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This thesis was chosen with the idea of gaining more know-
lejge of the theory anl practice in the lesign of reinforced
concrete arches.

This bridge was built in 1309, by the Western Briige Co.
of Chicago, Ill., following the Jestruction of an 0ld wooien
bridge at that place. The briize is 30 feet wide and consists
of two equal spans of 70 feet, with the springins line at the
pier 2 feet Mizher than that of the abutments at each end. It
is on 5 ckew of 30 iegrees with the river which makes the prdb—
len of 4esitn ani construction mere Aifficuli. The arch is 18
inches thick at the crown anil m9s a rise of 10 feet. It is
back-filled with earth on which rests the base of the brick
pavenent. The briige seems well conustricted ani in z00o3 cordi-
tion, no cracks of any magnitulde beifyz visible except in the
railing.

The loalings ani allowable stresses we 1sel were those
Ziven in the specifications anl for which the bridge was design
8d. A live loadi of 200 # per sq. ft. of roaiway, 100 # per sq.
fi. of walls, a concéntratel moving load of a 28 ton steam roll-
er, and a 1ead 1031 of 30 # per =q. ft. for earth backfiTl and

150 # per sq. ft. for concrete. Ti2 stresses z2llowed are:

MoAdulus of Elas. of Concrete 1,800,000s 1bs.
Modulus of Elas. of Stesl 28,000,000, 1bs.
.Max. comp. per s4. in. on steel 10,000. 1bs.
Max. comp. per sq. in. on concrete 500. 1bs.
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Max. shear per sq. in. 9n concrete (plain) 100. 1bs.

Max. tension per'sq. in. on concrete 90. 1bs.

The theory followed in analyziqg the Jesign is on plates
No. 1 ani 2 ani1 is a copy of the Elastic Theory of Arches by
Prof. C. A. Melick. In our analysis most of the lata for the
horizonyal forces, due to lateral earth oressure were calcul-
ated but owing to a lack of time only the vertical forces were
considered.

The arching was diviied into 20 radial parts symmetricslly
about the center an? the 1vals spnlied at the points A,B,C,D,L,
E,D,C,B, ani A, the location of which beingy determined graphic-
ally as shown on diagram.

Tables No. 1 and 2 concsist of values to be usel in the
further calculation and were constructel accoriing to the prop-
erties of the arch. Plate 1 shows the genersl Aata that was
computed ani usel in further work. The area of the arch ring
where given is the equivalent area of concrete ani is equ2l to
bh = 2pbh( n-1) = bh + A4 (n-1), where b anl h are respectively
the bréﬁth'ani thickness of the ring at the sectlon, Acthe area
of the steel, p the percentage of steel in the section, ani n
the ratio of the Modulus of Elas. of steel to that of concrete
and taken as 15. Table 3 was made of the summations of the
guanti:és in Tahle s 1 and 2.

Table 4 was calculatel from the formulae of the theory ana
from which Table 3 was male from the sumrations which were use3’

to construct this table. The lead used was a 1,000 # losad ot
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onn Plates 2 and 3 were plattel an? hesides being a comparative
check on the calculations up to that »oint give graphical val-
ues of the moment, thrust, and shear for every point on the arc:
ring. These values were scaled off anil msake up part of Table 5.
The other values shown in Table & were used to compute Table 6.

Prom Table 5 the influence lines for thrust, shear, anAd
moment were plottel (see Blate 4).

After the thrust was calculated it's affect upor the sec-
tions of the arch was calculatel but was so smsll it could not
be noticed ani1 was nezlectei. The calculations for a chance in
H que to this thrust 4epenls on the following theory:

4
Average axial thrust _ f.T = T.
n

M= Hyordx,-_-z m,

b

If 1=1,000 then a =4x= 1,000 Z‘ y2As .
E ° I

Change in 4Ax due to axial thrust=bs= T A x : Z T A x .

—

H que to axial thrust-_b g 1000 = Q
2

4
_ A + . 1099 *A .
or Q_',:; Z:T 2 X K E Zc y L s—]

oJE {ax e

Actual H=Hp ~— Q.

In Table 8 from values shown in Table O , we have fipured
the stresses at the diffrent noints for the top ani bottom of
the arch ring, for a 1,000 # load at the loaded points. The

upper =nd lowex are tabulated regpecztively.
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The upper is T + M- sni the lower _T _ Mc , Where A is
A I A I

the transformed area of that section, ¢ one half the thickness
of the arch ring at that point, and I the moment of inertia of
the transformed section. Plates 5 and 6 show respectively the
influence lines for the stresses in the top and botiom fibres
for a 1,000 # loal, (movinz)e The stresses for deal and live
loail and for combined losds are given for top and botiom in
Tables 6 ani 7 respectively and gzive the maximum stresses in
the ring and where they occur.

In testing the archfor shear the value of the shear in
Table 5 were usel. The shear for 1ead 1034 was first computed
and then the shears for live 1021 computel so as to give the
maximum positive or negative values of the same sign as the de3d
load shear.These values of shear are ziven in Table 8. This
shows the max. shear to be 25 # per sq. in. The bond strength
of the shear bhars 3id not have to he testei as this strength
1oes not have to be figured where the shear is less than 40 #
per sq. in. In Table 8 the Dead anl Live loaj loadings are also
given. A slijer of the axle 10oails of the roller was used on
the shear curves of Plate 4 to get the position for max. live

load shear,

bn Table 9 the diagrams and Bables of the stress in the
steel are given. The reinforcement was placel at a uniform
Aistance of 2.5 inches from the outside ani is shown by the

dotted lines. The top anl Lottom lines are the stress at the



top and botiom from Iables A and 7 ani the ‘isiance apart is
the ring thickness at that point.

From the specifications the pnier is suprorted by piles ,
12 inches in Aiameter at the larce end and 3 in. in Aia. at the
ab=iiae small eni ani placed 3 oot ¢. to c. They were Ariven to
such depth that the penetration under the last hlow of g
hamrner weighing 2,000 # ani falling 30 feet shoull not be great-

er than orne inch.

From the Engineering New's Formula, the load one pile will

support or P _ 2WH_where W=weight =2,00u #/ hzheight of
S~1

£all of hammer =230 feet, anil s =penetration =1 inch. Then P is
founi equal to 60,000 #. In this pier', considering tvhat one
pile takes care of 8 sq. ft. of pier-pase, which is equal to a
section 1 70t wide times the wiith of the pier which is 8 ft.,
the dead loail on one pile equals

2( Deal 10al1 on 911 points plus Pier weight) = 2( 1S¢4 +
1346 + 2768 + 3965 + 7041 plus 150[(8' x 5.5'x 1) 4+ ( 5D x 9 xI):,

or equals 35,548+ 8,025 243,573 # . This shows the nier to be
safe from sinking unier the desl loaf.

The one foot section ~-f the arch analyzei was taken parall-
8l to the face of the arch. For Voussoir Arches the thrust,
(lines of pressure), in an oblique arch are assumed to act in
Planes parallel to it's faces(( S. Eidward Warren on Stereotomy).
A motmolithec arch on a skew is cOnsiiere‘i in this same way. The

section 1 foot wide analyzed in this arch was taken under that






assumption ani therefore the affest of skew is not considered.
No other references than that of Warren's book §n Stereotomy on
this subject couxld he found as the theory of skew arches 1s
one not taken into consideration in most of the books on arches
The bridge was foun? to be safe. The stresses determinel
are within the allowable limits with a factor of safty of ahout
2 for compression ani abhout 4 for shear. The only tension foun-?
in the arch was less than 3 pounds per sqs« in. No =account of
forces due t» the slight incline of the arch, 2 ft. in 2 rt.,

wers considered as they were too small to affect the stresses

by any amount.






Theorstizal Analysis. of \the Elastic Areh.
Fundamentol Farmulae +
Let ADBC reprasent a povtion—of the tmear arch; and -fet MIYPQ -be-ony sectionof the orch ring. et £, or the -
linear arch, be the centar. of this section with Cosviinates Gyl measured fram 1. Let- the centrol ongle A8 be sub-
fended by the drc DB of length|ds . | i
This_saction af the Arch Fing sill be sxted upon by sume Hesullant Arch Pressure B which may he yesalved
into a Red/al Sheay S, & Narmal Axiol Throst 7, and a Bemding Moment Te.~ M, Theese Shears are Small
Jn Ordingry frches and Arch Theories neglect them m tham iy the Theory of Stresses, just as dope in the
Coummon | Theary of Flerure for Beoms. éb.v leaves, for consideration then, the two agents Thrust & Bending
acting on #he Sectjon’ theese hoth vary with the diffrent Sections of (Fhe Arch Fing. T shortehs Fhe sction
DB unifipmly, an wmaunt B82 . A vise of - Temperature lengthens: the Section DB uniformly an ameunt at.A%. The.

Resvltont Lengthening of the Section D= -BA'vetdss Tos . F neyative valip of M il cayse the Sectien,
DB to deform -in tha diraction P8 changing AW by aniampunt, de. @ iz measured from the \Vertieal

Phrough the Crann - Pasitive To the left, Negotive fo the Hight+ hence the change dé is a Negative pnz B
axt the R4S - MIOS Buf xx'szAb. hence df Q5% ond since when M is Negative df is Negative, Yhe
Equation stands correct for sign. Now immagine that, for amy Hrch Loading) starting at A} each section
Vs faken in order and yts affect fovnd seperately and in farn . Then MF mey be regerdrd &5 Firmly | Fixed
fo the last deforped | Section pretecdisg and the wffect of He datormabisn. of MIP4. od the parfion af Fhe-
firch ta \the Flght determmad. Let vs find. the| effect ot Fhis, deformution dn the movement of fhe
Fomt €' whoose!-to-cntimates ate (mn).| The change in Bs, OO e o firust & Temperatore wit predute an
equrt chinge CC! ot G. Riso| thei chonge!in b due ta M will prodvce a change o* C af CC" yoch That-

CBC < dg . The mcrease in Span+ m + due 1o, Thrvst B Température (alona dn this section alane w-diy
RCl'cas g = - BB'cos ¢ = ~BB8F wefax.~ TEE . The increvse.in flise-n: due 1o Thrust 8 Temperature

By this | section alome w dyr =+ CC sind = -BESE = ety = T, The mcrease in 3y Iv-”'r.’r—%”‘{,}’(! e
Fositive Bending Moment M mil-be #an. Bof G < 5B\l | Hence dimtenddx M-

HMS 4 | { iatats
RS e Inchease in| Fise <hie due fo & Bsitive Bebding Moment Wil Be: dyn| Bot g% ¥ i
PR e i = et ,-.L;__;b..,u.gz.f;_ 4 ¥ S itin 2] :
The Fotal incredse - spontim-dve to-a thrust T a fsse i Temperatore of 1756 4 Fositive Bandmy
Morecnt M, actipg on this: section alone -vill ba dx = edax 4T85 5 TEIS Y The firal inereese
Vi sl m dudl o a Threst To A Hse:in Temperatire. ol 4ory 6o Las fire  DEnding Mementi 1Y
wilingon this sectren alome wikt-be dy = etiay + LAY %ﬁ;?_‘ {ae i ar ans ¥
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i yer cal-fhe £ pditions are Assumed

n Elevation . Then Lidy m Toet by ~Fs GAE - TF MELS <o
=0

pras 7 since I MAS
Z7- and sipce Lo B A3

ow MMt Vix—Hoy ~Wilx=a) x>a = Wily-b) y>5
- 'c,:u’ V. sin &+ Wicos @ xsa = Wi'sin@ cra. Subshituting these yolves m

o5 W ILEPRE Y L rBLs g
’7,,‘ v—‘z W A—v—"”m’v‘ifﬂz‘“r

2o = W Ja 1 : 3
wsa_‘/zn’zme /7~z,°1;““° ',y’/;_g%% ~/KZ:X—;)_'S"K2.:‘;"*
r”’)"-}u, ’,q}wvo{‘(o)‘o

s fiey decome

or Hir = § il -5l -

or Mo r = Gim-da, - ,‘
or Hov - S-Sy - %

é &) or AM=BY+4, or M3 Blir 5

¢ Wle- 8 -(5-8) br Rl =B Y+t or Mis Uit

wations gires

(';,——M) or DV =£, or Wi G g

for Symetrjeal | Arckes A =0. hence V4%

owing ferms ard constonts for any given arch end gre independant of he lodding

b, b6, 6oy o BBy, Ba | Thelr valves are -from bbove. |
s E 5 ;,:_[_‘4;) A=0 Ba-%.
biw g AL AN o ey (plenetd il g, o ke

R UL IS A S O R g LR f !

llbwing Feras are. \dependant an the lading = ai, d, ds, G, 6 Ca Their volves ore - from atore

Wi = Wy T4 245y, 25
di-Faf 2l ax Welss Cealras Ly ax snd] _j, [rs Qa8 |57 axjoid] CREe-4:
di~Eet 5 Ay +I[EL u,g_,z'n: RLLYER /73 pnts .1, .‘L“”_‘] ST/ S
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Flate
Corres of Stresses in Top af
Rrch Fing for
1000 " Load.

FLATE 3.
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Stress at B’

Stress at D'

Stress at E’
Plate 9.
Maximum Stresses in Steel
Reinforcement of frch Ring -
Scales s 1=20°, /"= /100%

stress at A’

Stress at C'

Stress | Max. Steel .ShI]
at Top B«#ﬂlrﬂl
o || 517
A 83.77 | 15"
8" | 1109 | 137"
¢’ |108.”" | 1226
0" 129" 133.3%]
£ 1285 /27.7"]
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