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INTRODUCTION
THE WRITERS OF THIS THESIS LEARNED OF THIS

ARCH Bi IGE THROUGH THE AGENGY OF THE
a Ah

Oe

nh OeUA) TATE HIGHWAY DEPARTMENT. THE BRIDGE
‘5S TO BE CONSTRUCTED THiS YEAR ACROSS PLASTERCREEK ON THE GRANDVILLE AVE ROAD IN WYOMING
TOWNSHIP KENT COUNTY. MICH.

A DESIGN OF AN ARCH BRIDGE Was SUBMITTED
By AN INDEPENDENT COMPANY, BUT THE
ENGINEERS OF THE STATE HIGHWAY DEPARTMENTAW FIT TO DISCARPFD THAT DESIGN AND CHOOSE
‘HE ARCH HEREINAFTER ANALYZED.

IN CRDER TO DETERNINE THE STRESSES
ACCURATELY AND TO BECOME FAMILIAR WITH THE
ANALYTICAL MIETHOD OF SOLUTION, THIS SYIETHOD
WAS CHOSEN IN PREFERENCE TO THE GRAPHICAL
SIETHOD CF SOLVING STRESSES IN AN ELASTIC
ARCH THE REACTIONS WERE DETERMINED ANALTICALLY,
HAVING FOUND THE REACTIONS, THE THRUSTS, MOMENTS
AND SHEARS WERE DETERMINED GRAPHICALLY. UNIT
STRESSES WERE COMPUTED BY THE USE OF
INFLUENCE LINES.

WE WISH TO THANK THE STATE HIGHWAY
DEPARTMENT, MA.L.C.SMITH, MR.CVU.DEWART AND
MFP. CHHALL, ESPECIALLY, FOR THEIR HIND
AISISTANCE IN PROVIDING DRAWINGS AND
INFORMATION, WE ARE QEEPLY INDEBTED To
PROF. C.A,.MELICK FOR THE NMNETHODS USED ANO
THE CARE TAKEN IN CHECKING THE WORK,

UVAN BUREN,

7,.B.DIMMICK.
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oyMket ey)

1t 15 To be noled that the maximum allowed unit stressOF ©50 pounds per square inch as specified in the MichiganJlale Highway pecitications 1s exceeded gLLOAMarch. for the maximum conditions possible, the sate stressal Foint_|18 exceeded 577%,, at Point? itis exceeded fayand at Font I7 itis exceeded 165%. Due toa misunderstanding
The stresses at the crown and TUA LO
determined, but they should hare’ beén.

Althovgh this arch will be overstressed considerable
MEAMEA]TAAL LILOLL
carry all_ ordinary Trattic; but if shows a poor fy[re
design. If the arch rise were increased or the’ arch —
rl IaeeeXAMekLeCe CR TL
50 as not to change the direction of the linear aFch so
abruptly, the arch wovld vundovbledly carry the ladings
specitied without being overstressed.

The specitied £4 Ton avlo truck was. disregarded
because no authority for, or specifications réquiring
such a loading _cotld be found. :

The effect of shortening ave lo thrust Is tvlly considered
in the analysis. Ove To lack of time andthe tact that shear
stress does not govern, the unt shearing stress at the
eRL LCLALLL .

have to be used in the abutmentSince piling 5
foundation the effect ofuneqval settlement shovid have
been considered, but time did nol permit turther investigation.
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OUTLINE FoR ELASTIC ARCH ANALYSIS
|. Draw the full arch section and
abutments To a large scale, and
carefully divide thé intrados into
aeelmLakoe
2. Locate the center ofgravity of

_ each radial transformed section

and lhBd PTMIL eadLEee
3. Now divide the linear arch info 40 equal parts, thus

establishing the centers of C0equa/, Sections. Temele
arch properties at the crown, spriqging,and each of these

centers for one Imeal inch of arch , if possible. Take otMOLL,

inches, If possible. .
FMAMp MOSTkLethehal ollalee

linear arch as found under 3. From these valves oleLUELh

segments. of paSis of the linear arch,andsegments ofAx”
and ay: Add adjacent sections thus establishing valves ofAS,

Ax,and Ay for each of the £0 sections.
5” Scale values of ¢. Calculate and tabulate the values of

X,Y, 45,4x,AY, A,,1,,9in 2; and cos oe

? taleclate and tabulate valves of oe Setdea
2 t

ae et wa Soa vn : r%.3 , wae S
ce} 45 4&4 5in AY sin cos $},and £2 cos i

y eoe \ Cas = Q; a * aESe ’ ae

AAOLe Pyaaeeioleate

for reactions under single concentrated loads of one kip each

placed at various points on iom La

8. Calculate and tabulate valves of (x-a) 53 , (x-a) x 48 , (x-a)ya

for each Uehid STsotagp Me i ¢ t

Ceeetese MLLol hide of coefficients dependent on

the loadings m. solvtion equations. : ; ;

10. PECig horizontal thrust, vertical reaction, and bending

LLLaartMiet th 4 pee ? : *

i. Lay off a load sine of 1009. PYLAA aeka and plat valves

a PreepeelAs thrust and aePo reactions of Mr eas roa|

right supports, and construct force triangles for each

loading specified in
;

Fae ANCL
and

y

for each loadin

acces
a specified in a

14. Scale from force polygon Pee eTMeATM LM hake

shear De aT points Eas in T for all the loads used.

elaOh ro yalues of Bley errae Alo

for the points, specified in 7 for all the loads vsed.

6. Tabulate the products of the horizontal thrust Times

the ordinates in 1/5. ° y 4

YA TL LLLae
for the points

Pyaah for all the loads used. Ae

o
t

ee

(MeMeaadoaeeIeBagh specified in J

erect ordinates and Pits, influence curves for sh sles

eM kip movin loads., Plat the stresses a

the crown, haunch, an springing points .[Use /arge

eidee

emia apcaloreAaged loading.

  



  



OUTLINE FOR ELASTIC ARCH ANALYSI/S CONTINUED

19. Estimate_actval concentrations at oints of loading for

Arch Ring, Backfill [Inclvain |eleOy WTiala here)

and Special Moving LoadJMake slider tor ESE
20. Tabulate Mae products ya the ordinates times the loads

i r3 for. f. M2 ee Le) P curves for loadings of arch

laUL back #i/f, Piya heCLLed) TTZoek?Cb

MateeOUACL 4Oe OM NeLCPLLL

in two positions.J um up theseLCL

edLeeach kind.[For the unitorm lve load @.

ee may be used.]Note amount and position oflive

loading giving The maximum stresses.

aOLte30°F compute the

thrust [Ne lecting TSSeayaealMRa ILL)

and tabulate thé values aTLolhele Pie)

eetdy (asel at the points Cyansaes

aL MeaadLeon

changes in £!/,
23. Tabulate the tota. ais

CLL fat the points specified inT with a <3

diagram showing the position and amount of live load

Veal):40(MeIe
a:

faOT) ssaee and shear,at the springing

point, producing the maximum and minimum. £ and f

ATO i) ically with the eyTae weight and earth

loastdeS and test the ykAMEE :

eteyPa ALGdeesto how the linear

arch. should be, alfered of are thickness changed or

Aertyalelela the arch désign.

Mention points of weakness.

  



  



; THEORY OF THE ELASTIC ARCH

"I

  
 

 
 

    
       

Let ADBC foston Paya LLLeLl let MNPQ be

any section of the Arch fing. Let E,on the linear arch, be the center

aeECee coordinates (xy) measured ft a6

m%i ha 8 oflength rs ie
central angle 4¢ be subtended by the arc D

This section of the arch ring, will be acted upon by some

Resultant Arch Pressure P, W ch may be resolved into a Radial

shear 5, a Normal Axial Thrust 7, and a eT ontil AArteleds

These shears are small in ordinary arches and Arc Theories neglect

the Theory of Stresses; just as 15, done in the Common Theory ~o
A
Flexure tor Beams. This, leaves then, for consideration, the two a Ee

aMk gett

A

acting on the Section: these both vary with hee

hae aa tt ikon fi aeoe eerae eaad Chihab Fe

_ Arise of temperature lenginens

|

me Section DB uniform

AE ‘amount etas. The foalsofi theni whth 4

etas - 42..A Ne ative Valve o tes

in Phe AE direction D B changing ve SL :

RL aAae
Grown- Positive to the Left, Negative To

the Right- hence this change PY Sar Mrpee a ir

SEaee But xx'= z4d¢, hence dg= eead a)

ie erage EEAllaee OS(1:1 for sign.

Nowimagine that, for any Arch Loading ; starting al A, eae

PnTT CLLem Ll its effect on the arch found separately

and in torn. Then MP may be regarded as TeedAK eh

deformed section preceeding and the detormation_of MNPQ on the portion

of the arch to the Right determined. aeMe
a

aLmovement of the Point C whose FayNaeelke

are (L,v). The change 7 AS, TcCLL
LeLLU

produce an equal change ©C'atC. Also the egies!ee ee LL

PT kLaahhe at C ofCC" Such that CFC =d¢,Leoo

intersection of tangents at £ and B. The increase in span-L- dve

to Thrust ana Temperature on this section alone =-dXx,=~ CClo

-BB cos $=- slokoe oTSa oath The Increase Frise -v- due, 10

Td
this section alone =-dy,= CC’ Sin P =  
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odraehe _— The Increase_in alLDneaCe
Sri6 aaYerou uA dx,. But 2Xa-2¥, Hence ax,
Creek) =Myas _vMSS. The caseaseerPApdaegee
@ Positiwe= T Bend-haReUTgMy TIM)ak6LPLee

OF Le ‘ce x) dg = Fa ie CG. |edé a

The" total Increas& 7in PryalMtAaAe

of °F, and aeetive bending, moment M acting on this section alone
will be dy =eTA ~ T4y_ Mxas y~LMa4s

2 rH g

In a fixed Shh CreelLaeLLLa
REA s.
PLCICLa at. the Springing Remain Unchanged in_Pirection-

Thus, summing up d¢ for all Sectiohs between Sprifiging Points

Saget, 3 ey)
2 The Supports leRALMeL Laas ENkak apart -ee

Pre NalaPhexSeaiaeee CTae woe

LrLed efeer

3. The ar arePaphitisbeled Immovable in Elevation—Then &.Re

aeded>— a5ara-MxAS_O since the fermieERtres

ee sae
oeso pear Eee

:

ae Ha

From the figure below Plaefted-a)x ra-W,(y-b)x>@

ersCos g +V sinotM, eg Be)SIN @ x>a

Seokety MX pei ia ae ava LeA Cate

AtesBae Osnak Hy.ge-WSBEG oheee(y-b)asoes oe

2 peeeeiea,poorrpgnaeee

4 XeRe aeoeoema ax(aca Wyeaie<0

3. asaoopeeeet, ~ysageseeepeerCree
saiaaoe

eesaL
aoepeeeereeyaaSEE ageae a

Rewrifinng the Ore ee ay vals

Aeaeeeelead S or H,=-= 4

te eaemaraeeoe16} PeeeFee.

3. PahrsaAa
76)

CT ey)

2cetseenheSo‘#

Aeeae

solving the last Two equations gives(Z-%,

LF d
arM,7or

aeaa haeS
Raianex2

ie

=a,nae orM,

ae)
or DV, =E, BA ee

|mn)CMTaleLeelee er ae per Vale a

The following terms are constants for y

any ggiven. laa MeCiLMala Lee

the Yoading.
teaPe
ae ir values

= 2 ¥)
4 Ke  
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: -s “xyAs eer aeme a im —— 4 LK: C,25eTRyverre
i PS <a te y) a I 7

aodee beeaeits eS2ereeh PRAY

7Vere ree Bee TOs Salih5 2” Ge Ga rr 7 figae

TTLZitMeka iat dependent on the loading~d,,a;,4,,€, ioe
Te oteala PBig aa a WZ h
TLa a hit Piescece ra Piie Oy

 

are rs
d,=TeeBLOceetyee

E W een SATE 2 Lcy-b)xas_ staycos¢CeEe 1DMeas mlNoes

ac

htt) eas -y=4% di
  

Cdetal0fk Sala1Ce,

Unit Stresses Assuming no elLea
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