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. THESIS



PREFACE

J
The object of this thesis is to analyze the bridge
and to become more familiar with the make-up of the dif-

ferent members, and the general construction of a modern

railway bridge,

103754






The bridge runs over the Saginaw River, connecting
East Bay City and West Bay City, its direction being east
and Vest, The bridge contains three simple truss spans
and a draw span of the Rim Bearing Swing type,

An inspection was first made of the bridge in which
all different parts of the make up of the bridge were meas-
ured and many pictures taken, Some of these pictures will
be referred to from time to time and they can be found in-
closed herewith,

The two trusses on the west side of the draw are of the
Through Pratt type, with rivet connected joints, dbuilt by
the American Bridge Co. in 1905, The draw span was built
at the same time and is of the same general construction,
The other simple span, on the east side of the draw, is a
pin connected truss of the Through Pratt type, It was
built by the Detroit Bridge & Irén Works in 1888 and has
been moved to its present location from the site for which
it was originally dbuilt,

The rivet connected simple trusses are made up of
seven panels @ 20'-10", having a depth vetween centers of
chords of 30'-00% and a width of 17'-00", These trusses
seem to be of heavy construction having end portals made
of -oiid sheets of metal as can be seen from photograph No,l,

The old Pin Connected Pratt truss, shown in I'hotos Nos,
2 and 3, contains 4 panels at 20'-00", and 2 end panels at
20'-84"., The depth is 24'-00%, center to center of pins,
and the width of roadway 17'-00", center to center of
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chords, The truss is much lighter than the others and is
made of wrought iron,

The draw span is of the Kim Bearing Swing type, con-
taining five panels at 20°'-9 5/8" on each side of the cen-
ter, and a center panel of 17'-00", The tower is 33'-8"
from the center of the lower chord up to the center of the
pin which holds the eye=-bars conneoting the tower with the
extending truss, The upper and lower chords of this draw
span are all parallel as can be seen by photo No, 4,

The dead loads were computed by using the Cambria
Handbook in connection with the reasurements taken, For
the old wrought iron truss a handbook edited in 1886 by the
Phoenix Iron YWorks, Fhoenixville, Pa,, was aecufed and used,

For live loads Cooper's E-50 loading was used, altho
this bridge should be strong enough to carry E-55 or E-60
to be consistent with modern heavy loadings,

WEIGHTS OF SPANS,
The bridge includes three entirely different spans,

for each of which a table such as Plate No, 1 was filled out,
This table is made up of the measurements takon on the
bridge, and the first calculations to be made, TFor example:
the calculations were made as follows,

We found the member UjU2 to be made up of four angles
3" x 34" x 5/8" ¢ 3.98 »q. in, = 15,92 sq. in,

and two plates

18" x 4 & 9.00 sq. in, = 18,00 8q. in,

Gross Area 33.92 8q. in,

As this member is an upper chord and known to be always in
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compression, there are no rivet holes to be deducted to get

the net area,

The estimated weight is found by multiplying the gross
section area, in square feet, by the length, center to cen#
ter, in feet, the product being multiplied by the weight per
cubic foot of steel

33.92/144 x 20,833 x 490f = 2400#,
In order to get the actual weight it is found necessary to
add the following:-
Lattice- 26 bars - 44" x $" x 26" @ 16,64 = 4334,

Tie plates- 2 plates-21" x 3/8" x1'-10" 49/ =  98#,

Rivet Heads- 378 (3/4") w 224/C = B83#,
Veight to be added 614#,

Estimbted weight 2400#.

Actual VWeight 30144,

The ratio of the amount to be added to the estimated weight
is found, in this instance, to de

614/ 2400 = 0,256 = 25,6%,
The moment of inertia is found about the axis parallel and
perpendicular to the plates thru the center as follows:-

About axis l-l Angles,
Il-1 = Ig + ¥d2,

= 4 4,33+ 3.98 x (8.02)2 = 1020,
Plates,
I 1 3
l_li_n bho
= 2x1/12x ¢ x IEB = 486,

Total 1506.
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About axis 2-2 Angles,
Ip.o = 4 4.33+ 3.98 x (8.60)2 = 1198,
Plates,

I, =2x(18x4)x(7.2)% = 948,

Total 2146.b
The moments of inertia about these two axes should be about
the same for the best design but on account of making riveted
connections with other mexbers this is not always possidle,

The above calculations were carried thru for each dif-
ferent member of the truss and the weights of all members
totaled, To this sur is added the weights of the sway
bracing and the end portals which are also calculated on
Plate No., 1. The sum of the weights of the trusses, sway
bracing and end portals give the total weight of the bridge
above the floor,

The remainder of the dead load is in the floor and in
the girders supporting the floor. A section of one is shown
on Plate No, 2, on which all of the weights are tabulated
for one panel, The weight of the floor is found for the
seven panels, On this same plate is summed up the totgl
weight of the span, '‘he weights of the gusset plates were
added in the last, This should have been included on Plate
No, 1, which gives the total weight of steel above tpe floor,

One half of the total weight is placed on each truss
and divided among the panel points, The weight of the truss
was divided equally between the upper and lower panel points,
the weight of the floor taken entirely by the lower panel

points, The calculations were made so as to bring the load
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on the end panel points equal to one half of that on the
other lower panel points as shown under the division of
weights on Plate No. 3,

The dead load stresses for span "C" are shown on Plate
No, 4, The shear was first found for all panels, This
value, when rultiplied by the secant of the angle made by
the diagonal with the vertical gives the stress in each wed
member, The shear times the tangent of this angle gives
the chord increment which is added to each chord to give
the stress in the succeeding one, The stresses were cal-
culated in the above ranner and tabulated, for epans "C¥
and "A", on Plate No, 4.

The dead load stresses for span "B", the swing span,
were computed for both swinging and closed position, Plate
lo, 5 shows the graphical solution by which the stresses
were computed when the span was in the swinging position,
The results are tabulated on Plate No. 10-b;,

In order to compute the dead load stresses in the swing
span when closed, the reaction at the end must be found from
which the stresses can be figured by the ordinary method,
This reaction is caused by a force applied at the ends in
an upward direction and should be great enough to take out
the deflection of the end when swinging or at least enough
t0 counter-act any negative reaction, or tendency to 1ift
off from the support that nay be caused by a moving load on
the other end, To be on the safe side, about 10,000# should
be added to these negative reactions, There did not seem to

any provision made for taking care of the negative reactions
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in this bridge, because when a load came on one end, the
other end was seen to jump up and down considerably so only
enough reaction to take out the deflection will be used in
our case,

Innorder to find the force necessary to overcome the
deflection, the deflection rust first be found, This was
done by considering a truss as a simple cantilever beam and k
the formula used to find the deflection due to each panel
point load was

£=pPL3( 2 - 3k + X3) / 6 EI,
The computations are shown on Plate lNo, 6,

The live load stresses in web merbers for span "C" and
gpan "A" are tabulated on Plate No, 7. All stresses were
found by placing the wheel loads in that position which would

cause the maxinmum stress,

LIVE LOAD BSTRESS IN LgUy

This is a web member and the criterion is followed out
that;~ The shear in any panel of a bridge is largest when
the load on the panel is equal to the total weight of the
live load on the bridge divided by the number of panels, or

V=1/mx W
where: V = shear.
m = number of panels,
W = total weight of live load,

Wheel No, 2 was placed at the right hand end of the
panel or at Lj; and the load on the panel is found to vary
from 12,5 to 37.5 kips by moving the wheel a very emall dis-
tance in either direction, The total load on the bridge
is 415 kips and since "n" equals 7, the shear should be
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415/7 or 59.3. As this value does not lie between 12.5 and
37.5 the condition mentioned above does not satisfy the cri-
terion, VWheel o, 3 was then tried. The load on the panel
varies from 37.5 to 62,5 and the total load is 427,.5, \ie
found that 427.5/7 = 61.2 lies between the required limits,
satisfying the cruterion and the shear due to this loading
is found. ‘"heel o, 4 also satisfied the criterion but whed
No, 5 did not, The largest shear of those baused by wheels
No. 3 and 4 at L; was usec which gives the stress when mul-
tiplied by the secant of the angle, the same as in the case
of dead loads, This method was followed ocut for all of the
weu merbers,

For the chord rembers, the criterion

P*=n'/mxW
where P' = gum of loads on left side of panel
thru which section is taken,
K' = number of panels on the left side
of the center of moments,
m = number of panels in truss,
¥ = total weight on bridge.
was used to find the wheel position whioch gives the maximum
chord stress,

The wheels were moved so as to satisfy this criterion
and the stress found by taking moments about the center of
roments for each chord,

For L2L3 the center of moments is taken at U,, Wheel
Yo, 6 was tried at L, and found to satisfy the criterion, as
P' varies from 112,95 to 128,79 kips and ¥ = 121 kips, which
falls between the required limits. ‘Iith this load the mom-
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ent about the left support is 31016, which, divided by the
length of the span, 145,833', gives the left reaction as
213 kips, The moment about U, of this reaction is then
213 x 41.6 = *8900,
The moments of t:e loads on the left about U, = 2050 and
the difference gives the momcnt about the center of moments
which is resisted by L2L3.
8900 ~ 2050 = 6850, 6850/30 = 228 xips
which i8 the live load stress for L2L3. This method is
used for finding all of the chord steessesn, The stress in
the verticals is the maximur snear found in tlie section,
The end verticals, as UILI' were found by placing the wheels
so as to satisfy the criterion
P = 2p
where I’ = the load in both panels, LOL3

P'= the load in LOL1

and then substituting valuec in the formula
Rpe (1, =23 )/P
vhere R, = reaction at I; or the etress inUjl,

M; = moment of the loads about L,

U = momonf of the loads about L,

P = panel length,

The live load stesses in the swing span were found
graphically as is shown on Plate lio, 11, Stresses were
found for all of the chord members and shears for all of the
web members for a load of unity at each panel point and the
influence line drawn for each mewxber, The loads are then
placed so as to cut the maximum ordinates, the sur of these
ordinates, each multiplied by its wijeel load gives the stress

or dhear desired, In getting moments and shears for these
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diagrams, a book, The Designing of Draw Spans, by wright
was used, As the merbers in the center panels are very
light the case was taken of no shear transferred across the ce
center panel, Coefficients for reactions for this case
can be taken from this book, page 1lll,Take for example mem=~
ber 0102:- Take center of moments as Lj, How for unit
load at L; the left hand reaction is 0,760, Taking mom-
ents about L, for a load of unity at I

Mpp = (0,760 x 41.66) = (1 x 20.8) - U;U, x 24,66

X§ 24,66

which is laid off to some scale under Ll where the load was,

= 0,473

PYoints are plotted in the same way for a load ay each point
and a straight line joining each of these points gives the
stress influence line for the member Ul“a° The same is
calculated for each member, The stresses are found and tab-
ulated, The diagrams give shear for the web members, this
must be multiplied by the secant of the angle to give the
stress, In the panei next to the center there are two dia-
€onal members and the method of moments had to be used,
From the shear influence line for this panel it is found
that the maximum shear occurs when wheel No, 4 is at L4 with
the wheels moving toward the center, Take momentis for load-
ing about the same points *a", the intersection of the other
two rembers, as shown on Plate 10,
by similar triangles
oUg : Uge = Uglg : alg
9 : 22.,8= 33,.66: alg
alg= 85.5'" distance to center of mom-

ents,
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Also ) '
U‘L4!U4I.5 = tbnl.s
24.66 ¢ 33.59 = ab ¢ 85.5
ab = 62.5' gives the distance at which
041.5 acts,

With these distances known, an influence line can be
drawn for both U4U5 and 341.5, always taking the moments of the
loads to the left of the section.

After all the stresses due to live load, dead load and
impact were calculated a stress sheet such as rlate 10 was made
eut for each aifferent sran. These stresses wers summed up
a~d the unit stress computed. A column of allowaltle stresses
was caloulated and placed alongside. These two results were
then oompared.

This is far from a complete analysis but it has served the
purpose for which it was ‘ntended, namely te go a little more
into construction detalis than we have had time for in the reguln
oourse.

Conclusions

We found that the old truss is atressed in some members
nearly te the elastic memders. This is not im keoping with
the best modern practice. In time a permanent set will probdv-
adbly take place.

The results were not ntogothorvtmnpected. It was
thought that the bridge was in this ocondition on acoount of
eettain unverified reports that its use was to de discontinued.
It has carried heavy loads for some time and will prodadly
eontinue 80 do the same in the future, but we would advise
replacing the 0ld span with a more modern structure.
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oty -RSBO (4720 |+545 |WF00 | 7000 | RET | J6300| ##.&
L L RIRO 4720 | +5437 |00 | §000 | 277 | 76509 #££F B
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rbed Str=ss | Stress Stress | Aetual Vieng i/ ieast

Stress |P/RAE 3

Deod | Zwe | Tmppoo? |tpt'Stess| il ® | Zrea )
Loty (5397 [RZ2ST [26l0 | 11157 | /3T |57 esvoo| F.2

Yls IR /450 L/1/0.8 /5.0 259 |25
UYels (11059 |+8RS |17/ | /50 | 22857 7.00
Uly| © V946 [r35F | /350 | 256 | 33
Loy WITIT V46,5 (r232 | /30 | /375 | /350
L,4s (13474168 (#2752 | /50 | /5757 | (350
L3l 45570 YRIFO #4617 | /52 | 7 |/8.00
Ula [55.P0FRIFO |~¢17 | 127 | /32 |zs#4 |57600 | 336
Yl F6RTE | RFFC |- 257|134 | /127 |2944 |57600| 3.9
U Ly WIRIS [FEL 23 #4837| /50 | zog | 810
Uele | /.97 |-63.5 |-576 |02 | /385 | 940 |87000|13.2%
Uots HA8T |-320 |-2757 02 | 66 | 40 |#7000|/3.28
L1ds $T5PO WRIFO | 1gy7 /50 | 1867 | 400







Shess | STress | Sress | Alawable| Shess | foloal|Leng M)\ ZeasT T
Pead |Lwe Tmpacl \Ywr Shess| O | prea /2 VFagiis Gy
i, | pe.9 | 122 315 |sso00 |)6500 | /3.3
byl 23 o o /5000 | 600 | IRZ
L, R%3 | 77.9 | 630 |/0oo F700  [726 | §3000 | 1®8%F
Uots| 297 | nza | 815 | 15000 |16%00] 133

Graphical resvlls From FlaZes

Lot =
v =
bty =
by =
UVslls =
Uls, =

L2ty =

Loty *
ldy . B
sy .
Lbe =

bpls S

Roooo
60000
60000
/45000
320 000
70000
/20000
167000
S5000
30000
.8000
75000
30000
125000
15000
16000
143000
A53000
233000







(11)

If this was done, the bridge would bde in fair condition, as
the raemainder has a factor of safety of about 4 throughout.

On account of this dbridge being on & dranch and not on
a main line, Cooper's E-50 loading was used, but a bridge of
the present time ghould be safe under B-55 or E-60 loading
when there is any possibility of the heaviesi engines of the
road passing over it.

There is a rule requiring all trains to oross the bridge
a speed not greater than six miles per hour. If this rule is
lived up to, 1t may make the life of the bridge much lenger
by reducing the gtress caused by impact.
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