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INTRUDUCTION

The River Road is a pudlie thoroughfare parallel to the Red Oeldar
River, V¥hen the eollege firet asquired this land south of the river,

1% wvas maintained as a lane for moving catile and mashinery from the
fare Yuildings on campus %0 the various flelds and pastures.

As the eollege gradually grew, the importense of this river road
insreased. From & farm lane % a publie highway will be its pregress
in the next %wo years. 7The eollege 18 mow proposing %0 pave this road
castvard frea mcmu_mmuhnm.umumumo
direstisn to the new radio tower. Its importense thea will de greatly
nagnified as a pudlie highway for people iaterested im the school's
Sesutiful canpus and famm Ml.

Some three thousand feed sast from the Gmnasium dridge is a
single trask railrosd eiding that erosses the proposed new pavemeat ia
& morth and south diresticn. This track i frequemtly used %o bring
ooal and other transit materiale iato the eollege. The eontour eleva~
$Siones arownd this particular region are very unfavorable $o a level
erossing due %0 a high dank en the morth side of the river. 7o maiatain
a level grade desiradble for the railroad 1% would Ye nesessary % have a
"hump® in the yoadway oF a very undesiradle fill en deth sides of the
trask, extending foy several hundred feet in an east and west divestion.
Furthermore, the erossing is at such a poin$ that the line of sight s
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" obstruated By a plot of pine ¥ees whieh are very valuadle. To eut these
trees and grade the surrounding land o $the required level of the soad
would entail quite an unnegessary expense.

¥ith Shis in mind, I am sugzesting for this losatien, a rigid frame
eongrete bdridge resemdling ia general the beautiful Farm Lane dridge.
This proposed strusture has an atiractive design and eondines maxisum
Donti with necessary utility. It has proven %o bde economisal, sturdy
and duradle yet greseful and artistie im appearanee.

_ Comditions for this bridge specify a olear span of 42 feot, 17 18,
single railroad track, two 6 f3. sidewalks and a olunaoo of 16 18,
above the drown of the River Eoad pavemens.

Specifications used in working these necessary probdlems were
obtained shrough the Portland Cement Assooiation.

I wish %0 acknowledge the assistanee givea me by lir, Wley of the
Portland Cement Associatiom; Ur, Uiller and Mr. Heyer of the Michigmm
State Oollege fasully.



Prodblea 1.
Frame Dimensions. Axis and Ooeffieients

Let Tig. Z represent a right, hinged and symmetrieal rigid freme
with e0lid concrets deck and end walls., Determine the freme axie and
go_cffuiontl.

The assumed frame axis are shown as dash and do% lines ia Fig. .

I8 10 satisfactory %o take the axis of the end walls as vertieal lines

2 £8. O in, dehind the fagses of the walls. The astual deek axis is
placed nidvay bdetween the extrados and intrados; Dut the desk axis used
in the moment distiridution is assuumed to Do otraight between the theored-
l1oal eerner jolats,

The elements of deck and end walls, which will Do used in seleeting
frame cosfficients fyom Charts II and III, The deck elemen$ s b2 f3,
long, 3 £8. O in. deep at the erown and 6 £4. 0 in. deep at the sorne?
~ Joimts, I8 will be assumed Shat the intrados of the desk ie a paradela
and that the moments of imertia are proporticnal %0 the eude of the depth.

Tue desk oefficlent will be seleated froa Chart I3, Mater the
disgram with

Q' = M = 31.00
3.00

and find S = 12 and 8 = 8§, The stiffness of the deck at b, or the mement
at b necessary $o give be a unit rotation at b vhen ¢ is fized, e

sxl,er mmumxa?--zsr
T propo 3 .
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The earry-over fastor, P, equals
8 g o 0.66
Zs.. - -i-a- 0.606

The end wall elenend 4s a trapesoid with a theoretiel height of 20 £%.
3 in. oonfined by two straight lines ¥ £3. O in, apart at a and 6 3, O ia,
avart at b, Inter Chart IIl with

6 « 4 00
aqr .—%&—-0,50

a is fixed 10 Spx I/L. When a is hiaged, as in this frame, 1% can Ve
showa that the siiffness at b e '

1 - - - '82 !— I =
S,:r(l aMy) = 10 x (1 M)T?T')‘L."h’f

4,0 . oy.)
7'.“20.25 23.%

The relative stiffness in per oent at b 19 thea .

ng:%frzmo-mrormmm
: 4 .
Zﬁ%ﬁ‘lw'”’°’~ml°

Prodlem 2.

Distridution o Yixud Wad Momend

The frame in Prodlem 1 is sudjeet %0 a fixed end momen$ of + 100.00
ia the deck at joint D as indieated in Fig.2. Find the final meaeats
at b and e.
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The eomputations are recorded in Fig.2 . The first line of figures
sontaing the givem moments when b and ¢ are fixed: Zero and + 100.00 et
b, seyo and serv at o.

Then joint b i released, it will de rotated in the clockwise
direction by the moment of + 100.00, The rotation induces new momenis
in ba and de, moments thal sounterasd the rotation, Then the jJoim$ eomes
%o reet ia its new position, the sm of 'tho newly induced momeats in da
and bo equals - 100.00, and the distribution between the two members is
ia proportion %o their etiffness. The distriduted moments, = 100.00 x
0.10 = 10 1n bg and = 100.00 x 0.80 =50 im ba, are given in the second
1ine. The total moments after the first gycle of distridution are not
recorded bni are seen to des = 90.00 and + 90,00 at b, sero and serv a$ 6.

The second cycle of diesridution degins with the carrying over of
aomend from the joint that was rotated to the joint that remained fixzed.
Obviously, no moments are carried over 0 or from joints a and 4, which
are hinged in thie freme. The momen$ carried over % ¢ from d equals
10 x .66 = 6.6, acoording %o the definition of carry-over factor, and 1g¢
rocorded im the third line. The fourth line gives distributed monents
obdtained by release and rotation of ¢, the procedure of distribution
monents at ¢ are + 5.6 x 0,10 =+ .65 4mn ob and + 6.6 x 0,90 = + 5.9% 4
cd. The total moments after the sesond cyocle of distridution ares - 90.00
and + 90.C0 a¥ d, = 5.9% and + 5.9% atd 6,

Two additional cysles of distridution are carried out dy a procedure
1dentical with that in oycle 2. The total moments after the fourth cyole
aret -90.39 and + 90.33 at B « 5.96 and + 5,96 at o} Shese are the final
corner moment$s obtained after distridution of the original ¥, K, U, of



< 100.00 in %o at b,

Ifan 7. B, M, of « 100.00 48 applied in da at B(i.0., in the end wall
impediately below the corner joint) and the jJoints are then releassd, the
final corne? moments, derived fyom Fig. 2, become:r - 100.00 ¢+ €0.00 ¢+ .392
=« 9,5C8 4a ba at B} + 10,00 = U35 + 0435 = + 9,608 4n Yo a% B; + 5,966
and - 5.966 at a.

These relative moment values will be useful for sudsequens analyees

by eliminating repetition of computations.

Prpbln 3.

Dead load

The weight of the end walls 1s earried direotly down %o the footings
and oreates no moments, The longitudinal section through the deck is
divided into an area 42 f4, long with a constant depth of 3 £4. O im,,
weighing }75 p.s.f. The resaining area is suddivided as shown inm Pig.
and the areas of the subdbdivisions, multiplied by 150, are used as soncen~
trated loads for determination of moments,

Ia order %o detemmine the fixed end moments, entery Chard II with
4' = 1,00 (see Prodlem 1) and select Sthe proper coefficients.

Fized End loment per fool of width:

Uniform load

270 x 60° x .102 = 67,473 f4. 1V,



2470 x 42 x 0.83 = 8,610
E75 x 52 x 0.122 = 6,628
174 x 42 x 0.155 = 1,425
14 x 42 x0.12 = 877
879 x 42 x 0.045 = 1,654

2470 x 42 x 0,01 =__Job

19,358

The total moment when the deck 1e straight is
19,358 x (0.9039 ¢ 0.0536) = 18,400 £%. 1,
and produces Sensioa ia the outside of the goraer.
Correcting this moxsat for curvature of the degk according to See-
$iom VIII, the Zies of the deck eenterline ia Fig./ deingl £, 6 ia.,
the final eorner moment 19

18,500 x W- 18,200 £%. 1b.

The erown mozent for straight deck oemterline can mow be foumd by
staties. The total pociive moment assuming a einply supporsed deck iss
270 242 20,09 9W
875 = 42 x 0,225 = 8,270
1% x U2 x 419 = 3,070
1/8- x 375 a2 xli2mg2,300
| 95074 1, 1b, |
The difference \oﬁgm this moment and tho negative ocorney momend
oreated by the same Mu.
95,07 = 18,4G0 = 76,6 £8, 1V.,
is the moment at the srowa of the freme with etraight deck.
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Correct for curvature of deck and determine the final crown momen$
(temsion in bottom of deek): = 7h4,600.
The total dead load 0f the frame, one foot wide, is

Yearing surfase: 15 x k2 630
Deok: 3 x §2 x 150 18,900
Deeks 0.33 x 3 x 42 x 1% 6, 300
Cornerst 3 x 6.25 x2x15 _5,62%

62, 392
The vertieal resstion on each fooding is '
0.5 x 62,400 = 31,200 1V,
The horisontal thrust at the footing, when the deek is curved, is

8 -
%‘o‘f’ésm 900,0

The srowa thrust aleo egquals 900.0 1b., sinse all the loads are
gravity loads.

The moments, thrusts and shears for dead leed are showmn in Fig.J
(a), delow. |

Prodlem b,
Live lead

The frame in Prodlea 1 carries & ccncentrated 1ive load of 8,750 1V,
por foot of width ineluding allowanse for impast. Find the maximwa
nonents and the thrusts at the srowa and at the sorner.

Maximum moment is produced at the srewa whem the consentrated lead
e placed at the midpoint and the wniform load eovers the entire span.
The first step ia the analysis is $0 dstermine he fixed end moment
seefficients by entering Ohart II with 4' = 1.0



Pixed End Momen$ per food of widih)
Unifors loads 8750 x %22 x 0.102 = 1,575,000 £8. 1M,
By using the values froa Prodles 2, the corner moment is found %0 de
1,575,00 x (0.9033 x 0,0596) = 1,530,000,
The total positive erown moment assuming a simply supported deck is
8750 x 2 x 0.5 x 2 = 1,934,000 £%, 1ve.
The difference bdetween this moment and the negative cormer momend
created by the same loading,
1,934,000 - 1,530,000 = kol,000 3. 1be.,
is the moment at the orown of the frame with straight deek.
Correst for survature of desk and detemine the fiaal erewn momead
(Sension in dottem of deok): = 372,000,

The ¢orner momeat when the deok 1is curved is 1,530,000 x 2%..%- 1,420,000
. £3.10,

The eorresponding horisontal thrust 1s L.420,000 & 70,100
The vertical reactioa oa each footing is 875?: 0.5 x 42 = 183,750 1V,
Maximum moment at the eormer (point 1.0 ia Chart II) is prodused with
uniforas load over the eatire span and when the concentrated lead is plased
a8 o¥ near point 0.625. This is evident by inspection of Charte I and II,
The follewing values are odlained with the load of §,750 1de. at poind
0.625.
Fized Rad Moment per food of width
at point 1.0 = 8750 x k2 x .20 = 73,500
at peint 0.0 = 8750 x &2 x .10 = 36,750
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Corner memeat after distridution (assording %o Pig.2)

et 1.0 = 73,500 x .T49 + 36,750 x .127 = 59,660

at 0.0 = 73,500 x ,127 + 36,750 x .49 = 36,825

Maxizum oermer memeat (incl. uniform load) vhen deek is straight
59,660 + 36,825 x (.749 + .127) = 92,000

Maximum oerner momeat allowing for curvature of deek

92,000 x .973 = 89,500 1b.

Predlem 5.
Change ia Length of Deek and Eorisomtal Displasement

A relative shange in leagth of deek may be either a shertening (tem-
perature drop, shrizkage, cutwari displasement of fooltings) er a leagth-
eaing (Semperature rise, inward displasement of footings).

Aswmme that the freme in Prodlem 1 is sudjeet $o a degk shortening
due to (a) temperature drop of N5° F,, (V) ehiriakage eorrespendiag to a
shriakage faotor of 0.0002, and () cutward heriscatal displasement of the
feotings equivalent %o a coatrection ceefficient of 0,0002.

The shorteaing per unit of leagth is

4% x 0.000006 + 0.0002 + 0.0002 = 0.00067

The total shertening ia the span of 42 feet 1

0.00067 x #2 = 0.0% £3. = 0.02

This is equivalent to aa eutward displasement of 0.01 f1. at a aad (.

Thea analysing the frame My mement distridution, Vegin by lecking the
Jointis ® and 6. Fig. # 1llustirates the static oonditions from which the
fixed end momen$ at b i3 determined. IS can do showa that

’. X, N, ath-!_L!.!xs,x;Axu- ) =

x 105 x 322 3
LLW x 13.3 x (_)_.%5:_;_5!_) £ (1 -18.32 : = 394,700 £%.1bs.
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Acoording % Prodlem 2, the formula for BSoth corner and orown momeat - wvhea
deck is stTaight - may be writien as

Momea$ = 394,700 (1.000 = 0.900 = .0032) = .0596 = 11,841.00

7inal moments ~ allowing for curvature of deck = equal

Cormers 11,841 x 2:23 2 u 10,242

a.1%
Crowas 11,841 x 2:2 = 10,072
a.1
Prodliea 6.
Earth Pressure

In most rigid frame bridges, the walls are relatively short and stubdy.
In these cases, earth pressure momenis determined by moment distridution
are sengitive %0 changes Yoth ia frame coefficients and in the assumed
curvature of the deck. Simse, in addition, these moments are Sased wpoa
uncertaia assumptions incident $o the eonventional earth pressure Stheory,
a rather poor degree of ascursoy may b%e expested. Analysis for earth
pressure by momeat dietribution may thea de unsatisfastory.

In comparieen with the effest of other loads, earth pressure momeats
are generally of 1ittle importance ia stress detemmination. Ia this
example, the Gorner momend 4dus %0 earth pressure is iuu than 2 per ceat
of thal emnsed by dead plus live load and may therefore de disregarded.
A% the erowa, deth dead and live loads oreate tensioa at the intrados,
while earth pressure ¢reates tension at the extrados; iV is therefore mere
conservative %0 disregard the eartih pressure monent at the erowm,
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Prodlem 7.

Dissymmetry and Sidesway

If the frame or loading is unsymmetrical, the moment ult'rnmn_on
method as diseussed and applied in the foregoing gives horisontal thruste
that appareatly do not satisfy the statical roqnirnutl for equilidrimm.

Jor {llustration, Sake the frame in Pig. loaded with 8,750 1b. at
point 0.625. The corner momeats, determined in Prodlem § for straight
deck, are |

at peiat 1.0: 59,600
at peint 0.0: 36,828
The eorresponding horisontal Shrusts are

2%%-29‘0"‘“
Sé%-.!é?i-uao

n; algedraie sum of the horisontal forees is 2,940 - 1,820 = 1120 1b.,
dut it sheuld be sere te satisfy the statioc requiremeat that the sum of the
projeetions of all external forces om any line must de sero. This spparaat
dieorepancy will be 0larified by the discusselon of sidesway which follows.

It 10 evideat that the deek Ve 1a Fig.  (a) will tend %0 move side-
vise relative %o a and 4 whenever the frame or the loadiag 1s wasymmetrical,
and aleo that a lateral displacement of b will set up moments at the
sorners. Refer %0 Prodlems 2 aad U and edserve that no fixed end moment
&ue %0 displacement of %o was included in the analysie. The significance
of this omission is that peints b and ¢ have deen kept in their original
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position vertically abeve peiats a and &; or, as it 1is called, eidesway
of the frame has been preveated. |

I8 1s obvicus that an external foree must be added in the 1linme de
when horisontal displacement of % is to de prevemted. The laws of
oquilidrium require that the force equal 1120 1b. The loads, resstioas
and deflested axis for the frame ia which sidesway is prevented are showma
ia Tig. (a). The foree of 1120 1b. ia b6 insreases the vertical resction
at a (and decreases the vertical reastion at 4), theredy making it equal

to
8,750 x §33+ 1120 x §:2.. 6,090 1.

The tendendy of a stirip of frame %o move horisoatally as indicated
nay de eccunteractied 2y either the adjasent sirips of the frame, by the
Saskfill or by the approach slad. The assumptioan that mo sway takes
place is therefore preferadle, especially sinee it gives the greater
ecoraer noment. It shall de illustrated, however, how readily results
obtained ¥y moment distridution may be adjusted 0 allew for the asswmp~
tien that sidesway is permitted. Coneider, for exsmple, the frame is,
analysed by moment distridutien, in which a foree of 1120 1V, is required
to prevent sidssway. EKliminats this force W adding smother equal dut
epposite feree ia be, simultanseusly displacing the desk herisontally ia
She direction from b to ¢. Determine the 7. k. l. and then by memeat
distridution - in a naxner similar to0 that in Predlem 5 ~ the final cormer
noments. 7This general precedurs can oftea de simplified. Ia the frame
for example, the added force of 1120 1b. edvieusly ereates the same hori-
sontal thrust at each feoting, nmmely, 560 1v. The total horisomtal



1k

thrust at %oth feotings vhen sidesway is pcn}ttod must thersfore de
2,940 - 560 = 1,820 + 560 = 2,320 1b.,
and the sorney momeats at joints a and b are
2,380 x 20.25 = 48,250 £4. 1b., sey 8,500 f%. 1V,
The eorresponding maximus negative eerney moment is 59,000 whea
sidesway is prevented.

Prodliem §.
Shears

The frame ia Prodlem 1 1ie sudjest $0 deed and 1ive loed, deck shortea-
ing and earth pressure. ZThe loads are the same as in Predlems 3, &, 5
and 6 exsept that the eoncenirated 1ive lead for shear caleulations will
%o taken as 10,000 1b. instead of %he 8,750 1V, used for moaend ealoula~
tions. Find the maximwm total shear and wals sheariag stresses st (a)
the orema, (D) the sovmer, and (o) the top of the footing.

(a) Orown. The shear is sero due % dead load, desk shorteaing and
symmetirieal earih pressure. The eorrespondiang unit shearing stress is

- L] L] 1‘
17 x 7;"3 TP

Turther invesiigation of the shear dased upoa the assumptioa that side-
svay is prevented (see discussion Prodiem 7) is unwarraated.
(v) Cormer. The total dead load from fase %o face of end walls is
Vearing Burface; 15 x ¥2= 630
Deek: 3 x §2 2 150 = 18,900

Deok:0.33 x 3 x 422150 =
&%,8%



15

The naximun shear duwe to dead load 4o
2,8 . 12,50 1.

The correspondiag wait shearing sirvess is

ﬁ-%-ap. s. &.

(e) Top of Footing. The maximum shear equals the horisomtal thrust
at he suppert. The deed load thrust is .1.2%._?;_".- 900 1b., see Tig.
(a). The maximws horisontal thrust dwe to live load is preducsed by the
ssme load arrangemeat that causes maximwm oorner momeat. The maximwm
corner momeat, derived fram the analysis in Prodle ¥, is

1;9.7.%%9.: 59,600 + 32,200 = 64,000 + 32,200 = 96,200 3. b,

with straight deck; dul allowing fer curvature of deck it equals
96,200 x 5El = 93,000

The serizontal thrust is
&aim = u.um 1‘0

The horisental thrusts produced by nﬂh pressure and deck shortea-
ing ssunterest the thrustis due %0 dead and live load. I8 is thervefore
on the safe side %0 disregard earth pressurs and degk shortening and $o
take the maxizwm shear as

900 + 4,430 = 5,330 1),
The sorrespending unit sheariag stress is

12 = .15’0 .. §.
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Predlem 90

Stresses at Oromn and Cormer

The frame ia Prodlem 1 is subjeot to dead load, live load and change
in leagih of deek. A summary of these loads and the moments aad thrusis
Shey areate. Chooss tensile and Gompressive reinforoment and assertaia
that the corresponiding unit stresses do net exoeed the allowable working
stresses, vhieh will be chosen coaservatively as £ = 18,000 and
£, = 1,000 p. s. .

Moments and thrusts a$ the midpoint of the desk are

Uonend
Dead Lead + 74,600 + 900
Live load +372,000 +70,100
Change in Deek Length +.20,070 —-—300
Total +456,670 +70, 500

Zooentrieily with Tespest to ceaterlines ‘.‘ggsésg-g- = 6.5= T8 1.
[

The tensile stesl area for this moment and thrust must be scaevhat
less than Sha$ required whem the axial thrust ie dieregarded; nmmely

hgg,ggixg - ,
TF00027/823 8.1 sq. in,

Tith a required steel area of §.1 further eeaputations preve Shat
Shis type of Deam is mot sufficient for sush a great momeat. A 36 ia,
Yo was used as a 1imid for workabdility, expense and strength value
but this dridge wuld require a dean twice that sise.



Reduoing the impast fastor %o 25f would met resul’ in a dending
noment suffisiently mmall %0 produse a deam within the 36" limits.

As a Tosult of these final ealeulations, I feel Justified o say
Shat a Rigid Treme Bridge of this span, 10 not prastical enough %0

suppert an E-60 Ceoper Engine leading.
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