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INTRODUCTION

Farm Lane 13 a public road bisecting the property of Xichigan State
College at East Lansing. The college campus and farms owned or leased
comprise a total of more than nineteen hundred acres. When the first of
this property was acquired there were few traveled highways and it was
probably not intended that the lane through the center of the farm should
ever be used aa such. It was maintalned as a typical farm lane for the
purpose of moving cattle, farm machinery, etc., from one field to another,
end from the farm buildings to and from the various fields and pastures.

A simple Howe Fuss Lridze that had been previously used elsewhere w2s pur-
chased and placed in position scross the Red Cedar River.

With the expansion of college property south of ¥t. Hope Road the
gates across Farm Lane were eliminated. This opened it to public use and
it became the most direct route between East Lansing eand a prosperous
farming section. It has been used for many years by the general public
a3 a public highway.

In 1936 the W. P. A. through a cooperative project placed & hard sur-
face on the roadway which has tended to increase the smount of traf}ic.

The present bridge wis first conderned &3 unsafe for highway purposes
by the Engineering Department in 1895. Its use becomes increasingly pre-
carious with the passing of the years not only due to the deterioration
of time but also due to the hizh speed with which heavy trucks traverse it.

The State Board of Agriculture has repeatedly requested the 3State
Highway Department to build a substantial bridge et this point. In 1929

the legislature passed an enabling act authorizing the Highwsy Depertment
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to take over the construction and maintenance of roads and drives at the
various State institutions. The Highway Departzent has not as yet agreed
to undertake this project.

The ocollege has placed warning signs on the bridge warning all traf-
fic that it uses the bridge at its own risk. But, in spite of these pre-
cautions there is a moral responsibility on the college and the State to
provide a safe bridge. Tra time is not far off when a new and adequate
bridge must replace the present one.

The college canpus now extends to the river at this point. The area
east of Parm Lane is used for the RK:ter Carnival and other similar pur-
poses.

The new bridge in order to be in keeping with the fine appearance
of the college buildings and the besutiful landscaped campus must be of
an attractive design, and should combine the maximum beauty with the
necessary utility.

Bith this in mind I am suggesting & Rigid Frame Concrete Bridge for
this location resembling in general style the beautiful Rigid Frame Con-
crete Bridze in Krape Park, Freeport, Illinols.

This type of bridge is econcnical to build, easy to maintein, sturdy

and rigid, and can be made graceful and artistic in appearance. It repre-

sents a newer type of ccnstruction that should be of interest and value
to the engineering department of the college for instructional purposes.
These specifications describe a bridge eighty feet long clear span,
eighteen foot roadway with a single eight foot sidewalk with the clear-
ance above norsel water level of fifteen feet.
An adequate number of borings have been teken to deronstrate that

Do difficulty will be encountered in the construction of the founcation.

o RN

RIS e D e e

e






¥ith this type of construction 1L is of the utmost importance that
careful laboratory checks be made of the corcrete poured in the monolithic
structure.

The specifications used in working these necessary probleus were ob-
talned from the Kichigan State Righway Department. #uch valuable informa-
tion was obtained from the Portland Cement Association through ¥r. J. O.
Granmua. Grateful acknowledgment i1s also made to Professor illen of the
K. S. C. Civil Engineering Department, and to J. G. Martin of the Portland

Cement Associetion for their many helpful and valuable suggestions.
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Problenm 1.
Frare Dimensions. Ax/s and Coefficients.
Stiffness (c is fixed):- 12 x 2.32% - 1 9 <10
89
b _"’/,r’”’/ c
3
\5ﬁﬁ‘ness (a*is tinged):- 987 x 233 - 17/ x 90
80
Coeffcients for End Walls CoelFcrents for Deck:-
. 898 -3 . 588 - 233 , 214"
I 5 676 o+ 2EL55 066
Sa* 59 72 Sa 43 S /200
84:/3.0  r4Sp: 43 8- 8.0
Ss (7 -arA)* Q87
ak d

Deck coefficients:-

From Chert I1
3 =12.0

r3 = 8.0
1 (£.33)% = 1.9
sxL °F proportional to 12.00 x 5

Carry over fsctor, r, ecusls

gl = 5258 - 8.85 - 676 Sa = 5.9 Sb=13.0 1re Sa = 4.5 rbSb = 4.3

3 O, TR T

e e e e e




- sl. 2

A




be-(l-r&rb)-ls.x(l-.(__.)___) 'xII' 87x%=9-87
5.553 17.06
X .
£l.33
The relative stiffness in per cent at "b" is then
—219 5 100 = 10. for the deck
1.9 + 17.05
17.06 _ . .
i75_2~i775§ x 100 = 90. for the wall
PI‘ODlBLA 2.
Distribution of Fixed Exd Moment
b (o] [[66] [70 1 c
o | »/00.00 foxed end mom. o o
8a | - o Oiistributed mom. o. 0.
o 0. Ca/*/y- over /mormn. -66 | o
O. 0. Osstributed + .66 [*5.94
0. + %356 Carxy- oner /mom. (o] o.
8920 - 04356 Oistributed - o. o.
O. 0. 2 {Zaﬁy -over rmom. -0.0287496 O
o vstribufed o * 002874 | ».02587#
039 8039 7ok Morner’s -5.9658745.9658 7
a ad
Conputations -

1st Cycle - 100 x .10

- 10 1irn be
- 100 x .90 = -30 in ba

total moments at end of 1st cycle

- 90 + 80 at "b" zero at *c" zero
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&nd Cycle - Kozent carried from b to ¢ equals
- 10 x .66 = ~ 6.6
Distributed moments at "c" are
+ 8.0 x 1 = ¢ .06 1in ¢cb
+ 6.6 X o9 = ¢ 5.94 ip cd
total moment at end 2nd cycle

-9 % 90 &t b,
- 5.94 ¥+ 5.94 st ¢

drd Cycle + 66 X .86 = .4256
- ¢4356 x <1 = 04356 in be
- «43506 X .9 = .39204 in ba

total moment at, end of 3rd cycle

90.39204 ¢ + 90.%Z9204 at b

- 5.94 % + 5.94 at ¢
4th Cycle

«04256 x .66 = -.0287495
+ 02374958 x .1 = #£.00287436 in cb
+ 0287496 x .9 = + 023874 in cd
If e Fixed End Moment - 100.00 is applied in "ba®™ at "b" (i.e., in
the end wall immediately below the corner joint) and the joints are then

relessed, the final corner moments becomes-

-~ 100.00 + 10.00
+ 90. —  +4358
+ + 33204 + 04356

9.60796 in "ba®™ at "b*" 9.60796 1in "be" at "b"

+

+ 5.965874 and

5.965874 at "C"

(?hese relative moment values will be helpful for subsequent analysis

by eliminating repetition of eonputations:)







.
Problex 5.
Dead Loed
The weight at the end walls is carried direcily down to the foot-
ings end creates no moments.
¥ichigsn State lighwey Departuert Specilfications czll for an allow-
ance of 20§/31. ft. of roadwey for additional geparste wearing surface;

plus a '%' additionsl thickness to provide monolithic wesring surface.

Area.- 2/ /3 7.5 .0 1%
Load/ 3450 4850 4125 600 /50

| N B

\3" ._3”

(Concrete weichs approximately 1504 1 cu. ft.)

Fixed End Womeut per foot of width:-
Uniform loed:-
2.37 (150) + 20 = 356 + £0 = &764/8q. ft.

376 x 80% x .10& = £45,452 ft. 1bs.
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Ecquivalent concentrated loads

5,150 x 80 x .05

]
-
n
-
[o2]
Q
o

1,95 x 80 x «1%5

n
o)
w0
-
&
o

1,125 x 80 x .18 = 16,200
600 x 80 x .20 = 9,600
150 x 80 x 187 - 2,240
150 x 80 x .14 = 1,680
600 x 80 x .1 = 4,800

1,125 x 80 x .04

n
>
o
8

1,95 x 80 x .012

"
)
-
[0}
-3
o

2,150 x 80 x .002 = ___500

318,042 ft. lbs.
Using values determined in Problem 2, pages 6 and 7, the numerical
values of the corner moments at "b"™ are:-
818,042 x .9039 due to Fixed End ¥om. at "b"
318,042 x 05965 * " " Ro® w men
Total moment when deck is straight is:-
318,042 x (.9029 + .05965) = %06,000 ft. lbs.

and produces tension in the outside corner.

Correcting this moment for curvature of deck:-

(Raise of deck axis is 1.621)

306,000 x 2133 + o5 x 1.62 = %06,000 x 22.14 -
’ 21.58 + 1.62 22.95

306,000 x .965 = 295,000 ft. 1lbs.
The crowmn moment for straight deck centerline can now be found by

statics. The total positive moment assuming a simply supported deck is:-

PR
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10

2,150 x 80 x .05 = 12,600
1,950 x 80 x .15 = 23,400
1,125 x 80 x .25 = £2,500

600 x 80 x .35 = 16,820

150 x 80 x .45 = 5,400

1/8 x 376 x 80% = ¥00,820

81,500 ft. lbas.
The difference between thia moment and the negative corner moment
created by the same loading:-
381,500 - 206,000 = 75,530 ft. lbs.
is the moment at the crown with straizht deck.
Correct for curvature of @eck and determine the final crown moment

(tension in bottom of deck).

76,500 x 21.83 + .5 x 1.62 = 75,500 x .965 = 72,800 ft. lbs.
21.33 + 1.62

Checkinz on the final corner and crown mouents will now be made by

use of influence lines (Chart I).

5 = 2_g§§ = .2668 (Interpolating between .54 and .18 on Chart I)
Concentrated Loads

5,150 x 80 x .048 = 1,100
1,950 x 80 x 113 = 17,620
1,125 x 80 x .182 = 16,400
600 x 80 x .198 = 9,500
180 x 80 x .185 = 2,220
150 x 80 x .1%8 = 1,655
600 x B0 x .089 = 4,270
1,125 x 80 x .048 = 4,320
1,950 x 80 x .02 = 3,120
5,150 x 80 x .004 = 1,010
Uniform Load 376 x 802 x ,102 = 245,452

817,667 ft. lbs.

ey
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Total moment when the deck 13 straight is:-
&17,6067 x (.9059 - .05965) =
217,607 x 96255 = %25,000 ft. lbs.

and produces tension in outside of the corner.

Correcting this moment for curvature of the deck, the final corner

moment iss-

505,000 x €288 * .5 x 1.62 - 295,000 x .965 = £94,000 ft. lbs.

1,55 + 1.62

Total positive moment has been previously computed:-
(page) 10 - 881,500 ft. lbs.
The difference between this moment and the negative corner moment
created by the same loading:-
381,500 - 305,000 = 76,500 ft. lbs.
is the moment at the crown of the frame with streight deck.

Correct for curvature of deck and determine the final crown noment

(tension in bottom of deck):-

2108541' S X 1.62 - -
76,500 x x = 76,500 x .965 = 73,800 fl. 1lkts.
! 21.23 + 1.62 ’ ’

Corner Crown
From Chart 1 - 294,000 + 7%,800

From Moment Distribution - 295,000 + 72,800

P SRTAP.
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Total dead load of the frare, one foot wide, is:-

Wearing surfacei- 20% x 80 = 1,600
Decks- 2.57 x 80 x 150 = 27,640
Decki- 85 x 5.25 x 80 x 150 = 15,000
Corners:- 5.25 x 5.58 x 2 x 150 = 5,442
Wallsi~ .5 X (5.58 + 5.83) x 18.54 x 2 x 150 = 24,800
Pootingsi- (6.0 - 5.53) x 8.585 x 2 x 160 = 2,670

75,152

The vertical reaction on each footing is:-
0.5 x 75,152 = §7,576 1b. say 87,500 lb.
The horisontal thrust at the footing, when the deck is curved, is:-

295,000

Siies. = 13,850 1b.

The crown thrust also equals 15,850 1b., since all the loads are gravity
mao

*Puture Wearing Surface - Michigan State Highway Departaent Specifications.
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Problem 4.

T T T

3/50 4950 4125 dfo /50

L 1 J 1T T 11 NN A N O I O O O O B
376 %/ facar 77 73,600

| /3,850
o’ \
s \/,

Terr.

R ———

\ 22-/0" 3
2r-4" @) Oeﬂd LOUJ
!
A386Q
- 40’ 2
37500.

- Live loads taken from:- ®"Theory of ¥odern Steel Structures" -
By Grinter - Page 107 - Article 11%.

These loads are considered by the American Association of State
Highway Officlals as the loadings designed for the various types of bridges.

We have selected according to the specifications of the A. A. S. H. O.

the alternate loading or equivalent loading to take the place of the truck
train for long spans. The loads are for a lane 9 feet wide.

H 18 Alternate loading or equivalent loading is used. l

(15,500 1bs. for moment

(Concentrated load = (

( (20,500 1bs. for shear
Without Impact(

(Uniform loading = 480 lb. per linear foot.

e -
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Impacti- I= -8 __ =_50 = 24,5 or 25¢

L +» 125 -2-6-5
New and used values for:
(16,875 1bs. for moment

(Concentrated load
#ith Impact % (25,625 1bs. for shear

(Uniform load = 600 lbs. per linear foot

N 0
T I T1T T T 1111

6/800 ™\
o (b) Love Lioad
Max. Morn. al Crowrt
2002 3
o 4 0 [ . v >—
3,600

Maxizua moment is produced at the crown when the concentrated load
is placed at the midpoint and the uniform load covers the entire span.
The first step is the analyaisﬁn determine the fixed end moment co-
efficients by entering Chart II with ¢* = .9686.
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Fixed End Momenti- (9 foot lane)

Uniform load:- 600 x 802 x .101 = ;5§15§£9 = 43,000

Concentrated load:- 16,875 x 80 x .188 = 3315999 = 25,200

68,200 ft. 1lbs.
By using the values from Problem £, the corner moment 1is found to
bei- 68,200 x (.90592 + .059658) = 68,200 x .963578 = 65,600 ft. 1bs.
(Straight Deck)
The total positive crown moment assuming a simply supported deck

is:- 600 x 40 x .5 x 40 = é_EleO_OQ = 57,300

.5 x 16,875 x 40 = 357.500

o 37,500

90,800 ft. lbs.
The difference between this moment and the negative corner moment
ereated by the same loading.
90,800 - 65,600 = 25,200 ft. lbs.

is the moment at the ecrown of the frame with atraight deck.

Correct for curvature of deck and determine the final crown moment

(tension in bottom of deck):

25,200 x 2188 + .5 x 1.62 = 25,200 x .965 = 24,300 fi. 1b.
21.33 ¢+ 1.62

A check on the final erown moment can be obtained by use of the in-
fluenece lines in Chart I.
600 x 80% x .02L = .8.95§_4_Q = 8,950

16,875 x 80 x .078 = 105,000 =11,680
9

20,630 f%. 1b.

B T
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The moments, thrusts and shears for the position of the live load
that gives the maximum moment at the crown are showm.

The corner moment shen the deck iz curved is:-

£.58 _ . 1b.
65,600 x £1=32 = 61,800 . 1b

The ocorresponding horisontal thrust is:-

61,800 - 2,902 1b.
21.33

The vertical reaction on each footing isi-
600 x .5 x 80 + .5 x 16,875 = _53521: 5,600 1b.

6875

L LT T T T T T T T T T TP T T T T T T T T T 111
600 * per /near foor.

© Lwve Lioad '
24" Mew. Morn, ar Corveer 22-/0"
(Sléfcsn/aj Prerernied)
2959 | | !
B 40"
36043

Maximum moment at the corner (point 1.0 in Chart II) is produced with

uniform load over the entire span and when the concentrsted load i3 placed
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at or near point .625. The following values are obtained with the load
of 16,875§ at point 0.625.
Fixed End ¥oment: (9 foot iane) al = .966

At point 1.0 16,875 x 80 x .2 = 3193999 = 20,000
125,000 = 15,000

At point 0.0 16,875 x 80 x .1 1

Corner morment after distritution:-

at 1.0 20,000 x .9039 + 15,000 x .0536

27,100 - 894 = 27,994

at 0.0 80,000 x .0596 + 15,000 x 9039 = 1,789 - 13,680 = 15,369

Maximum corner moment (including uniform load) when the deck is

atraight.

27,994 + 43,000 x (.9039 + .0596) = 27,994 + 41,400 = 69,394 ft. lbs.

Final corner noment allowing'for curvature of deck.

21.8% + 5 x 1.82 -
69, 29  1.82 _ 59,894 x .95 = 66,900 ft. 1lb.
2394 X T EE ¢ 1.62 ’ B

Check by Chart I with 15,875 lb., at point .625
600 x 80% x .085 = §§23§99 = 40,600

16,875 x 80 x .187

2525000 = 28,000
68,600 ft. 1lb.
The moments, thrusts and shears for the position of the live load
that gives the maximum moment at the crown are shown:-

The corner moment when the deck is curved ias-

66,900 x £L+58 = 63,000 ft. lbs.
22.83

The corresponding horizontal thrust is:-

65,000 = 2,959 1b.
21.335
The vertical reaction on each footing:-

600 x .5 x 80 + .5 x 16,875 = ézssél = 3,603 1b.

L i e Al € PAVR L
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Problen 5.

Change in Length of Deck and Horizortal Displacement

A relative change in lezgth of deck may be either a shorteaing
(temperatﬁre drop, shrirksgze, outwurd cGisplscement of footings) or a
lengthening (teupereture rise, inwerd diasplacement of footings).

Assume thut the freme in Probtlem 1 is subject to a deck ashorteniung
due to (a) temperature drop of 45° F., (b) shrinkage corresponding to a
shrinkage factor of 0.0002, and (c) outward horizontal displacement of
the footings eguivalent to a contraction coefficient of .0002Z.

The shortening per unit of length is:-

45 x 0.0000065 + .0002 + .0002 = .0006925
@: S. H. D. Specifications)
The total shortening in the 8spsn of 80 feet is:-
0006925 x 80 = .0554 ft.

This i8 equivalent to an outward displacement of .02771 at ®a" and "d".

When analyzing the frame by moment distribution, begin by lockin; the
Joints "b" and ®c".

Figure below illustrates the static conditiona from which the fixed

end zoment at "b® i3 determined.

WW

4=2/.33
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B e

KAl KTV MR b ie



19

It can be shown that:-

F. E. K. at*b-:E_:__Qbex%ﬂ x (1 ~ rgrp) =

21.28 XX TS *U-35x59) »00

F. E. 4. at "b" = 788,000 ft. 1lb.
According to Protlem 2, the formula for both corner and crown morent
when deck i3 straight may be written as:-
Moment = 786,000 x / (1.0000 - 0.900 - .392) - .0596/ = 1%,700 ft.lb.
<0174

Final ¥oments - allowing for curvature of deck - equal

’ 21.55 e
Corners 12,700 x ( —52=0rm)

11,820 ft. 1b.

Crown: . 15,700 x ( — L83 ) = 12,780 ft. lb.

21.33 + 1.62
The effect of changes in the thickness at the bottom of the wall is
relatively insignificant.

Inserting numerical values in the empiricel formula gives:-

. 5 x _21.33 x 0277 2 - )
Corner moment:- 4.35 x 10° x (21,25 + 1.62)2 x 2.33 24,604 ft.1lb
«00109
Crown moment:- 12,700 x .%1_'.%15_%3:-.@2 = 13,650 ft. lb.
1.075

8 nb

AT o e v aemm



/2780

527 >

/4, 820\

NG
@) Oeck ‘5éoffe/2/’/7j and
2210
Foolieg DOrsolocenerd
ar-4°
0854 /7 780
q |\—1027 .

Corner moment when the deck 18 curved is:-

11,820 x 2158 % 11,180 ft. 1lb.
o558 X 28

Corresponding horizontal thrust is:-

11,180 . 524 1b.
21.83

Problem €.
Earth Pressure
Rigid frames should be designed to withstand two groups of influences,
(1) the forcea characteristic of continuous structures; and (?) the dead
and live loads, tractive forces and earth presasure.
The loads of group (%) are identiczal with those acting on ordirary

simple-span brid;es with the exception of the earth pressure on the end




walls. Earth pressure on &butmeals for silmple-3pan bridgoes is usually
active pressure, produced by the cackfill moving tomaré the abutnent.
In rigid frame bridges it 13 possible - at least theoretically - to de-
velop some passive earth pressure by a movezent of the end wall aguinst
the backiill. Tests are recorded which indicate that little passive

earth pressure 1s developed; it may ordinarily be disregarded.

Problea 7.
Dissymmetry and Sideswsy

If the frame or loading is unsymzetrical, the woment distrivution

method as discussed and applied in the foregoing gives horizontal thrusts

that apparently do not 3atisfy the statical rejuirements for equilibrium.

Take the frame on page 5§ loaded in 16,875 1lb. at point 0.€25 with
a lane 9 feet wide. The corner moxeats, determined in Problem 4 for
straight deck are:-
at point 1.0: 27,994

at point 0.0: 15,269

The corresponding horizountal thrusts sare:-

PR R



4875
30 >t SO’ 1
27,9991 . A 15,369
[ 592 =
S~ b A____“______———""’————— C
@V~5é%35n€3{ /s [Ferented 2

A

4313 R
31;2%% = 1,213 1b. at "a”
and

15,369 = 721 1b. at "3
21,53

The algebraic sum of the horizontel forces is 1,313 - 721 = 592 1lb.,
but it should be zero to satisfy the static requirement that the sum of
the projections of all external forces on eny line must be zero. This
apparent discrepancy will be clarified by the discussion of sideswny
which follows.

It is evident that the deck "bec® in figure shown above will tend to
move sidewise relative to "a" and *d" whenever the frame or the loading
1s unsymmetrical, and also that a lateral displacement of "bc" will set
up moments at the corners. Refer to Problems 2 and 4 and observe that no

fixed end moment due to displacement of "be" was included in the analysis.

n—
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The significance of this omission is that points "b®™ and ®c® have been
kept in their original position vertically above ®*a"™ and "d®; or, as it
is cslled, sidesway of the frame has been prevented.

- It is obvious that an external force must be added in the line "bc"
when horizontel displacement of "be® 13 to be prevented. The laws of
equilibrium require that the force equal §32 lb. The loads, resctions
and deflected axis for the frame in which sidesway 13 prevented are shown
in the above figure. The force of 5§92 lb. in "bc"™ increases the vertical
reaction at "a® (and decreases the vertical reaction at "d"), thereby

make 1t equal to

16,875 50 | sop x 21.23 _
9 80 80

1,876 x .625 + §92 x .258 = 1,831 1b.
0f the two assway and no sidesway - the latter is obviously eloser
to the actual condition in the ordinary rigid frame for highway bridges. .
The assumption that no sway takes place is therefore preferable, especi#l—
ly since it gives the greater corner moment. It shall be illustrated,
however, how resdily results obteined by moment distribution msy be ad-

justed to allow for the assumption that sidesway is permitted. Consider,

for exemple, the frawe in the figure below analyzed by moment distribution,

in which a force of 592 lb. is required to prevent sidesway. Eliminate

this force by sdding another equal but opposite force in "he®, simultan-
eously displacing the ceck horizontally in the direction from "b® to ®a".
Determine the F. E. M. and then by moment distribution - in & msnner sim-
ilar to that in Problem 5 - the final correr momeuts. This geaseral pro-

cedure can often be simplified. In the frame in the figure below for




example, the acded force of 5§92 lb., obviously creates tie seme horl-
zontal thrust at both footings when sidesway 13 peruitted must therefors
be:-

1,513 - 23€ = 71 + 296 = 1017 1lbs.,
and the ccrrer momants et joints "b® und Te" are:-~

1,017 x 21.3% = 21,5321 ft. lb., sey &1,700 ft. 1b.

The corresponding maximum negaetive corner moment 1s 27,934 when

sidesuay‘is prevented.

4875

30/

Loe S0" —
. 21700 . 21,700.
’ CC( N\ [ .

/;/C;\~\\\\\\\§--_- __— T ¢ J

&) 5/46&%/}/ /5 /08/777/77%4

21-%
4170, 705
Problen 8.
Shears
Loads used on page 14 are:-
Concentreted load = 29,500 lb.

Uniforn loadirg 4804/ 1lin. ft.

these loads are for a 9 foot traffic lene, and the loads per foot

R ot o




of width for shezr losds are:-

Concentrated load = Egséﬁg x 1.25 = 2,850 1lb.
Uniform load = 5§9 x 1.25 = 674/sq. ft.

Find the maximum total sheer anrd unit shearing.stresses at (a) the
crown (b) the corner, and (c) the top of the footing. (&) Crown. The
shear 18 zero due to dead load, deck shortening note previous problem.
The shear calculations for live loads are simplified if sidesway is
assumed to be permitted, since the shears in the deck then equal the
shears in a simply supported besm with a spen length of 80 ft. The maxi-

~mum shear due to live loads etual £,096 1b. and is produced by the load-

ing arrangement shown in the figure below.

28507
67 */ Lineqr 1f
b \ LI T T I T T T TTTT]e
J , 1
. 20’ e 40" ~;r
/5+2,096 =577
My = 2,850 x 40 + (67 x 40) x 60 - Fc x 80 =

114,000 + 1£0,800 - 80 Fe

274,800 - 80 Fe

Fec = 274,800 = 3434
80
2,850 + 2,680 - 5,434 - Fp = O
Fp = + 2096

The corresponaing unit shearing stress is:-

22098 - 9.06 pourds per sq. ine

12 x 7/8 x &
Purther inveztigeticu of the shiear besed upon the assumption that

sidesway 13 prevented (see Problem 7) is uawarrasted. (b) Corner. The
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total dead load from face to face of end wulla 1s:-

Wearing surface:- 20 x 80 = 1,600

Deck:- 2.33 x 150 x 80 = 27,980

Deck:~ .335 x § x 150 x 80 = _83%,880
113,440 1b.

Maximum shear due to dead load is:-
3 x 11%,440 = 56,720 1b.
Deck shortening and symmetrical earth'pressure produce no vertical
shears. The maximum sheur at the face of the end wall duo to live load
equals 5,350 1lb., and i8 produced by the loading arrargement shown in

the figure below.

2850%
e 67 */ imear 11
| I O O I I O O Y I I I O I O O O O
B ' 80 AJ
|40’1"é

Mp = 2,850 x 1.75 + (67 x 78.25) x 40.875 - 80 x Fa =

Fc

zlgal§g = 2,740 1t.
2,850 + 5,240 - 2,740 - Fp, =
Fp = 5,850 1b.
The total dead and live load shear is:-
56,720 ¢ 5,550 = 62,070 1b.

The corresponding unit stress is:-

62,070 = 95 pounds per sg. in.
12 x 778 x 62 po P 2

T IRNY

P

N7 OLE B A A WAL Ak

ERC

PR



27

(¢) Top of footing. The maximum shear equala the horizontal thrust at

the support. The dead load thirust is:-

295,000 . 1z 850 1h.
21,32

The muximum horizontal thrust due to live losd is produced by the sane

load arrangement that causes maximum corner moment. The meximum corner

moment, derived from the anelysis in Problem 4 is:-

f.g?g x 27,994 + 41,400 = 42,500 + 41,400 = 83,900 ft. lb.
H

with straight deck; but allowing for curvature of deck it eguals:-

2le3Z + o5 X 1s82 - gz gn -
83,900 x &k = 82,900 x .965 = 81,000 ft. 1b.
’ X T a.55 ¢ 1.62 ’ ’

The horizontal thrust is:-

81,000 = %,800 1b.
21.83
The horizontal thrusts produced by earth pressure and deck shorten-
ing counteract the thrusts due to dead and live load. It is therefore
on the safe side to disrezard earth pressure and deck shortering and to
take the maximum shesr as:-
5,800 + 135,850 = 17,650 1b.

Thae corresmonding unlt shearing stress:-

17,650 _ 17,65 _ ,.
12 x7/8 x40 420 ~ 4z 1b. per sq. in.

Problem 9.
Stresse3 st Crown snd Coruer
The frame in Prcblem 1 is suhject to dead load, live load and chenge
in length of deck. 4 sumnury of these loads end the moments and thrusts
they create 13 given in the figure on pages 13, 14, 16 and 20. Cloose
tensile and ccmpreasive reinforce~ent anc ascertzin thet the correcpond-

ing unit stres:zes do no! exzceed the allowasble working stresses, wrich will
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be chosen comparatively as Fc = 1,000 1lbs./sq. in., and Fs = 18,000
1b3./no in.
Moments and thrusts at the midpoint of the deck are:-

Moment Axial

Thrust

Dead Load + 75,800 + 15,85
Live Load + 24,500 + 2,902
Change in Deck Length + 12,780 _~ 540

+ 110,880 + 16,212

Eccentricity with respect to the eenterline:- 110,880 - g.g ft.,
16,212

say 82

The tensile steel area for this moment and thrust must be somewhat

less than that required when the axial thrust is disregarded; namely:-

110,880 x 12 - g5 g4 gq. in.
18,000 x 7/8 x 22 " o

A tensile reinforcement of 1 - in. square bars spaced 6 in. (Al =
2.00 sq. in.) will be chosen. With this reinforcement - and axial thrust
still disregarded - the extreme fiber stress in concrete i3 less than 900
pounds per square inch. This stress will be raised by the addition of
ixiul thrust, and compressive reinforcement equal to 1 in. square bars
spaced 12 in. will bo chosen.

The depth to the neutral axis in the conorete section equals:-

dk 2pm+ (m)2-pn)=
d=2ev, Al=2.00°in., n =12, and E is infinity

22| 2 x .01 x 12 + (.01 x 12)2 - .01 x 12) = 22(.50 - .12) =
8.%6 in.
Adding axial thrust will tend to increase the effective depth to,
say 9 in. The section ooof{ioionta with the estimated value of £ = 9

will be:-
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Estimated Section Coefficients Correction Corrected
Value
A-12x9 + (12 - 1) x1.00 ¢+ 12 x 2.00 = 143 -13.44 129.6
Q=%x12x92 4+ 11 x2+ 24 x 22 = 1,036 -15.44 x 8.44 922.5

1/5x12x9°%+ 11 x 22 4+ 24 x 222 = 14,576 -15.44 x 8.44° 15,620

(]
"

BE=82~- .6x24=170
If 2 has been correctly chosen it should satisfy the equation:-

1,086 + 70 x 145 11,046

Using the second value of Z = 7.88, correct 4, Q, and I used above
for the discrepancy in effective concrete area which equals
12 x (9.00 - 7.88) = 15.44 sq. in.,
the center of which 18 at a distance of:-
7.88 4+ & x (1.12) = 8.44 in.
| below extreme concrete fiber.

Determine the final value of Z as:-

7 = 15.620 + 70 p ¢ 92§ = Z_B_;_2_§_Q = 7.8 in.
923 + 70 x 130 10,083

How compute:-

g..%g =71, ©=70+7Td=77

Ig = 15,620 - L%%ﬁ = 13,620 - 6,560 = 7,070

and determine stresses:-
fo= 16,22 X 77 x 7.8 = 1,875 ft. 1b.
7,070
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From the previous problem worked problesm(9)I have found out that
it is necessary in that the Rigid Frame Bridge be equipped with ribbing.
In the analysis of Rigid Frames that I have studied it does not carry

out the application of ribbing.
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