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The Span length will be 240" center to center
of end pins. Truss to be sqzure ended, Track straight. ~ap—
Live load to consist of two engines, concentrating 282 tons
over a2 length of lo4' followed by a uniform itrain of 2.1

tons per linear foot.
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style and dimension of truss, The truss will be
of the Baltimore type; and consist of eight full panels,
each 30' center to center of pins and sixtuen seml-panels
each 15' center to center.

The inelined end posts will be Go! center to center
of end pins, The seven nain verticals will he 40' center to
center of pins, and the eight semiverticals will be 20' centen
to center, The length of t.e upper chord will be ineressed

1" for each lo} for camber.
8
The m=in diagonals will be 6o0' long, &nd consist

of two sets of eye bars 35' center to center of pins, plus
allowance for camber, The senidiagonals wi}Iﬁbe a5' center

to center of pins, correeted for camber. if%' .
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determined by adding 1 " to top chord fdi“eadh 101 ﬁalving
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(2)

Tor the hypothenuse of the right triangle formed by the main
vertical and length of top chord thus increased, true length
of main diagonals will be Ho' 11 " . The lower choed will be
maede of eyvebars 15' center to 2ﬁntwr.

DEAD LOAD.

The weight of floor will be determined by allowing
lssﬁﬁer linagr foot for rails, guard rails, bolts, Spdkes,&c.
and 270%per linger foot for cross ties., The eross ties will
be 8" x lo" x 12' spaced 16Y¥ apart center to center; Totzal
weizght of floor equals 435 k8. The weight per 1fhaar foot
of the steel in the bridge will be given by the formila
W equalsbL Plus 550 3¥s8,, when W-equals welght per linéer
foot, L equ=ls span ifp feet,

W equals B x 240 plus 350 equals 1560 IB8,

Total weight per linear foot per truss equals

1550 _plus 5 equels G52 ks, ,
P
Paneluload ver truss equels 992 x16 equals 14%9001%8,

Total weight per truss equels 14900x 16 equeals 258200 ks,



(3)

DESIGN OF THE,STEEL FLOOR SYSTEM.

—————————— eQo~- e e et

The permissible working stress in flanges of
stringers and floor beams to be determined by the followimg
formula:-
a2 equals u( 1 plus r) (3.B.3.1 818)
2 eqiials permissible stress per sq.in eitlier tenS$ion or
compression,

r equels_min, siress

maX, Stress

7800 w8 permissible stress compression,

:3400 . » " tension

correetion for stress in top flange by column formulal-

b equals a (J.B.d 320)
1 plus _Ir

Hooo
a equals stres found above

I

equals 15
b equals allowedi stress,( corrected),

The stringers are plate girders of a span length
equal to panel length. The dead load on & pair of stringers
consist of the weight of the stringers plus tiie weight of the
floor.

The weignht of the steel may be approxinetsd b the

forrmla.-

‘9
.

w equals 9L plus 55
Totzl dead load per linear foot equals

w equals 9L plus 55 plus 435 equals 635 k8.



(4)
Maxirmmm dead lozd bending moment equsls

625 x 15 x 15 equels G800 ft, ibs,
3 x8

The maximum live load hending moment will occur when wheel

(Z) or (4) is 2t the center of the stringer.

Max, L.I.. M, equzls64500 X 7,5 x 7.5 - 1lo7500 equals
15

134400 ft.3Bs,

Total bendiing M. equsls 143200

Assume depth of web to be 286" o.a,, 24" effective,

Max, flange stress equals (143200 x 12) divided by 24" equeals
71600 ¥8.

Allowed stress in bottom flange equels

B400( 1 plus 38800 ) equals 3%o001ks. call it Bo000 Ibs,
145200



Allowed stress in top flange ,equals

78oo( 1 plus 8800 ) equels 8700 b8,
142200
gorrection of stress in top flenge,

b equels _ 8Z00 equsls 7%00 k8. call it Booo ks,
1 plus 15 x15
" ~rBeoo
Lomer flange area, =quals

71600 divided Ly Qooé equeals 7.8 sg4.in., net.

The Tlange shall consist of 2 4 6" x31l" x 1" net

2 2
area 8sn.in. 15.3 398,

Will use same A for top flange. The max, end shea
will oceur when three wheels are on the stringer and one is
just off the floor bheenm .

Max., shear <mals 21.500 plus 2(21500) plus 1(21500)
S S
equals 47000 *B8,

Alliowing a béaring and sheering value of 4000%¥8,
per 7" rivet in single shear, 11 riveis will be required
throﬁgh the stringer: web nd ena flanges; also tiie same
nmmber will be required to attach the stringer to the.floor
beam; but since tie stringers must be riveted to the floor
beams in the field it will probally be advisable to use 16
rivets 8iln ezch /.

™he rivets in the flange shall be pitched 3" at the
ends and 8" in ithe middle 8'of the stringers. Each stringer

will consist of .-

1 web plate 36" x3" x is', area®, 85 sq.in. eqﬁ&ié 4952 IB+=

¢

2 top ;ft%“ x &1" x 1" gross area 9sq.in. at_ls.siéﬁu}is 459%b
n

2 bottomsy net W OB W e W 489

4 end fillers 18" x 6" x }* i 6o
2

4 *{0 B" x 4" g at 19,3 o 108

8
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144 7 rivets 63
8 1640313

There will be 32 atringers;
Total amount equals 1640 X 22 equals 53 480 l1bs-.
Intermediate floor beams to be 17!' eenter to
center and 43" 4eep o,a, ,stringers to bhe riveted to floor
beam =2nd spaced 7' center to center.
Meximm floor besm loed will occur when wheel 4 is

ovary the floor bheam

Max. lozd equals (1883 x 98 X 2 -322.5) 2

2 15
or 2(98-322.5-2638) ¢ meals 58.94 X 2 csll it6o x 2,

15
Max. endi shear cequels 6o plus 4.7(8.1) equals 64,7

Beam 48" o.a., 46" effective.
Flange stress equals 60000 X 12 X 5 equzls78000 ks

45
allowed bottom filange stress cquals 9000 188

Therefore 78cc0o0divided Ly 9000 equals 8,7 sq.in., net.

Each intrmedizste floor heam will consist of:-

1 web plate 48" x3", 18 sq. in. equels 056 3=
4 )5 4" x B" x _5"8 18.4 sq. in. 956
4 end 4" x 6"8): 1 255
4 flllers 8" x §" i 165
160, 7" rivets ) 7o
8

Total mat,equalg————eoom o _ 2380 "

Details of end floor heams will be shown in drawings

Load concentrztion on main psnel joints.

Try vheel (3) at joint /2

The length of uniform load from right end cquals 2lo-¢i

equals 119';

qu=ls 289 plus 119 x 2,1 equsls 67,5 i
8

g
N
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G cquels 33 or 58 No Max, p

1 1 x
Try vheel (4) »t By

G equals 289 plus( 2lo- 86) 2,1 equals 68,87
n 3
G equals 53 or 75 H max,
i -
Eence the moment willbe & max. where wheel (4) is
at -L} .

Homent about 19 equsels 159 81
The right sbutment is 124' to tie right of 19:

Hence the tota' moment zbout r&:;it end equals

15981 plus 289 x 124 plus 124 x 3.1  equels 87872 fi.(lood)
2

Left abutment reaction equals 87872
B % S0

Moment of left abutment reaction rLoutla equals

87872 x 3o =511 equsls 7973
8x 2o

Weel, (92) &gives a mex, at _1“',‘

Max, rmorment sbhout Lnrequr,.ls 12850,
Wheel (13) #ives a pax. at I,{‘_;

Max. monent ~Loui L equals 16497,
Whi:el (16) gives the lax, at Ly

Max, moment about Lg equals 171391

The moment at U,, Ui, Us, U; equels

the moment &t 1, Ly Ly Igblus

the moment of t.e load at pancl pointe Ly Il# &e about 14

-

Irb&c .o

The ma2x, panel load «quels 6o, and assuming it
possible for the mex. load ani mex, moment to come together
we have moment about,

U equ=ls 12650 plus 80 x 15 equals 13550,
Ugequzls 18497 M " . " 17297

Uesequals 7973 8 " " 8873.
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LIVE LOAD SHIARS.
Wheel (30 at J aives a max, sheer in - £,

Shear equsls 2%9o0.
The loading for mex. shear in / [/ will be tie same

as for maxs ab Eo '{,B. wheel (4) at Z,,' -
124" x2,1

S equals 15891 plus 289 x 124 plus 2 --511.1 Fquals 23657,
240 S0

Wheel (4) gives max. at Ly

8 equzals 2ol.

o

Yheel (3) gives a max. at I
S enquels 1444,

Yheel §3) glves & max, at Jii'

Negrtive shears
Whael (2) &t Eb;.;ivcs mex, negative shear in K‘ sé?'
8 equsls 57.9

Wheel (2) at /45;-1\1':'33 a max, in Ea E;

8 equsls 26,1

WEB _STRESS .

The max, stresses in tho veb members F, 01 [, Oa
U, 05 occur when max., shasr is in [, z;,]Z,,Z ,’_;-._'_- -
nax. stress in g, U, 0.Uy 03U, equals
max. stress in [ o [, 01 plus one half stress due to
loa2d on the corresponding sub-vertical at time of max shoear
in the panels =zs given above.
Wheel (5) gives max, shear in [, [slozd an 0y Ly equels So.
shear in [, ,Z;. equzls 201,
There ore ,vertical camponent in 0, U, equals 2ol plus 15

aquels 2116
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7Rl
I“‘/Z? 9"’-‘}“}”.

Wheel () gives max. shear in ZJ;
corresponding increment to be added for stress in upper
h=1f of diagonals equals 98,
While vheal (3) gives max. shears in panels lasg named, the ¥
Max, shear is only slightly in excess of shAgr for wheel(4)
at the corresponding points, while tihie load on the sub-verti-
¢al is much greater, The Max, stress in the upper half of
the diazonzl will be when wheel (4) is &t the corresponding
panel points. We will use 15 as the increment to be added

for vertical components,

EREOE PIXN.,

ThE pressure on the shoe is vertical and equels
the vertical component of stress in the portal post.
Pressure on shoe equals 532 X 8 equals 425,.6
Bearing an arez reqiured for »in equals
425,.6 divided by 13,5 equals 31.52 sq.in.

Assume a 8"( pin for firstirial), 31.52 divided by 6 equals)
5.25" bearing thickness reqiired, or 2.62" on each side of

shoe. Faeh side of shoe will consist of 1 1" hidige plate

a2
3 1" plates and 1 3" plate.
2 : 4
Each side of / U,vill consist of 1l'web plate reinforced
2
with 4 _fl_"platws and 1 1" Hnige plate.
2 P

Horizontal forf@8 are
zo ,{;4 emeal 32d.8 and "50 1, equ:ls 31,8
Vertical for€E8 are |

Uy [, @1uals 425.6

Z to 7111 consist of 4 Eye bars 11" x 7"
0 g

16
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momment of /. [/ on / U, cmuals

165.8 x 2 1 éqials I50

4 :
Momentum of / U,on Shoe equals
212,38 x 3 equals 159,.6

4

o - - = l -
‘M.($) (350" plus 180~ )equals 385,

A 8" pin will be larger than needed for bhending, -will use

81" pin t;o bé uniform,
3

P 1 1_FeR WIU,"

Assume U, O have its Max, stress, also that / U,

¥ Up U, . " meet 1in a plammed joint =nd have sufficient
thickness to take up all bearing forece, so tnat the pin will
have to pesist only the be ring and bending moment of

w0
Us [ will consist of a 1" web reinforeced with 1"pin platos
2 2

and one 1T Tuwgge plate.
; 2 R 1
Up U will consist of 3" web, one §" pin plate and one

1"Mivige platel uwd <% S Plote

2 >
Ug 0, will consist of 4 11" x 7" Eyebars,
. o

R UM, S Tlix g8 &
16

Vertical forces are

U, 0; equzls 372.7 X 8 equels 298,16 ¢
equals .5,, Ui
U, L’ equsls 468

Horizontal forces are
Up 0, e '1ls 372.7 x 6§ equels323.62 equels U U

Momemtiws. equals
g T, U8 0
( (149 x 2 plus 33,4 x 3 3) plus(11l1.8'x 2 ) ) equals 445.
4
a2 8 1"in will answer for bending;
8

Bearing diameter equzls
186.3 + 13500 edueals 6,11"

a b lan 5in will answer.
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PIN FOR U,

Assume same conditions for this ppint as for U,
we hrve the foree U, [/ corpression and U, Ostension for
the vertical forees, and U, 0, = U, U, tension and
compr~8sion for the horizontal foreces,

Uy [, mill consist of 17" Freinforced to have a bearing
thickness of 1 1"

2 "
Uy, O will consist of two 17 X 7" eyve bars,
Vertioal forces mee U, [, equels plus 195.7 equals -U, 0.
Horizontal forces are U, Qe mizls -146,0 equsls plus U U
bearing diameter required equals

122.1 ¢+ 13.56 x 1 7_ equals 6"
18

s 1 A

Momentnx equ-ls 93 x 1 1 plus 74 x 57 )) equals 280 77
2

there the Aiamcter of the pin will be determined by the

vecring, Will use 6 1" pin,
3

in .

Assume Max, chord stress, and So ﬁar load on 0 ,5,

Then horizintal forecesare

Lo Ly ousls 524,9

-l

S 439.2

g

S b 0 11719
Oy il " 18,
Vertical forCeidre
Uy 4 2Tusls 130

03 2. emals 3o
0s /, equels 180

7
2 = Zy7i11 consist of 6 eyebars 1 "E'-; i 3
L& ]



& :'—}

(12)
Zw-_,/"'—'rill consist of 4 evebars 1 2" x 8",
_ 3
(oFY ;fs 11l consist of 2 eyebars 1 5 " x 7"
T o 16
Us [, ~ill consist of 2 channels 12" x 90% reinforeed tol"

thick for bearing.

Oqu} will consist oi‘j??" X éa# with 1l"eye plates,
2

The bearing aerea:t 15000f equals 41.6

" " " " 133000 n 46, Sq. in,

17 we use six eyebars 1 3" thiek the bearing

16
depth will be 7 1"and the dliameter of pin required fort he
P .
above cases will be 6'4" & 5.8",
PIN /,
et P

] o
4 1{‘ 16
: lo4.16
1 3"x 8" 122,
E 8 = ,Zr
b lo4,1b L% =
RL > 18 :\
T 39x 8 122.7 %
4 < ,Zz.
a To47T5 L & B
R3 = 16 o
Z = T

‘ w
I_q PTst

Plan of horizontal forces at joint /, showing method

of packing half the joint. all joints to be packed as
shown above. The lower chord evebars to be placed within the

post,
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HorIzontal Uending moments on joint /.

. Bending moment .
: Member :8tress .shecr L aTm . Ine, ;m_otal :,
‘R, ‘luslo4ls. : :
. i z 16 - : : =
j' -122.3 e Lt 41867
;- 18.15 15 : -23.8
: = .t ' 16 : 2 3
Ry > 1o4; 1B . : E . 1128 5
36. S B
: ' . : : 18 P s v &
4; L 1238 1 . - : : + 2359
-%6,8 = 15 °:-47.6 :
- ; 1y r 36 ¢ 3
'Ry ; 104,16 : : : A = s
67.86 = 11 101.8 :
. : o ; 2 : : -
2y i I : : s

000

Ly « —58.8

Vertical M. equels 15 x1 plas G5 x 1 4 erm&]:s 95,
4

— R Y
M.(%t) equals (95 plus 230 }4& emels 296,

5 The bearing stress will detemine the size of ‘pin.

20

For simplicity of exection and constructlon s1" pins will be
g3 8

used thrdug;h out the strusture, except at 0 where 4" -pins

-
.

will be used.
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) 0
gﬂf:_‘?.}.’gur: Area ; 4 : m 1 f (R I WERI 1 ro 0
0 2 :. 16 ;35.75’_355535{19.11' 3':4' 51?'1554.:‘13 g
0 % = i ._-_l . 0
0 b g»g 144, Bou.Pb 1OOD.N5 5
0 ; . : : 0
0_¢ 6.5 ;23.7; 14?1@0 ap5. 422, 4.53] 463.62 ;
0 - P : ‘ v
0g' . 9.25 M |1E84.1772. 4.8 [1776.8 2
0 48, ;J':?maz:s 4'743 - 552 -
0 ] 14534 | 99 9,1 6

be used for
w equels

M.w) cquals

—

The above is

an anslysis of U, U,,the same "e" will

211 members.
183.353 88 per fi.

183.53 x 30 X 30 x 12 equels 247,500

8

S equals 4382000

21

therefore

portal area -

Portal znd upper chord members. using column formi-

chogd members.

2 equals lo3ooxke.

@' equals ¢, —247500 equals € - €,

432000

equals 2.89 -51 equals 258,

la:- z egquals loSoo-24 {l}ﬁ y equﬁls:9.1

:

L equsls 50' for portzl «nd Zo! for chord membeIrs,
for portal a equals 96ooibs.

quals 532000+9600 quels 554"

U, U, ouals 451200 +10200 equals 452" area required,

U, 2quals 598700 + lo200 equals 585"

U, Ugequals 629300 + 1

Using s=me

o200 equels 681,7"

forruls &8 above,

U, LFry 15" /5 essume r equals 4.9

)

2
a equalsloboo-24 Qll
e
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equals 8200 or 8loo if r equals 4.8
£
this last r corresponds to 13" Z?bf about 45!b95\area 15 "
198000 +8lo00 :qusls 24.2
two of the above channels will be used
Up [ will use two 12" x 3o L T £
Uz ,ZY n " " n 240 0 4
Portal bracing

R e uals 150X %90 equals 13500"

P equals 150 x 15 equals 2250" ., P equels 4500"

2

C equals 50', e equals lo!

stress in Up U, equals( Eﬂus P %1 equals

(12500 plus 4500) 5o vlus 1.500 equnls 51700%

(( 2 1o 2

stress in D.D, 'equals R plus P ¢ equals 13500 plusiSo~x5
a2 e 2

equals 45000*

stress in Uy,D' equzls (R plus P) ¢_ sec.e equels
17
18000 Xx 50 X
17
Bending M. at D. equals R plus P) So-lo equals 36oocooft. ks,
-
stress'z; Ugequals Ssoodé +17 equals 212o0*%

1 equals loBGooo*
5

This stress will be included in the live load
stress on the portal chord, The above is thie analysis of the
stresses in a2 simple portal as shovn in sketch, and will
serve ag a2 gulde for the amoumt of metal nceded in type of
portal bracing shown in drawings, which will be used in the n

proposed bridge.

The Portsl, Laterzl =nd vibration bracing will
consist of angles and sdapted to resist compression as well
28 tension. The details, sizes, methods of attaching, will

be sho'm in the drawings,
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The stress in the various members of the lateral

r

systems are shown 'n sketch, No attempt is made to adjust "
the material in the lateral systems, precisely to the streqw“'

as the loss from using the greater variety of dimens:l/.gé” would

be likely to exceed the gain by saving material, '

P I T;/PJL AT S-.

Lo

Portal bearing of J will gensist of 5 l"plates on
2
each side p|ate of portal post meking & tosil bearing of6"

ineluding the side plates, /The two inside plates are lhinge
pl=ztes, Since all plates have the same thickness they will i
require the same number of rivets. ‘f
: td :
The second plate from web on each side,will extend
over the flenges and receive the flange rivets, mmber of
rivets vrequired for ezch plate using 7"rivetis and allowing

8
40060" for sirple shear,

U equzls 532000 X 1 + 4000 equals 12.
2

6
total nmumber of rivets required will be 36, method of

placing them will be shovm in dreawing.

PINPLATIL S,

PortalUe
Portal Ueswill consist of a 1" web plates reinforce
2
with two 1" plates, one 1" hi‘riye plate. The web and rein-
2 2

foreing piates to be planned to make a neat bearing joint, so
th +{he 'hm plate will not bezr a full #r . of the
pressure. On this account we will tzke effeetive bearing

thickness 2t 3 1% in stead of 4",
2

Py
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R equels 532 x + 4 equals 19

L
2

=z
v

0 |

The ™ing® vlat: will reeeive the same number,

Chord Uswill consist of 3 " web reinforced with a 8", ;?:

&8 ;
" ! O 8
1 plates znd one 1" iunqgﬁ-plate. Hinge plate of chord Ug
2 2
to be on th: outside. The bearing conditions to be the same

as above and the effective bearing depth the same,

U equels 461.2 x 1 +4 equals 18
2
Bl receive W : RN
2
all plates will receive the same® mumiber,

Upper choed spliecs will be made at a convenient
distznce from the column.pins e¢nd towerds the end of the
truss from pin, The same plates will be used for the splice:
that are used for pin plates at the corresponding joints, the
ends of the chord shzll be neztly planned to make a ¢lose
joint but enough tivets will be used through the splice
plate to teke all the stress so that no reliance will be
placed upon the butt joint, see drawings.

The lower side of the top chord will be Fitted with
tie plates 36" x 38" x 3" placed on each side of the columns.

8
The remainder of t he chord will be lattieed with 2% " x3n

8
benss set ot 45? Doudle laced,

SHOE

Each shoe will consist of one 1" bed plate,one 3"
3

plate to be placed on top of bed vlate and extend beyond

bed plate, and inside, sufficiently far to attsch the .nd
members of the lower lateral system. The pin bearing members
will be made of one.;' hinge plate, three 1" and onc 3"
plates, the members fo be attached *to bedzplates by ?our

6" x 8" x3" ,le
4
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End reaction equals 425800" y
allow 250 " per sq.in. on th: mesonry
1700" required or 41" x 41"
allowed pressure on rollers equels 500 ¥a
Let 4 equal 3
then p equels 506’5 equals 865"
Then 492" of3" rollers will be required or 12,3 rollers
each 48" lomg, will use 13 and,to 2llow for expansion

and spzcing of roller will use a2 bed plate 40" X 46",
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	Design of a 240' through span railroad bridge: Including analysis of stresses due to concentrated wheel loads, design of individual members, and drawings showing stresses, and details
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