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In teliing thils as a gubjoot for our ticvels wo Lopo to
gain more knowled o of tLo_thaor& of ércnos andé gone practe
ieal inowlodge of bLriG. o analyslo ond Gooifne

Thie bridgo wes Lullt 1n 1004 at o cost of GG ,000.0C
by the VUrougiht Iron Nridco Company of (anton, Liidoy now
anelpanatod witn tho Averlcan Urildie (ompany. (ing. ous
11~14-05)« It was & subject of 1lntorost to tridco exrincors
at that tice bocnuso of its oxtreme width and unusunlly
heavy floor syston. Tle plang wore rade Ly (re e Jo londor,
e Ao T Co Hep b tnot tino connectod uitii tio bridie compe
anye :thnc; & ipasor of Tansing, bullt tio substrusturo,
whici: oonolsta of al.utocats and plors of Chlo sadistone lnid
on a footings of iortlond oc cat couercto depocited o pidlop
drivon into hard, bluec oclay.

The bridgo is 110, feot wide acd hag two opons eaci: 11U
feot, contor to contor of pilng, bLuilt on slx tvwo=L:ln ol stocld
areh rive opaoel 13 feot apart and Laving a rige of 13 foct,.
The floor systuc Lo rodo up of Lullt=up X Leoars, & foot, O
inehos in dopti, placed 11 foct auart oad sup orted LY cole
wneg witleh carry tio load to tiwo arclh riis. thio strinjors
are 12 fnco I boans, pleced 6 feod anert Latveen wilelh cro
masonry arcics o euport Lo javanonte Vhuso arclod co.9ist
of ore levor of Lrlex upon wilch 1s ladld o stone coaercto
£811inc varving 4n dopts fro 1O Lucuen to 10 Ineclws ot Lo
erown. uUpon tuds coucroto Lo Inld tio ove cent vliich forms

the rocduay of &ic Deli_ oe { J00 geoornl draiis o of Uridio.)



“he single track of the ..lcidgnn Cnited Yraction
Cozpany's 1ino is eftuatcd L ti:c-cu.ter of tic brldio ovor
wi.ieh wueh of tio elty's truific jucses as well es b6 hoavy
interurban cars of ti0o lLogilnl = (wogsoo dlvisione 29 lulf
of tue live wheol loads wi.ich Loy como upon tils traec: is
carried by cach of tle tuo rlicle Areh Tibs, 21d as tila
vhecl load 1a probally tle Lheaviest 1ivo locd wileh comwe
upon tho brld o, wo iave confincd our nsalysia to ovo of tisse
riddle Fitae.

fiot bolng ablo to obinia speelfications of Lo e Ue e
Company 'e cars for ti.e livoe @heeol locds, two cors vwore tolon
wi.ich woro atandard ci:d also con.arod soatlsfactorily with tio
ears ocrosod:n; ti:e Urdd; o at tio sroscot tire; ono with a totel
loaded wolylit of 45,000 ounds on tvo axles 10 oot conter to
conter, Lo othwr o total locicd wolilit of 90,00 soun’o oa
two axlos 35 foot coi.tor to coiters ( Tuo lege. lntluay Jour. .l
4=08-11, popo 700). A standard undforn 1ivo locd of YUC pounin
pepr scuare oot was oconsidored a&s covorin: ti.w Lrid_o oxcu b
for a twolve foot otrip occuj:lod by tic car traoci.

The follouwing 4a an eatiinte of tiic cormootroted ducd
load at the seviral coluzng suptorted L tho steel areh rito.
( Toi8 wns toen froa tic plang of ti.o bLrlid e obtal ct fron

ne C4by .nzdvoopr of "augli. e Tuo Llue prict of Coserel nlioa
ia poeciots)

Dead lond Gl to rond bLod oo Ldnoar foot of [irlers

10 8qeft. Dricik [ove oot (010 loyur voorllp suriues)
Ce75 cu.LLo vt 130 » 0406

1c° * " (o Lerer nPreiies)Ce7hcuefbert 140 010

-~

Coneroto (avire o coslll 1277 17610 cuefte ot LU0 ey Iv



3.

1 tlo= 20 Fe Ye Lo 6t 4.7, o
2% « 12° channol ot 207, : 40
2% =« 12" I teaus at I, Ga
1% radl and fastenisge at S0, P

Totrl poer line Y. of arch, 307G

Tead panol lond at cach column = 4076 x 11 = 51,4767

fatimation of welriit of plnopr loom (I")<L% "= %",
{co bilus prict 1in oc.ct.)

Tab il 27” X ..' A 17"' 11.;' ad 10051!.;3'(7!’ GC_-ftQ. 4;'4'5
2onglos 3 x 2 x [ x 17% 11." at 4.9 [ur ft., 17¢
2 3x3x _,x10% 6" "4.90 * v, 164
224 rilet heonds ol 24480 popr 100, 5%
aotol,

catinate of vollnt of eolu:n supporting 'loopr Joamg,i %",

1 cle 24" 2 . x 5% 11." ot 10517 3er utte fte, 7o
2encles ¢ x 23 x 0/1C % 6 =113/4" ot 7.2 por ft., 121
2 " 4x3xC0/10x 7% 1.7 5t Tel 1P fle, 102
13C pivot noeads at 8¢.20 por 100, 23
Cile 7.7 x " x L% 7 3/4" ot 10451 z5
2 encles & £31lers, totnl??#ﬁ'
[8tisnted welshit of eolwnis aupporting lowpr Uiooa LWIT.
2 ile 70 x . % 2% 4 1/G" at 10,517 or 80e Dte, &y
1" 14 x . %15 05/C" st 10.01 or 5Qe fle, 10
2 anples 4 x 3 2 5716 x 3% 1 1/0" at Teo o e, 40
a " 4 x3x6/1C x 2% 6.7 at 7.2 cr fi., e
80 rivet Leads ot Ceel0. per 100, ' a0
2 anglos & O féllers, _ o5

Vi)

1
<
c.
]

-



~atdated wulilt of loap Tonn C(l-z}‘ ;‘1_2).(50
Tab ile 27" x " % 13% 2.7 04 1Uell 0P 8% LLey

Caenclos 3 x 2 x . x 17% 11.° ab 4o il fte,

g " B x3x . X 17% L." ot 4.0 Lor Tte,
4 i1, 6% x " x 1. at 104517 pur 876 Loy
donfles I x 3% ., x 2% 3" ot $.0. op Lle,
6 I'fller [1le & (D1e {lay

2 :latco, (braci:ots),

39 rivet hoads ab CdelO por 1.0,
“otal,

.00b)e

) vl

4.

istliated wolriit of loop Tcealn E'Y(l-z) = €‘1-g).(2o i03%.)

1 ob ple 27° x ® % 17%0." 0t 1051 o 9Ge Sl
2anclos 3 x 3 x . % 17% 2% at 4.0 or fte,
2 " Z2x23x . %x17% 2" ot " T,

2106 rivet Lwads at Ld.ll  jar 10,
Totrl,

rogts sup orting A &L A%, Lotinnted velilite

“le 14" x " x 2% 11." 8t 2001 oGP 9Ge fle,

2 ile 70 % o X 2% 7." ot 10401 10P 8Qe fbe,
2 anglos 4 X 3 X 5/16 x 5% 1.° at 7.2 ;or £t
2 * 4 %3 x5/16 54% 11" at 7.0 Lcr fte,

1o rivol Lioado at LuelV o 108G,

iletos, angles ¢:d £illera,

volchit of one penol of Mreh 'ib Vil.
2 to: anrles ¢° x C" &t 0.0, 11'%= 79 1007,
2 bote " G % 0at 200 5 11 = 77 15 o,
Tob ple 48." X 3/07 x I1%= 7" @b LTS LIr foe £,
C anplos 3." x 7% x /67 1 2% 117 0% TWU il fhe,

C f1llers T." X " X T - 17 ol Uled [T TS0 Sle,

4207
1C9
135

[
g
[N
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42 rivet Liads ot L4.00. jor 100, 1077
¢ oovor pl. 14" x 3/6" x 11% 7" at 17.8 por sce ft., 2C

Pead lond (oncontrations.

At 2,
road feod, 56143C"
Floor 3ears, 019
Colurn, fslate]
Apecli 74D,

Total,
At D,
foad Ned, L1436
Tloop loen, 1C36
Arels 315.70"&1. Lo .
AL C, B, L, T,
foad Cod Bl43G”
Fleer Denr, G0
Aron PP cta1, “EEEST
At C,
Foad Ded, 51430
Floor Nean, 1036
Arch R&D, £2

Total, ha
At i,
I, M
Column o
Arch R.{b,

Tatal, -&%ﬁ

Yotel ’ ~a

{3 Lo concoatrated dead
load at t..@ colurns varied
only O«fi, & unifor: dead penel
load of 04,800 pounds wag
adopted in thwo caleulations

viidonh £0llow.



6.

%0 obtaln the stresscs {1 the erch girder due to tie
above loading, lowo's analytical tioory of tie two hinrod
arch was used. ( Cae "A Troatise on Arclica” by [l fe [OUC)
Tuenty redial sectlons of tilo /res I'id woro solectod and tho
valus of tho archh propertios usod in tl.e forrulao for Ly,
(see ploto 1.) at oach sootion are tabulatod in table A of
plato oe 2¢ In tabllos D ( plato 2.) and € and D (ploto 3.)
these propertios oro corbined 8o as to foro the ters of the
forsulae for 1. Tle voluos of lij duo to & lo.d of 1I0G! ot
eaoh panel point aro aloo given ia table £ Thicse valuca ore
given totl: whon thrust 48 eonsidored and wuon 1t 438 noclested
for i purpeso of comparison,

Froo the values of Ii. { inoluding thrust) and the
sorvesponding values of VL virdelh are found as we would find
the reactions for a siople bean of span 1., the discrnn of
Thrust, Radial Chear and Doniing lononts ( plate 0. 4) wos
drawm, from whicli to total thrust, sliocars and nononts due
to s 10007 loed concentratod at the diffsrent pocts, L. @.,
floor beana, wore scaled. L1080 values wero tabulated 4n
tadle B, (plate [0. 3). I'ron thoso results were plotted tho
infiuense lines for Thrust ( plato 0. B), for “haar ( plato
0o 6) and for .omonts ( platc (06 7)e S0 og{gﬁn}mmggog 1i10
shown 23 tho abscissa and tiio valucs of tiw Thrusto, "lLoars
and oments dus to 1CO0] at any columm are plotted as tio
erdinates over tiat ocolurne. Uy using @ slidor in connoction

with these influcnce lincs, on which is maried tho vwloel



spaeing to0 L0 oiv¢ seulo eo tho Lorizoatul sccle of the
influence 1linos, tio positlons of loading to Jive tie laxe
izum Loments, “irusts and Shears at ony coction toro fouwe
Ny oultdplyiac t.w stross duo to o W™ lond ot any soctlion
ty the actuel load at tiat soction fn thouswils of pounds,
the estusl aximum .ocoats, (hioars and Tirasts wero obtali d
and are tabulatod in tullce D ( plato 10e O)e

From teble D 4t may ocaslily Lo soon whetd live load conbinod
with the given doad loed glveos thio laexiun Thrust, “hour op
woment at any sectlon. Tile uniforn live ponol locd as woll as
the doad load was consliorcd s a coneontreted lond ot tho
eolumn,.

Thus 1t was found that tho lerge ilnterurban car govo tho
lapcest otross in overy croe aud discrass shiouing the positions
of tiie live load on Lho Lrid o for mmximuys strossca in cach:
section are cLown in tiile G, (plote loe 9)e

=ee Concluslon. e=-

Gpon peforring to table €, ( plato 0. 0) 3L can lL¢ coon
that the sheapr ot any gection 1s very cinll, tho nexinay Lolny
181C7 per 8Qs Ine ot soctlion Z, glviz: en vltlioto factor of
safoly of about 50,000/ /1010 = 4143 wldel 18 & groat doal oa tho
eafc sido. Tiion reforring to Lo csiress duo Lo nowerts and
thrusts, it is soon tiat tio elastic li:iit, edbout 20,0407 ;op
8Qe ine.y 18 vory nocrly attolinods In usi:g tiio siross 4n
soction 8 of 24,140 por Qe 10 4t civos ann epproxirato
ulticzate factor of safoty of €C,C00/ /04,140 = 2448 thiel is

ontircly tee smali, es §t siwould Lo to roree witl reoncral



Q.

pregtice, about four.

By comperin: ti.¢ notents in table ¥, 1t con Lo oocn that
the hoavy floor oysicn causes & very lorgo part of tils stroos,
and thus indicatos that tho 1izhtest floor gysten eonsistent
with strength should i usod &n dosigalng such & stracturo.
Also fron the resulte above it would gcom that the tridro wrs
not disicnod for such a loavy car 1uadii e

Tith a coudble treck on tic bridi-e a3 proposed for a not
fapr distant future, Lhw dead load would recain practliezlly the
same, tho ineremse due to ndditiomal ralls and tics bvelnz vory
somll eorpored to the othor dead loaca and bveolug ;inetically
offeet by tho road material dlaplacod. Conelloring tuwo intore
urtan ears o tie bridgeo, for tio case Civiny the mxlrun
stress for 50 car, vo would have, =

lead load nomcnts 340,025.0°

lome fOr 38 £, cor + 400 Lnonct = 6056,049.4

Unifoen 1ive loed morcont « 4G duract = 343.734.4
Total, 907,520.4%

8 = % 20008 = 13,0027 por a3qe in.

. X

Doad load thrust = 650,C50.07

Unifoem live lood thrust + 407 1opact = 53,5020

35¢ oar Turust + 4 impact = 151,007.0
Jotcl, 755,067.8"

S = Wbﬁ_ = 13,1007 por oq. La. Quo to “lrust.
L]

atreso in top flanse = 12002 ¢ 13150 = C85,002" ser s8qQe 40
coresalon.

Stross in botton Llango=13l60= 1SOLC = G448 nor oge in,.
connrossion.






The above figureo show that 4L tio slnCle tracik whici: is
now on the bridgre vore roplacod by a doublo track, 4L vwould be
poesible to load tho bridgce so as to straln tuo structure uloost
L0 its elastio 1init. It is espoclelly icoportont to noto hiore
that the materisl in the structure 1s tiln, aad dotorioration
due to ruct will cousidorably ineroase tise units found wbovo.
Also the modorn tendeacy $s touards lLwavior allestucl cars and
1% would not secn advisells to place an oxtra tiack on this
structure.



lTheoretical  Analysis Of The Two MHinged Arch
;2 =
Fungdnmenlal Focmulne of Elaslic firch:

In 4 fized arch,symmelical, The folloring condilions ate assumed.:

i The Radial Lines ot the Springing  remain unchangsdd s direction-Th

Sumrming up. dg for 2ll sedlions belieen Springtng Bils,
Za d¢ = o Tdd [sae Figurs belaw]
2 The Suppoils are {nf‘u’ an|immoavable dislance n,bnﬁ" i are 11y

Thas Z6 dx=Zoalax 2_0;345— ZLMIQ =0 Simce Za fyjd\

Lo
becomes 0, Zo 7?’ =0

7 The Supporls are relalively immovable i Elevalion-
Toen2ady=

=a=tay —Za T S X g since The Terin E5 202

becomes ma ‘”l‘}‘i aad \since =4 —1"5 =0

In“the Twa Hinged Brch, o small-unequal )g///emenf 2y will ndl cause

Slress inThe Brch since il is freeils forn abail - cach bige.AlsoThe Tolal char
n|d or 8¢, canndl be koonn, bil il cqrtainly is nol equal 1o 6 sinceThe frch is
free Tolorn on ils hing

This lecuds anly fhe 2~4£,uaf,m avaifabe foi determinin

= = i R
ses. Thas Za dx =Za Eelax -Fali% + 54 ”’146 L

1 figure belon, T=Hi L cosg 1&51/14} rﬁt)( cosg,
M xo = Wn(Y=b)xze

hs__m,

& M= K.x /L, MWefz-a)  Waly-6)
Substitilng His vale o Y inthe_abor
XM, they become T=H,_ cosgp m.ZL B sing ~sing,  J-WilE-sing tcos g ..]
-Hey 'm[ 2 & —(xa) s 0 ) - W[ P2+ (y=b) s ]
Substiliting Thess ralues,The nbove quilion hecomes- H]Z5 252 +5 52 f;““’J:
fqurI‘h‘ 7}1,_@3 V za}ym L. ngk;)x;m;; uu:mdj ”"[: xy@}z y;)AS
4 np 4 F“'um”]
ixyps. I s (x-a)yas,
SE 0

al Loads Only H-Kf2

x>0

Bal by Momenls nboul r/yh/ 'hmyc

g

] Neglee

w ThoufT
Negkng Thrudl.

Neglecling Thryst

EEEEC _ PLATE T




| 28,2289

5

$56.7/2

| 83. 6401
1109 9230




1000™a" 2 | 1000 a7 4| 1000 8T 6]
z) iy vas | (x-2)yo

|
|
} B {
|

(Y74 2I7537|
2.658| _6€4.529)

705963 1023577

2064 275 1376.650)

2F7C 1 7¢
2415.897| /879
| 2798400, 2332000 | 7864
| 2968.96¢| 2009.125| 1 709
5.285| 1 650.330| /37
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DtL+I D=DEAD LOAD —L=4/VE LOAD-T =1MPACT
bl STRESs | STRESS OUE| TOTAL STR'S| POSITION OF (90000%) CRR AND UNI-
MOMENT PER S0.IN. |90% LNEL6AD| PER.SQ.IN.|FORM LIVE LORD (J00”PER S0.FT.),
2 |+321127.0* +15956.0 |+ 2/42.0 |+18098.0
+ 7910.0 - /242.0 + 6668.0
4 |+5769683 *+/9221.9 +2949.0 +22170.0
+ 4763.0 -/709.0 + 3054.0
¢ ltesi430.8 +R20418.0 +2899.0 +23317.0
+3092.0 -1621.0 + 1471.0
g l732238.0 +21308.0 +28490.0 +24149.0
+2959.0 -/022.0 + 1937.0
P ey T +20373.0 +227%.0 +22646.0
+ 35470 - 6070 + 2940.0
A,o‘. TOTAL ITION OF CAR AND UNIFORM LIVE
¢ SHERR LOAD ON BRIDGE TO GIVE MAX.SHEAR,
P
o |-54/333
2 |+66881.6
4 |+694340
6 |+66011.6 i nm‘m%
b 8B 5 K /N FT VNI FoRm 2 %
8 TARABLES G emoH




D+L+I D+A+T O=DEAD LOAD — L =LIVE LOAD-TI =I MPARCT a

3 (2
MAXIMUM | CORRESPG o% STRESS STRESS o“m TOTAL STR'S.| POSITION OF (90000%) CAR AND UNI-
TO IMPAC ¢
MOMENT | THRUST K PER SQ.IN. |90% LIVE LOAD| PER.SQ.IN.|FORM LIVE LORD (/00”PER SG.FT.),
" 956.0 : =
+321127.6*%| 6591516 H2L{E172 2 Ko i AP AL 5 o M
BOT. |+ 7910.0 - /242.0 + 6668.0 TVIRR T ey
TOP |+1922).0 0.0 . K
+576968.3 |662455.2 gas’ AL L ey :
BOT. |+ 4763.0 - /) 7089.0 + 3054.0 WS TLIMET QLAY ey e AL oy
7O0P x 295 LN FT VA, S i
4691430.8 |649396.0 +R20418.0 +2899.0 +23317.0 i T T
BOT. |+309R2.0 -/621.0 + /1471.0 [#9.5 44 Friv. Lk A UMD
ToP |+21308.0 +28490.0 : 605 LINFT U4 k. ! | A
+732238.0 6703210 - peneses. 2 R . Bk :
BOT. |+2959.0 -/022.0 + 1937.0 GOS AN FTU. b k.| i
e TOP |+20373.0 +2278.0 +22646.0 \
+6719¥82.0 (660707, 0
7 BOoT. |+ 3547.0 - 6070 + 2940.0
TOTAL SHEAR POSITION OF CAR AND UNIFORM LIVE

SHEARR|PER SG.IN.| LOAD ON BRIDGE TO GIVE MAX.SHEAR,

» T |70.5 KIN. AT Wl 4, &1
- 54/33.3 G e o3 5 4 o |
| TV & AN ET Uph A}
P P95 LN FT UL 4.
+6688/.6 /210 Fchiz.
49,5 LIN.FT V. L4
GG AN FTLU LIL,
+694349.0 /166 ™ cam )

BR.I4/N.IFT. UNIFORM A A

+660/1.6 /1195 ﬁl , WL A -

8R.5KINFT UNIFORM 4,4,

TABLES G oo H
PLATE ™9
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