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THESIS



This thesis was chosen with the ijea of gaining more know-

leige of the theory ani practice in the lesion of reinforced

concrete arches.

This bridge was built in 1909, by the Western Brijige Co.

of Chicago, Ill., following the Jestruction of an 014 woolen

briige at that place. The briize is 30 feet wide and consists

of two equal spans of 70 feet, with the sprinsins line at the

pier 2 feet rizher than that of the abutments at each end. It

is on 2 skew of 30 degrees with the river which makes the prob-

len of desiztn ani construction mere difficult. The arch is 16

inches thick at the crown ani hes 9 rise of 10 feet. It is

back-filled with earth on wiich rests the base of the brick

pavenent. Tie oriige seems well constricte? ani in 7003 corii-

tion, no cracks of any magnitule beif®—% visible except in the

railinz.

The loagtlings and allowable stresses we usei were those

given in the specifications ani for which the vriige was design

61. A live load of 200 # per sq. ft. of roaiway, 100 # per sa.

ft. of walls, a conc@ntratei moving load of a 23 ton steam roll-

er, ani a ieai loai of 90 #¥ per sq. ft. for earth backfiTl and

100 # per sq ft. for concrete. Tie stresses allowed are;

Modulus of Hlas. of Concrete 1,800,000. lbs.

Molulus of Hlas. of Steel 28,000,000. lbs.

Maxe comp. per sg. in. on steel 19,000. lbs.

Max. comp. per sq. in. On concrete 900. 1b6.

103995



Max. shear per sq. ine On concrete (plain) 100. lbs.»

Max. tension per sa. in. on concrete OU. lbs.

The theory followed in analyzing the Jesign is on plates

No. 1 ani 2 anil is a copy of the Elastic Theory of Arches by

Prof. C. Ae Melick. In our analysis most of the lata for the

horizongal forces, jue to lateral earth oressure were calcul-

atei but owines to a lack of time only the vertical forces were

consijlered.

The arching was diviiei into 20 ralial parts symmetrically

about the center an’? the loa's spnlied at the points A,B,C,D,i,

E,D,C,B, ani A, the location of which being Jeternined graphic-

ally as shown on diagram.

Tables No. 1 and 2 consist of values to be usel in the

furtner calculation ani were constructed according to the pron-

erties of the arch. Plate 1 shows the genersl data that was

computed ani uselji in further work. The area of the arch ring

where given is the equivalent area of concrete anj is equal to

bh = 2pbh( n-1) = bh + Ag (n-1), Where b arfi h are respectively

the bréaity and thickness of the ring at the section, A,the area

of the steel, p the percentage of steel in the section, anin

the ratio of the Modulus of tlas. of steel to that of concrete

and taken as 15. Table 3 was made of the summations of the

quanties in Table s 1 ani 2.

Table 4 was calculate? from the formilae of the theory ana

from wnich Table 3 was male from the summations which were use

to construct this table. The laad used was a 1,000 # log? ot
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on Plates 2 and 3 were plottei anit besides being a comparative

check on the calculations up to trat noint sive graphical val-

ues of the moment, thrust, and shear for every point on the arm

ring. These values were scaled off ani make up part of Table 5.

The other values shown in Table 5 were used to compute Table 6.

From Table 5 the influence lines for thrust, shear, an?

moment were plottei (see Blate 4).

After the thrust was calculated it's affect upon the sec-

tions of the arch was calculatel but was so small it could not

be noticed ani was neglected. The calculations for a chance in

4H due to this thrust denenjis on the following theory:

4

Average axial thrust —_ 2. T ~ T.

n

M = Hy or ax = DHyfA s °

EI

If 4=1,000 then a=4x= 1,000 > y7As .
E o I

Change in 4x jue to axial thrust=be TA-x 1 > TAx.
AE §& “ A

H due to axial thrust-_ b yy 19090 = Q

a

a 2
or Q=/] 1 ae: Ax . 1099 ? y A |:

E a. ° E ¢ I

Q=)T { 7 “* _ dz s_| ;

 

 

Actual H = Hy — Qe

In Table 6 from values shown in Table o , we have firure4

the stresses at the diffrent noints for the ton ani bottom of

the arch ring, for a 1,000 # load at the loaded points. The

upper and lower are tabulated respectively.



o

The unoper is T 4 —iec sn2 the lower T _ Me » where Ais
A I A I

the transformed area of that section, c one half the thickness

of the arch rinz at that point, ani I the moment of inertia of

the transformed section. Plates 0 and 6 show respectively the

influence lines for the stresses in the top anid bottom fibres

for a 1,000 # loai, (movinz)e The stresses for ieai and live

load and for combined loads are given for top and bottom in

Tables 6 ani 7 respectively and give the maximum stresses in

the ring and where they occur.

In testing the archfor shear the value of the shear in

Table 5 were usei. The shear for ieai lowd was first comnuted

ani then the shears for live load compute] so as to give the

maximum positive or negative values of the same sign as the jer

load shear.These values of shear are given in Table 3. This

shows the max. shear t9 be 25 # per sq. in. The bond strength

of the shear hars Jid not have to he tested as this strencth

does not have to be figured wiere the shear is less than 40 #

per sq. in. In Table 8 the Desd an? Live loaj loadings are also

given. A slijer of the axle loais of the roller was used on

the shear curves of Plate 4 to vet the position for max. live

loal shear.

On Table 9 the diagrams andi Bables of the stress in the

steel are given. The reinforcement was placei at a uniform

distance of 2.5 inches from the outside ani is shown by the

dotted lines. The top ani bottom lines are the stress at the



top ani bottom from :ables 6 and ? ani the

the ring thickness at that point.

Fron the specifications the vier is supported by piles ,

12 inches in diameter at the larve ent and 3 in. in dia. at the

StereoSm91]1 Oni ani placed 3 foot cc. to c. They were jriven to

such depth that the penetration unjer the last blow of 4a

hammer weizhing 2,000 # ani falling 30 feet shoulli not be great

er than one inch.

From the Engineering New'’s Formula, the load one pile wil!

support or Pj 2WH where Weweigit 32,u0u #f Nzheicht of

s—]

fall of hammer230 feet, ani s =penetration =1 inch. Then P is

founj equal to 60,000 #4 In this pier’, considering that one

pile takes care of 8 sq. ft. of pier-base, Which is equal to a

section 1 foot wide times the wiith of the nier which is 8 ft.,

the dJead loai on one pile equals

2( Dead load on all points plus Pier weight) = 2( lese

1946 + 2768 ¢ 3965 + 7541 plus 150](8' x 5.5'x 1) + ( 5.5 x52 x)|

Or equals 35,5494 8,025 248,573 # . This shows the nier to be

safe from sinking unjer the jeaqd loa.

The one foot section cf tne arch analyzei was taken parall-

el to the face of the arch. For Voussoir Arches the thrust,

(lines of pressure), in an oblique arch are assumei to act in

planes parallel to it's faces(( S. HZiward Warren on Stereotomy).

A momolithec arch on a skew is considjere’ in this same way. The

section 1 foot wide analyzea in this arch was taken unier that





assumption ani tnerefore the affect of skew is not considered.

No other references than that of Warren's book on otereotory on

this subject coald be found as the theory of skew arches is

one not taken into consiieration in most of the books on arches

The bridge was fount to be safe. The stresses determine

are within the allowable limits with a *actor of safty of about

2 for compression ani about 4 for shear. The only tension foun?

in the arch was less than 3 pounds per sq in. NO account of

forces due t9 the slight incline of the arch, 2 ft. in 70 ft.,

were considered as they were to9 small to affect the stresses

by any amount.
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