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The folloning rsges (221 nith the zr=lysais
cf 2n uneruyetricsl reinforceé concrete arch, Tlie arch is
one of tweo trz2t {orm the i»in suprcrl of Tlm Street
RPricge of Tensing, YWichigan,

The bricse wos c==irmed Ly W, Rintz ncw
City Ingireer of Incing, Tra Lricre wae Prilt b

. l2reh211 ancd Ton of Trarc Repids Toring the versp of

Tre 2vtlior tecaxe {ntrectad in the bricee

reis the rrehy Yennuena he vorke”d con thra

tnC verted to craly

T
v
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btricge ttroirs cut tre ceometructiion 28 Feneral Tunapantaenc
¢ent, arc¢ tec-use cf tis irtreet 99 reinfrreed concrate

Cesirr, rore msreninlly of Iricdees,

¥CO'-0'' zrches with, -n el1-~ctic
reinferced cencrete, Tl romcrete veed 52c 2 Ty 234
mixture, Tihe stleel vused was cbteired frem the Coarraips
Tt=el Compsny arc wes lhereélcre rcoc cieel, lLcst of

ttie ¢revel wse cbtaired v~ Tatltlc Crcck, *hat of the

[

ccal pite teing rejirct, The corrveta yna nixed on c-n

a

ic

[a ]

0]

cf tre river anc was *vensported by re=2re cf corts

to wlhére it wnre w2nted,



A thirc of esch srch w=rf poures =t 2 tire, thus -~ ling
of r#ch yrectice1l"y threes peyr~ay~in 2r-hes, the concrete
wes put in ls;ere cv r tre éntire stretch thus rreventirg
uneacunl settlereart cf the fale~rrork, the ccrcreie
.

‘o incyre

rag vell terned 2rounc tre stecl 1n crier
8 gocd hrorcd, Turire tve nrocess of nouring the two
sreoheg vere v llhercdod of 7 ot tv A certrre cf tre nier
so 1t ves only neoncosry 1o m»crk on or~ arch st 2 tive,
The victh cf tYe srev ic 42'-2" eorc teyend this
ic 2 5'-E" ¢f cfcerolk, ti~ tctesl width of the ~idew-2
Teing 8'-3", Trere sre neete ireicde of tha soorcre?
t*11 eccnncetiry tre egicder=llk to thre arch whicl talers
care cf the cr~
The eleveticn st t-~ crcewn ie 130,00, +tre
elevation a2t **=2 “irbr~t pcint of **~ intracece is
120,00 rehing 3 thickrecs of “he ereh vine st the

crown of T.23'" or 16", Tt~ thiclnaca a2t the shbutap rt

(@]

soringirg lire ies €'-", tre clev-ticon 2t tv= abtute-eart
srrincine line 1eITT1,45 -~¥ipr » rice of 77,557,

Tie 2rcl ie =2 trrea centered curve, tre r-Aius
being shern o Llue prirt Yo, 2, The disterns Trem the
frreivcirg 1ine (futsffe) 4o tia crovn peint 18 398,
ghoe 1€ the sreh heve Le2n race » syvetricsl srgh ite

dizcnricns wourld e 78'-C", tn
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short of teinec & syre’ Sn~1 smrch,

In 2ralyeirg *hiz ~ver the nethod
*vet t-e sutror Tiret used i~ found in Fool vol, &
of Reintorced Zoncrete, thie rnethod ic pert of tle
elestic “h~crie, Ircte-d of taking the totel lo2c¢,
unite dosrcée were taken st cefirite points, The first
thing that wes Cone vwas to g2t the % Civicsions, this
ves Ccone by the grachicsl n~thod, The unite loacs
vere then pleced 2t the center of gravity of these
divisiore ond mcments for 8 loed at esch secticn were
then founc sbout the crown gecticn,

As the »uthor workec these thru
sccorcding tc ‘e forrulas he found +thst the only ve lue
that cane cut #8 it cshould was H, , the values of
Ve were 3llricht for helf of the srch but they then
beczme toeirreguler, the velues of Mo were regcative
for the first three civisions srd t-ey then stsartec to
incrcsse end kept increzsirng over the rem ining pert
of the 21 ch, All of ‘hese vslues when plotted =hould
show reguler curves and should cecresz3e to zero
st esch springing lire,

¥y coxrutstions were checlked cver »bout
fifteen tiies but no mistmke cculc be found, as the

time wos gettirg short the s2uvthor then turned to the



~

grephicel solution ¢ the arch, The method us«d In Hcol
snd Johnecn's Ccnerete Ingineers Eonc Pock wes first
tricd tuL the 1ine of tnhrust fell belom the arch, As
there #2re » ni licn Tunizulars polygons to 2 Zroblem
there ies cnly one t'at fitls any coce, Tre ore fhnt
had to fit Lhe cern ~f the unsynz2tric~1l sarch wes to
p3se the polygen thru three points, tre two sprircline

lire: ond th2 crcir, Thae netrnod ucad is cn tre folloaing

pele.



st L', Tien TD' nv R'A perresert the recctiong cof thre

w45 b rnd »

p-do

forces to t!e left ¢f V1, 2etirc thea the

~

res-ectfully, Tcint 6' is conion Lo 211 forre nnlrrors

for tie siven rrstenm of Jorces, argd is roomon to

voere for trte forace Lo tre eit ol b,

11 force 1ol

the lirees resrectively

Trom the -~rir‘s C' 2rc T', crew

miclek Lo sc (-~ 1Tivme ~omectins of fva piven pof rte

¢ ~-c ¢) arc #l, irterseotirc oat 0, Then th rc lines

sre tre cividings 1 ;¢ éorreccnonsine to the cl-sing ctrirer

cf the recuirec firndenlar pclygon, 2rd thrroa dinter

r

csetion

C 371 cetersire *0 2 neles Icrtuds pclihor. Tith this
yole ¢, ~omimeree 2t 2, 80 Crec o the vomuired furicul-r

pelyron, which murt reace thry tte tVvrae fiver poirts

2, P, ¢ye Tcr, if the pole C is ~a the lire 7'C | the
furiculer relyion oot nhse thru the neints a and e 2né
if 1t 98 on t'e line B'C , ‘e funiculrr rclrien must
JFres trhryu tre rejrte 2 oand b,

-

Nete - 7his page shou/d
To/low the sexz
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UTTRCL

. Tre rrevlen is Lc “raw Lre Turniculer Tol;)zon
thrcugh trree civen péinte, (hn tuog sprincire 1ines ~rc

the crown,

Tre verticsl lo»d line rerrecents in rge-
nitude o2nd cire=cticn a cyster of forces which zre *‘he
veirhts of {he Cificrert civitsiors of the recuced lod
1ine certiure zrf r~a~=zinc thrygp trere eenter of greovity,

Take ~ry »cle C', #n¢ creow tre raye, Con-
revnzing at oa corctrvst tr. Suniculor ~oliyron and ook-
tiie rolyren by crewirs tre chei"ar roy, Trom trhe pole

' Crav the Aivicdirg ray C'C' cuttine the conilitvrant

e v
T o prertin

)

0

Crdl e Trynng mt GV Tien TC'e 0L xo v orts fha

4

tno reretiorse »teose 1ire of nnticrs 2rs ec! oarc c'a,

ané whict =c2ssthroush e »nd 2 resuvectiuly, Yow Crew

the lir~ 7 end A which In this case ia vartical, whinrh
represente tre ecuilibrant of the forces to thae 1eaft of

b. Tiranugh b craw the 1ine tb' ;erallet to LA , connect
the pcinte 3 h', #nc the noints » 2rnd b by the lires

eb' snc sb, which 2re tte 2dd8int strincs cf the funiculsr

pelyron feor the ftrees to theleft of b, Throurh o', draw

the céivicing rey O' B' zov1lel to ab' cutting the lend line






SILCIFICATIONS

Dead Toads,

The cesd loscd shsll consist of ‘he computed
weicht of the msterisl veed in the construction, Tn
cetermining weights fhée fcllowing units will oe
sasumed.

Pewererts ( inclucing bese) 130 # / sq, ft.

Reintorcecd Concrete 150 # / sq. ft,
Tarth T111 100 # / sq/ ft.
Crsvel end Broken stcne 130 # / 8. Tt

Live loads,
Whichever of the folloW ng livelow ds s
will give the mayiunm strecres,
A, Coricentrsted 1live lcacs,
Folor trucks of the follcwing ¢i-ersions and
weighte occupying 28 much cf the riazcdwry 3¢ if neceazssry

for mexiun stresscs,

Totzl weirnt 40,000 Lo=,
Weight on rear axles 23,000 ",
Distsnce bet een sxles T2 ft.

Ticth of tresd of resp
vheels 24 YIn,.

Nist>ncebetween centers cf
rear wvheelse 6 ft.

Dietence betree



Kosd #prce occuplieda, wicth IO ft,
lLength spece " . " 30 ft.
Be Uniformly Dietributed Iive Tcad.

O ne honcred forty (740) rounds per crmsrae
foote The above uniform loacing may e assused to occupy
1l or such portiors of the roacway ares not ccrupied
by the rotor truck lo2ding ¢& in nrecessary —agiun slresgses,
Tercrature,

Strocroars Cuoe Lo 2n sverspe temoerature variastion
of €07 shall be provicec "-~n~, Tren tempsrszture strecsses
sre =Gied to cerc 51 live loacs stresses the alicwale
unit -y be incr szsed 277,
Iiract,
tor ccricrete #:ches willh spsncrel filled
of one foet or sore no allcwitcle im.acl ghsll be
3cCad,
On ccnerete siakr, girders aprc cpen eunncrel
srches o1lom 207,
Listribution of Concentrestecd Losce Through Tartn Till=s.
Concerti~ted loacs m e3arth fil ings two
feet, or rore in cepth shrll be acenmed to re unifornly
istributec over zn sres tre sice of hicn is equ?? to
the wicthof the zorecentrrtecd load plus the depth cof +ivs

f111ing.



I'nita stresces shell not exeend the values civen

in the Iclloring tablec for t e cl-ss of concrete incdicated.

Class £ ccncrete T:1%4:3 mix
" B 1} 1:2:4 1]
U " ;;{‘E:S "

Class of Concrete

A B C
TLs:p*r Lis: er 1lls :n-r
e irne &£g. Ine =0, iIn.
Concrete in coapres. ion 800 ¢80 5CC
(flaxuircl stresces)
Bearing on concreta (ahere
surfsce to #hich losd
is aprlied st lepst t»n
times the loecdec orzs) £7o 700 £ao0
A¥isl corpression con
r'ain ccncrete canticrs
of menbers whose l=rcih
is lec: *hman siy €ixes
the lerst ciamention, BYE) 450 250
Shesr, vsed ¢r a Tercure
c¢f rirronal tensicn,
on plain concrete
seclicns, &n +0 50

ITunshing Chrer Icn 140 95






Class of Ccncrcoie
A B c
Lbs:yrer 1lbso:per Lbs:per
87, In, Ca. Tu,. sGe Ina
Cnesr, usec ss 2 rensure of
€izrom2l ternsion, on
secticrns fully ro-in‘orced
for Ciecpern~1 tersizn ir
rvness of trot rllcored
¢ rlain cercreta, 150 IZ0 05
Borréd on plsin bars 100 8C 58
Fcrd cn cefor =C¢ Lots I25 ICC 6C
Batic of locdul'i of Tlact-
icity steel to concr~te
"n" 12 15 15
Ccrinrete in tercicn O 0 0
Strel ir tensicon 16,C0C”/ s3. in
.~ . L. [ SN ~ » Moo 4 e °
cteel ir ~c.rrescion ( whore
irtccued in concrcte)
is "n" ti.ec the stress ‘n
currcr~ irng concrete =rd in
nc czse shoulC exce=ad 16,0003/ sG. I,
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avtror hae eshowr ¥ the use of the rro-hir-1
tvoory trat tre sren igs cafe on o the ~icht sicde of

tre crewn secti-m, =ri’~ cn the 1ot cice *1s 1'ne !

it ghevs ~n unsouncdreze 3In the ciche 70, *"is c2n Le
zccountrC for tec-ura tUis tilsory orly 2 21lins to w1t
cerorete cpeoves o dhapn oy §f 4t¥ig apoh bad of hean

race of onlyv ~crarete it vo- 72 of bmaen ruct tvinker,

tension sr.¢ this jo taken rcore ol by the use of ~» rrest

-+

cesl of ¢

ee],

,
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T2 auther cc t¥rat he found out thret Fre

v,

¢1d nct kncew very ruch =at-ut znelreis cf a reinferccd

)

ccravete 2reh

"y

nC rte o111 rot e asrtdgii~d vrtill -

srch Lirs beer sr-l-ghsecd scors cther woy, The sarcunt of
heurs rrent on this thesis rctedly €2 net rloos ruch
o

results but they Ysve done the svthor o frest cecl of

£0cC,
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