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POREWORD

Bridgea have been 1mportant -and have made
-an aotive olaim upon human ingenuity since the dawn ot oivil-
ization. Natare first demonatratod the peaaibility of a oross-
ing over streams or other opanings without obstruating the
opening itself. VWaddell has, as a frontisplece in his work
"Bridge Engineering,”™ a rather 1maginat1vo portrayal of a band
of monkeys orossing a stream by means of an animated chain,
One monkey has attached himself to a tree and holds to another
monkey who in turn holds to snother and 8o on. This animate
chain first acts as a pendulum until the head monkey can, at
the ond of the swing, grasp & tree trunk on the opposite side
0f the stream. 4 suspension bridge is thus completed. Human
chains have been recorded in comnection with certsin resoue
work., ilost of our lessons come from natural manifaatatione and
it is not surprising that man contrived to fall tress across
space after having orossed on those felled by nature, .Swing-
ing across a stream on & grape vine was the olassical mammer
in which to elude one's pursuers durinp the conquering of our
own wilderness, The Hellespont was bridged by a system of
pontoons which pérmitied the orossing . of an army. Lvery stu-
dent of Tatin must be somewhat familiar with the genius of the
Yoman military engineers, lian has olosely observed and well

learned the lessons of nature, and chasns, torrents, or mighty
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rivers are no longer serious obstacles in the path of the
march of progréea. | | | | o |
The building of & bridge was gonsidered in
the light of a gloriod§ achievenent in the earliest of times
and during the HMiddle Ages there was a monastic brotherhood--
The Brethren of the Bridge--who considered it & saored privilege
to be permitted to participate in suoh undertekings. Today
' the completion of s new structure is the occasion of public -
celebration and the dedication ceremonies are conducted in all
Aignity. In more recent times we have seen, ani benefitted -
by, the great advanaes made in bridge énginasring’dnéhto
- greater information conscerning the varioua‘ﬁroblema involved
and the ability to fabrioate finer materials into the completed -
| ‘atrnoture.' The layman of today rather takes'scientitio'deu
'.“;;ioﬁménts for granted, but to those who have been confronted
with the problems involved in the building of a bridge, for
1natanéé.'cannot but marvel ét'the'auacesa which crowned the
efforts of those ancient builders who could only build upon
inspiration and experience. The open spandrel arched masonry
bridge was developed by an ingenious builder after his solid
argch or rilled’syagdrel'had twice failedn;ihb'opon aféndrel
was devised to lessen the ivad at tﬁa-hanhohsa; experience
| necessitating e new ides in design.
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, The greatest advance in the soience of
bridge engineering has been made well wiﬁhin the past century.
Our atupdn&oua struotures of today”ara,tha prodﬁof of a thorough
knowledge of weights and loads, the stresses caused by the
application of such forces, ths behaviour of the members under
suoh stress, skill in the making of materials of construction,
the sclence of using'theso nateriasls to the best advantage, and
fabricating them into the completed structure., lost institu-
tions have, at some time during their histories, a golden age,
and it would appear that bridge building, as & soience, is. en=
;oying. or is soon to enjoy, this glorious page in its history.

Stone wag the f£irst material of 1mportanoev>
and most of the famous bridges of the¢paat.were constructed 61_
this material, Timber has always had its place but is not
meohanioally'applioable to major structures and does not have
the permanence demanded in minor structures. - Its 1mportanoé
as a structural material must not be belittled, however.
Wrought iron and cast iron were tried and enjoyed the struce
" tural lime-light for a while and then gave way to steel. It
‘18 with steel that the wonders of.today’hnve been effected and
it is with this material that we shall ooncern ourselves in its
application to long spen bridges. With the @aqnomio production
of special alloys and with the‘affqétive-hsat fraatmanta‘to
which such alloys are subjected, a struotural material has
been developed which is specially suited to our needs. ILven

the engineer is somewhat awe-stricken at the proportions of
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some of our modern gtructures, the greatest of which is now
under construction over the Hudson River. This stupendous
structure is of the suspension type and is to have a clear

span of 3,600 feet-~nearly three-quarters of & milse,
' LONG SPAN BRIDGES

" Long span bridges have been mentioned but

no definite limit has, as yet, been set beyond which a span
shall be long and below which & span shall be short: This line 
of division is not definitely drawn but oan be approached from
2 oonsideration of the various types of structures, |

| The most simple structures are those composed
of a simple, or a system of, simple beams suitably suppbrted
and upon which decking is placed to permit the passage of vehi-
cles or to receive certain loads. The 11miting‘span for a
structure of this type is generzlly specified as 30 feet., IFor-
spans ranging betweeniéo anﬂ'QO,fBet the plate girder is usually
/spacifiéa. The plate»girder being a built-up momber of steel
which acts as a beam, but due to the concentration of metal at
the flanges it is more economical than an orxdinary beam. 3IBe-
yond 80 feet simple trusses are usually the most economical
structure to use, although arshitssctusl or asesthetic demands
may decide the use of trusses of special.oonfiguatidn or pure
arches., Simple frusses, sfructures which are statiocally deter-

minate, have been built to bridge spans as great as 750 feet.
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However, the economy of building a simple truss with this
spen i8 in question, and it is apparent that other types oould
be built for the same span with an economy of metal and erec-
tion cost. Vhile it is mechanioally and struoturally possible
to build aimpla-trnsaea of greater span, it is not the type:
“of lsnst cost. There will be some particular span whiah will
mark the economic 1imit of the simple truse and beyond this
limit it is economically desirable to employ'aame other type
of struoture. This economic limit of the simple truass may be
taken as the end of the short span and the beginning of the
long span. This span is, according to modern praotice, about
600 feet. |

, In most oases of simpie span construction
it is customary to ersct the strusture upon false woxrk which
is removed after the srectioh aha aonnaction:of the essential
members of the truss, This false work is, of course, an item
of additional expense and will interfere with commerce in ocase
of a havigabla stream‘ﬁaing bridged. Long span construction
doen away with most of this falsework and it is entirely elim-
inated in the main spans. This fact of erestion often deter~
mines the tﬁpe of bridge to use in'any particular instance.
If.a gorge is to be Qrbased. of such depth as to make the use
of falsework lmpraoticable, it is very desirable~-and often
essential--to be able to build without falsework. It is, of

course, pOgaible to crect a simple span upon the cantilever
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prindiﬁlé. but due to the,faotlthat the esrection stresses will
be different in nature to the.stresses osourring in the com-

| prlete structure it bLecomes necessary to design primarily ten-
sion members to withstand»eompfeésion erection stresses, and
such procedure is not economicsl of metal. This is quite fre-
quently done in veryféhort spans., One of the aiatinguishing
'features‘of the long spen comstruction is the erection, of

the main spans at least, without the use of falsework, and the
nembers of the cbmpletsd strugture have stresses of like nature

as those experienced during erection.
TYPES QOF STRUCTURES SﬁITABLB 70 LONG S?AHS

The unstiffened suspension bridge wams the
first type of struature to be applied to lbné'apana,.followad,
by the cohtinuous truss. Out of the development of the con-
tinuous truss oaﬁa the cantilever type which for a while al-
most totally ealipsed thé continuoua‘type;' Besides these
threce types must be mentioned the braced arch whether three-
hinged, two-hinged, or hingeless. This latter.type has been
naed in some very notable present-day éxamﬁlaé, but the econom-
ical limitvaoes not greatly exased tﬁat of thé simﬁle-truse.
The types of structures most readily applicable fo long spans
are brought dovn to the following list:
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Suspension
- Cantilever
Continuous

Arche d .
THE CONTINUOUS TRUSS -

'If a bean be supported at ite ends in such
a fashion as to be free to rotate about both points of support
and free to move longitudinally at one support, it is said to
be simply supported and stationlly determinate. If a third
suppdrt'is introduced between'the end supports the baam_becomes
continuous and is no 1ongar'stat1eally'astérminaté.” The magni-
tude of the intermediste reaction will depend upon the stiff~
ness of the beam and must be determined from a consideration of
the deflsction of the system under any partioular loading.
Since trusses aot in a mamor similar to beams, this same method
of analysis is applicable to this type of structure as well,
’ ' - As previously mentioned,thecohtinuous truss
wes an early structural development and was frequently used in
the first half of thﬂ last oentuty. Shortly after 1860 this
type went into disfavor and was given very little attention in
' this country, and prior to 1917 there was but one major example
of this type in Amsr;oa; This was the Lacﬁine Bridge over the
St. ‘Lavrence River near Montreal, It was built as a oantilever-

énd then converted to & continuous type for the live loads. In -
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1917 was completed the Soiotoville Bridge asross the Ohio River.
This bridge has two continuous spans of 7756 feet each. Since
this time the type has been given more attention and shomld
certainly be included as a standard type in Ameriean practice.
The first and most common objection raised
against the continuous truss is its statio indeterminateness.
It iz true that the analysis of an indeterminate structure is
mich more involved than in the case of simple structures, but
methods have been dqveidpea byzﬁhiéh the analysis can be made
with as great a eerfainty as that of the simple type and the
inoreasé in time and expensé due to such analysis is lost in
the decrease in gost of the continuous type. |
It is trus that an unequal settlement in the
plers would eause a change in the magnitude of the stresses in
the nmembers and might even cause a reversal of stress. This |
objeotiqh'is freqnentiy raised, but what engineer is going to
place o najor atruotufe upon piers subject. to aéttlement without
“elso 1nolud1ng arrangements to compensate for sﬁoh possible -
settlement? | | | |
| In nearly all specifications concerning the
deaign“of briagg menbers, special notice is given to those mem-
bers subject to # revérsal of stress. Steinman looks upon the
more stringent of these specifications as the relics of the
old fatigue theories which have been exploded, and contends
that there is no place for such requirements in spesifications

for long span bridges. It is true that in a continuous structure



there are more members subject to stress reversal than in the
simple type and 1f these stringent specifications are enforced
~ one of the most potent sources 6f esononmy of the continuous
over the simple type is severely reduced. ﬂ

, Modern praetiec indicates thas the continuous :
type of bridge is sound in every way and it is oupectally appli-
cable to cases or sites having the following oanditions: |

| ggﬁgrgzgntruaa &cpth

Plers of moderate hcight
Good foundstions

Spang approximately equal
Cantilever erection.

THE CANTILEVER TYPR

A bean snppbrtea at an end and at some inter-
7ﬁpaiate poiht constitutes a oantilever aygtem'and the portion
of the beam whioch projeets beyond the ihtermsdiaxa'point of
support, and whoso end 13 tree. is eallsd the cantilsver 8T~
the rematning portion ot ths bcam boing the anohor arm, If the
bean 18 80 loaded that the moment of the cantilever arm about
the auppo:t at tha 1ntermsdiatc point is graater than the moment
of the anehor arm about the eame support, than the system will
tend to rotate abont th;a point of support and the xeaction at
the end édpport'will become negative,
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I£, in the case of a ocontinuous heam or
struoture the elastic ourve be plotted, it will be seen that
this curve hes points of oontraflexure. It may be shown that
for Q‘partionlar system the travel of this point of contra-
flexure 1s confined to relatively small 1imits ae the nature
of thé loading is changed oier a very considerable range. It
is also known that the moment in the truss or beam is zero at
these points of oontraflexure. These faots led Ritter, in
1860, to propose to cut the gontinuous struocture at the points
of oontraflexure end introduce rockers or hangers incapable
of transmitting moment at the points of severence. Such a sys=-
tem would beoome statically determinate, but the condition
must be imposed that the system is also stable.

From these considerations the cantilever bridge
was developed and since it is staticslly determinate‘tﬁe con~
tip&oua type, from which it developed, was discarded and par-

" ticular attention given to the cantilever fypea~ The ntamm‘01 
publio end professional approval became so firm that an era of
.cantilever bridges was entered with the result that a great
many of ?haﬂe structures were erected withnut reference t0
egonomic suitability. A large number of these were not econom-
ionlly Justified since o series of simple spans or a continuous

structure could have been built at less costs
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‘The first great bridge of this type was that

aoross‘the Frth of Forth and whioh was oomplated in 1890,
This atrnature has & clsar span of 1, ?00 feet and remains as
one of the outstanding enginnering.aahievemanta of modern times,
After the completion of this bridge there were numeréna others
erected bnx‘df lesear‘apans. The notable examplea were the
Hudson River bridge at Poughkespsis the lonongahele cantilever.
the Beaver, and the Garqaines. The greatest cantilever bridge
yet bullt is that 80ross the St. Lavrence River at Qudbea.
Thia atrnature hes & clear span of 1,800 feet anﬂ wag eompleted
1n 1917 after two major disasters, dut the strnotnre as com~
plsted remains as one of the greatest axamplea of the type.' The
Carquines cantilever has a clear span of 1,100 feet; 1t was
completed in 1927 and is 8 splendid example of the type as |
applied to highway traffic. For a study of details and connec-
tions as applied to this type of bridge construction the St.
Lawrence, caéqninaz. and Baaver cantilevers are outstanding
examples. |

| The cantilever bxidge is a proven type and
will undoubtedly remain as a standard type in American prectice.
Its particular limitations are a lessor degree of rigidity,
and more steel per uﬁit live load carried--both of which mnst
be waived in sites peculiarly adapted to this type of structure.
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THZ SUSPENSION BRIDGE

| The suspension bridge consists, essentially,
of a pascageway attached té:n Qablo, orwtoa_ayatoﬁ of oables,
which has been placed. aoross and opening and suitably anchored. .
The vertical loads imposed upon the structure oause horisontal
pulls at the points of support and at the anghorages. In its
siqple adaptations. at least, it may be used at almost any site
" where there is sufficient clearance for ths sag or deflection .
of fhe cables and suitable provisions for anchorage. Aside from
the aimp;e beam bridges and the masonry arch, this type of con-
strustion enjoys thn'greateatvgggggnity., It is known that sus-
pension bridges existed in China nearly 2,000 years ago. His-
torians believe that China and Indis prodused the first suspen-
sion bridges in whioh iron chains were used. One of these in
the Provines of Yunnan is deseoribed by Kirchen, and is said to
have been built by order of the Bmperor liing in 66 A.D. ‘The
length of this struoture is given as 300 feet aaaﬂlika,ull“ethéfq
{n that oountry prior to the sixteenth century it had the plank
floor laying direotly on the chains. lMany others are reported
in China, among them being one over the River Pei with a span
of "aseveral hundred"” feet. A remarkable one is in Hindusten
with a span of 600 feet over the Sanpo§ River, amd 1agacsoribad
by lajor Remel, In 1602 Hambolt found & suspension bridge in
Peru orossing the Chambo River, with a span of only 40 feet,
the cables of which were 3 feet in dismeter and made up of



twisted roots. He tonna anothar vith a span of 131 tcct with
oablen 4 1nohns in diameter, supported on tiﬁber tramaa. the
oables boing,attaehed to poste driven into the grouna.. Others
in Soath America had cables mads ot.eowﬁhiic. One of the
~ sarliest known suspension bridgan in Burope was built by sol=
dlers in 1516 to transport artillery over the Padus River in
Italy.. The first suspension bridge recorded in Amerioa ves -
built ‘by Finley in 1706.

| The onblca may be built up trom wrought iron
or forged atool'l}nks. either forged together or rin commected,
Thiq'formalona of two distinct types of cable, the other being
units of stranded or paraellel wire units. In any event, the
oéble is more ortleue'flexiblo and free to ahsann various posi-
tions of equilibrium when subjected to various load conditions,
Eor‘lighﬁiloadings and unimportant structures a aistortion =
under moving loads may not be intolerable, but for major struc-
- tures such distortion is to be aveided anﬁ for this reason
‘ansponsion bridges may be either simple and unstitfennd. or
stiffened and oomparatively rigid structures. ‘

In the case of the nnatiffanad bridga a oon=-

~ centration imposed upon the struoture is transmitted direotly
. to the cable at not less than one nor more then two points and
this condition is oconducive to large local deflections. I1f,
however, the structure upon whiok the passage way 1s placed 18
made stiff and somewhat rigid there will be a distribution of
‘goncentrated loads over the entire length of the cable, depending
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upon the degree of stiffness or rigidity of the frame suspended
from the cables. The introduction of this somewhat rigid stiffen-
ing structure is the distinguishing feature of the type of
struoture known as the stiffened suspension dridge. This late
ter type'ie‘tha'one:moat frequently encountered in modern prac-
tice and also most adapted to modern traffic. It ie also the
best solution which has as yet been offered for the case of very
long spans. The exceptional features of this type of bridge
whioh makes it 80 especially suitablo.to the iong gpans are,
its inherent latteral rigidity, comparative ease of erection
without the use of falsework, and the marked predominance of
members carrying tensile stresses. :

| Continuous, cantilever, and arched ﬁriégea
have been fairly well ﬁevelepad and standerdized within the
. past quarter-century--the improvements being made m0r6 1n the
matter of proportions and details and isaa in'general ﬁrinéi~
vles of desipgn. Tha~suspensién type, on the ofher hand, still
offers a diversity of major prineiples in design from vhich to
select and apply to any partiomnlar structure. | R

| In 1826 the Seguin Brothors, in France, made

a series of experiments with stranded wire ocables and their
’rasulta wore cccepted with the subsequent ersction of & number
of suspension bridges in whieh this type of eable was used.
There are, howsver, inherent ﬁisadvantagea t0 be noted in ths .
consideration of a stranded cable, the prinoipal objection
being the uncertainty of any mathematical dealings with the
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problem of the ratio of stress to strain and the further un~
certainty of elastic recovery upon the suocessive appliaatioh
and removal of ioads. The removal of thia objectionable fea-~
ture of wire cables must be attributed to Roebling who first
introduced the parallel wire oable, in whioh the individual -
wires which compose the cable are sll para;lql to the longi-
tudinal exis of the comploted cable. .Cablﬂeg‘ of this type have
oome to be one 0f thﬂ most important adjuncts to%gadern gus4
pension bridge practice. They are almOSt_univefﬁ;lly spun in
place, with very 1little uncertainty aonberningwths'ﬁehavioar
of the cable under stress and the distribution of stress among
the individual wires which compose the cable as a whnle;

The search for materiale having high tensile
strength has 1ed to the use of heat-treated wires in some of
the preaent»day struotures but there is still much to be done
in this respeot, as is very furoefully brought home in two "
struotures being ereoted dt the time of this writing. - In the
spinning of the oables” for the liount Hope euspenaion enough ofl
the individual wires broke during the spimming qperatiqna to'

‘excite concern whioh eventually led to the condemnation of the
oables. 4 bridge under construetion at Detroit had its cables
already in place gna.ﬁﬁoh'of_the suspended structure attached,
but the cables had been fab:ioated-unaer the same specification
as those.of“th@‘moantiﬂope bridge, There had also been a few
failures of 1nd£ﬁidua1 wires during the spinning of the Detroit

cables but not enough to warrant a obnaemnation. However, axter
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the condemnation of the liount Hope bridge it was decided to
dismantle the Detroit bridge and replace the cables. These
operations are very expensive both in time and money‘ghd force~
fully illustrate the oare which must be exercised in these
things and the field for further experimentation and perfec-
tion. | | o
The eye~bar chain is the other alternative
in the matter of cables, and is gaining favor after having been
rractically discarded in favor of the parallel wire cable,
The pin-connected eye-bar chain has & number of desirable fea-
tures. fThe links may be made, treated, and tested before being
put in place, and due to the apparent unscerteinty of heat-
treated matericls this possibility of tests upon the fhll-siseﬁ
member is desirable. There is also a variation of stress aiong'
the length of the cable increasing as éffunétiqnvof the slope
from the center to the point o suppqrt} Since thé{hye-bar
chain is made up of links it is possible to vary the oross-
section in proportion to the stress, and such an arrangement
leads to an economy of material. ; ,
The method of arranging the cables in thelr
saddles at the tops of the towers has received a great deal of
consideration. As the main and side spane are subjected to
various conditions of loading there is a tendency to destroy
the equilibrium which must exist at the top of the tower. If
it were possible to devise a frictionless;sﬁeave as a cable

support at the top of the tower, equilibrium would readily be
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‘restored by & travel of the eable over the sheaveé. Such an
arrgngement'ia not feaaib;e, g0 the first development vas to
mount the ‘saddle on rollers”gg:pp@t.aduilibrium’oonld be mein-
tained by a trﬂve}“6f tha éaddl@; shich travel would change
tho distance betéaen supports in accordance with load and tem-
perature variations. However, due to the fact that the vertioal
reaction at this point is of rather large proportions, it has
been found that this readjuatmﬁnt was not smooth and instane * :
taneons but lagged the load and- temperature variation and made
Jerky readjuatmeqte. These Jerks, aside from terrifying people
who happeh’to be on the bridge at the time, cause rather severc
‘and indetorminate stresses in the members of the struotura.
‘The practice of rigidly fixing the cable to the saddles and the
‘saddles to the towers was evolved frqm'thése consi&eratioﬁg,
iiven when the cables are fixed to the towers
there must gtill be some provision to permit readjustment of
span under 1oad and temperature variation in order that equil~-
ibrium be maintained, This must be accomplished by the towers
themselves. In. 'the esrlier developments the towers were built -
of mesonry and were comparatively rigid and their behaviour .-
under latteral forces 1hAfhe verfiéal plane of the cable would
be questionable. lowever, since the cable is fixed to the tower,
#hio essential displacement in the vertical plane of the cable
. must be provided by a deflection of the tower. This requirement
led to the introduotion of the steel tower, the first notable
‘example of which being those used in-the Willlamsburg bridge,
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which was completed in 1904, Any considerable deflection of
the top of the tower would cause as much edoonfrioity and re-
sultant bending moment. Since the vertioal reaction is large,
a small eccentricity would produce & large bending moment. In
order to eliminate this undesirable feature it was proposed to
hinge the towers at their bases and the Manhattan bridge was
the first major application of this idea. The failing of thie
idea 1ies in the low and indeterminate efficiency of the rockers
and the entrance of a bending moment due to rooker friction,

~ Host of the outstanding e:nmplié of suspen-
sion bridges in the past ten years have shown a tendenoy to-
wards the fixed-base tower, although there have been enough
hinged-bage towers placed in operation to leave the final deol-
sion somewhat in doudt. It is probable that the fixed-base will
‘evéntnally predonminate. The Fort Lee bridge now under construoc-
~ tion is to have parallel wire cables and fixed-bage towers.
| | The configuration of the suspension bridge
" has xeoéptly received some attention. The conventional design
is the p;rallel wire ocable from which is suspended a péréllel
chord stifﬁening truss, usuélly of the Warren type. At the cen-
| teriof,thp'main gpan the cables may be very olose to the stiffoﬁ-
: 1ng‘Jéése,and such a condition has qausea certain dasignera to
remark upon the proximity 02 two major members, one aétihg in
tension and the other acting in oommreésion. If one member
oould be placed which would perform the duty of both osble and

trués ohord, there would be a tendency towards cancellation of
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atress and a resultant saving ib metal. Also a study of the
bending’mbmente as they ocour ;ﬁ the stiffening truss reveals
o meximum near the gquarter pojrts. These considerations led
" Steinman to propose, deaign..an& ultimately build & bridge at
Florianépolie. Bragzil, which he haa'designatea asg a suspension
‘bridge of the Florianapolis tyﬁa. This type combines the oable
and upper chord df stiffoning truss in the central portion of
the main span and further gives a stiffening truss of varying
depth, with its greatest depth in the reglon of the maximum
‘bending moments. The writer has proposed a suspension bridge
of the Floriannpolis typs, the configuration of which is shown -

in the acconmpanying sketch.
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NATURAL AND IMPOSHD LINITATIONS APFACTING THY SELECTION
AND ADAPTATION OF THZ TYPX OF STRUCTURE TO PARTICULAR SITE

Leon loisseiff was Engineer of Design on the
Delaware River bridge. In an address to a meeting of the Frank-
1in Institute lr, loisseiff remarked, "The planning of & munio-
ipal bridge 1s the art of coordinating into a well-balanced
system the demands of commerce and travel with land values and
allowsble finances, and of the available materials and means
02 construction with economic efficiency and monumental beauty.
Some 0f these factors are determined by laws, some are directed
by public opinion, and others are left to the knowledge and
Judgment of engincers4and erchitects.” Although itr, Moisseiff
1imits his remarks to manicipal bridges, his observations are
applicable to bridges in general. He clearly indicates that
the problem must be approached from many different angles.

The people for whom bridges are built are
interssted not only in a safe, substential structure, dut pri-
marily in the investment involved. Bridges are built not merely
for the purpose of erossing a river but because byuinvesting
& certain amoﬁnt of capital in the entérpriéé.‘a substantial
return is to be realized from the investment by being able to
oross the river. In public works this return may make itself
manifest in the,éonveniénoa to the public, the opening up of
a better and more spacious residentisl aistriot. or in faoili-'

tating access to recreational areas, Any reasonable investment |
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which will oontribute to the general wallnbaing of the people
'13 worthy of favorable oonsidaration—-a bridge strategieally
,or oonvaniently located may, under many eircnmatanoes represent
such an 1nveatment. ' .
In tha beginning of our htstory many bridgea'
were desirable but the stata_hag nqt.tha wealth to 1nvegt in |
maﬁy worthy projects. AtfthiaJtimé ﬁri?ate‘oapital vas induced
to ercot and operate under government franchise a groat ﬁany»
 told bridges. In the majbrity of instances these toll bridges
beoame sources of very. 8atiefaotory returns on invested aapiu
tal and an era of toll bridges entored which flourished for
many years but eventually th@ toll brldge went 1nto disfavor.
The 1dea of toll bridges lay dnrmant for many yeara. The re-
markable increase in the radius of our aotivities within the
past few years, due to the increased uae of motortzed traffic.
haa oreated a demand for roads ann briﬁges which the state has
" not been able to,meet. The result hes baen the revival of the
toll %ridgeé and 1t would seem that Ame;ioafwas now in another
toll bridge era. o o | | |
| | Tha‘saturﬁay Zvening Post gave editorial
approval of this idea in December of 1927, This statement is

roproduced:
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"There is & persistence today in overcoming distance and

aonguering mere physical obstacles that is a new expreasion of

8 struggle with Nature. High standards of life, the all~
pervaaing .automobile, and beyondi that the urge for eommerce
among all ssctions of the country--~these have ushered in an era
of bridpge building that should command attention. OCreat natural
obstacles, such as the larger rivers, bays and estuaries, are
heing overcome on a scale that has largely escaped. public notice.

"The completion last 3ear. 1926. 0f the bridgc between
Philadelphia and Camden helps to cgan the empty spaces of south-
ern lew Jersey to the teeming population of the country's third
largest city. There is no need of moralizing on the Intsrnational
Peace bridge, vhich was opened last summer at Buffalo, The sat- -
iefaction which comes from any oloser 11nk1ng ot OanaAa aad the
United States is obvious.

"Less is. known genersally of the Carquincz Strait apan or
that bearing the name Chowan in North Carolina. The former
crosses the upper portion of San Fransisoo Bay waters and greatly
shortens the trip from Saoramento and inland regions to such Last
Bay cities as Oakland and Berkeley, and to San Franoisoo. The
various portions of San Francisoeo Bay extend for inland, north,
eagst, and south, ths only direct land approach to the city by
the Golden Gate being along a narrow peninsula. It has been a
city with a bottle neck, but the grip of what 13 to this extent
an adverse geography is now partly broken.

"The Chowan Bridge, whiech has been opened within the year,
restores to North Carolina its six lost counties. Looking at
a map of the state, one sees in the upper right-hand corner a.
group of counties cut off from the rest of the state by Albew-
marle Sound and the Chowan River on the south and west, with
the Atlantio Ogean on the east and the Virginia line on . ths
north. : :

: "A few months ago ground was broken for the great Hudson
Eiver Bridge, which will cross, it is hoped in five yeara' tims,
from Fort Washington to Fort Lee. There is also now the Bear
lountain Bridge in the mounteinous section up the river; another

is under way, and in time it may be naoeaaary to link lswsr Han-
hattan with the Jersay shore.

"ianhattan Island is far more olosely rivetad by bridges
and tunnels to that portion of llew York State which lies to its
east than with equally distant sections of llew Jersey to the
west. liore bridges across the Hudson will help to restore the
balance of this somevhat lopsided development. The metropolis
cannot continue to grow unless the rivers and channels which
surround its heart are spanned in many places., Circulation is
its imperative necessity. :
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"lMany of the newer bridges are owned and operated by pri-
vate corporations, but with a limited or terminable franchise.
In this way the immediate users pay for the construction, and
at the end of, say forty years, the state or contiguous coun=
ties become the owners of ths property. In the meantime tolls
pay off the capital which has been invested and a sufficient
income upon the same. - S o :

"le pee no reason why the building of . great bridges should
not go on, for there are many more physical obstacles to be
overcome., ilew York needs several more apans, ‘and San Franoisco
is not satisfied as yet., ZPrivate capital is willing to do much
- 0of the work, and cen be indnced to accept many a commission on

& limited rather than a perpetual franchise, - In this way the
state secures a bridge in course of time without a penny's worth
of cost to the taxpayers. The taxpayers seem to have plenty of
other uses for their money, and as long as private capital can
and will provide faocilities, it should be encouraged to do go."

The Mudson River Bridge will represent an in-
vestment of some sixty millions of dolldrs. but a very careful
economic stuly gives assurance that this tremendous investment
in a toll bridge will be Jjustified. The analysis of thé Hount
Hope Bridge indiocated that the initial investment would be
about $6,000,000 and that the irmediate volume of traffic would
 be about one million vehicles per year. This volume of traffic
is expected to gradually increase. An average toll of 50 cents
per vehicle would retire the bonds in nine years beéidesvpaying
interest and operating costs (operation and maintenance esti-
mated at 325,000 to 330,000 pér year). A 30-oent rate would
retire the bonds in 14 years. 4 rate of 50 cents for the first
five years and a 25~cent rate thereafter would retire the bonds

in 12 years.



- There is, of course, oconsiderable countere
sotion in the instance of toll-bridge projeots, and it is often
declared that such projects are but schemes of the powerful
steel corporations to insure a market for their wares, It is
trus that there is opportunity for mismensgement in this as in
most other projects in which the taxpayer may wltimately be=
come the proverbial goat, but as long as toll pro}qetq are
1nangnratea;upon sound economioc demand and with effective gove
ernmental shpervision and frenchise, there is no valid argument
_apperent to the writor against toll bridges. A demand is met
and those who creeate the demand pay the bill, |

- A series of simple spans Qhurgin a,caxeful
balance has been made between the cost of piers and spans, rep-
resents. a safe, rigid, and economically nstiaiaotory-urelsins.
The item of finding the projeot of minimum cost by adjusting *
longer spans ann’fewer piora againast shorter spana_ana more
plers must be taken into consideration. Series of simple
trusses have been erected upon thc.oantilsver.pxinoipla but
as previously mentioned, this method is nnt-ioonom;eal'and is
used only in épabial c8s868.

However, it is often noaeéaary or desirable |
to oross openings whigh are so deep that the cost of false
work and piers would beoome prohibitive, or a ohannel may de
- used for nagivation and must therefore be kept open. In anoh
cases the cantilever or suspension type must be considered.

Again, the nature of soil and depth of overburden to solid
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bedrock must be taken into asccount and these oonditions will
influenoo the oholos of pier locations. Pnsumatic oaissons

: ate fre@nentlyvussd, but 1t is well to investigate ths added
»coat of suoh work and balance it ngainaf'thm’ooet of greater
- span length and more economiosl pier locations. There are
tremendous reaotions fequired at the points of support of the
larger structures and this question of pier location must be
considered not only from an esonomic gtandpoint but from that
of permanence and stability as well. These points are self-
evident. , . ;

In the cantilever structure there may be a
tendency for the'annhor arm to 1lift from ite support, in which
case it must be anchored. This will necessitate the carrying
of an anchor .1ine to bedrock or the erestion of an anchorage
of such inherent weight as to eounteract the tendency of the
anchor arm to lift., Under different oonditions of loading this
reaotion may be reversed and the anchorage must then mﬁtam
ocoupressive forces. | , _ A
| The suspension hfiﬁge requires peculiar pler
and anchorage conditions. The horigzontal pull of the cables
. reaches enormous proportions andrthose mombqrsfmnst be securely
anchored,  The enchorage of this type of bridge is a oritieal
~ point and many sites which would otherwise be favorable to this
typs of structure are made unfavorable bylthe;inaaequaey of
anchorage facilities, Anchorages may be built which have weight
enough in themselves to be rigid but o bedrock aonnedtion is
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to be preferred. 1In the case of the Delaware River Bridge
monumental beauty was considered worth while and the anchore
agéa were therefore made heavy enough to serve the purpose and
at the samse time were designed along pleasing arehitaotuhl
lines.

The custom of erecting memorisls in commeme
oration of a citizen's, a community's, or a nation's participa~
tion in a.greaf act often finds expression in the erection of
a8 bridge. This idea seems sensible beocause the monument is
achieved and the people who remain have the use 0f the monument
in their daily endeavors. In such oases limitations in selec~
tion of type may be imposed upon the designer in order that the
sentiment be expressed in the finished structure and that the
structure will also harmonige with its surroundings. There
have been ocases ngre an Art Committee had & great deal to say
about appearances of proposed strnétarsa and when too powerful °
such committees may become & serious thorn in the side of fhe
designer. An instance of this is found in the oity of Pitts-
burgh==~the art committee decided that a suspension bridge would
best hermonize with the Burrouhdings of a certain site but
there was no reasonable possibility 6frandhorage for such &
gtructure. The dosignefa therefore devised a self-anchored
suspension bridge and ersoted it upon the cantilever principle.
It is very doubtful if this plan was 5ooz‘zomioa1. but the addi-
tional coat was deemed justified in the interests of art,
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Right-of-way is often a serious problem
and.otten the designer must provide for clearance ovar'aartain
prior claims, The demands of the Var Department that bridges
over & navigable stream mast have certain definite minimum
olsarances accounts for thé otherwise unaxplainable and un~ -
nsaeseary height of some of our structureﬂ above water 167610 '

. The habit of looating railways along river
banks necessitates suitable provisions to keep inviolate the
interests of the railway. The beauty of a suspension bridge,
or of a cantilever for that matter, is greatly emhanced by
pérfectly symmatrical lines, the attainment of which is often .
a aifficult task, due to desirable anchorage or pier sites

being on property vhich cennot economically be oondemnea... ,'
| Strateglc location in the interests of pub-
»lic service and the nature and volume of axpeoted traffic is o
another item to be oconsidered. Traffio ocensus is often. taken
over a period of years in order to deoide upon tha economic .
aaviaability of a proposed struocture. 1In ocase of ‘proposed crogs-
ings now served by ferries, a careful census of ferry traffic
combinéd with real estate or commercial developments will be
‘oonsidered., ‘hen the ferries are privately owned aﬁd,oparated
and the prbposed‘bridge is to be free, ths ferry ocompany may
‘sensibly be damaged and entitled to an equitable settlement.

If the bridge 1s to be a toll project, then the possible return
uﬁon investment and the possible competition with the ferry is

certainly an item.
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" Bridge economics could well becoms a field
of fruitful research in itself. The proposel of a bridge, and
in partiocular a major structure, must be considered from a great
variety of conditions, and the art of coordinating the public
needs, the available capital and materiasls of comstruction, the
natural and 1irnposed 1§étures; and - the aesthetic and monumentel
tastes, 18 a prohlem to try the ingenuity of any designer or
board of dngineora. - '

ECONQUIC LIMITATIONS OF SPANS OF BRIDGES OF PARTICULAR TYPES

- In proposing the definition of a long span,
mention was made of the poesibility of building simple trusses
for spans as great as 760 feet, but it was pointed out that sugh
an adaptation of the simple truss was not economical. It is slso
found that there are limits beyond which it is not eoonomical
to construot bridges of the types applicable to long-span con~.':
struotion. The physiocal limitations would permit spans of maoh
greater lepgth than does the economic limit, Bﬁigpman.btates. +
"Thé maximum span possible to ereot may be defined as the length
at whioh the ratio of intrinsic welght to applied weight be- éﬁxi‘
comes infinite.,"” < RTINS BT

In investigating this problem it becomes evi-

dent that there are apparently csrtain ranges of span length
throngh‘wﬂich certain types of construction will represent the
project of least cost. Also there will appear a partionlar span"
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length at which there will be no economic choige between two
particular types of structure, and this span may be termed as
the span of equal gost for the two types comcerned.

. - Due to the fact that the continuous type and .
arched typs of bridges have received so little attention and -
application in the field of long-span construction, there is
very little reliable date concerning the economic limitation of
these twb_tyyea. Fronm such meeger information as has beconme
available dnue to actual erection of structures of these types
it esppears that 1,000 feet is about the 1imit of their useful-
ness, A hingeless arch has been recently completed in Australia,
_the span of wnich is 1,640 feet. |

- Dr, Steinman studied this problem and after
exhaustive investigation conscluded that the span of equal cost
‘for cantilever and suspension bridges was 1.6?0 feat. Bey@nﬂ',
thié span of 1,670 feet the suspension was best adapted and
offered egonomic advantages. Several years later Dr; Wagdgll
took up the problem and after minnte examinations, which in-
cluded & review of Dr. Stienman's work, deolded that the span Y
of equal cost was 2,190 feet. This surprising disagreement of
520 feet rather forcefully emphasizes the fact that the problem
is difficult to deal with and that specialists, even, will not
always agree upon the negessary assumptions. The fact nust
also be borne in mind that due to changes and improvemsnts in
materinls and methods, the span of equai cost for one period

may not be so for a subsequent period.



| The Portsmouth Bridge across the Ohio was oonme-
pleted in 1927'and has a clear span of only 700 feet. This
structure was designsd for mo@ern highway trafiic, having'th:ee '
traﬁfia lanes and two sidewalks. The project was opened to com-
‘petitive iids and three proposals to erect a cantilever struac<
ture were received. A single proposal to erect a suspension
structure was received and this latter bid was 10 per cent lower
'than the lowest. cantilever proposal,

It thus appears that the most satisfactory
manner in vhich to compare the costs of various types for any
partiouler application is to moke tentative designs for eagh.
This is certainly an item of expense but until it is possible to
attain a closer agreement, by mathematical p;ﬁ&etermingtiqni than
now exists, it seems advisable to make abmparativaldesigns for
any partioulai case. The fixing of spans of equal cost should

receive more attention.
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LOADS AND LOAD SYSTEMS USED IN DESIGN

With a few adjustments and certain minor
assumptions it is possible to dﬁtermine very reliaﬁly the
stresses which occur in the members of a structure due to the
~intrinsio weight of the atruature. .Other dead or statilo loads
m8y be dealt with in equal certainty. On the other hand, due
to the, qfﬁantima. gxtramnivariatioﬁ in nature, magnitude, and
‘point of applioétion of the iiva or moving loads, the stresses
ﬁua to.such loadings cannot be daélt with 1nvsudh certainty.
Lven if auch,moving'loada were entirely regular there would still
remain the streaaea oaused by their kinetic nature and which
are largely ;nﬁatqrminate. Thesa aon&itions have led to the
ganeral~ad6pt1on of,oértain.oonventional load systems which are
_expaqted'to.rayreaeﬁt,.withiﬁ reasoneble limits of error, the
live loads vhich will actually be brought upon the bridge;l.f '
" Cooper's E-BO 1oading waa tha first attempt at the stanﬁardiza-”f
tion of railroad loadings anﬁ 18 8till used to a great extent,
although certain railway companies prefer to use the system in
some modifiad form which is anpposed to more nearly represent
the loadinga as represented by thair own rolling stouk._ Viithin
the paat fow ysara Steinman has publiahed a eyetem of conven-
,tional loadings whs.ch are somewvhat more simple in applioation
than the Copper Bystem and whioh is said to give satisfaotory

rapresentation of actual loads.
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If the maximum moment at any point in a span
dus to a particnlar system of concentrated loads be known it
is possible to compute the load uniformly distributed over the
entire span which would produce the same moment at this same
point.. Now if this be done for as many as, say, the 1/10 span
roints and for a range of spans including all those ordinarily
dealt with it is possidble to plot from this information a sys-
tem;o:ipur&es showing the relation or variation of equivalent
uniform load with span length and at particular points within
thsTepah.’ This system of equivalent uniform loads, although
" not videly used, has much to recomuend it, The limitation of
" the equivalent uniform load is the application to short spans
where the application is in question, but in long spans the
results have the virtue of simplicity end yields results well
within reasonable limita of error,

For highway loadinge the 15 or 20-ton truck
has dome to be the conventional menner of designating concen= .
trated loads. A single truck, or two truoks in tandem, is
assumed to be preoeded and followed by a uniformly distributed
1qad. S;nee many o:‘our modern bridges have three or more
traffic lanes, and often sidewalks and electrio car loadingé.
verious combinations mset be used in order to satiofactorily
represent the actusl loaded oconditions.

A few loadings as applied in the- daaign of the
typical struoctures of the present time will be considered. The '
American Asscciation of State Highway Officials has drawm up &
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a&atém of loading the application of which is exemplified in

the Crooked River steel arch in Oregon. This bridge has two
traffic lanes and it vas aénumoa that a concentration of

21,000 pounds was free to act at any peint in the ‘epan and in
each lane, Further, this ooncentrated load was sn@qrxmpoaea

upon a uniformly distribnted load of 450 pennds per lineal foot
and of suoh length as to cause maximum stress in any particular
member. This,in‘thé class A loading as specified by the asso~

" oiation already mentioned, The stresses ocoasioned by this

statio load was inozsased by an &mpaot coafficient derived from c?y
the ‘formula
w'} 18 ~ 10L & 6500

w = width of roadway

L = loaded length of. sﬁan to prodnne maximum

atreas.

The losds contemplated in the design of the
carquinez oantilevar are as follows: A gonventional 20-ton _
truck wes specified to ‘ocoupy an area 10 feet wide and 32 feet
.long with whsel oanoentrationa of 6,000 ponnds on eaeh front
and 14,000 pounds on each rear wheel, The wheels are assumed ,
to be spaoed 6 fect apart on the front axle and 12 feet apert. ix Z
93,333,5933_3313' ‘The number of trucks per traffic lane was
linited to three, to be followed and preceded by e uniformly
distributed load of 600 pounds per lineal foot. The electrio
car loadings consist of a train of six 96,000-pound cars -

of standard gauge, each car 60 feet long with wheel concen=~
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trationy of 12,000 pounds each, The axles are assumed to be
spaced 6.6 feet in the trucks and the trucks spaced 33.5 feet
center to center. In computations the car loading was comsidered
to displace an equal length of one 1line of motor trucks and
uniform load. ' The pidewalk loading asonsists of & nnitormly
distributed load of 5O pounds per square foot.

' For the dssipgn of the floor system and hangora
a train of 96,000 pound oars each 60:tcet-1cng, as above stated,
was used, while for the trusses and piers a train load of 1,600
pounds per lineal foot and 500 feet in length was speoified,
The train weight upon the bridge is limited to & total of 800,000
pounds, The highway loading for the floor system and hangers
consists ‘0f 20~ton trucks in throe lanna without ths railwny
loads or two lines of trucks with the railway loads.

The Beaver cantilever is a good axample of
rallway loadings. The floor system of this bridge vas propor-
tioned for the carrying of two trains, one on each track, each
welighing 6,000 pounds per lineal foot, and each prtcoded by two
ldoomottves weighing 426,000 pounds, This is Cooper's E=60
loeding, Two trains were assumed on each track wherever split
loading produced greater'syresses. .The trusses were denignéd
for loads 10 per cent less than these, The dead load averaged
about 9 tons per lineal foot, of which .5-ton was for timber
deck and rails. The dead load stresses were computed from
weights figured from the stress sheets, This method was re-
peated until the sections, couputed on the basis of actual
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dead loads, figurad from ahOp drawings, came within 2 per oent
0f the sections used, |
Ths_windlléaﬂa were praporfional by the areas
of exposed surfaces as finally developed, and were equivalent
‘%o about 1,100 pounds per lineal foot for the lower chord for
anchor and cantilever arms and about 1,000 nqﬁnﬁe per lineal
foot for the euspehdod span, The eguivalent uni!oravload for
the top chord was about 600 pounds per lineal foot. These
figures are derived from the assumption of & wind load of 300
‘podnﬁs per lineal foot on the train and So‘pounds‘por square
foot of exposed surfaces of the two trusses, ,
| In the design of the Portsnnuﬁh anspension
of 700-foot span over the Ohio River a 20=ton truck was assumed
to act at any point, or 3, 1lb=-ton trucks abreaat. This loading
for the floor system and suspenders. For the stiffening
trnéaes. Eablea. and towers & uniformly distribated load of
1,400 pounds per lineal foot plus a auperimpoécé,aonoantratiqn
‘of 42,000 pounds at any point. The live load stresses in the
stringers were increased 37.5 per cent for impact, while 30

per cent was added to the floor beams.
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THE STRESS ANALYSIS OF A 1,600-FOOT CANTILEVER BRIDGE

In order t:a the better mmu «ms.n
v‘pointa within the soope of this artiole the writer has clactua

. to inglude herein an mdspement analysis of & uw bridge

_ of the cantilever type. This part of the problem is emtirely
':.hwpothntiaal in the instance of span length and contemplated
(‘ loau. m prinoiplls of Aesxm wro upootna to be oonuistent
with modern practices
It is aesnme& that an openxng ot 1,600 feet
is to be spamed and that physioal oonditians are such that ths
piers may be 8o located as to give a clear main span of 1,000
feet, leaving symmetrical anchor of side spans of 300 feet each.
The. loadings will be the same as those contemplated in the de-
‘sign of the Carquines cantilever. In addition to the loads
spécified the live load stresses in the stringers will be in~
creased 37.5 per cent as an impaot faotor.A/Bimiiar stresses
in the floor beams will be increased 30 per cent to allow for:
impact.
Before contemplating ths confignration of the
propoaed structure an examination will be made of the general
proportions of a number of representative structures of this

same typeé. This examination is mﬁdo in the following tabulation:
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A study of the above tabulation indicates
somewhat of an agreement oonoeming the proportions as applied
to this type of structure. The zatio of suspended span to
main span ranges in the vicinity of ,4 and this value is close
to Waddell* s recommendation of 3/8 or «375. The suspended span
being a simple truss, i1t is desirable to keep i1ts length within
economic limits. Against this consideration, the matter of de-
flection i1n the cantilever arms must be talien Into account.

The deflection at the end of the cantilever arm will be due to
the deformation of both the cantilever and anchor arms. From
this consideration i1t is desirable to keep these sections com-
paratively short. For aesthetic reasons the anchor arms should
be as nearly symmetrical with the cantilever arms as possible,
although this ideal may not always be possible on account of
pier locations and right-of-way considerations. The tower
height may be conveniently determined from a ratio of tower

height to main span. From the tabulation this ratio is seen



«38=

to range in the vicinity of .lé.

In long spans the wind loads become a very
considerable fagtor and the structure must be wider than would
ordinarily be required in order %o provide economical and suffi-
cient lateral bracing. Representative structures indicate that
the ratio of width to main span should range in the vicinity of
+04 and this is close to the apecifieation that the width shall
not be less than 1/20 of the main span. (>

In view of the foregoing considerations it is
decided that the structure shall have the dimensions as listed:

 feet
l:ain Bpano'.o..-.-.a-.oo l’m
Cantilever 8XrMeesccsscee A 300
AnChOTY 8IMeccscecscscsse 300
Suspendad B8Ppallecvssencrcs 400
Height of towerseccecess 166
Separation of trusse8... 45

This selection gives the following ratioa.

auspenﬁad gpan

+40
main span
tower
main span «156
width
maln span - 1085

The width of 45 feet will permit 3, 10-foot
traffic 1&n§s and 2, 7.5-foot éidewalks. less sllowances for
width of truss members. IFrovision ia made in ths gentral
treffic lane for street railway traoks.
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‘The oconfiguration, showing only essential
members. is given on Plate I., while the gomplete diagram is
shown on Plate Iv,

 STRESS ANALYSIS

| To facilitate the determination of stresses
due to imposed loads and to the weight of the strueture itself,
influence lines have bqqn>domputea:and-dfawn. and are showm on
plates I., II., and III., 'These diagramﬂ‘repreaent the direct
stress in the various memba:g.dne o a unit load as it moves
from end to end of the structure. ‘A8 ‘& chegk upon these lines
or diagrams a graphical solution is mede upon the assumption
"0of & uniformly distributed load of one pound per lineal foot
- of truss, which load is assummﬁ;tijroﬁuce concentrations at the
lower panel points. |

The -concrete floor is to resf upon>stael

stringers vhich are in turn supported by bu11t~up plate girder
floor-beanms. The stringers are to be attached to ‘the floor-
beams in such a manner as to give the finiéhqd roadvay a para-
bolic orowvmn of 6 inches. The forms to support and mold the con~
crete floor will be B0 placed as to make the iower surface of
the sleb one inch below the top of the stringera~-the stringers
will then act as chairs for the reinforcing steel which is to
-be_of the fabricated type. :This arrangement insures very definite
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position of reinforeing steel within the slab., The concrete
floor is to be 7 inches thick, exoluéive?of wearing surface,
reinforced on'tﬁa lower side with l-inch square stesl bars
spaced 4 inches center to center, and on the upper side with
1/2-inoh round steel bars spaced 6 inches center to senter.

| In the suspended span the intermediate string-
ers are selected as standard 20-inch, 65.4~pound I-beams, while
the two central or immer stringers which oafry.strect railway
‘loads are aelaoted as 20=-inch, 100-pound Iubeama.

The sldewalks are to be conorete 3 inches
thick, reinforced with 3/8-inch round steel bars on G-inch oen-
ters, placed 3/4-inch from the lower surface. Eho,agﬁéwalkt
stringers will be 10-inch, 26.4-pound I-beans.

In the @esign of floor beems it is assumed
that 1/8 of the web area is available to resist:flange stresses
due to bending moment. In the suspended span thé‘tloo; beans |

are selected as:

‘web plate 1~5/16 in. x 54 in. plate .Q 
sngles 4-5x5x1/2 SN e
L . 45 .¢\°“
cover plates 6-11x1/2 in. -,

2-11:5/8 in. ‘

| In the oantilsvcr aection and in that part
. of the anchor section having 30=foot panal 1ength3 the following
meﬂbers arc selected--the concrete floor andvsiaawalk being

the same throughout the entire structure:
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roadway stringers - - 20 in. -~ 856 1lb. I-beams

| | /24 in, =105.4  do
sidewalk stringers 10 in. - 30  do
floor beams - - IZ 1.« b4 x 6/15 web plate

- 4.« 5 x5 x1/2 angles
- ,6.6"11.1 6/5 cover plates
2~1x 3/4 cover plates.
For the Be.ﬁofoot panals are aelsoted'

roadwaJ atringcrl 20 in. - 65.4 1b. I~beams
24 in, - 79.9 do

.8ldewalk stringers 8 in. - 18,4 do

£loor beams .1 - b4 x 5/16 wed rlate

4-5 x b x 1/2 sngles :
4-1 x 5/8 oover plataa
2 - 11 x.l/é cover plates.

‘There are still two cases to be considered

in the aeleotion ‘0o floor._ beams. which are at the following
‘pointe. the floor beam oaxrying the reaotions from the 22.5=
foot panel on one side and the 30-foot panel on the other.
Aiso is to bé oonsidoréd the  floor béanvaarrying the reactions
from the 26-foot panel on one side and the 30-foot panel on
the other. After consideration of these oases it is dsoided
to use the same girder -in both inatanoea and which has the
following oompoaition~
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6",\‘

1 - 54 x 5/16 web plate g Yo
4 -5 x5 x1/2 angles A

8 - 11 x 5/8 cover plates.

<

In all cases the gover prlates on the plate
girders are to be out off according to the formula:

L, = 2/ Ty ¥ 8, ¥ 8, T . where
A

ap = area of any element of flange group

A = totol gross area of flange (not including 1/8
of the veb)

L = length of girder span
In

‘length of cover plate required.

The panel concentrations due to the dead weight

of the floor system, not including the lower lateral system, are
found to be: |

spans - lbs.

22.6-200te00e« 47,600
25=£00tesssess 54,800
B0=£00tecccaas 66,900
22.5~30-foot.. 57,250
25-30=~f00ts.ss 60,850



THE RELATION OF INFLULNCE DIAGRAMS OF STRESS TO THE
DISTRIBUTION OF METAL IN A TRUSS

In short spana and siupls struotures there is
no great- variation in tho diatribnxion of n»tal throughout the
truss and oertain oupirioal formnlno havo been developed vhich
'~ give, somswhat reliably. the total weight of metal in terms of
span and type of 1oad1ng. After thiﬂ total woight of metal is
thus derived it is considered @s & load uniformly distributed
ovor the lemgth of the span amd the panel concentrations due to
' djad ﬁaight of structure found aooordingly. For minor structures
this muthﬁa'ia‘apparontly satiafaotory, slthough in certain oases
this initial assumption of total weight apd‘diatribntion'of
weight may be Investigated after tentative selsotion of seotions

and proper readjustments made, |
Coming now to the oaao of the gentilever atruo«
tnre it 1s at once apparenx that the assnmption 0of uniform dis=-
tribution of metal would be vcry'mntlyially in o:rer due to the
greater sancentration of metal in the region of the towers.
There are data available eoncerning the total wcighf of mstal
in various bridges of this type but to the writer's knowledge
there is no pudblished method of making a rational tentative dis-
tribation of motal; in faot, s was noted in the review of the
Beaver cantilever, it was seen- that the stresces dne to dead
‘load.of gtructure were Iound by éuoeessivo ad justments of sections

and veights. In considering this situation the thought came to



the writer's mind that if the total weight of metal in the struc-
ture could be adequately predetermined from gomparison with
~other structures or from any source whatever, it should be poss-
ible to obtain a suitable panel dietribntiop factor from a con=-
sideration of influence diagram areas and lengths of members.
It is ationce=appareht that the stress in
any particular member is‘affunotion of the influence diagran
area, that the stress is a measure of the section required,
whioﬁ is a measure of the weight of member per unit of length
0f member; hence, for any partiocular Joint in the structure the
snmmatioh of the products of "influence areas"™ by lengths of .
members will be a measure of the panel concentration. |
Iet A = effective influence area for any member
L = 1ength~o£,the same member; then, -
A X I = the "member factor." | o
" Por any particular joint the panel or "joint
factor” would be the summation of the "menber factors," which
contribute to the joint in queétion, and fdr any joint, J, let
the joint factor be represented as:
Zasiy = "Joint faotor." | |
The aummation of member factors over ths
entire struature is a measure of the total weighx of trnss
metal, and let this be represented aB..

ZA x L = truss factor.



-45-

It is now apparent that the "panel concen-
tration faotor" is the ratio of "joint factor"™ to "truss fao-
tor,” or in the symbolism: | |

,Z:iigi___ = panel concentration factor.
Iax L

Liow a tabulation may be made of "member
factors" from which the joint and truss summations oan be made,
and finally the "panel concentration factor or ratio" derived.

‘, There otill remains an influencing faotor
té be considered; the required sectional area for a tensile
membar‘oarrying a certain stress will be materially less than
that of o compression member carrying the'eame stress. It is,
therefore, neceésary to correct the "member factor" by some
quantity, k, wvhioch will include this difference in metal re-
quired. In thé final form the panel concentration factor ap=-

pears as:

ZKXAjXLJ

= R = the panel concentration factor.
ZkxAxL |
It is nececssary to evaluate the quantity, Ik,
“and it is to be seen that only an approximation of this evalua-
tion can bo made, but it is bélievea that this approximation
may be adequately expressed from the following consideration.
.The aliowable unit stress in a compression
member is expressed in the conventional formula
s = 16,000 - 70 L/r
'wifh an upper limit of 12,500 pounds per square inch. The ratio
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L/r is syséified as 120 for main trucs neubers and 160 for
secondary members, and since most of the members in & truss ot o
the proportions under consideration are relatively long, it is
expected that the upper limit of 12.500 pounds per square inch
will not be often realised. It is declded after these consider-
ations that in the ﬁnall analyaia tm'aéeraée stress in come B
presaion members will be a’bout 11,000 pounﬁa per aqwe meh,
so the correction faotor. k, my be evaluated as:
k= 16,000/11,000 = 145,

o 80 in the following con=
sideration the tension "member factor" is expressed as A x L,
~and the oompz ession "mamher faator” is to be taken as 1.4;5 x
A x L. ”he following ‘tabulation is mae from this oonameration.
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ASfl GQO * DofnLuhon on a’avinfeJ of
4-100 Ibs/ff. pf fr*»55.

>Diafnbwiiori derived from conai”deilaflL’™n

of wti~hH acfuall® SeUefed.

*Pcane{ Poinfs of 5 froefure-.

N|lSumcd total wt- of Contifevef" 2,460,000 Ibs.

Actval  __.__.. - L653, 430 = .
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A study of the tabulations and chart just
.praaepted shows a theoretioal'disfribation of metal which 18 .
at least encouraging. The assumption of the total welght of
truss as 2.460.000 pounds is apparently not good, but the
general agreeﬁent between the forms of the two ourves would
indicate that the proposed method is worthy of further con-
sideration. The panels are subdivided in this structure and
this fact vould probably account for the smaller concentra= -
tions at the sub-panel points as given by the actual recapitula-
tion of weight. This factor oenla bé adjusted in the prelim-
inery investigation by assuming less weight at the sub-panel
points and more weight at the panei points. By}iednoing the
values given on the full graph line in the ratio of 1,653,430/
2,460,000 or .67 per oenf. a nmuch closer agreement between the

. tvo curvés will be found.
SELCONDARY STRESSES -

'In all of the considerations to this point
notice has been taken of primary stresses only. These stresses
are assumed to be due to direct axial loads vhich do not pro-
duce bending movement with auﬁsequant fleknral atfesées. It
is known, hovever, that a framed strugtnré 1s subjected to
variable loading with corresponding déformation there are pro=
duced within the members bending momshts'and agcompanying

flexurel stresses. These stresses occasioned by the deforma-



tion of the structure are known as seoondary stresses. If all
the Joints of the structure were made with frictionless pins,
secondary Btressesvwonld not be present, but due fo,piﬁ frio-
tion in such joints and the inherent rigldity of riveted joints
thcoe secbndary strésées‘do exist and may aasume'prdportioné
as great as fifty per cent of the primary stresses. | »

| - The ocalculation of-aeoendary stressesvis not
an easy matter--the theory is oomparativaly simple in derivaf
'.tion»but decidedly lengthy and tedious in applioation.. Fortu-
nately.\it»is not necessary to consider these stresses in minor
struotures. In the design at hand the lengths of members are
given as actual length of member when stressed under the entire
dead load of the structure, so that when carrying no 117@ loa&
the strueture will ‘be in its norml position. which does not
produce secondary stresses. The deformation will be‘due\to
live loads and temperature variation and since the ratio of
live load to dead load in a struocture of this sort is small,
the ‘deformation will not be great. This arrangement keeps
the secondary stresses due to deformation down to & minimum,

and in this analysis only the primary stresses are conaidered.
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= REVIEW AND. CONCLUSIONS

Long span bridges are distinguished by type
-rather than'actnal span. A simple truss may be adapted to
the same span as would or&;narily dcménﬂ{§ 1ong span type of
structure, but economy will diotate the unclqt cantilsver
auépenaion. continuous, or ardhad types., The noonomid 1imit
of the simple truse is about 600 feet. |

Spans of equal ednt arévnot clearly dﬂtined
and for any partioular case tentative plans should be drawn
‘inoluding sll types spplicable. For spans above 1,000 tcct"
the suspension bridge has preference if bqitahle anchorage ia-
readily available. o -
Avaeilable data concerning bridge toonomiee
are inadequate. | - | o i' )

Toll bridges are'appaiently économically
justified. - | | "

There 1a>ayparéntly a rationai relation
between the effective‘areag_of influence diagrams of stress,
lengths of members, and distribution of metal, This propo-
pition is not completely worked omut in this paper, but the
writer hopas to carry it to a more satisfactory oonolﬁsion |

in a subsequent paper.

o



BIBLIOGRAPHY

Barr gnd Falk 1906 "Design and Comstruction of Metallio
‘ , Bridges.” A short historiocal sketch
but very little information on can-
tilever or suspension bridges. o

Grimm o 1908 "Secondary Stresses in Bridge Trusses.”
o : ' : Causes of segondary stresses and a
treatment of varione methods of deale
with ths problem. Manderla's
method, Maller-Breslaus'’ method,
Ritter's method of least work.

%hnson, Bryan, ‘ '

Turneaure 1911 "lodern Framed Structures." A gensral
congideration of the design of ~
stifiened and unstiffened suspension
bridges. ‘A short disoussion goncern~
ing‘eantilever struotures. ‘

A’h 4
LYjg¥riman 1899 "Roofs and Bridges," Part IV, A fair-
: ‘ 1y oomplete disscuseion of both ean-
tilever and suspension bridges. Also
& oonsideration of history, analysis,
economic length, eto. o o

Steinman 1911 "Suspension Bridges and Cantilevers."

o o An egonomic comparison between these ,
two types of struoture., A4ls0 a bibli-
ography for both types, L

faddell 1906 "De Ronitbus." A general &iscussion
o of the 2:11»11;1“ of design to be ob-
served n ltmtual verka -

YWaddell 1916 "Bri Bngimring." A very exten-
' ’ -sive treatment of the subdjest. Dead
weights, weighta of struotures, eta.
Eoonomies and aesthetics in design.
Better for cantilever type than for

sugpension. o ’

3*

VWaddell ‘ 1921 "Eeouomioa"of Bridge Work." An exten-
sive economic discussion of the field.

{ng;? Carquines Cantilever. OCompleted in
The i’rotoaaional Engineer, June, 1927.

Engineer and Contracting, Vol.1l2, No.6.
Engineering News-Record, Vol.95, p.b07.



BIBLIOGRAPHY (Concluded)

Transactions of the Amer,
Soc. 0f Civ.Eng,.,
Yol, 90 '

| 47 0l.1IV., 1905

VQI.LXXIIL s 1911
- 1984

1923

V61, V., 1905

Vol XXII., 1890

Vol,lLXXXVI,, 1928

ggé&ﬁ/;n& Xinne

rgg;czmd loading for hﬁhﬂ es,

Graphioal mathpa of 3~momsnt problem
and modification to the determination

" of scoendary streaueu.

Bri&go asnlopmt in America.

Report caocerning the Bcavaz Cantilever
Bridge. Complete and detailed.

Bpeaifiaatianc for atcol Kighuay Bxiagon.

page 41b. Gaod disous

011.
Steinman, eto.

. “An extensive discussion eanﬁcrning

specifications, d.eign, rallway load-
11188. Gtﬂu

Extansive discussion and thnory eon-
gerning stiffened saspenaion bridges.
“Lindiazhal desi

Eatea on the Porth Bruge.' Largezy
desoriptive.

Locomotive loadings for railway bridgea.

.Stainman. Also sse specifiocations.

An indigtment agatnat cooper'a on

"ioveable and Long Span Briéges."

A oomplete treatment of varions types

including continuous. eﬁnttlsvex..and
auapansion. , o



 BIBLIOGRAPHY (Continued)

Melan-Steinman 1913

Enginuring Hows~

Regord

' 701.96. mgc 'm

Vol,96, page 438

AL -
Vol.,96, psgc m

28 July, 1927 .
20 April, 1908

s

Vol.97, page 602 ,

. (A : '
Yo .Qfg.‘ yage 996 ‘

vdg.’egfmo 908

Vo1.95, page 107

;‘/leXJ

V01.99, page 499

| "thory of Arches and

--extensive of struc

neion 32'1‘.8"’

A rigorouns treatment of subjeot and

principles of Mntg}wppnublo to thn mt
.Bt ' A

Ioading and tm«tum&inthnm
of highway bridge mOrcgm..

Proposed cantilever of novel aoaign. ‘
Egonomioc 41 mssiam

Unusual ommuon bri&m. Loa.ung used
m “.m. ‘t.ﬁ . ’

Qenurnins a cantilever at Montreal.
8ix h:snt oant:ll«u brugn m thc

) world.

Ereoting a ul:t-cmhom auponaien

- bridge on thn eantilever prineciple.

Bolf-anchom suspension- m‘.. _

ia auxomu suspension bridge bult m

mxct'l moptun of what a bxﬁ.agn
mm be,

&cucﬂ's suspension b:ﬂsn bult in 1826,
Dolamo River Suspension Bridge.

\>>" Journal of the Franklin Iutitnto. Oot..

1926, Moissieff's report oonce _
--towers, oables, and stiffe trusses,
Pinal repor oi the Delaware River Bridge
comiuzon. ( Oiv. Eng. office). ZEng.
xcw-mm. Vol.99, page 530, 578.

%8 K:uoxjachrlgupemion (8.600' span)
ewB-Heo
* o * 3 ook 1087 |

do ‘ zo Ooct., 1927,



ocvo dBIBV

RT g =A

N

wn KV

1=121 -B

"3 A3

oy

S5V X NgRO=SOT P

R

= ==]

NOitviiznn do ssoi
ti0d OBOdVHO 38 TIIAA
001%$ JO 33d Vv B.3>100d

>1008 WOtid QdVO
SIH+ 3A0H3” -LON 0OQ

C2



NoOte. The str s5d»a fam -for un*form unit load »3 S5upplem”oiry

to the. influence diagrams of Strc$Se+ The Stress inany
portVcular memfeer as taken from the Stress diagram
must equal the algebraic Sum of the influence

diagram areas f*r the Same member. An immediate
check i$ thus obtained.
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Cone*ntration from 400 ft. Suspended 5Spen.
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STRESS DIAGRAM FOR CANTILEVER SECTION
ASSUMING A UNIFORM LOAD OF 1 LB./LIN. FT.
OF TRUSS OVER ENTIRE STRUCTURE.
SCALE : 1 a)o fe.
01 L-z

UNIVERSITY or ARIZONA

DEPARTfIENT of CIVIL ENGINEERING.
P R A 1600 FT. CANTILEVER BRIDGE.

SCALES: INDICATED.

OCTOBER 1928.



7 conce-nfro+tiona © Z2.J 26.Zf

497 .7 9 Concenfrotiona <3 "0 2150 Concen t-rat'ion “Yom Suspended Span-
hof'e’. Dio~rams for members 9 10, 1Z-1J e+c. nof shown.
Diagrams for these members will be of fHe fype 6-7, and
fhe stress in any member as,6-7, will ba egual in magnitude
to 6-8 plus the panel concentration , but opposite in sense.
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INFLUENCE diagrams for stress.
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UNIVERSITY of ARIZONA
DEPARTMENT or CIVIL ENGINEERING.

A 1600 FT. CANTILEVER BRIDGE
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NOV. 1928.



5TRE55 DIAGRAM FOR UNIFORM LOAD OF 1LB

Scales =1"=Z0‘ =)0 Ibs.

16 @ zy - 400"
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Error in closure
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INFLUENCE DIAGRAMS FOR STRESSES IN MEMBERS .
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UNIVERSITY of ARIZONA
DEPART ME NT of CIVIL ENGINEERING .

A 1600 FT. CANTILEVER BRIDGE!

SCALES INDICATED.
OCTOBER 1928.
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