x 3/8" 4;50
1/8" web 1)97
“23.40 8q. in,

The thiocker cover plate should be placed next to the angles
and in the upper flange ome cover plate must cover the entire
length of the cover platol;

The length of the shorter plate‘is given by the formmla:

L '/“‘1‘f 8

from which

4.5 + 5,26 '
l/ za"u = B2.6!
and for the length of the cover plates on the lower flange no
cover plates are used.




7

The next thing to caloulete are the stitfeners.. End
stiffeners must be carried on fillers and carry the emtire load
at the end of the girder. The maximum end shear was 148,900#.
Aocording to the specifications the outstanding leg of the angle
mst equal 2" + 1/30 of the depth of the girder.

2" 4 -g%-- 2 3.4". Ve vwill try Is 3 1/2" x 3 1/2" x 3/g"
for the end stiffeners. Then assuming each two of these angles

to aot a8 & column we have:

- Iy
r= __4_:_9_9__::_%;88. + 5.8 = 2.18 , using this

valu® of "r" and the colummn length of 21"
16,000 - 70 —2L_ = 15,320f for the allowable

compressive atress in the stiffeners,

148,700 _ - 9,62 mq. in., for the required area in
18,320

the end stiffeners. Ve will use 4 Ls, & 1/2" x 3 1/2" x §/8".

Area 9,68 8q. in,
Using the angles as calculated, we will have to find the

required spacing of the intermediate stiffeners.
8 = 148,700 ¢ 15.75 = 9,480 maximum unit shearing stress
in the web from which ' .
. a= 86 _ (12,000 ~ 9,460) = 83..5" since this is less
than the depth‘gf the web, the spacing will de considered
satisfactory.
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35' Girder
2ssumed dead losd 2000#. Use in bottom flange
Rffective span 35'. 1/8 web ares 1.97 1;97
2 1s 8x8x6/8PF.L. 19.22 16.72
1l pl. 6 x5/8 5'.75 £.50
1L4x3x3/8 2;48 1;75
Maximum end shear
Dead Load 17,5008
Live Load 69,2009
Impaot 62,000#
~148,700F
Required wed aresa 14;87 8q. in.
Use 42" x 3/8" , 15.76. Use in top flange
2 Ls 6x6 x 5/8 14.22 11.78
1pll4x7/16" 6’.12 5..25
17l 14 x 3/8x18" 5'.86 4.50
1/8 wed 1.97 1.97
Maximum momentum at center
Live load 153,125 ind
Dead loed 523,000 inf
Impaot 468,300 1inf
T, 744,185 In7

Stiffeners



Teight of 35' Girder

19

v wE. N
per
Size Ho, | . Total
Web 36' x 42" x 3/8" 1| 63.56| 1880# | 1,880#
Flange ' .
Angles 6 x6xb5/8" x 35" 2| 24.2f| 17007
Angles 8 x8 x 8/8" x 35' 2| 32.7#| 2280%#
Plate 6" x 5/8" x 35! 1| 12.75| 445#
Angle 4" x 3" x 3/8" x 35’ 1| 8.5 2974
Plate 14 x 7/16" x 85! 1 80;83 7287
Plate 14 x 3/8" x 18" 1| 17.85| 322¢ .
Rivets 7/8" D 720 szof | 6,192#
Stiffeners »
Angles 6" x 6" x 5/8" x 3'6" 2| 24.2 169.4
Angles 6" x 3" x 3/8" x 8'6" 2 9..8 68.6
Fillers 3" x 5/8" x 2'4" | 2| 1.87| 88.0
Angle 4" x 3" x 3/8' x 4" 1 8Q5 34.0
Piller 6" x 5/8" x 3! 1| 8.5 11.25
Fillers 3" x 5/8" x 4°' 7| 1.87 52.2
Angles 6" x 3" x 3/8" x 3'6" 7| 9.8 | 241.0
Angles 8" x 3" x 8/8" x 2'4" 7| 9.8 178.0
Angles " x 4" x 3/8" x 2'4" 3| 11.0 77.0
Angles 5" x 3 1/2" x 8/8" x3'¢| 3| 10.4 110.0
Angles 5" x 8 1/8" x 1/2" x3'6"| 4| 18.6 191'.0
Pillers 3 1/2" x B/8" x 2'4" 4 sv.1e £056.0
Pillers 31/2" x6/6" x 9" 1/4"| B 2.18 si.a
Rivets [118 56.8 1,362.4#
Gussets 2 150;0 300.0
Total 9,738 .4#



Summary of Analysis of 35' Through Girder
Length 3B* '

Depth 16' o-c of girdern;

The weight of the metal in this girder by empirical
formula is 485f. The other dead load sonsisting of treck, ties,
eto., was 1628#. The total dead load is 2123#/ft. of track, but
¥r. FPargo's figures allowed 2900#/ft. of treok.

The maximum shear was 148,700 and required a web plate
area of 14;87 aq; in. The wedb plate used was 42" x 3/8" =
16,75 aq; 1n;

The maximum moment was 1,144,425 in # and with an
effestive depth of 41", a flange area of 17;5 nq; in. was requireq.
Due to the construction of the larger girders, the same sige |
angles were used in the 35' girder es in the 1arger girders, The
lower flange used had an area of 22.92 sq. in and the upper flange
en area of 23;44 aq; in. The shorter cover plate as determined
from the empirical formula was 15;8'. The cover plate used on
the girder was 18' long. No cover plates were used.

The spacing of the intermediate stiffeners was found
to be quite s&tisfastory as all spacings were very conservative.

The weight of 9,728% is in excess of that givem by
the formule 9(100 + 12;5 x 55); Since 20007 £t. of track was
allowed for the dedlt-load weight, the inorease in weight is

taken care of.






Completed Desiysn of an 86' Through rlate Girder
Data:
length 860" o-0. of bearings  Dead Load 3000f/ft. of track
Width 16'-0" o-c. of girders Live loed Cooper's cless E 40
Caloulations:

Veight of track, ballast cnd etc. 1636}
Weight of metel in girder
.9{12.5 L + 100) = .9(1076 + 100) 1080¢

26964 Total weight
M due to dead load = 1/8 x 1500 x 86° x 12 1,354,600 in #
From table in Ketocham'd pandbook

Max. M due to E 40 loeding on 86' span 2,407,000 in #
Dmpaot = 83.6% of 1ive losd moment 1.875,800 in {
Total moment at the center span 5,687,100 In ¥

The first thing to 4o is to £ind the economis depth. The
specifiocations require & wed thickness of at least 3/8" so that
thiokness of wed will be assumed in these esloulations. This
thickness 1s at once used in the formulas

' M
1.1 =
V/— X

1.1 /-54637,100 = 107"
16,000 x 3/8

h

A web platelld" x 3/8" was necessary in the 10l' span and
for the sake of appearance, all of the longer through spans will
use the same size web plate, 114" x 3/8".

Since the flange takes all the moment, the flange area will
next be determined; The effective depth will be slightly less
than the depth of the web plate so we will assume an effective
depth of 112", 5,637,100 ¢ 112 = 50,300 in # for the flcnge
stress. 50,300 in # ¢ 16,000 £ 32.6 8q. in recuirec flange

aresa.
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Use in the lower flangse Gross KNet
2 1s 8" 2 8" x 5/8" 19;22 15.47
1pl 6" x 5/8" 3.75 2.25
1 pl 18" x 7/16" 7.88 7.00
1 pl 18" x 3/8" 6.75 e}oo
1L4" x3" x 3/8" 2.48 1.73
1/8" web 5.34 5.34

total {5.42 "35.04

Use in upper flange
2 Ls 8" x 8" x 5/8" 19,22
1 pl, 18" x B/8" 11.26
1/8 web 5.34

1 pl 18" x 9/16" 3
Total 9
Required ares in upper flange 18 found from the formla
- P
Az

16,000 - 70 %

- 50,800 in 7 s 42.6 8q. in.
from which A < 16.000 . 7o £ 86 = 12 q

18
The thickeat cover plate should be pleced mext to the engles.

For the lower flange and the longer plate, we have:

86 7.00 = aq
38.04
and for the shorter plate:
86/6000 b '-00 = 50.2'
38,04

Acoording to the specifications one of the upper cover
rlates must extend the full length of the girder.

The next thing to determine is the shear in the web and the
necessary stiffeners. The masimum shear is at the end of the

gspan and is ma’e up a8 follows:






Desd load 63,750

Live load 130,700

Impact £3.6% of 1live load 101,900

Totel = 296,850 7

The sllowable unit shearing stres: is 10,000 per sq. in. 8o
29,6 84. in. o web erea 18 requirei. A web plete 114" x 3/8"
has an ares of 42.75 8q. in. end gives the recuired area plus.
Prom the specifications the outstanding leg of the stiffening
engle must equel 2" + 1/30 of the depth of the girder.

L4 . 2 = 5,8". 4in sngle 6" x 31/2" x 3/8" will be

selected snd used throughout for the intermediate stiffcners,
The end etifferers carry the full and shear and aot as colwms.,

Angles 6" & 6" x 1/2" will be selocted for the first trisls.
Ve heve then for each of the two angles soting as & colum:

11.5
Using this value of "r" and the colwmn lemgth of 67"

16,000 - —8T—— - 70 = 14,7604 for the allowable
3.16
compressive stress in the end stiffeners.

r = ‘/11.5 x 2.67° + 39.8 = 2.16

269,350 = 18,2 8q. in. Ve will use 4 Ls
14,760

6" x 6" x 1/2" Area 23 8q, in.

Using the stiffeners as calculated, wé will meke t:.e
spacing acoordingly. ® = 269,350 ¢ 42.76 * 6,320 for the
maximum unit sheering streass from which: '

a= -§é§-412.ooo - 6,320) = 54.2" or 4' 6"
Sinoe this 18 less than the depth of the girder snd less then 6',
this arrangment of stiffeners is satisfactory.

In a through plate girder bridge stays for the top

flanges are necessary &t distances not greater than every

12°*.






Veight of Girder 61'
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vVE.
per
Part Size Ho. | ft. | Total
Web 114" x 3/8" x 86! 1| 166.7|14400f| 14,400%
Flange
Angles 8 x 8 x 5/8" x 86' 4| 32,7(11,040
Plates 18" x 5/8" x 86 1| 38.25 3;290
" 18" x 7/16" x 52! 1| 28.26| 1,480
" 18" x 3/8" x 36" 1|22,96| 821
" 6" x 5/8" x 86! 1| 8.5 731
" 18" x 9/16" x 43" 1| 34.43| 1,480
Angle 4" x 3" x 3/8" x 86! 1 3;75 323
Rivets /4" D 972 456| 19,620¢
Stiffeners
Angles 6" x 62 x 1/2 x 9'6" 819.6 | 1,481
6" x 3 1/2" x 3/8" x 98" B34 |11.7 | 5,820
Fillers 6" x 6/8" x 8' 6" 8| 3.75 262
Rivets 342 160| 6,723%
Gussets 7 p84.0# 1,988#
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Summary of Analysis of 86' Through rl:te Girder
Length 86" o-c¢., of bearings.
vi4dth 16' o-c. of girders;

The total dead load wes 2696#/ft., but the Pigure
gllowed by Mr. Fargo was 3000¢#/ft. of track;

The total shear was 296,3650f requiring an area of
29,63 8q. in. The economic depth was 107" but for the sake of
appearance & web plate 114" x 3/8" was used, giving an excess
web area of 42.75 sq; 1n;

The requireg fiange area for an effective depth of
112 8q. in. was 42.6 8q. in., for the upper flenge and 32.6 B8qg. in.
for the lower flunge. The area in thc upper flange used was
44;94 8q. in. and in the lower flange, 38.04 8q. in.

The intermediate stiffeners used are 6" x 3 1/2" x 3/8"
angles and the end stiffeners are 4 6" x 6" x 1/2" angles. The

end stiffneers have an area in excess of that required of 6 sq.

el

in.
The spacing of intermediste stiffeners is very con-

servetive and no oriticiem ocen be expressed of them.

Complete Design of an 83' Through Plate Girder, G3
Data: Length 88' c-c. of Bearings Dead loed 2900#/ft.
Vidth 1l6' o-c. of bearings Live load class E 40.
Caloulations for the main girder:
Dead load(metal only) ;9(12.5 L + 100) = 1020
Totel dead load 2900#/£t. of track.

Mex, moment ocours at the center of the span.



+ b

Dead Load 1:':50'000 in 17
Live load(from Xetchem's Handbook) 2,806,400 in #
Inpaoct £2.6,% of 1live locd 1,800,630 in
Total 5,056,950 1In #
Tre of ective depth 4s:
h = 1.1 )i t = ‘Qt
——— - 3 8
X /
h = 1.1]&22&.?.?.9.. z 104" Ve will use
6000

the same size web &8 4in the 101' girder, mamely, 114®. The
offective depth will tc assumed cs 112", Then 8,366,980 ¢ 112 =
478,000# for the flange stress,

478,000 ¢ 16000 = 29.2 Bq. in. net area required 4n
the lower flange;
For the upper 7lange £8 = 16,000 - 10X 83 X 18 4 33 gq0

18
Then an area of 40.2 8q. in. 18 required in the upper flange

Use in the lower flange ‘ Groas Net
1/8 web 5.54 5.5
2 Ls 8" x 8" x 5/8" 19;28 15;47
1Pl 6" x 5/8" 3.76 2}25
1rl14" x 3" x 3/6" 2.48 1.73
1Pl 18" x 3/8" x 51’ 6.75 6,00
1Pl 18" x 3/8" x 35! ~ 6;75 6;00

Use in the upper flange
1/8 wed 5.34
2 Ls 8" x 8" x 5/8" 19.22
1 r1. 18" x 9/16" F.L. 10.10
1 P1 18" x 9/16™ x 42! 10;10

44,76






The chorter cover plate in the upper flange equals

8% / 10.1 = 59}5'
44.76

For the lemgth of the cover plates in the lower flange

83 6.00 = 34' for shorter plates
36,79
83 /:_.E:.O_Q._.. S 47' for longer plates
26.79
The end vhear in the web is: '
Dead Load 60,1007
ILive Load 128,200%
Impaoct 100,400#
— 888,700

Hanoezza;sv aq; in. of web ares 18 required. A web plate 114" x
3/8" has an area of 42,75 8q. in. The outstnading leg of the
stiffener angle muat equal 2%+ 1/30 of the depth of the web.,

2% » 1/30 of 114 = 5.8"
Since 6" x 6" x 1/2" angles are used aa end stiffemers on all
the large girders, they will be usc on this girder.

From the analysis of the 86' girder, this allowable ocom-
pressive stress 1s 14,760f/sq. in. IFour Ls have an area of 23
8q. in., meking the totel she:: vhicn could be safely carried
338,000#, but we have only 2ti,700, shear. For the intermediate
stiffeners 6" x 3 1/2" x 3/8" Ls were used. The spacing is

.é?ﬂi_(lz,ooo - 288,700 ) = 49" or 4' st the ends.
0 42.75

In & through plate girier, steys must be provided ¢t

distancee not exsceecding 17'. “he gusset or knee drace will

be anslyzed under a separste Leading.
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Conclusions on Analysis of 83' Girder

The web area end slope 18 determined by that required
in the largest girdcer. Ihe web in the 105' girder was 114" deep
and for appearance all the longer throurh epsns were made the
same depth. T1is gives un excezs area in the web of 14 sq. in.
or about 60% groater then is needed.

The flange cormpoaition except for the cover rlates is
also determined by the size of the flanges used in the largest
girders. The upper flange area is 10% larger than is needed.
The lower flaonge 18 arbitrarily chosen because of the comnection
between the floor sections and the girder. The lower flange
area is 26;5% larger than is necessary.

The end stiffenera are 6" x 6" x 1/2" Ls and are
st:ndard throughout the through girder epans; The intermediate
sngles are likewise standardized, 6" x 3 1/2" x 3/8" Las being
uae; Aocording to Kirkham there 418 no theoretical way of
spacing the intermediate stiffeners.

The analysis 83' girder is exaetly the same a8 that
of the 86" girder except for the cover plates in the flanges.






Lstimated Veight of Girder G3
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BT
per
Part Size Ko, | f%. Tot
Veb plate 114" x 3/8" x 83! 1 |166.7£|13,823| 13823#
Flange
Angles 8" x 8" x 5/8" x 83! 2 | 3.7 | 65,430
" 6" x 8" x 5/8" x 83! 2 | 82,7 | 5,430
Plate 18" x 9/16" x 83" 1 | 34.45 2,840
" 18" x 9/16" x 48" 1 | 34.43| 1,488
n 6" x 5/8" x 81" 1| 3.96| 805
" 18" x 3/8" x 51! 1 6;75 346
" 18" x 3/8" x 35" 1 6.76 237
Angle 4" x 3/8" x 8/8" x 81°' 1 11}25 911
Rivets 3/4" D 2312 1,081| 18,007#
Stiffeners
Angles 6" x 6" x 9' 6" 8 |19.6 | 1,481
" 6" x 3 1/2" x 3/6"x9 I 38 11.7 | 4.820
Fillers 6" x 5/8" x 3 1/2" 8 | 2.76| =268
Rivets 8/4" D 416 196 | 6,259
Web splioces 4
Gussets 6 | 248+
each 1,688#




2 Cross Bemris Bl

Loed : & concentrated /oads 7aport
87000 ™ each

AMax Shear 2//000%

Feyd Frea 2// 5¢.in

Total/ NMomen? <& FA3/000 /n*

EFFDapth 39"

Regd Forvg e Freq

Use For flanges

2Ls 6«67 £°

rPL /64 T 0!

732 sq9.n

//50 9.0
800 725
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Analysis of Cross Beéms bl and 2
Length 14 - 1/2" smay 14'} See Photograph 2.
2 concentrated loads 211,000# each 7' apart
about oenter;
Calculations:
Total shear  213,000f
Total moment 4,447,300 in #
Require.. area for shear 2l. 8q. in.
The plate used 1a 40" x 3/8" = 156 8q. in.
2 plates 1/2" x 28" = 28 sq. in.
43 8q. in.
The shear in the flange ecuals
4,447,300 + 40 = 111,8285-4n ¢
111,826 ¢ 16,000 = 7.54 sq. in,.#
The flange used was
2 Is 6" x 6" x 1/2" Torsre®
1pl, 16" x1/2" x 10" v;zs
-IEEVE_hq; in.

Length of cover plates 14 7'35 -

= 9.5"
16.76
Stiffeners under coneentrated loads 212,000#

212,000 ¢+ 15 = 14,100 # 8q. in,
This shows the allowable unit shearing strees in the

web directly underneath the conscentrated loads to be exceeded
by 4,100 8q. in. Vith this exoeption, the beams are amply
strong. This is the first number in the entire structure which

failed to come up to specifications.
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Analysis of the Conorete Fooling under Column; CLl.

The total dead load from the girders to the colurm is
269,000# + 210,000f = 480,000#. The weight of the column is
approximately 27,000f. The pier is 10' sguare and 3' 6" deep.
At 1650#/ou. £t., the pser weighs 60,000#, meking the total weight
on the soil underneath the pier 6567,000% spresd over an area of
100 sq., £t. The unit becring stress resulting is 5.67 tons per
sq; ft; or 2,83 tons. The allowable pressure on the foundation
is from 2 to 3 tons for ordinary cley &and dry sand. The founda-
tion here reats on & gravelly soil underlaid by a layer of hard
hlue olay over & deep bed of muck; Hence the footing will be
considered safe for bearing pressure;

Piers commonly fail from pinching shear, that is the
section directly underneatch the colurn bearing plete being
forced dovm through the footing. The colurm rests on a plate
24" x 86" having 2 perimeter of 10 f£%.

The conorete in the piers was made of local ungraded
eggregate in a ration of 1 1 2 1 6. The concrete was carelessly
mixed and placed so the alloweble oompressive_stress will be
teken a8 1500#/8q. in. The pier has both verticsl and horizontal
reinforcement so 6% of the compressive stress will be allowed
for shear.

The load producing punching shear 1is:
0 = 6 x 507,000 = 4765,000#
The minirum depth then for punching shear 4s

478,000 = 22"
2 x10x12 x 90







10' Since & = 36"

A Y the totei snear on EFGH
' -
| o4m =100 =8 X9 » 507,000 =
| ! 100
| 26" : 10' © 142,000f
: l vz Y _ = 142,000 =
: | P3j4& 388 x875x 32
L& __H 1Z2.4: 80 no

are needed;
bending moment on each sot of rods is
M = Cpdp 03 = .615
616 x 507,000 x 120 = 3,160,000 in #

A = 8,160,000 Z 6.4 in of steel.
16,000 x 36 x 0,875

Fourteen - 3/4" round bars. Arees 6.21 sq, in,
Hence from this amalysis it will be seen that the pier

has sufficient area for beaering and are deep to prevent punching
by the column. The fourteen round burs give ample reinforcement
in the bottom of the pier., In addition there are ring bars and
angles attached to tﬁe colurn itself which increases the allowable
Btrecs allowable in the oconcrete. The piers will probably carry
fully 60% more load then will ever come upon them..

Analysis of One Guaset
Consisting of 2 Ls & 1/8" x 3" x 8/8" x 6' 3" and 1 plate
16" x 3/8" x 8! 2", The radive of gyration of these
angles is 0;91 and the length 98", Substituting in the

compresaion tqrmulaz

163000 - 70 28 = 15,250#
0.91

The area of these two angles is 4.22 sq. in. or the total com-

presaive astress that these angles will take is 4.22 x 18,250f
= 64,100f.



N
The flango stress due to overturning is ;10!5200) + 200 =
7204 applied 7' above the rail.
4s the rail is about 2' above the lower zngles and the
girders are 16! apart, the overturning momént is:
| 720 x —i-z—- = 4064

The bending moment at the center of the span is:

2
406 : 100 . 467,000 £t.# and the rewulting flange
stress is 457{:_: x 12 = 48,100f.

It 18 hard to determine the exact stress passing from the
Birder to the gusset plate, but standard practice requires 2 Ls
" x 3" x 3/8" and a 3/68" web plate between them, This is the
arrangment used in the gussets on this bridge’.

Veight of Gussets

8Ls 3" x 3" x 3/8" x B' 3" 76.1%
1 pl. 16" x 8/8" x 8*' 2" 192 .4+
80 3/4" Rivets 14.1¢4

MG
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Pinal Conclusions

The Beal Road Bxridge is a very good example of the |
best praotice in recent bridge 'bnuding'. Bridge designing like
all other forms of structural designing is an o.rtv.

Todesign a dridge, one must 4o more than to compute
the various stresses in the bridge and to make all members amply
utrong.. He must so proportion all the parts as to make an
economical design to build, but also a structure essily erected
and when once erected, capable of resisting not only the loads
it oarries, but the elemcnts as well until a time until newer
straotural practice mekes it advisable to replace the atmotnro..

This bridge 18 designed to osrry what is known as
Cooper's Class B 40 1oad1ng.. This loading consists of a standard
locomotive of a certain weight followed by loeded ocars elso of
definite weightv. 8ince no standardised loading has been provided
for electris railway structures, steam rosd loadings have to be
naod'. A cesreful amalysis of the foroes caused by sn eleoctris
ear passing over a bridge shows that those foroes are from 50 to
6% of those caused by # 40 loading‘. Hence Beal Road Bridge will
be adle to oarry interurban cars from 33 1/3 to B0% larger than
are being now used. Although 1t is hard to prophesy the future
growth and 8cvelopment of elestrical railways, it 1s safe to
assume that the Bridge will not require replacement for 80 yom..

A comparison of the results obteined tron} my computa-
tions of the design of several members of the struoture with the
sctual oonditions found in the bridge show the bridge to be emn-
tirely u;to'. Extreme conditions were watiched out for and these
conditions amply provided tor'.






The greatest stresses in the dridge ocourr in the
g:lrdere‘. Every girder shows excess mtorial'.

If a bridge was not stiffened and bdrased throughout,
there would be exsessive vibration when the cars passed aoross
the bridge'. Due .to the roek ballast used and the thorough dbracing
of the entire strusture, a car passing over the bdridge will not
Jar a coin placed on a horisontal surfaee on the bridge. Lack
of vidbration makes riding on the Xalamasoo Interurban ears mmch
more pleamant than {8 commonly attributed to elestris railway
oa.rl‘.

No struocture can stand for long unless it has secure
tounutiom'. All piers are of heavily roin:torood'oomroto with
broad buoao. The piers rest directly on gravelly soil mimed
with olay which forms the best brasing suppoert offered by eny
soils,

The steel colums supvorting the girders appear to de
mamoths to the layman., These eolumns are filled with comcrete
te prevent rusting of the metal om the inside of the columms and
to give added stiffness to the etruoture..

The layman mey fail to see the economy of an overhead
eroasing at thie point'. The strusture sost very mearly 380,000
and the approaches several thousand dollars morov. But the state
Reilroad Commission ruled there rust de & separation of railroad
m”; The reason for this is quite apparent when one considers
the amount of traffic on oaoh.. The ¥ichigan Railway Compeny
oporates 56 passenger trains a day end the G, R. & I.. operates
about 20 trains a day on this line, TLe roads oross at very
acute angles which forms the same conditions &8s was prcsent at

the recent wreck at La Porte, Indiena., A grade separation






prevents the greater number of ascidents and has a value which
cannot be measured in dollars and oents..

The Beal Road Bridge i1s dy all means a monument to
modexrn engineering foresight and ekilll. A bare plate Girder
bridge is never & thing of beauty, but it serves 1ts purpose
woll'. The designers of this bridge have made the beet of the
conditions present and have produced & strusture which is stable
and thoroughly suited to its looation'.






Miscellaneous Data
Rivet epacing in flange angles at end of girder
Girder @Gl0 a8 G2 G8 @3
Spasing 8..5" 8'.0" 2'.5" 8..5" 8’.5"

Maximum moments for remaining girders not analyszed:

@irder 45! 101°* 96"
Moment 1,806,000 in # 7,610,000 in # 6,989,000 in #
Shear 180,160# 337,680# 386 ,800f
Greatest wed aréa recuaired | 33,76 sqv. in.

Bosonomioal depth 114"
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