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INTRODUC TION
WRITERS OF THIS THESIS LEARNED OF THIS

ARCH G THROUGH THE ABENGCY OF THE
MICHIGAN TATE HIGHWAY DEFPARTME NT THE BRIDGE
1S 70 B¢ ONSTRUCTED THIS YEAR ACROSS PLASTER
REEKN 1 £ SRANDVILLE AVE ROAD IN WyoMING
TOWNIHIF ENT COUNTY, MICH.

A D¢ N CF AN ARCH BRIDGE WAS SUBMITTED
BY AN INDEFPENDENT COMPANY BUT THE

ENGINEERS ©F THE STATE HIGHWAY DEPARTMENT
W FIT TO DISCARD THAT DESIGN AND CHOOSE

ARCH HEREINAFTER ANALYZED.

IN CRDER TO DETERMINE THE STRESSES
CURATELY AND TO BECOME FAMILIAR WITH THE
ANALYTICAL  METHOD OF SOLUTION, THIS METHOD
WAS CHOSEN IN PREFERENCE TO THE GRAPHICAL
METHOD ©F SOLVINE 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, MR.L.C.SMITH, MR, C.1. DEWART AND
MR CHHALL, ESPECIALLY, FOR THEIR MIND
ASSISTANCE IN PROVIDOINGE DRAWINGS AND
INFORMATION, WE ARE OEEPLY 'INDEBTED To
PROF. C.R. MELICK FOR THE METHODS USED AND
THE CARE TRAKEN |IN CKECKING THE WORK,
J. VAN BUREN,
T.B.D/MMICK.
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Stresses Due to Dead Lood i1 1b3./54q.in.
1 Stress af | Stress at 3 Stress at 17
od ordinate fe | ordinate fc
| 6897 +16.697 +11.5% |+ 097* |+ 067 0.54|- 0.37%
c78 |-#/8.5 -285.0 5 | +142.0 -/533 =372 |
1 54Y -631.6
408 |-2381
339 |+414.0 | +140.0
z 305 |+906.0 fgaej.ai
235 343 +950.7
29 [ 413 ¢6234
33 | .54 n_'w4
37 , 660 '2»40 #,/.585_
fotal W L +441.15
Lood ot kowd -
/ 653 *0‘/53/ + 10.6
5 678 +552.5 f3750
5 | 544 |+672.4 | =
/13 408 +287.9_ -rua -0
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+6.90 |
L—!’!’

-13850
+5600 1-2230
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1713300 [+#4300 L-2
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[+ 335 |
b ~2852. 74







Stresses Due to Uniform Ljve Loa(/
Load.x? '»ﬁrav—[ fe Jr/""
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Stresses Due 7o Concentraled Live L ood /s
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CONCLUSION

5 Jo be noled Thal the maximum allowed umt stress

) pounds per square inch as specitied m The Michigan
aie rignway Opecitications I1s exceeded Throughoul he
arch. For e maximem conditions possible, the sate stess
al Foin | 15 exceeded 577, al Pont3 it |5 exceeded 3129
and af’ Point 17 1 /s exceeded 165%. Dve foa misunaerstanding
'he slresses al the crown and spring line were not
detfermined, bul They should have ‘beén.

Although This arch will be overstressed considerable
al variods points,especially af the crown, no dovbt it will
carry all ordinary Traffic; but If shows a poor type of
design. If The aFch rise were increased or he arch
thickness increased from the haunch fo the spring line
so as nol To change The direction of the /near aFch so
abruptly, the arch wovld undovbledly carry the loadings
specified withovt! being overslressed.

The specified &4 Ton avlo Trvck was, disreqorded
becavse no authorily for, or specificalions réquiring
such a loading codld be found.

. The effect of shorlening dve Jo Ihrusl is fully considered
in The analysis. Dve To lack of ime and The fact thal shear

slress does nol gorern, 1he vt 5/7€df/fl_q slress al The
crown has not “been determined.

dince. piling may have fo be used i The abulmen!
foundation the effecl of unegqual settlemen’ shouvld have
been considered , but fime did nol permit further investigation.
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OUTLINE FOR ELASTIC ARCH ANALYSIS

I. Draw the full arch section and
abutments To a large scale, and
carefully divide thé infrados info
20 equal parfs.
2. Locate the center of gravity of
_ each radial transforméd section
and carefully draw the linear arch through these points.

3. Now divide the linear arch info 40 equal parls,hus
establishing the cenfers of 20 equal. sections. Calcvlale the
arch properties at the crown, 5prggg/n_q,and each of these
centers for one_lIineal inch of arch , I possible. Jake all vnifs in
inches , if possible. :

4. 5cale’ x apd y coordinates of each of the points on the
Iinear arch as Found under. 3. From these valves calcvlate
segment's_of. /eggf/; of the linear arch,and segmenr's of AX
andl Ay. Add adjacent sections thys esfablishing valves of AS,
AX,ard By for éach of the £0 sectons.

5 5cale” valves of ¢. Calculale and fabulate the valves of
X,y,AS5,8X,4Y, @, A, I, sin $, and cos ?.

Y talcilate and tabolaté’ valves of _AI_S,X-AI—E,X'%,X)/ _ATS_,

As 245 AX 5 ne, AX cos 7 AY ¢o *
y4LY N sin ¢,% snég, Tcosdz,and £ cos ¢.

7. Calevlate and fabulate coefficients of solution e%uaﬁons
for reactions under single concentrated loads of one kip each
placed af variovs points on the arch.

8. Calculate and tabulate, valves of (x-a) 52, (x-a) x 43 (x-a)y 43,
for each /oad/fg specified in T. il 6t 4
9. Calcvlate and fabulate valves of coefficients dependent on

the /oaa’/n)gs in_solution equaftions. ! : g

10. Calculate horizontal Thrust, vertical reaction, and bending
moment at the left and right support's for, the loadings in T.

Il. Lay, off a load line of 009, pounds ( Yertically) and plat valves
of horfizontal thrus! and vertidal reactions for the left and
right supports, and construct force triangles for each
loading specified in :

/2. Calculate Yo and y for eagch loading

specified inT.

13. Construct egui//brium polygons for each loading.

shear for the points Gcified in T for all The loads used.
15, Scale and tabulate The valves of the moment ordinales
for the points_specified in 7 for all the loads vsed.

/;6. Tabu/a;e the products of the horizontal Thrust limes
the ordinates in 15, ‘ 7 :

17. Tabulate theyalves of £.,£,6,and & for the points
specified in T for all the loads vsed. S
l6.0n lines corresponding fo ;heﬂbomrs specified in T
erect. ordinates and p/q‘; intlverce curves for Lt
and #; for one kip movin loads. Plat the stresses afl

the &rown, haunch , an springing points.[Use large

scales.]

14, Scale from force, po{?gon and tabulafe thrust and radial







OUTLINE FOR ELASTIC ARCH ANALYSIS CONTINUVED

Estimate actuval concentrations af points of loadin for
ch _Ring, Backr’///[[nc/ud/}:); f?oadwa)/p Uniform /./'we‘ghoad,
and Special Moving Load [Make shdér for this]

zo. Tabulate the prodvcls of the ordinales times the /oads
[in kips] for. £, £ ,f5,and f5 curves for loadings of arch
ring, back Fiif, Sniform live load , and concenfrated live /oad.
[Pldce the_concentrated live load so as to. ob tain 1the maximum
in Two positions.] Sum up theseé resvlts giving the Tolal
maximum_ slress of each kind. [ For The uniferm lve, Joad a.
planimeter. may, be vsed.] Nofe amount and position of live
loading giving The maximum slresses-

7l F3r & ride of 50°F. and a fall of 30°F compute the
thrust Ne_z;/ecfm te effect of thrust on stress action]
and tabulate The valves of the thrusl, radial shear, and
bending moment af the poinls, specified in J.

S Tabulate the valves of ..tk , and fs for the temperature
changes in £/, and draw inflvence curves for the same.

23:; abulale the Total maximum and minimvm sfresses of
£, £, 15, and £’ at the poinls specified in T with a ke
diagram showing the posifion and amount of live load
for each case. P

c4. Using the moment , thrust, and shear,al The springing
point, prodvein the ‘maximum and minimum. i an s -
combine ‘grap ica/@ with the abutment welgﬁf and earth

the foun 2
to how the linear

pressure ~and fes
arch_ shou altered or arch thickness changed or

reinforcement increased to improve the arch design.
Mention points of weakness.

9
3
Ar

25. Summary— Give sug estions as ]
it be 7







THEORY OF THE ELASTIC ARCH

Let ADBC re resent a portion of the Linear arch and let MNPQ be
any section of the Arch Ring. Let E, on the linear arch, be the cenfer
of this section with coordinates (xy) measuvred from A. Let the
central angle A¢ be subfended by the arc DB of length AS.

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

Resultant Arch Pressure P, which m? be resolved into a Radial

shear 5, a Normal Axial Thrust T, and a Bending Momen? Te=M.
These shears are small in ordinary arches and Arci Theortes neglect
them in the Theory of Slfresses, Just as is, done in the Common Theory "o
Flexure for Beams. This leaves then, for consideration, the 1wo agenl's
Thrust and Bend/}y acting on the Section: these both vary with different
Sections of the Arch Fing. T shortens the section DB uniformly an amoun’

T7as A rise of temperature lengthens the Segﬂafz DB wr/'f'ormi/« an _,
AE amount etas. The Resyltont Lengthening of h, Section DB =-8B8=
etas - I23. A Negalive Valve of M will cause the Section DB fo deform
n the AE directionl D B” changing A¢ by an amoun! d¢. @ IS measured
from the Vertical through the Crown - ositive to the Left, Negalive To
the Right - hence this “change d¢ i1s @ negalive one. xx' The
545-M323, qut, hence d¢ =—%= and since when M
/SE/Veg_af{ve d¢ /s Negative, the Equation stands correct for sign.
Now imagme That,for any Arch Loading , starting al A, each
section Is taken in order and its effect on the arch found separafely
and i torn. Then MP may be regarded as firmly fixed fo the lasl
deformed section preceédin and the deformation, of MNPQ on The portion
of the arch To the Right determined. Let vs ¥ind The effect of
this deformalion on The movement of the Point € whose coordinales

are (L,v). The change in A4S, BB" ave To Thrust and Temperalure will
prodvce an equal change Cc'atC. Also the change in Ap dve ToM

‘will prodvce a change at ¢ of CC" such thal CFC =dp, wheref 15 the
intersection of rangenls al £ and B. The increase in span -L- ave
to Thrust ana Temperalture on this section alone =-dx,=-CCcos ¢ =
BB cos ¢p=-BBLE - efax-L2% . The Increase in Rise-v- dve, To
Thrus! and Tempﬂr{’:fufe on AEthis section alone = -dy,= cC'sing =







Tn EORY OF THE ELASTIC A/?CH—CONT/NUED

T‘)‘ The Increase in span - -adve, si11ve
M will be dx,, Sl l = dXn /@,7“ o =
yMas The Yincrease € i £ Jv' Rise-v- due fo
B 1n ‘Momenl M will be d_y, But _ d
-X = fLXAS 4 LMAS,
2 al Increas& /nbs,aéEhIL dve to a;’/vr u; 7. a rise inle
5 q positive cnduvg mamen acting on this section a/gnf
d e - JAY_ Mxas ,LmMas
ly =efdy — T2~ 542 +
1xed Jn.ﬂ—Syn‘mefrf:a/— the following Conditions are
me
. The Radial L/nes at.the Sprir ~gmg Remain Unchanged n_Direction-
s, summing Up d¢ for all Sectiois belween Springmng Poin’s
L MAs
ip=2, z5—=0
2. The ‘ib:orfs are, fixed an /m/ﬁﬁ'u'b/t‘ Distance a,aar7 le. are
Rigid. Th 55-dx= Zemx—z A—fz Y43 _o smcei V"“

& o EI
becomes 02 %‘—5 o

3. The SUpporfs are Relatively Immovable in Elevation—Then § d],
Z"em)« Z 7“-” -y 4xas M""5 -0 since the fermZ‘““S becomes

AZLM?S and since Z: MI"S 0.

From the figure below M= MY X-H y-W,(x- a)xra-W,(y-b)x>a
=H, »as¢+l/sm¢+n/ c05¢ x>a =W, S0 @ x>a
_)ubs//ﬁ/f/ng fhese valves in Equaﬁons 1,2,& fhe)/L become
MZ AS*VZ txas HZ _yas_WZL(xazo Wz(yb)os 0

2 Eef’ZAx HZM yz‘w szd_";iiQ+WZL4xS’”¢+MZXAS
ey x_yas HZ _yIAs WZL(X Za)yas _ WZL - b))ds =5
% I

L e
8 éefz Ay-H Z Aycos¢ yz 4,v5m¢ WELAJWSQ*WZ Aysmo_Mzaxljs
_yz ‘AS*HZ X’AS*I“WZL (x- agxas_fwz"g_l}ii?_s 0

/?ewrrhn_g the above equahons they become
LaM, +b W +c,H+d=0 or/-l--—— c"de,
E.aMob V*c H+d =0 orH-—-—‘-MLc K=2% e
3. a,M +by Vn]»/ m =0 z =M

("‘ ”) orA
e

byy_ 93
€3 <

Substitvting 3 in /and?M(——— ——V(____
M (22 -2)=-N(2- )(

Solving the last Two egqualions _q/ves(—»—:)n:
or DV, =
But for Symmetrical Arches A=0 hence szg
The fo//‘) wing terms are constants for
any given, arch and are independent of
the
q







THEORY OF THE ELASTIC ARCH-CONTINUED

7 :
- SEVAS _siXyaS claxsing o ylas -

J:*ZOLT Dz-fc‘—" 7 2 e Gl 2;——“;“9
J SRS __s " x?aAs <taysing nyAs aycos

%==2,7 e i e S 2 2 2 A o
= & Sk 93 B -As_ﬁ Ty a7

AzoNRis _Cz—Cs ¥ e o6 Dpcics

The following terms are dependent on The /oaa/m;_d,,de,ai,c‘, S

Their Va/ues are from above- / , )
di= Z (x=a)as _jy ZLu 5)as T I o ds Vs
v 7 i g A SEICHA G

L L 7 (I L

dy= Ee+ZAx Y, ZZ (x= a))as AxAs noy_m[zau;}gms +Zg4x:057
- (x- a)xns Lay siné Ley-b)xas Laycosg

tymEetSays W[5 SRSy 5 oz Sl ey [5 Prse 5 avient]

Hf*’;“%’”’[f’ﬁgf Mp=M+¥/ L -1000(L-a)

Unit Stresses Assuming no Tension on the Concre'e

_ T, Md-k) T (-k-gld7
LT oy £=n[F+M ool

fnf T —M—(k—}j’—yf ]
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