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The objeoct of this thesis is to theoretically investigate
the stability of snd detormine the :&ximur stresses in the arch
ring of the reinforced c¢orncrete hridpe over the Grand Ziiver at
washington Avenue, Tansing, iichigean.

The aroh ring is of the no hinged lelsn type heving a cle:r
span of 120 feet, & rise cf 23 fezt, &nd & tot:l width of 654 feet
the width of ro:dway belng 3¢ feut 10 inches. The arch ring is
corposed of 1 : 2: 4 Portlend Cement Concrete with reinforcement
consisting of two 3" x 3" x 3/8" ancles, top and bottom lsaced.
The reinforeing ribe are wnlsced 3 feet ¢. to o. ﬁhe erch ring
i8 sun orted by «hutments conrsicting ¢f 1 : 3 : 7 ortland Cem-
ent Concrete mixture resting on rock bottor.

The dead loed to be corried by the &reh ring corsiats of
the erch ring, the earth backfill, end & four inch hriex pcve-
ment heving ¢ six lneh conerete foundaetions. At the tire of
construction the snen of this bridre vi..8 ore 07 the longest of
its type, and we £ind the decd 1l~:d to be excecs-ive, &8 is

» - }al.own by "cble G. A double treck of the I"iehiscn United Trect-
ion Compeny's line raesses over the bridge, which ¢ .rries the or-
dinary city cers ¢¢ well ¢8 the heavy interurben occrs of the
Lensing - Jeckson division.

Bein~ w &ble to cbtain gpecificctions of the il'ch! -en

, tve + . :
United Truction Comp.ry's o.rs for the 1ive vheel loeds wc

geleoted a standard cir, s given by the lllectric Railwey Jour-
nel April 22, 1911. Tuds o.r hee & total weieht of 80,070 #
supported by two truoks. The tri -~ . _e sp.ced 35 feet 0. to o.

end heve & whecl base o0f aix-feet 8ix inches. A stsndard uni-
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form 1live load of 100# per squure foot wes considered es cover-
ing the bridge excent for the spece occunied by the c:r, end here
considered a8 & strin 10 feet wide.

In snelyzirg the srch we selected « section 3 fert wide ond
computed ti.e exirun stresses dne to de.d ard live losds. In
our armtlysis we lcerned thet the live lo:.d asatresses due to the
car were much greater then the stresscs due to & uniform loed
of 100# per squure foot covering the s.:.e wrea, cni for this rec-
son we epnlied the test to a section directly underneath the c:r
trc.ok. The distribution of tu~ live axle lo.ds to the creh ring
through the earth fillinc, 1s a provlem not very well understood
and its discussion s8ee 8 to be avoided by the majority of tech-
nicsl writers. In onur analysis we ¢8-umed tu..t the :xle losad
we8 trensmitted over & width of tem feet on the ereh givirg a
concentr.ted losd of 6700 n-unds &t esch axle of the {nterurban
cer for an erch ring section three fect wide.

7he «nalytictl theory es developed by 'r. C. 2. V"elick wis
the method employed in determinins the stresses in the areh ring
The fund:entel formulee for ti. elustio theory rethod are dcs-
cribed &«nd derived on Plcte A, thc sere being & copy of treatre-
nt developed by l'r. llelick.

The &areh ring wis divided 1nto twenty rediel sections, the
go-ord‘nutes Tor tiue centre of th:o scetionsa L. ine given in Teble
A, &nd & combinetion o° the provert’es «re Souvnd in Tcdbles B cnd
C. The rasults obtaired from tho tables entioned &hove .re

then ﬁsed to outein the velues o7 V

L

H , &, and Hr, vhioch are

tabul: ted 1r. Table D, ¢nd the vleues glven in thie tabie are for



a verticsl loud of 1000# concentreted at the section under
consideration, and also nsglecting thc effect of exisl thrust.
From the celeulations shovn on ®lite B we find thet the effect
of &xi¢l thrust 1s very smell &nd for this rcason it has not
been ta en into consideration.

On Plete 3 tho values of H , V, , M*, £nd M, vere plotted
to scele end from these the Torce polygons were conatructed.
The reuctions given in the forecc volyrons wvere then resolved
into their respective co: nonents, thus ~ivins the t ruste and
rediel sheurs at ecch o the seciions for & movine load of
10005. The values for tu« thrusts, shesrs, «ndé moments were
then sc.led &rd tebuleted in Tible E, and influvence lires for
the sc-ec were drawn. The result: frorm Table I werc used to
deterine the top ﬁnq vottom fibre stresses, which wre given
in Teble I, due to & movins load of 19007, &nd influerce lines
for the-:e velues were &lgo drawn. In Teble G we tave given
the top &nd hottor fibre stresscs &t each soction for the act-
ual deed locds, on each &srch section, considerod ss concertrat-
ed lords. These stress: s w-re then swr ed un for esch secticon
for the dead loed coverins the entire bridege giving the rclves
8 found on Plete 9.

T™he mosition of the live locd for nrodncing rexirum fibre
stress was d« termined by re.ns of ¢ slider, vhich w.s construct-
ed by sptoins the whecls to the s¢: e scuale «8 the horizontal
scele of the influence lines, &nd this nosition w.e obtained
by pleoineg the slider on ti.e {:Tluerce lines 80 that the sum

of the nroducts of the whecl loads, in urntts of thors.ndis of

pounds, by their respective stresses as riven by the ordincte



of the influenoce line, rroduced a m.ximum value, ¢nd the rcesult
thus obtcined was the value of the Tibre stress for the section
under consideration. These velues ve find tebuleted on "late 9.

The live «nd dead loed unit fibre strese.s were then com-
bined giving the reximum Tibre strosses s shown by rlate 9.

The analysis for findirng the shear &t each section wes
e uctly the ss < w8 Jor Tinding the Tibre stressea. 0On rlate
10 we have tehuleted the stear due to the dead load concentreat-
von, a8 assu~ed, and 'n Tuble J we heve siven the sworition of
the shears for ecch section produced bs the de&d lo:d, cover-
1ing the entire bridge. The vilue of mixirum shesr due to the
live sxle loud wes determined v it the #lider a&nd the irT"luence
lines for 1.d1:t1l shear in tie s& ¢ manner ¢8 «.8 crib>i for
the fibre stresaes. The corbired rmex] w: decd and live loead
shears cre tebulct:=d on Plate 11.

The strecsss in the stoel vere dctor.. ned by the grephicel
method ae shown on Plute 12. The coexiatanttop &nc bLottom unit
fibre streszcs of the concrete arch were nlotted to scale, as
shown by the horizontal lines, .nd the distence betwsen them
beins equal to the denth of the &rch ring. The unit stress in
the ooncrete ot tie stcel wre sccled from the horizontsl lime
whose distance fro:: the conorete stresces correcpords to the
distince of the steel from ti.c o-trere ocnoerete fibre &nd the
value of thc strese in tiec steel is ecual to fifteon [ the u-s-
ured volte 07 the ™ odulus rotio”) by the stress sculed from
ti.e diagram. The velue of merirw ur't stresses in the steel

18 tabuleted in Tubhle D.



Conclusion.

By referring to Plute 9 1t will be secn that the mexim r
unit stresases prroduced by thrust &n’ bendine sre hish, but theat
the results obteined ar« vwithin the sllowsble limits excent at
the points (0) &nd (1) wheore we Tind & tonsion of 1507 ner
squere inch on the bottom "ibre. The al'owable untt stress
i8 50# ner squure inch.

FProm the results obtzined in shear &8 1s shovn by Plste 11
1t is found thet the ma-imurm w1t sheasring stresses ere excess-
ive, but 1t 18 found thit the she.r bers in the arch rirg bring
the unit shearing strecsce well within the allowable 1imit.

The &lloweble un't she.r for conerete alone in 4" £ per squure

inch.

NOTE: S'nce the comnletion of thir thesis vie huve obtained
the welght &nd vheol speoing of the hcaviest cir thet regeng -
ver the vridg~, from C. B. losgen, Gener 1 lunerintendent of
the 1. .7., and theyere ¢8 follows. The ¢:r has & tot:l
welght of 84,930 nounds sun-orted by two truevs eneced 36 T et
6 inches ¢. to e.

3iree tho live loed 1= 't & 8011 nert o" th- locd
on tic bridrce, &nd =irce the ebove cir is ~ractic:1ly th- s.- e
&+ th: one ve =gl cted in vorkir~ our thes's, ve cnrclude that
the result=: shown in our thes g vould be ctuneed very 8lilphtly

by velng the whove c.T.






Trheoretical Amalysis of fee Llostic Arch.

Fundamertal Formuloe '—

Let ADBGC represent @ portion of the lincar arch, and /et /7VPR be any secton
of the arctr ring. Let £ on the bncar arch be Vhe cenfer of This sectiorn with
Co-ordinales (v.y) measured fromf. Let the central angle AP be sublended by the
Arc DB of leng7hr do.

This sechin of the Arch Ring will be acted upon by some Resultont Arch Fressure
P which may be resolved infe a Fadsal Sheor S, o Normal Axial Thrust 7, end o
Berding /loment Te.= M. These Shears are small tn Ordinavy Arches and Arch
Theories neglect them in the Theory of Stresses, jus! as /s dome in The Commoen
Theory of Flecture for Beams. This leaves 1hen, for considaereat/on, the Two ogenls
Thrust & Bending acting on #he Scction: hese both very wilh the ditferent
Seclions of the arch ring. T shorfens the scction DB uniformly an ameun?
A Kise of Temperotore lengthens the section DB upiformly an amount &.145
E The Resuttont lerngthening of e section DB =-BB'c.7.a5- 123 finegative

Value of W witt qaws e 1he section DB fo deform 1n the direction DB” chonging 8¢
by an amount T . P /s meesured fromthe Verlical thru the Crown=123,tive o

the leFt, Negathie /o the Kight, hence 7his change 9 /s anegative one. AF xx' Thern

3a3. M3 Bu? xx'=39¢ pence df = /Z'f%s ard since whern M is hegative 4 /s negative,
7

the [:, oatten s/aonds correct for 3igrn. Now imagine that. for any orch loading, starling
At R, each scctron /s Toker 17 order ond /s c/fect onthe arch Found ScparaZey
and in tarn. Thern MP may be regorded as #irmly Fixed fo the lost deformed
section preceeding and the effect of the de formation of MNFQ on the portion of
the arch fo he Rght determined. Let us find the effect of #is deformanirn
onthe morement of the point € whose coordinafes are(m.n). The change in S,
B8] due » Thrus? & Temperafvre will produce on egual chonge €L’ ot C. Also
The change in Af due o M will produce o change af C of CE such that ¢ BL*H)|
The 1ncrease 17 Sparm m- dae to Thrust & Temperaturc onthis sectior alore
=dxyr=-CC'eosp=-BBeosde—BP L% wctax -Zax.
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