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I. INTRODUCTION

The railway bridge, the desion of which is to be
checked herein, is a single track through Warren type truss
with vertical members and riveted connections. It is a
stralght single span 200 feet long, consisting of eight 25
foot panels, and a helight of 32 feet, The distance between
center of trusses i1s 18 feet-2 inches and between stringer
1s 7 feet,

The plans from which this analysis 1is made were fur-
nished by the American Bridge Company, Gary, Indiana and

consist of:

D-2 : General Design (Sheet 2 of 4)

L-1 : 200' Truss Span Joints

L-2 : 200' Truss Sohan Joints

L-3 ¢ Portal, Topr Chord Bracing, Sway Frames
I-4 : Bottom Chord Bracing and Floor System

As no information i1s at hand regarding the particular
specifications used in the original desicen, the "Specifi-
cations for Steel R allway Bridges" as published in 1935
by the American Railway Engineering Assoclation will be
used as a guide. Any features found not to agree with the
above mentioned specifications will be noted and, if pos-

sible, an explanation presented to Jjustify the discrepancy.



II. GENERAL FEATURES

MATERTALS:
All structural steel has been used with inserts of

USS 12 specified at expansion shoe. This 1s in agreement

with specifications,

TYPE OF BRIDGE:
A riveted truss is the preferred type of bridge for

s-ans 100 feet or longer.

S2ACING OF TRUS™ES AND GIRDLES:
Trusses: 3paced 18'=-2" c.c.
Length of span 1s 200'-0" c.c. end bearing.
R - 18.17 # 200 = 0,091 0.%.(0.05 min.)

Strincers: 2 stringers used @ 7'-0" 0.k.(6'-6" min,)

LEPTH RATIO:
Denth of truss is 32'-0" c.c. of chords

Ratio = 32 4 200 = 0,16 0.%.(0.,10 min,)

CLEARANCE:
Pesigned clearances are found to be either equal to

or greater than specified clearances. (See fig. 1).
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ITI. LOADS

DEAD LOAD:

Track rails, guapd rails & fastenings 200 1bs./ft.

Timber ties @ 60 1bs./cu.ft. = (0.75)(7)(60) 315 " "

Steel; w = k(9L ¢ 700)e (1.264)(1800 ¢ 700) = 3160 " "

Total dead load = 3675 lbs./ft.

Assumed total dead load 3700 1lbs./ft.

Total dead load per truss = (%)(3700)(200) 370 kips.

End reaction per truss = (%)(370) 185 kips.

It should be noted that the formula, ® = k(9L ¢ 700)
as found in the "American Civil Engineers' Handbook," 5th
edition, is based on an allowable unit stress of 16,000 psi.
and therefore will produce a conservative result in that

present day practice permits an unit stress of 18,000 psi.

LIVE LOAD:
The live load to be used is the Cooper E-72 as 1s re-

commended in the specifications.

IiiPACT:
Numerical values for impact are computed by the use

of the following formulas:



(a) The lurching effect: A percentage of the static

live load stress €0u8l seeecvsccsccsasscsssssess 100

S

S = s-acing, in feet, between centers of stringers

or trusses; or length, in feet, of floor beams.

(b) The direct vertical effect: A percentage of the

static live load stress equal to:

For "L" less than lOO feet...;.o « o 00000 100-01601-.[

For "L" 100 feet OPF MOr@..cecececessseael8)0 4 10

npno_

T-40
length, in feet, center to center of supports
for stringers and trusses (chords and main
members); or length of floor beams, in feet,

for floor beams and floor beam hangers,



IV. FLOOR SY TEM

The floor system consists of wooden ties placed on
stringers as shown in fig, 2. Specifications state that
the maximum wheel load on one rail is uniformly distributed
over three ties, and 1s apolied without impact. The re-
commended maximum wheel load 1s 45,000 1lbs. The moment
due to this load 1is:

M - 45000 x 7-5 x 12 = 180,000 in.lbs.
S 2

The moment due to weight of the floor 1s very small com-
pared to the 1live load moment and is usually neglected.
Cross tles are assumed to be of White oak with an allowable
extreme fiber stress in bending equal to 1200 psi. The
required section modulus of the tie is

bh' = 180,000 = 150 cu.in.
6 1200

For a 10 x 10 in, tie, the section modulus ecuals 167 cu.
in. which meets the requirements. Length of tie equals
10'-0" which also agrees with specifications., They are to
be spaced not more than six inches apart and secured to

prevent bunching,



6.

V. STRINGERS

The stringers are designed as simply supported beams
equal in length to the distance between centers of floor
beams which, in this case, 1s 25'-0"., 1In the design, the
stringers are 33CB240 with end connections to floor beams

of 2 - 33 x 3% x 3/8 in. angles 2'-3%" long.

DEAD LOAD:

Assumed weight of stringers =

1.264[(12.5)(25) ¢ 100).... 522 1bs./ft.

Weight Of floor @ © 000 0000000000000 00000 515 " "

Total dead load.. 1037 1bs./ft.

Dead lOad per Stringer ® 0 0 00 000000000000 = 518 le./ft.

Dead load per stringer used in decsign.. 600 " n

VAXTIEUW MOMENT @

Dead load center moment = 600 x 625 ... = 47 ft. kips

Iive load moment B-72 = 72 x 381.3 .... = 550 " "
B0
Impact = 99.3% OFf 550 veveeeeeeeeeeesee = 546 M "

Total maximum moment 1143 ft. kips

Required section modulus, S = 1143 x 12 = 762 cu.in.

Section mocdulus of a 33CB240 equals 811 cu. in.,

therefore, section meets reguirements,



END SHEAR:
Dead 1°ad - 600 X 25 @0 000 vc0sv00cr0s0r000s00ee T 7.5 kipS
2
Live 10ad E-72=72X71 ooooooooo.oooo-ooocooo:102.0 "

50

Impact=99.3% of 10200 uoooooo-ooooooo.o.-o-oo-101.0 "

Total end shear # 210.5 kips

Unit shearing strees in web = 210500 cesse= 8250 psi.
30.7 x 0.83
o.k. (allowable-11,000 psi,)

FLANGE BUCXLING:

Ratio L = 25 x 12 = 18.9 o.k. (allowable = 40)
15.9

Allowable unit compressive stress in flange
18,000 - 5(18.9)°

16,210 psi.

Effective area = (15.9)(1.4) ¢ 25.5 ¢.v... o= 25.44 sq.in.
8

Actual unit compressive stress - 1143000 x__12 = 16,600 psi,
25.44 32,4

This shows a slight overstress in the compressive flange
but bhis 1s negligible as the formula used to calculate
allowable stress 1s empirical and conservative; and also

the restraining effect of the timer ties has been nezlected.

DIAGOKAL WEB BUCKLING:

Ratio h = 30,7 = 37. This is less than 70 and is con-
t 0.83

sidered very safe.



END CONNECTION:
The connecting angles are 6 x 8 x 5/8 in. angles
2'-3%" longz with the 8 in, leg against the web of the string-
er, The number of rivets throuch the floor beam web 1is
controlled by single shear at 8.1 kips per rivets. The
number of rivets requlred i1s 210.5 - 25 rivets. Detall

8.1
sheet shows 26 rivets which meets the requirements,

LATEI'AL BRACING:

The stringers are orovided with lateral beacing con-
sisting of 3% x 34 x 3/8 in. angles arrahged as shown in
figure 3. Each 25 foot panel 1s divided by cross frames
consisting of 2-3% x 3% x 3/8 in. angles and a 24 x 3/8
plate. This agrees with specifications which limits the
length of panel without cross frames to 20 feet. The lat-
eral forces carried by this bracing is due to a wind force
on the train of 300 lbs. ver linear foot of bridge plus
one-half of the wind force on the truss, or 840 1lbs. per
1lin., foot. The total force carried by stringer bracing is
1140 1bs, per 1lin. ft., As the same size angles are used
throughout, only that member having the maximun compressive
stress need be investligated. In this case, the greatest
stressed member is the diagonal "ab". The force is con-
sidered a moving load and is apolied at the panel points.
The load per panel point equals 1140 x 12.6 or 14.25 kips
and the shear on section y-y equals 7.13 kios. Diagonal

"ab" will have a compressive stress of 7.13 x 88.5/66 - 9.55

kips.



The unsupported length of the member 1s 88.5 inches
and the least radius of gyration of a 35 x 33 x 3/8 inch
angle 1s 1.07 inches. The ratio IL/r - 88.5/1.07 = 82.5.
The allowable unit stress is

15000 -(0.25)(82.6)° = 15000 -1700 = 13,300 psi.
The area required for member "ab" is 7.13/13.3 or 0.54 sg.
inch. One 3% x 35 x 3/8 in. angle has an area of 2.48 sq.
in. which 1s excessive but it is the smallest angle gener-

ally used for this purpose,
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VI. INT.FAEDTATE FLOOR EZAlLS

At the panel points are locatad int:rmediate floor

beams built up of 4 - 6 x 6 x 7/3 in. ancles and a 52 x

5/8 in. web. 1In calculating the stresses, the lensth of
beanm 1s talen as the distance between centers of trusses
which 1s 18'-2" in this cas e, The floor beams transmit to
the trusses thelr owvn welght plus two concentrated loads
from the stringers, as shown in ficure 4. The dead load
consists of the welght of the floor beam assumed at 225 1lbs.
ver lin, ft. and the welzht of one stringer esual to 15009

lbs.

MAXTI®UM SHmAR

Dead load 18017 X 225/2 + 15000 o000 c00000e = 1'7 kips

Live load = stress in han?er ..eeececcececee = 136 "
ImpaCt - 9561 Of 156 0000000 e00e0s0 0000000 = 130 "

Total shear « 283 kips

MAXIMUM MOMLNT:

D=ad load 93 ft.kips

(225)&18.17) $ (15000)(5.58)....

L.'LVQ 10&d_156x5.58 ooooooooo.oooo'oooooo:760 " "

Impact = 957{; Of 760 ® 00 0000000000000 0000000 720 " "

Total wmomznt =1573 ft.kips
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CHuC¥ OF SXCTION:
Required web are2 = 283/11 .eceeeceeecceses = 25.8 sq.in.
Furnished web area = 52 X 0.625 cceeeccsess = 32.5 8Sq.in. o.ke.
Minimum thickness of web plate = 40.5/170.. = 0.24 in.
Actual thickness of vieb plate eceveceeeeees = J0.625 1in, o.k.

Fequlred sehtion modulus = 1573 X 12 eeeeee 1050 cu. in.

13
Total net moment of inertia of section I...

28030 1n?

Furnished section modulus = I = 28030 .e... 1065 cu.in. o.k.

c 26,25

CONPRESSION FLANGL:

Eat10L315.59X12 @ O ° 0 0 00 00000 0000000000 :1408 1n¢
12.625 .
Allowable unit stress = 13,000-5(14.8) .... = 16,900 psi.

Eff%dtive depth - 52.2-3064 @00 c0 000000000 — 48.8\5 inc

Total fl=nge stress = 1573 X 12 eeeeeeseecss = 337 kips
48,86

Total compressive area recuired = 387/16.9. 22,9 sq.in.

Including 1/8 web area as effective flange area, the total

effective a2rea supplied 1s 19.46 ¢ 4.06 = 27.52 sg.in. o.ke

FLANGE RIVETS:

The total flange stress 1s assumed to be the sanie as
that at the center of the floor beam which 1s 387 kips as
calculated above, Due to the assumption that the web car-
ries a portion of this stress, the total flange stress may
be reduced by the ratio of net flange area to total moment-
carrying arca. Therefore, the stress in the angles 1s

S = 387 x 17.49 - 314 kips
21.55
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The number of rivets required between stringer and end is
controlled by bearing on the 5/8" plate and 1s 314/14.75
or 22 rivets. Plans show 34 rivets being used which is
more than enough. The shear between stringers is so small
that the rivets are spaced at 6 inches which i1s the maxi-

mum pitch.

INTLT Mol TATZ STIFFEND St

Stiffeners are regulrecd where the depth of web between
flange ancles exceeds 60 tiimes 1ts thickness., In this case,
the depnth of web 1s 40.5 inches which 1s greater than the
60 x 0,625 or 37.5 inches, Therefore, stiffeners are requir-
ed. The spacing of stiffeners as calculated by the formula
specified 1s found to be 94 inches but 72 inches is the
maximum spacing permitted. Stiffeners consisting of
2 - 3 x5 x 3/8- in. angles have been placed 3'-3" from
each end and at the midpoint. These are conservatively
placed but this is probably due to need to place one stiff-
ener between the stringer and the end which would require
that one be placed between stringers, The midpoint of span
1s the best place to locate the stiffener between stringers
to preserve symetry. Width of outstanding leg of eash angle
i1s & inches, which is less than 16 times 1ts thickness and

greater than 2 § 52.5/30; therefore, size of angle is alrisht.
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ZD CCNNLCTIONS:

The connecting angles arc 6 x 4 x 5/8-inches with the
6-inch leg riveted with a 10 x 7/8-in. fill plate to the
web of the floor beam, The recuired number of rivets 1s
controlled by bearing on the 5/8-inch web and equals
283/14.75 or 20 rivets. Plans show 26 rivets belng used

which is sufficient,
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VII, END FLOOR BEAM

The stringers in the end panels are supported by means
of end floor beams consisting of 4 - 6 x 6 x 3/4-in. angles
and & 52 x 3-1n. web plate. The end beam is connected by
gusset plates on the foot of the end posts. Stringer brack-
ets are designated for the end floor beams, The dead load
is composed of the weight of the floor beam, assumed to be
3000 1lbs, and the end reaction per stringer egual to 7500
lbs.

MAXINUM SHEAR:

Dead load - 1500 + 7500 0000000000000 00000 2 9.0 kips
Live 1°ad - (See figure 5) e 0000000000000 10805 "
Impact = 94.6% Of 10845 eevevroscescsees = 102.5 "

MAXTIHUM MOMENT:

Dead load = 7.5 x 5.6 $ 18.17 x 3.0/8 ..... = 49 ft.-kips
Live 108.(1:108.515.6 00000.0‘.000.0-0.0-_‘,609 " "
Impact :94.6% Of 609 @000 0000000000000 0 :576 " "

Total moment =1234 ft.-kips

CHZCK OF SECTICN:
Pequired web area = 220/l .....ceeeveeee.s = 20,0 sg.in.

Actual web area = 52 X 0.5 sececccecessssss = 26,0 " " olk,

Required web thickness..ecccecceeserecscccns 0.24 1in.

Actual Web thiCkneSS ® @ 60000000 00000000090 00 0050 1n. o.kO
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822 cu. in,

Required section modulus - 1234 x 12/18 ....
TOtal net moment Of inertia @00 00 00000000000 : 23,962 11’1.

Actual section modulus = % = 22&?2% cesecesees = 912 cu.in. 0.k.

Flange section ratio L/b = 18.17 x 12/12.5 . 17.45 in,

Allowable stress = 18,000-5(17.45) eeve.v... = 15,500 osi.
Effective depth = 52.5 = 3,56 sceccececcees. = 48,94 in,
Total flonge stress - 1234 x 12/48.94 e..e.. = 303 kips
Required total area = 303/16.5 eveeeseesceees = 18.4 sqg.in.

Including 1/8 web area as effsctive in comoression, the

actual area 13 = 15.88 $ 3.25 .seevececcoccee = 20.13 su.in. o0.k.

FPLANGE RIVETS:
Stress 1n angles between stringer and end 1s equal to
303 x 15.19/18.44 or 250 kips. The required number of rivets
as controlled by bearing on the 4" web is 250/11.8 or 22
rivets, Plans show 27 rivets are used. The shear between
stringers 1s so small that the rivets are arsain spaced at

6 inches,

INTEL WS IATE STIFFINEZRS:
Stiffeners are required because the depth of web,
40,5", 1s greater than 60 times the thickness or 30 inches.
The spacing of stiffeners as calculated by the formula
specified i1s found to be 71". Plans indicate a stiffener of
2-3% x 5 x 3/8-in. angle placed at center of span. Since the

end floor beam is to be used as a jacking beam, the stiffener



placed at bearing point which is 3'-6" from center line

of truss, must be designed to transmit the concentrated
load of 185 kips (see general design sheet D-2). The moment
caused by this load is 185 x 3.5 or 648 ft. kips. Specifi-
cations allow that unit design stresses may be increased
by 50% for such cases. Therefore, the required effective
area is 185/27 or 6.85 sq.in., The desicn sheet indicates

4 - 5 x 35 x 3-1n. angles are to be used., These angles
furnish a gross area of 4 x 4.00 or 16.00 sq.in. and an
effective arza of 4 x 4} x 5 or 9.00 sq.in. which is ample.
The outstanding leg of the angles is S5-inches which meets
specifications in that it is less than 16 x 5 or 8 inches,
and more than 2 $ 52.5/30 or 3.75 inches.

Here 1t should be noted that although the design sheet
indicates that the stiffener at the jacking voint should
consist of 4 - 5 x 33 x 3-in. angles, the detall sheet, L-4,
shows only two such angles to be us=d. The reason for this
discrepancy is not immesdiately apvarent so tlie detail sheet
will be assumed to be in error.

The size of stiffener at center of beam is not checked
because the shear value is so small. The size was chosen

to match the other stiffener angles,

END CONN=CTION:
The end connection consists of 2 - 4 x 4 x 5/8-1in.
anvles and 2 - 7 x 3/4-in. £111 plates. The outstanding
leg of the angle meets the specifications iIn that it is

less than 16 times its thickness or 10" and more than
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2 $ 52.5/30 or 3.75 inches. Number of rivets required is
controlled by bearing on the 3-inch web and equals 220/11.8
or 19 right., Detail plan shows 13 rivets in the angles and
9 rivets in the f111 plate or a total of 22 rivets, which

18 considered sufficient.



13.
VIII. TRUSS

The truss under consideration 1s of the iarren type
with vertical ﬁembers. The span is 200'-0" center to cen-
ter of end bearings and 1s divided into 8 equal panels
25'-0" long. As the truss is symmetrical about the centsr
vertical, stresses will be calculated for one-half of the

truss only.

DEAD®LOAD 3TRES3ES:

From the assumed dead load of 3700 1lbs. per linear foot,
the dead panel load per truss is 25 x 3700/2 or 46.2 kips.
Generally, this panel load 1s assumed to be distributed
two-thirds to each lower chord joint, and one-third to each
top chord joint. However, in this case, it appears that
this distribution has been assumed as three-fourths of the
dead panel load or 34,6 kips at each lower chord joint and
ons-fourth, or 11.6 kips, at each top chord joint (see fig.6).
The reaction at one end of the truss due to these loads 1is
46,2 x 7/2 or 162.0 kips.

The stresses are determined by the general methods of
statics. The chords stress 1s determined by dividing the
algebraic sum of the moment on one side of the section about
the opposite chord point, "Ii", by the height of the truss,
"h"., The web stresces are found by multiplying the shear
on the section, "V", by the secant of the angle which the
member makes with horizontal. The secant of the angle in

this case equals 40.6/32 or 1.27.
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Lo-Ul -206. kips

n

<
%]
@
(]

0 - -162_X 1.27 ® 0000000000000

Ul-U5 M/h - -6940/32 @00 0000 0000000000000 = -217 "

US’US - N/h : -9255/32 e e 000 csecs00 000000000 = -2890 "
LO-L2:162X25/32 ® 0 0000 0000000000000 0000 " = 127. "
L2-L4 - M/h : *8670/32 e ce0 000 0000000000000 O 2720 "

Ul-L2:VSGOQ 115.711.27 e 000000000000 = 1470 "

L2-U3 - V sec O = -69.4 X 1.27 s000 000000000 — -88. "
U3-L4 : v Sec g - 23.1 X 1.27 o0 ee o 000000000 - 29.4. "

Hangers = by method of joInts ...cceecececeee = 34,6, "

Verticals = by method of joints ....cec00eee = =11.6, "

Reaction - see section III, LoadsS «.cecoeeee 185.0. "

LIVE-LOAD STRESSES:

The maximum stresses due to the assumed live loading
of the Cooper E-72 type are calculated by use of influence
lines for stress (see Figure 7). The position of the load
which would produce the maximum stress is first determined,
then the stress equals the summation of the wheel load times
the ordinate of the influence line under each load. The
method of computation will be carried out for one member,
after which only a summary will be presented for each member,

Member 10-Ul: with tralin moving toward the left--
splace wheel #3 @ right of Ll: 54 1s less than 741

25 175
splace wheel #3 @ left of Ll: 90 is less than 705
25 175
;place wheel #& @ right of Ll: 90 1is less than 723
25 175

;place wheel #4 @ left of Ll: 126 is greater than 687
25

-
9))
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20.

This indicates that the maximum stress in member LO-Ul 1is
when wheel #4 1s at L1 with the train moving toward the
left. The total stress is
-8 = 1.21[(18)(7) $(36)(35)] 4 1.11[(84)(5)(3.5)] +
Lu 1]

1._:71%[(23.4)(1000) $ (36)(831) ¢ (18)(13'7)—_‘: -497 k¥ps
1

Maximum stress for other members are as follows:

MEMBER TRAIN HEADED VHEEL @ JOINT STRESS
L0-U1 Left #4 @ L1 -497,0 kips
U1-U3 " #1 2 L2 -506,0 "
U3-U3 " #13 @ L4 -665.,0 "
L0-12 " #4 @ L1 305.5 "
12-14 " #11 @ 13 630.0 "
Ul-12 " #3 @ 1.2 369.0 "
1L2-U3 " #3 2 L3 -270.,4 "
Right #3 2 L2 48,9 "
U3-14 Left #3 @ 14 178.0 "
Right #2 @ L3 -102.0 "
Hangers Teft #4 @ 11 136.0 "
Verticals - eeaeea- none
Reaction Left #2 @ 10 470 "

Reversal of stresses occurs in the diagonals but in
member Ul-L2, the compressive stress is so small compared
to dead load stress that it is neglected. The stress of
member L2-U3 in tension is computed with wheel #1 omitted.

IMPACT STRESSES:
Using the formulas for imvpact as stated in section
ITI, Loads, the following values for stress due to impact

are obtained:
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Member Stress
LO-Ul - 26075% Of -497000 ' EEEEREEEREEREENNIN ENE | -13300 kips
Ul"US - " " -506.0 0000 veccesoce T -135.0 "
U3-U3 = " " -66500 e ce000000000 = -1’78.0 "
LO'-LZ - " " 305.5 @ee e s 0000000 o 81.7 n
L2~L4 - " " 630.0 e ee oo s T 169.0 "
Ul-L2 - n " 36900 @00 00 e 0000000 2 99.0 "
L2-U3 = " " -27000 @0 cecs 00000000 T = 72.0 n
= " " 48.0 cevceitecceece = 13,0 "
US'L4 - " " 178.0 eeo o0 e eoc 0000 = '4800 "
= " " "102.0 @00 0000000000 =-2700 "
Hangers = 94.6% of 136  c.ceeeceeeses = 129.0 "
Reaction = 26,757 " 470 ............. = 126,0" "

NAXTNUYM DIRECT STRESSES:

The total maximum stress in any member 1s the sum of
the stresses due to dead load, live load, and 1lmpact as cal-
culated above. The design stress of a member 1s edual to
the total maximum stress for that member except in the case
of reversal of stress. In that case, both the maximum ten-
sile and the maximum compressive stress are increased by 50
per cent of the smaller, and the member proportioned so that
1t will resist either increased resultant stress, The values
obtalned by the author compmee very favorable with those in-
dicated on the design sheets. See table #1 for a summary

of stresses,

CH=CK OF MEMBERS @
Member LO-Ul is to be checked for a design stress of
833 kips compression. The scction is shown on figure 8,
To locate the "x-x" axls, the summation of moments about

the base or "a-a" axis is made as follows:
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SECTION AREA ARM MOMENT
Cover Plate 26 X 3 13.00 sa.in. x 22.75 295,75 &n.

= -
2 angles 4 x 4 x3/8 = 5.,72" " x 21,36 = 122,18 "
2 webs 22 x 3/4 =33,00" " x 11.25 - 371,25 "
2 angles 6 x 4 x 3/4 -13.88" " x 2.08 28.87 "

Total A = 65.60 sq.in. Total M = 818.05 inJ
Distance from "a-a" axis to the "x-x" axis equals 818/65.6,

or 12.45 inches,

Moment of inertia about the "x-x" amxis: .
COVBI‘ Plate - (13)(10.25) @0 ces0e0c0coscrsee T 1567- 1n0
4 x 4 angles = (2)(4.4) $ (2)(2. 6)(8.86)£ - 460, "
Wedb - (2)(665.5)?(2)(16 .5)(1.25).. = 1382. "
6 x 4 angles = (2)(24.5)4(2)(6.94)(10.42)%. - 1557, "
Total I = 4766. in.*

Radius of gyration r, about the "x-x" axis is the square
root of the total moment of inertia divided by the total area
which 1s equal to 8.53 inches.

Moment of inertia about the "y-y" axis:

COVOI‘ Dlate - (1/12)( )(26).0.0.00‘0..000. = 732.5 in"

4 x 4 angles = (2)(4. 4){(2)(2 86)(9.95)%... = 578.8 "

V‘veb - (16 5)(142).00.00-0-......o0 :2345.0 "

6 x 4 angles = (2)(8.7)4(2)(6.94)(9.89)% ... = 1373.4 "
Total I = 5027.5 in.*

Radius of gyration, r = 8,76 in.
Ratio L/r = 487/8.53 = 57.
Allowable unit stress = 15,000-0.25(57)° = 14.2 kips/sq.in.

Req!do area - 833/14.2 o060 c 0000000000 e 5808 Sq.in.

Furnished gross area sccce.ccoeccesecsces = 65,6 8g.in. o.k.
Lacine consists of 2 3/4 x 3-in. bars double laced at

45 degree ansles, This agrees with specifications which state

that where distance across member between rivet lines ex-

ceeds 15 inches and a bar with single rivet connection is

used, the lacing must be doubled and riveted at intersections.

The width of bar exceeds the minimum which 1s 3 times the

diameter of the rivet, or, in this case, 2.625 inches. The
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thickness of the bar exceeds the minimum wvhich 1s one-six-
tieth of 1its lenzth between connections, or in this case,
0.486 inches. TUsing the radius of gyration about the "y-y"
axls, the shearing stress normal to the member is

V-p 100 4 1L/r
100[T/r ¥ 10 100

17,200 1bs.

8,840 psi,. o.k.

Actual P = 17200)(1.414
A 2.75)(0.5

10,030 psi.

Allowable P = 15000-;[6.7 x 29.2:\z
A 410.29 x 0,5
The least ratio:L/r of flange between the lacing bar
connections 1s 18.4 which 1s less than the maximum of 40 and
less than the minimum of two-thirds of the L/r of the member,
or 38, in this case.

Tie Plates:

Minimum length of tie plates - 20.6 x 1.25 = 25.8 in,.
Actual length of tie plates .......ccceeeee = 27.0 in. 0.k,

Minimum thj.CkneSS - 20.6 X 1/50 ® 0 0 0 0 ¢ 000 00 0041 in‘

Actual thic'Mess eeee coocescoscsssescscces = 0,44 In, 0.k,
Numvber of rivets required at end connections is con-

trolled by single shear and ecuals 833/8.1 or 103 rivets.

Actual number of rivets at joint IO is 106 and at joint

Ul is 122. Therefore, end connection 1s satisfactory.

Note: As all of the comnression members are similar
in design to that of L0O-Ul, the checking of the remaining
compression members will be summarized here, without repeat-

ing the details illustrated with member 1.0-TUl.
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¥ember Ul-U3: (See figure 8)

Actual Q',I‘OSS B.I'ea ® 0 0 0 00 @ 0 00 00 00 00 000000 60.10 Sq.in.

¥oment of inertia about "a-a" axis ..e...= 755.80 cu.in.

Distance from "a-a" axis to "x-x" axis.. 12.6 in.

Moment of inertia about "x-x" axiSe.eee.. = 4535 in.4

Fadius of gyration about "x-x" axis .... 8.68 in.

4

Moment of inertia about "y-y" axis ..... 4609.5 in.

Radius of gyration about "y-y" axis .... = 8.76 in.

Ratio L/P-300/8.68 ®0 c000 0000000000000 = 55

Allowable unit stress = 15000-1225/4 ... = 14.7 kips/so.in.

Required area = 859/14.7 s.ccevceescesss = 58.3 sq.in,
Furnished area of 60,10 sq.in. is sufficient,

The lacing i1s the same as in member LO-Ul except that
The normal shearing force equals 22,300 lbs, and the actual
P/A equals 11,500 psi. With an allowable of 10,030 psi.,
as in LO-Ul, this appears to be a slight overstress but
this is satisfactory as the cover plate has not been con-
sidered. The tie plates are the same as 1n member LO-Ul
and are therefore satisfactory.

The number of rivets in the end connection at joint
Ul is controlled by the rivet value in single shear. The
number of rivets required is 859/8.1 or 106 rivets which is
less than the 132 rivets furnished.

Member U3-U3: (See figure 8.) As the location of the
"x-x" has been calculated twice and found to compare favor-
ably with that used on the detail sheets, the location of
this axis will be assumed hereafter to be that as given by

the plans.
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Actual grosSs 8rea@ ceceececccesssssssessese = 75,60 sq.in.

“oment of inertia about "x-x" axls .ecce.. = 5222.6 in.
Radius of gyration about "x-x" axis ...... = 8.3 1in.

loment of inertia about "y-y" axis ..e.... 6001.3 in,

Fadius of gyration about "y-y" axis...e... 8.85 in.

Ratio L/T = 300/843 tiiveeeesoeccncossneee = 36
Allowaol. unit stress = 15000-13/4 ....... = 14.7 kips/sq.in.
Required area = 1132/14.7 ceeceeccoscceees = 77.0 sqg.in.

Furnished area of 76,6 sq.in., while slightly less than
that required, is not considered dangerous.

The lacing of this member consists of 5 x 5/8-in. bars
single laced. With a normal shear equal to 29,700 1lbs.,
the actual P/A equals 5,500 psi. The allowable P/A as cal-
culated for axial compression is 10,680 psi. This indicates
that the lacing is greatly understressed . The reason why
such a long bar was indicated for use here 1is not appar=nt.
moreover, the specification requiring double lacing for mem-
bers this wide has not been satisfied. The ratio L/r for
the flanve is found to be less than 36 and is therefore
satisfactory. Tie plates are the same size as those prev-
iously examined.

Diagonal 1L2-U3:
Least radius of gyration, r .vceceeeeecees = 6.29 in.
Ratio L/T = 487/6.29 2 77.5 eceeveeereseessOoks (140 Liax.)
Allowable unit stress seeeccececccecsceee. = 13,500 psi.
R equired area 430/13.5 .e.eeeeecececesees = 31.8 sg.in.

rn

Ful"nished gI‘OSS area 15 Ook. @ 000 c0 00000 e : 55.96



26.

The lacing and tie plates are checked as above and are
considered satisfactory. The number of rivets required is
430/8.1 or 53 rivets at each end. Plans indicate 60 rivets
use at 12 and U3 which 1s satisfactgry.

Member LO-L2 is designed for tension and the net area
will be the effective area.

Required net area = 515/18 seeeeeccscccsceces = 28.6 sq.in.

Furnished Er08SS 8re8 eecevesccococse ececccvee 39.0 Sq.in.

Furnished net area (deduct for 2 rivets in
each angle and 2 rivets in each
plate) ® © © 0 000000000 0000000000 000 33300 sq.in.

Req'd No. rivets at end - 515/8.1 o9 e 00000000 = 64 Pivets

Furnished number of rivets = (2)(32) .ecceess 64 rivets

Member 1L2-14:

The required net area is 1072/18 or 59.6 sq.in. The
member as designed suoplies a gross area of 75.84 sqg.in.
In calculating the suvplied net section, it appears that
two rivet holes have been deducted from each angle and four
rivet holes from each plate, leaving a net area of 60.34
8sq.in. This 1s very conservative as the rivets through the
plates are staggered. The stitch rivets have a plteh of
five inches which is less than the maximum specified of
24 times the thickness of the thlinnest outside plate, or

16.5 inches in this case.

o.k,.

O.k.
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Member Ul-12:

Req'dc net area - 627/18 ooo.o-.-ooooooo.ooo.: 34.9 Sqoin.

Ful"nished SZI’OSS are& NN . ® 0 0 0 00 0090 000000 43.94 " "

Purnisred net area (deducting 3 holes from

each ancle and 2 holes from vweb).. 24,94 sg.in. o.k.

Req'd no. rivets at end = 627/3.1 ....ve..... = 78 rivets
FurniShed I‘iVGtS at jOint Ul ® © 00 00 000000 0 0 0 : 84 " OQk.
Purnished rivets at joint 12 ...... cesesses = 92 " o.k.

Member U3-14 1s designed for tension as the tenslle
stress 1s more than twice the compressive stress. The re-
quired net area is 306/18 or 17 sg.in. The furnished gross
area 1s 23.4 sq.in. Deducting 4 rivets from each web, the
furnished net area is 19.2 sq.in. which 1s satisfactory.

The number of rivets required at the end connection 1s
455/8.,1 or 57 rivets. FRach end ras 68 rivets which is more
than enousgh,

Hangers:

Required net area = 301/18 ..c..v.veveeceeeee = 18.7 sq.in.
Furnished gross Arefa eseceeecceesceccsss ceees = 20,00 " M
Furnished net area (deduct 4 rivet holes) .. = 17.25 " " o.k.
Req'd nol rivets at end = 301/8.1 .e..eee... = 38 TrTivets
Furnished no. rivets ....cccte.cvceccccccnses = 40 " o.ke

The vertical members are not designed for their small
stress but rather as a minimum section which will keep the
L/r ratio less than 140. The least radius of gyration of
a 14CB78 member is 3.0. Hence the L/r ratio is 384/3.0 or

128 which is satisfactory.
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The end reaction per truss will require a bearing area
on masondry of 781/0.6 or 1300 sq.in.
Table #1 shows the above calculation in tabular form

for comparison purposes.

SPLICES:

The top chord splice at joint U3 1s a compression splice.
The plans indicate the ends of the members are to be finished
for bearing, therefore, the splice material need only be
designed to transmit one-half of the stress, or 430 kips.

The main splice plate alone has an area of 51.9 sq. in. and
would be stressed less than 8.3 kips per sq.in. so there 1is
ample material provided. Required number of rivets in single
shear 1s 430/8;1 or 53. Plans show about 87 rivets which
make the splice very safe.

The bottom chord splice near joint 14 1s a tension
splice and must develop the full net strength of the member.
This splice 1s made up of two parts so each part will act
spearately.

Part A:

Net area of member = 18.44 ¢ 21.90 ... 40,34 sq.in.

Net area Of Splice plates e e eevecsree = 41.4 " " o.ko
Required 1°ad - 40034 X 18 0000000000 = 730 kips
LOad transmitted by rivets e 0 000000000 : 756 kips O.k.
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Part B:

Net areca of Member eeeecececcccoccoe 20,00 sg.in.

Net area of splice plates ecee:eceses 37.5) sq.iln. o.k.

Required load = (20.0)(18) «ceeeeceee = 360 kips

Load transmitted by rivets .ceeeeee. = 719 kips

Section between parts A&B will transmit 766 kips and 1s
therefore satisfactory. This type splice appears to be e-
ffective in keeping size and number of splicing plates at a
minimum and also in producing a rigid connsction.

The splice near joint 12 1s also a tension splice. The
net area of splicing plates is 36.0 sg.in., which is suffi-
clent. The required loading will be 33 x 18 or 594 kips.
Number of rivets furnished is 88 which will transmit a load of

713 kips in single shear. Therefore, splice is satisfactory.

GUSSET PLATES:

The size of gusset plates 1s generally governed by the
space required for the placing of rivets., As most end con-
nections are in single shear, the minimum thickness for a
gusset olate would be that thiclmess vhich would develop a
bearing value equal to the shearing value of a rivet. 1In
this case, the value of a 7/8-in. rivet in single shear 1is
8,100 1bs. and the minimum thickness would be 3/8-inches.,
However, specifications state that 3-in. is the minimum thick-
ness and the design sheet designates 5/8-in. Upon checking
the gusset nlate where Ul-L2 1s connected, it is found that
more than twice the required area is furnished., As this 1s the
most highly stressed plate, the other plates are assumed to

be safe,
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IX. BRACING

The bracing to be checked here consists of the upper

and lower lateral, the sway, and the portal bracing.

UPPER LATERAL BRACING:

The top lateral bracing is composed of struts at each
panel point of 4 - 5 x 33 x 3/8" angles, and two diagonals in
each panel of 4 - 3% x 33 x 3/8" angles. It is assumed that
the diagonals take tension only. Sovecifications state that
lateral bracing of comoression chords shall be proportioned
for a transverse shear in any panel equal to 2% per cent of
the total axial stress in both members in that panel, in add-
ition to the shear from the specified lateral forces.

Diagonals of Panel Ul-U3 2 1,7 x 2 x 859 x 0.025 = §73 kips
Diagonals of Panel U3-U3 = 1,7 x 2 x 1132 x 0,025 = $96.3 Rips
As these loads agree with those indicated on the design shest,
the above values will be used for use here. However, it
appears that the stress due to the sveclfied lateral forces
has been omitted.

The diagonals are all alike, therefore only the diagonal
with the highest stress will be checked. If it is safe, all
diagonals will be safe. The diagonal of panel U3-U3 will
require an area of 96/18 or 5.35 sq.in. The designed mem-
bers are composed of 4 - 3% x 3% x 3/8" angles with one rivet
hole per angle. These give a net area of 4(2.48-0.375) =

8.4 sq.in. which 1s satisfactory. The number of rivets
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required by stress in the end connection is 96/8.1 = 12
rivets in single shear. Number of rivets required to de-
velope full strength of member is 18 x 8.4/8.1 - 19 rivets.
However, as large excess of area has been provided, due to
minimum size of angles, the 16 rivets provided are recog-
nized as adequate.

The struts are built up of 4 - 5 x 35 x 3/8". angles
and the highest compressive stress 1s 56.6 kips. The un-
supported length is in the horizontal direction and equals
218-27 or 191 inches. The least permissable radius of
gyration 1s 191/120 or 1.59 inches., The angles are placed
with short legs back to back and have a horizontal radius of
gyration of 2.27 inches. This permits a working stress of
13,230 psi. The required area is then 56.6/13.23 or 4.3 sqg.iin.
The angles as designed suonply 12,2 sq.in. Number of rivets
required in the end connection is 56.6/8.1 or seven rivets.

The design uses twelve rivets and is alright.

BOTTOM LATERAL BRACING:

The maximum stress 1s produced in the bottom lateral
bracing with a wind force of 50 1lbs. per square foot on the
area formed by the vertical projection of the trusses. It
1s assumed that one-half of the total force is carried by
this bracing, and 1s an uniform moving load concentbated at
the panel points on the windwsrd side. The stresses in the
floor beams are so small, compared to their previously

designed section, that they are neglected. It is also assumed
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that tre diagonals act at the same time with esach diagonal
taking one-half of the shear in a given panel. (See Fig.9).

Load per interior panel point eccecececscece = 38 kips

Load per end panel D0InNt ceececocecsoscsscse = 27,5 "

Shear in panel x 5 x sec © or 1.7 Stress in diagonal

0=-1: 122.5 - 104 kips
1-2: 98,5 = 83.6 "
2-3: 170 = 59.5 "
3=4: 46,2 = 39.4 "

9.0 ft.

Unsupported length - diagonal O-1 aporox.
Minimum radius of gyration « 108/120 .... = .90 in.

Least radius of gyration of angles ...... = 0.99

Allowable compressive Stress ....cceee.... = 12. kips/sqg.in.

Required area 104/12 ...eeceeccccscccesee = 8.68 sq.in.

Furnished area 2 - 5 x 35 x 5/8 angles .. = 9.84 " "

Req'd. no. of rivets = 104/8.1 ceveeeccss 13 rivets

Number of rivets furnished ..ecceeececeece = 14 rivets o.k.
Diagonals in panel 0O-1 apiear to be satisfactory. The
diagonals of the other panecls are checked in a similar manner

using their respective stresses,

SWAY BRACING:

The sway bracing at each panel point consists of diagon-
als of 3% x 3% x 3/8-in. angles and a bottom horizontal member
of 2 - 5 x 3% x 3/8-1n. angles. These members are not usually
designed for definkte stresses but the general form and
dimensions are governed by the minlimum clearance required.

PORTAL BRACING:

As in the sway bracing the general form and dimensions

are -governed by the required clearances. In this case the mem-

bers are built-up of 4 - 3% x 3% x 3/8" angles and a 3/8"
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>late, Due to limited time, an analysis 6f the portal effect
1s not presented here. Thlis presents an interesting problem
in indeterminate structures and for a thoroush treatment

of the subject, the reader is referred to the text, "Modern

Framed Structures", Part III, by Jolinson, Bryan, and Turneaure.
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X. END BEARING

The end bearings consist of a fixed shoe and an ex-
nansion shoe. They have adjustable top plates to keep the
vertical deflection of the bridge from creating excessive
moments in the bearing plate. Both shoes are aporoximately
of the same dimemmions and have the same load, so one check
apnlies to both shoes.

Maximum reaction cecececececccscccccececscccess m 781 kips

Base area required: 781/600 seeecesessescese = 1300 sqg.in.
Base area furnished 28 x 48 ...ceceeceeeee. = 1344 " " o.k.
Allowable unit Stress ...eececececovevsssees = 18 kivs/sq.in.
Minimum cross section 4 x 18 .ccevececeeees = 72 sq.in,

Unit stress 781/72 ..eiveeeeevceescoersessee = 10,9 kins/sa.in
Req'd. bearing area at ex>. shoe 781/75 ... = 10.4 sq.in.
Length of Insert ... sceecececcccscsccceccese= 30 in,

Width of insert in bearing 10.4/30 seeseseee = 0.347 in,

The plans show an intereding feature which 1is not in-
tended to be of the typical bridge plans. It is a speclally
desicned hold down which is intended to restrain flood

waters from 1lifting the span off its footings.
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XI. COUCLUSION

The foregolng check of the design of a ty»oical bridge
span indicates the design to be more thaen adequate through-
out. The only inadequacy noted was in the detailing of the
stiffeners at the jacking point on the end floor beam,

In the course of completing this analysis, many refer-
ences were made to A.F.z.A. Specifications of different
vears. The author was impressed with the amount of variations
between these specifications. One difference particularly
noteworthy, was the many formulas proposed for the calculztion
of stress due to impact. The use of formulas <iven in the
1948 Specification results in a much higher impact stress
than do those used herein.,

The aubhor regrets that the limited time allocated for
the purpose of writing a thesis prevented a more thorough
and detaliled analysis. It is bellieved that much can be learn-
ed by the undergraduate civil engineering student in the
making of an analysis such as this one., The fundamentals
of engineering become more than isolated facts when it is

seen how they are applied in aptwal practice,
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