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Bridges h a w  beta important and have made 
an active olaim upon human ingenuity eince the d a m  of civil
ization* nature first demonstrated the possibility of a cross
ing over streams or otter openings without obstructing the 
opening itself. Waddell has, as a frontispiece in hie work 
"Bridge Engineeringa rather imaginative portrayal of a band 
of monkeys crossing a stream by means of an animated chain*
One monkey has attached himself to a tree and holds to another 
monkey who in torn holds to another and so on. This animate 
chain first acts as a pendulum until the head monkey oan, at 
the end of the"swing, grasp a tree trunk on the opposite side 
of the stream. A suspension bridge is thus completed. Human 
chains have been recorded in connection with certain rescue 
work. Most of our lessons come from natural manifestations and 
it is not surprising that man contrived to fall tross across 
space after having crossed on those felled by nature. Swing
ing aoro os a stream on a grape vine was the classical manner 
in which to elude one’s pursuers during the conquering of our 
own wilderness. The Hellespont was bridged by a system of 
pontoons which permitted the crossing of an army. Every stu
dent of Latin must be somewhat familiar with the genius of the 
Boman military engineers. Man has closely observed and well 
learned the lessons of nature, and chasms, torrents, or mighty



rivers are no longer serltme obstacles in the path of the 
march of progress*

fh® baiiaing of a bridge m s  eonoidered in 
the light of a glorious achievement in the earliest of times 
and daring the Middle Ages there m o  a monastic brotherhood—
The Brethren of the Bridge— who considered it a sacred privilege 
to be permitted to participate in such undertakings. Today 
the completion of a new street ore is the occasion of pub lie 
celebration and the dedication ceremonies are conducted in all 
dignity. In more recent times uo have seen, and benefitted 
by, the great advances made in bridge engineering due to 
greater information concerning the various problems involved 
and the ability to fabricate finer materials into the completed 
structure. The layman of today rather takes scientific de
velopments for granted, bat to those who have been confronted 
with the problems involved in the building of a bridge, for 
instance, cannot bat marvel at the stiooess which crowned the 
efforts of those anoient builders who could only build upon 
inspiration and experience. The open spandrel arched masonry 
bridge was developed by an ingenious builder after his solid 
arch or filled spandrel had twice failed— the open spandrel 
m s  devised to lessen the load at the haunohes, experience 
necessitating a new idea in design*



fiie greatest advance in the science of 
bridge engineering bee boon made well within the past cent ary# 
Oar stupendous structures of today are the product of a thorough 
knowledge of weights and loads* the stresses caused by the 
application of such forces, the behaviour of the members under 
sttoh stress, skill in the making of materials of oonstraction, 
the soienoe of using these materials to the best advantage, and 
fabricating them Into the completed structure• Most institu
tions have, at some time during their histories, a golden age, 
and it would appear that bridge building, as a soienoe, is en
joying, or is soon to enjoy, this glorious page in its history.

Stone was the first material of importance 
and most of the famous bridges of the past were constructed of 
this material. Timber has always had its place but is not 
mechanically applicable to major structures and does not havo 
the pormanenoo demanded in minor structures. Its importance 
as a structural material must not be belittled, however.
Wrought iron and east iron were tried and enjoyed the struc
tural lime-light for a while and then gave way to steel. It 
is with steel that the wonders of today have been effected and 
it is with this material that wo shall concern aurselvos in its 
application to long span bridges. With the economic production 
of special alloys and with tho effective heat treatments to 
which sadh alloys are subjected, a structural material has 
been developed which is specially suited to our needs. Even 
the engineer is somewhat awe-atrioken at the proportions of



some of oar modern straotaroo, the greatest of which is now 
under construction over tho Hudson Hivor. Shis stupendous 
structure is of the suspension typo and is to have a clear 
span of 3,600 foot—-nearly three-quarters of a mile*

LOHG SPA1J BBIDGSS

long span bridges have been mentioned but 
no definite limit has, as yet, been set beyond which a span 
shall he long and below which a span shall bo short* This line 
of division is not definitely drawn but oan be approached from 
a consideration of the various types of structures*

The most simple structures aro those composed 
of a simple, or a system of, simple beams suitably supported 
and upon which decking is placed to permit the passage of vehi
cles or to receive certain loads* The limiting span for a 
structure of this typo is generally specified as 30 foot* For 
spans ranging between 30 and 80 feet the plat® girder is usually 
specified. The plat® girder being a built-up member of steel 
which acta as a beam, but due to the concentration of metal at 
the flanges it is more economies! than an ordinary beam. Be
yond 80 foot simple trasses are usually the most economical 
structure to use, although architectwl or aesthetio demands 
may decide the use of trusses of special oonfiguation or pure 
arches. Simple trusses, structures which arc statically deter
minate, have been built to bridge spans as great as 760 feet.



However, the economy of ImiMtng a simple trues with this 
span is in question* and. it ie apparent that other typoo could 
he built for the same opan with an economy of metal and. erec
tion cost. While it is mechanically and structurally possible 
to build simple trusses of greater span, it is not the typo 
of least cost, There w i n  be some particular span vMoh will 
mark the economic limit of the simple truss and beyond this 
limit it is economically desirable to employ some other type 
of structure. This economic limit of the simple truss may be 
taken as the end of the short span and the beginning of the 
long span. This span is, aooording to modern praotioe, about 
600 feet.

In most oases of simple span construction 
it is customary to erect the structure upon false work which 
is removed after the erection and connection of the essential 
members of the trass. This false work is, of ocurse, an item 
of additional expense and will interfere with commerce in case 
of a navigable stream being bridged. Long span construction 
does away with most of this falsework and it is entirely elim
inated in the main spans, This fact of erection often deter
mines the type of bridge to use in any particular instance.
If a gorge is to be crossed, of such depth as to make the use 
of falsework impracticable, it is very desirable— and often 
essential— to be able to build without falsework. It is, of 
course, possible to erect a simple span upon the cantilever



principle, but due to the dhot that the erection stresses will 
be different in nature to the, stresses ooearring in the com
plete structure it becomes necessary to design primarily ten
sion members to withetazul ocapression erection stresses, and 
such procedure is not economical of metal. This is quite fre
quently done in very short spans. One of the distinguishing 
features of the long span construction is the erection, of 
the main spans at least, without the uso of falsework# and the 
members of the completed structure have stresses of like nature 
as those experienced during erection.

TYPES OP STRUCTURES SUITABLE TO 1010 SPMS

The uastiffened suspension bridge was tho 
first typo of structure to be applied to long spans, followed 
by the continuous truss. Out of the development of the con
tinuous truss oaoe the cantilever type which for a while al
most totally eclipsed the continuous type. Besides these 
three types must be mentioned the braced arch whether three- 
hinged, two-hinged# or hingeless. This latter type has been 
used in some very notable present-day examples, but the eoonom- 
ioal limit does not greatly exceed that of the simple truss.
The types of structures most readily applicable to long spans 
are brought down to the following list:



?

Suspension
■ Oantllerer ■" •
Continuous

- ' Arohet. ' ■

THK COmHUOTS fBOSS

If a beam be supported at its ends in suoh 
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 
bo simply supported arid statioally determimte. If a third 
support is introduced between the end supports the beam beoomes 
continuous and is no longer statioally determinate* fha magni
tude of the intezwdlate reaotion will depend upon the stiff
ness of the beam and must be determined from a consideration of 
the deflection of the system under any particular loading.
Since trusses act in a manner similar to beams, this same method 
of analysis is applicable to this typo of structure as well.

As previously mentioned the continuous truss 
was an early structural development and was frequently used in 
the first half of the last century. Shortly after 1060 this 
typo 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 America. This was the Laohine Bridge over the 
St, lawrenoe River near Montreal, It was built as a cantilever 
and then converted te a continuous type for the live loads. In
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1917 was completed the Solotorille Bridge across the Ohio Blvor. 
fills bridge ha® two continuous spans of 775 feet each. Since 
this time tho type has been given more attention and should 
certainly bo included as a standard typo in American practice.

The first and most common objection raised 
against the continuous truss is its static indoteralnateness.
It is true that tho analysis of an indeterminate structure is 
much more involved than in the case of simple structures, but 
methods have been developed by which the analysis can be made 
with ae great a certainty as that of the simple type and the 
increase in time and expense due to such analysis is lost in 
tho decrease in cost of the continuous type.

It is true that an unequal settlement in the 
piers would cause a change in the magnitude of the stresses in 
the members and might even cause a reversal of stress. This 
objection is frequently raised, but what engineer is going to 
place a major structure upon piers subject to settlement without 
also including arrangements to compensate for such possible 
settlement?

In nearly all specifications concerning the 
design of bridge members, special notice is given to those mem
bers subject to a reversal 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 specifications 
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 if these stringent specifleatiens are enfozeed 
one of the most potent eoaroes of economy of the continuous 
over the simple type is severely reduced.

Modern practice indicates that the continuous 
type of bridge is sound in every way and it is especially appli
cable to oases or sites having the following conditions*

Long span
Moderate truss depth 
Piers of moderate height 
Good foundations 
Spans approximately e^ual 
Cantilever erection.

THE C ASTI LEVER TYPE

A beam supported at an end and at. some inter-
■ •' . ■ ' : ,  .mediate point constitutes a cantilever system and the portion

of the beam which projects beyond the intermediate point of 
support, and whose end is free, is called ths cantilever arm—  
the remaining portion of the beam being the anchor arm. If the 
beam is so loaded that the moment of the cantilever arm about 
the support at the intermediate point is greater than the moment 
of the anchor arm about the same support, then the system will 
tend to rotate about this point of support and the reaction at 
the end support will become negativee



If, in the case of a oontimoiiB beam or 
structure the elastic ourve bo plotted, it will bo soon that 
this purrs has points of oontraflexuro. It may be shown that 
for a particular system the travel of this point of contra- 
flexure is confined to relatively small limits as the nature 
of the loading is changed over a very considerable range. It 
is also known that the moment in the truss or beam is zero at 
these points of oontraflexuro. These foots led Ritter, in 
1860, to propose to out the continuous structure at the points 
of oontraflexuro and introduce rockers or hangers incapable 
of transmitting moment at the points of severenoe. Such a sys
tem would become 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 statically determinate the con
tinuous type, from which it developed, was discarded and par
ticular attention given to the cantilever type• The stamp of 
publio and professional approval became so firm that on era of 
• cantilever bridges was entered with the result that a great 
many of these structures were erected without reference to 
eoonomio suitability. A large number of these were not econom
ically justified sinoe a series of simple spans or a continuous 
structure could have been built at less oeet.
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The first great bridge of this type vrao that 
across 'the Jflrth of Forth and whloh was completed in 1890,
This structure has a clear span of 1,700 feet and remains as 
one of the outstanding engineering achievements of modern times. 
After the completion of this bridge there were numerous others 
erected but of lesser spans# The notable examples were the 
Hudson River bridge at Poughkeepsie * the Honongahela cantilever, 
the Beaver, and the Oarfuinez. The greatest cantilever bridge 
yet built is that across the St, Lawrence River at Quebec*
This structure has a clear span of 1,000 feet and was completed 
in 1917 after two major disasters, but the structure as com
pleted remains as one of the greatest examples of the typo. The 
Oarquinoz cantilever has a clear span of 1,100 feet; it was 
completed in 1927 and is a splendid example of the typo as 
applied to highway traffic. For a study of details and connec
tions as applied to this type of bridge construction the St. 
Lawrence, Oarquinez, and Beaver cantilevers are outstanding 
examples, ■ ' - . . . ■ : : .

The cantilever bridge is a proven type and 
will undoubtedly remain as a standard type in American practice• 
Its particular limitations ore a lessor degree of rigidity, 
and mere steel per unit live load carried— both of which must 
be waived in sites peculiarly adapted to this type of structure.



SHH SWEMSIOI BHIDGE

The easpeaslga ’bridge oonsiete, essentially,
Qt a passaeaway attached to a cable, or to a system of cables, 
which has been placed.across and opening and suitably anchored. 
The vertical loads imposed upon the structure cause her1mental 
pulls at the points of support and at the anchorages. In its 
einple adaptations, at least, it may be used at almost any site 
where there is sufficient clearance for the sag or deflection 
of the cables and suitable provisions for anchorage. Aside from 
the simple beam bridges and the masonry areh, this type of con
strue tion enjoys the greatest antiauiity. It is known that sus
pension bridges existed in China nearly 2,000 years ago. 
tor Ians believe that China and India produced the first suspen
sion bridges in vMoh iron chains were used# One of these in 
the Province of Ytranan is deserlbed by Kirohen, and is said to 
have been built by order of the Emperor Ming in 65 A.D. The
length of this structure is given as 500 foot and like all ethers
■ " ■
in that country prior to the sixteenth century it had the plank 
floor laying directly on the chains. Many others are reported 
in China, among them being one over the River Pei with a span 
of "several hundred" feet. A remarkable one is in Hindustan 
with a span of 600 feet over the Sampoo River, and is described 
by Major Hamel. In 1802 Humbolt found a suspension bridge in 
Peru crossing the Chart© River, with a span of only 40 foet, 
the oableo of which were 3 feet in diameter and made up of



twisted roots# He found another with a span of 131 feet with 
cables 4 Inches in diameter, supported on timber frames# the 
cables being attached to poets driven into the ground. Others 
in South America had cables made of oow-hido. One of tho 
earliest known suspension bridges in Europe was built by sol
diers in 1616 to transport artillery over tho Padue River in 
Italy, fhe first suspension bridge recorded in America was 
built by Finley in 1706.

The cables may bo built up from wrought iron 
or forgod steel links, either forged together or pin connected. 
This forms one of two distinct types of cable, tho other being 
units of stranded or parallel wire units* In any event, the 
cable is more or less flexible and free to assume various posi
tions of equilibrium when subjected to various load conditions, 
for light loadings and unimportant structures a distortion 
under moving loads may riot be Intolerable, but for major struc
tures endh distortion is to be avoided and for this reason 
suspension bridges may bo either simple and unstiffened, or 
stiffened and comparatively rigid structures.

In the case of the unotiffoned bridge a con
centration imposed upon the structure is transmitted directly 
to the cable at not loss than ono nor mere than two points and 
this condition is conducive to large local deflections. If, 
however, tho structure upon which tho passage way is placed is 
made stiff and somewhat rigid there will be a distribution of 
oonoentrated loads over the entire length of tho cable, depending
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upon the degree of stiffness or rigidity of the frame BUependod 
fro® the cahles. The introdaction of this somewhat rigid stiffen
ing atructore is the Aistlngalshing feature of the type of 
straoturo known as the stiffened suspension bridge, fhio lat
ter type is the one moot frequently enoountered in modern prac
tice and also most adapted to modern traffic. It is also the 
best solution which has as yet been offered for the ease of very 
long spans. The exceptional features of this type of bridge 
which makes it so especially suitable to the long spans are, 
its inherent latteral rigidity, comparative ease of erection 
without the use of falsework, and the marked predominance of 
members carrying tensile stresses.

Continuous, oantilever, and arohod bridgee 
have been fairly well developed and standardized within the 
past quarter-century— the improvements being made more in the 
matter of proportions and details and less in general princi
ples of design. The suspension type, on the other hand, still 
offers a diversity of major principles in design from which to 
select and apply to any particular structure.

In 1826 the Seguin Brothers, in Franco, made 
a series of experiments with stranded wire cables and their 
results wore accepted with the subsequent erection of a number 
of suspension bridges in which this type of cable was used.
There are, however, inherent disadvantages to be noted in the . 
consideration of a stranded cable, the prlnoipal objection 
being the uncertainty of any mathematical dealings with the



problem of the ratio of etroos to strain and the farther an- 
certainty of elastic recovery upon the saoeesaive application 
and removal of loads. The removal of this objectionable fea
ture of wire cables mast be attributed to Roebling who first 
introduced tho parallel wire cable, in which the individual 
wires which compose the cable are all parallel to the longi
tudinal axis of the completed oablo. Gables of this typo have 
oome to be one of tho most important adjuncts to ̂ modern suo- 
pension bridge practice. They ore almost universally spun in 
place, with very little uncertainty concerning the behaviour 
of the cable under stress and the distribution cf stress among 
the individual wires which compose the cable as a whole.

The search for materials having high tensile 
strength has led to the use of heat-treated wires in some of 
the present-day structures, but there is still much to be done 
in this respect, as is very forcefully brought home In two 
structures being erected dt the time cf this writing. In the 
spinning of the cables"for the Mount Hope suspension enough of 
tho individual wires broke during the spinning operations to 
excite concern which eventually led to the condemnation of the 
cables. A bridge under construction at Detroit had its cables 
already in place and much of the suspended structure attached, 
but the cables had been fabricated under the same specification 
as those of the Meant Hope bridge. There had also been a few 
failures of individual wires during the spinning of the Detroit 
cables but not enough to warrant a condemnation. However, after



the ooMemnation of the Mount Hope hridgo it v/gb decided to 
dismantle the Detroit bridge and replace the cables# These 
operations are very expensive both in time and money and force
fully illustrate the oare which must be exercised in these 
things and the field for further experimentation and perfee- 
tion.

The eye-bar ohain is the other alternative 
in the matter of cables, and is gaining favor after having been 
practically discarded in favor of the parallel wire cable.
The pin-connected eye-bar chain has a number of desirable fea
tures, The links may be made, treated, and tested before being 
put in place, and due to the apparent uncertainty of heat- 
treated materials this possibility of tests upon the full-Bleed 
member is desirable. There is also a variation of stress along 
the length of the cable increasing as a function of the slope 
from the center to the point of support. Since the eye-bar 
ohain is made up of links it is possible to vary the oross- 
aeotion in proportion to the stress, and suoh an arrangement 
loads to an economy of material.

The method of arranging the cables in their 
saddles at the tops of the towers has received a great deal of 
consideration. As the main and side spans 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 friotionlesa sheave as a cable 
support at the top of the tower, equilibrium would readily be



reetorefl by a travel of the oablo over the sheave. Such an 
arrangewnt io not feasible, eo the first aovelopzmnt v.-as to 
moafat the saddle on rollers so .that equilibrium oonld he main
tained by a travel of the saddle", vshioh travel would change 
the distance between supports in accordance with load and tem
perature variations. However, due to the fact that the vertical 
reaction at this point is of rather large proportions* it has 
been found that this readjustment was not smooth and inotan- 
taneous but lagged the load and tempo rat ure variation and made 
jerky readjustments. These jerks,•aside from terrifying people 
who happen to be on the bridge at the time, cause rather severe 
and indeterminate stresses in the merib ere of the structure.
The praotloe of rigidly fixing the cable to the saddles and the 
saddles to the towers was evolved from those considerations.

Even when the cables are fixed to the towers 
there must still bo some provision to permit readjustment of 
span under load and temperature variation in order that equil
ibrium be maintained. This must be accomplished by the towers 
themselves. In the earlier developments the towers were built 
of masonry and were comparatively rigid and their behaviour 
under lattoral forces In the vertical plane of the cable would 
be questionable. However, sinoe the cable is fixed to the tower 
ithis essential displacement in tho vertical piano of the cable 

, must bo provided by a deflection of the tower. This requirement 
led to the introduction of the steel tower, the first notable 
example of which being those used in the Williamsburg bridge,



which was completed, in 1904, Any considerable deflection of 
the top of the tower would cause as much eccentricity and re
sultant bending moment. Since the vertical reaction la large, 
a email eccentricity would produce a 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 this 
idea lies in the low and indeterminate efficiency of the rookers 
and the entrance of a bending moment due to rocker friction.

Moat of the outstanding examples of suspen
sion bridges In the past ton years have shown a tendency to
wards the fixed-base tower, although there have been enough 
hinged-base towers placed in operation to leave the final deci
sion somewhat in doubt. It is probable that the fixed-base will 
eventually predominate. The Port Lee bridge now under construc
tion is to have parallel wire cables and fixed-base towers.

The configuration of the suspension bridge 
has recently received some attention. The conventional design 
is the parallel wire cable from which is suspended a parallel 
ohord stiffening truss, usually of the Warren type. At the cen
ter of the main span the cables may be very olose to the stiffen 
ing ̂ u s e  and such a condition has caused certain designers to 
remark upon the proximity of two major menbers, one acting in 
tension and the other acting in compression. If one member 
could be placed which would perform the duty of both cable and 
truss ohord, there would bo a tendency towards cancellation of



stress and a resultant saving in metal. Also a study of the 
bending moments as they ooour in the stiffening tarnss reveals 
a maximum m a r  the quarter points* These considerations led 
Steinman to propose, design, and ultimately build a bridge at 
ZLorianapolis, Brasil, which he has designated as a suspension 
bridge of the Florlanapolls type. This type combines the oable 
and upper chord of stiffening truss in the central portion of 
the main span and farther gives a stiffening truss of varying 
depth, with its greatest depth in the region of the maximum 
bending moments. The writer has proposed a suspension bridge 
of the Plorianapolls type, the configuration of which is shown 
in the accompanying sketch.



BATURAL AID IMPOSKD LIHITATI0B3 AR920TIBG TH2 SELEOflOB 
AHD ADAPTATIOB OP TEE TXPE Of 3THU0TURH TO PARTICULAR SITE

Leon Moisaoiff was Engineer of Design cm the 
Delaware Hirer "bridge* In an address to a mooting of the frank
lin Institute Mr, Molesoiff remarked, "The planning of a munic
ipal bridge is the art of coordinating into a woll-balanoed 
system the demands of ooramoroe and travel with land values and 
allowable finances, and of the available materials and means 
of oo ns tract ion with economic efficiency and monumental beauty. 
Some of these footers are determined by laws, some are directed 
by public opinion, and others ore loft to the knowledge and 
judgment of engineers and architects.^ Although Mr. Moisselff 
limits his remarks to municipal bridges, his observations aro 
applicable to bridges in general. He clearly indicates that 
the problem must be approaohed from muay different angles.

The people for whom bridges are built are 
interested not only in a safe, substantial structure, but pri
marily in the investment involved. Bridges are built not merely 
for the purpose of crossing a river but because by investing 
a certain amount of capital in the enterprise, a substantial 
return is to be realised from the investment by being able to 
cross the river. In public works this return may make itself 
manifest in the convenience to the public, the opening up of 
a better and more spacious residential district, or in facili
tating access to recreational areas. Any reasonable investment



which will oontrihate to the general vrell-heing of the people 
is worthy of favorahle oonsi4earation~-a bridge strategically 
or conveniently located may, under many olzoumatanoea represent 
auoh an inveatmont.

In tho beginning of our history many bridges 
were desirable but the state had not tho wealth to invest in 
many worthy projects. At this time private capital m s  induced 
to erect and operate under government franchise a groat many 
toll bridges. In the majority of instances these toll bridges 
became sources of very satisfactory returns on invested capi
tal and an era of toll bridges entered which flourished for 
many years but eventually tho toll bridge went into disfavor. 
The M e a  of toll bridges lay dormant for many years. The re
markable increase in the radius of our activities within the 
past few years, duo to tho increased use of motorized traffic, 
has created a demand for roads and bridges which the state has 
not been able to meet. The result has been the revival of the 
toll bridges and it would seem that America m s  now in another 
toll bridge era.

The Saturday Evening Post gave editorial 
approval of this idea in December of 1987• This statement is 
reproduced:



”There is a pereistenoe today in overcoming dlotanoe and 
oonqaering more physical ohetaolse that is a new oppression of 
man’s straggle with Nature. Eiĝ i standards of life, the all- 
pervading automobile, and beyond that the urge for commerce 
among all sections of the country— those have ushered in an era 
of bridge building that should command attention* Great natural 
obstacles, suoh as the larger rivers, bays and estuaries, are 
being overcome on a scale that has largely escaped public notice*

"The completion last year, 1926, of the bridge between 
Philadelphia and Camden helps to open the empty spaces of south
ern lew Jersey to the teeming population of the country’s third 
largest oity. There is no need of moralizing on the International 
Peace bridge, which was opened loot summer at Buffalo* The sat- • 
lefaotion which comes from any closer linking of Canada and the 
United States is obvious,

"Less is known generally of the Carquines Strait span or 
that bearing the name Chowan in Month Carolina* The former 
crosses the upper portion of San Franeieoo Bay waters and greatly 
shortens the trip from Sacramento and inland regions to such last 
Bay cities as Oakland and Berkeley, and to San Pranoieoo* The 
various portions of San Francisco Bay extend far inland, north, 
east, and south, the only direct land approach to the oity by 
the Golden Gate being along a narrow peninsula. It has been a 
oity with a bottle nook, but the grip of what is to this extent 
an adverse geography is now partly broken.

"The Chowan Bridge, which has been opened within the year, 
restores to Worth 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 Albe
marle Sound and the Chowan Elver on tho south and west, with 
the Atlantic Ocean on the east, and the Virginia line on the 
north*

"A few months ago ground was broken for the great Hudson 
River Bridge, which will cross, it is hoped in five years’ time, 
from Fort Washington to Fort Lee* There is also now the Bear 
Mountain Bridge in the mountainous section up the river; another 
is under way, and In time it may bo necessary to link lower Man
hattan with the Jersey shore,

"Manhattan Island is far more closely riveted by bridges 
and tunnels to that portion of Bew York State which lies to its 
east than with equally distant sections of Hew Jersey to the 
west. Here bridges across the Hudson w i n  help to restore the 
balance of this somewhat 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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wUany of the m m r  bridges aro owned and oporatod by pri
vate corporations, bat with a limited or terminable franchise*
In this way tho immediate users pay for the conatmitlon, and 
at the end of, say forty years, the state or contiguous coun
ties become the owners of the property. In tho meantime tolls 
pay off the capital which has been invested and a sufficient 
income upon the same,

nWe see no reason why the building of great bridges should 
not go on, for there are many more physical obstacles to be 
overcome. Hew York needs several more spans, and San Franoiseo 
is not satisfied as yet. Private capital is willing to do much 
of the work, and can be induced to accept many a oommiseion on 
a limited, rather than a perpetual franchise. In this way the 
state secures a bridge In course of time without a penny’s worth 
of oost to the taxpayers. The taxpayers seem to have plenty of 
other uses for their money, and as long as private capital oan 
and will provide facilities, it should be encouraged to do so."

The Hudson Elver Bridge will represent an In
vestment of some sixty millions, of dollars, but a very careful 
economic study gives assurance that this tremendous investment 
in a toll bridge will be justified. The analysis of the Mount 
Hope Bridge indicated that the initial investment would be 
about $6,000,000 and that the immediate volume of traffic would 
be about one million vehicles per year. This volume of traffic 
is expected to gradually increase. An average toll of 60 cents 
per vehicle would retire the bonds in nine years besides paying 
interest and operating ooets (operation and maintenance esti
mated at $85,000 to $30,000 per year). A 30-oont rate would 
retire the bonds in 14 years. A rate of 50 cents for the first 
five years and a 86-oent rate thereafter would retire the bonds 
in 18 years.



There is, of course, considerable counter
ection in the instance of toll-bridge projects, and it lo often 
declared that such projects are but schemes of the powerful 
steel corporations to insure a market for their ware®. It is 
true that there is opportunity for mismanagement in this as in 
most other projects in which the taxpayer may ultimately be
come the proverbial goat, bat as long as toll projects are 
inaugurated upon sound economic demand and with effective gov
ernmental supervision and franchise, there is no valid argument 
apparent to the writer against toll bridges. A demand is met 
and those who create the demand pay the bill,

A series of simple spans wherein a careful 
balance has been made between the cost of piers and spans, rep
resents a safe, rigid, and economically satisfactory crossing. 
The item of finding the project of minimum cost by adjusting 
longer spans and fewer piers against shorter spans and more 
piers must be taken into consideration. Series of simple 
trusses have been treated upon the cantilever principle but 
as previously mentioned, this method is not economical and is 
used only in special cases.

However, it is often necessary or desirable 
to cross openings which are so deep that the oost of false 
work and piers would become prohibitive, or a channel may be 
used for nagivation and must therefore be kept open. In such 
oases the cantilever or euspenaion type must be considered. 
Again, the nature of soil and depth of overburden to solid
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bedrook must be taken into aooount and these oondltions Y7ill 
influonoo the oholoe of pier locations. Pneiwtid eaieeons 
aro freqaently uaed, but it is well to invostigate the added 
cost of suoh work and balance it against the cost of greater 
span length and more economical pier locations, There are 
tremendous raaotlone required at the points of support of the 
larger struct urea and this question of pier location must be 
considered not only from an economic standpoint 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 anchor arm to lift from its support, in which 
case it must bo anchored. This will necessitate the carrying 
of an anchor line to bedrock or the erection of an anchorage 
of such inherent.weight as to counteract the tendency of the 
anchor arm to lift. Under different conditions of loading this 
reaction may bo reversed and the anchorage must then sustain 
compressive forces.

The suspension bridge requires peculiar pier 
mid anchorage conditions. The horizontal pull of the cables 
reaches enormous proportions and these members must be securely 
anchored. The anchorage of this type of bridge is a oritioal 
point and many sites which would otherwise be favorable to this 
typo of structure are made unfavorable by the inadequacy of 
anchor ago facilities. Anchorages may be built which have weight 
enough in themselves to be rigid but a bedrock oonneotion is



to be preferred. In the case of the Delaware River Bridge 
monumental beauty m e  considered worth while and the anchor* 
ages were therefore made heavy enough to serve the purpose and 
at the same time were designed along pleasing orohiteetuol 
lines.

The custom of erecting memorials in commem
oration of a citizen's, o community's, or a nation's participa
tion in a great act often finds expression in the erection of 
a bridge. This idea seems sensible because the monument is 
achieved and the people who remain have the use of the monument 
In their daily endeavors. In sttoh oases limitations in selec
tion of type may bo imposed upon the designer in order that the 
sentiment be expressed in the finished structure and that the 
structure will also harmonize with its surroundings. There 
have been cases where an Art Committee had a great deal to say 
about appearances of proposed structures and when too powerful 
such committees may become a serious them m  the side of the 
designer. An Instance of this is found in the city of Pitts
burgh— the art committee decided that a suspension bridge would 
best harmonize with the surroundings of a certain site but 
there was no reasonable possibility of anchorage for such a 
structure. The designers therefore devised a self-anchored 
suspension bridge and erected it upon the cantilever principle. 
It is very doubtful if this plan was economical, but the addi
tional cost was deemed justified in the interests of art.
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Bl^-^of-uay is often a sorioas problem 
and often the designer rjiist provide for clearance over certain 
prior olalmse The demands of the V/ar Department that bridges 
over a navigable stream mast have certain definite minimum 
olearanoes accounts for the otherwise unexplainable and un
necessary height of some of oar structures above water level.

The habit of locating 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 enhanced by 
perfectly symmetrical lines, the attainment of which is often 
a difficult task, due to desirable anchorage or pier sites 
being on property which cannot economically bo condemned.

Strategic location in the interests of pub
lic service and the nature and volume of expected traffic is 
another item to be considered* Traffic census is often taken 
over a period of years in order to decide upon the economic 
advisability of a proposed structure. In ease of proposed cross 
Inge now served by ferries, a oareful census of ferry traffic 
combined with real estate or commercial developments will bo 
considered. When the ferries are privately owned and operated 
and the proposed bridge is to be free, the ferry company may 
sensibly be damaged and entitled to an equitable settlement.
If the bridge is to be a toll project, then the possible return 
upon investment and the possible competition with the ferry is 
certainly an item#
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BrMgo ooonoaios could well foooome a field 
of fraltfal zeeearoh in Itself. The proposal of a "bridge» and 
in parti<mlar a major struotnro, mast be considered, from a great 
variety of conditions, and the art of coordinating the public 
needs, the available capital and materials of oonstrootion* the 
natural and imposed features, and the aesthotio and monumental 
tastes, is a problem to try the ingenuity of any designer or 
board of engineers,

E001QEI0 LIIUTATIQIiS OF SPAIIS OP BRIDGES OP PARTICULAR TYPES

In proposing the definition of a long span, 
mention was made of the possibility of building simple trusses 
for spans as great as 750 feet, but it m s  pointed out that euoh 
an adaptation of the simple truss v/as not eoonomioal. It is also 
found that there are limits beyond which it is not eoonomioal 
to oonetruot bridges of the types applicable to long-span oon- 
struotion. The physical limitations would permit spans of maoh 
greater length than does tho economic limit. Stienman states, 'f.
"Th& maximum span possible to ereot may bo defined as the length 
at whioh the ratio of intrinsio wight to applied weight be- 
comes i n f i n i t e .■

In investigating this problem it becomes evi
dent that there are apparently certain ranges of span length 
through which certain types of construction w i n  represent the 
project of least cost. Also there will appear a particular span
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length at which there will he no eoonesio dhoiee between two 
partioalar types of straotare, and this span may he termed as 
the span of equal cost for the two typos concerned.

Dae to the fact that the eontinaons type and 
arched type of bridges have received so little attention and 
application in the field of long-span construction, there is 
very little reliable data concerning the economic limitation of 
these two types. Prom sash meager information as has become 
available due to aetual erection of structures of these typos 
it appears that 1,000 feet is about the limit of their useful
ness. A hingeless areh has been recently completed in Australia, 
the span of which is 1,640 feet.

Dr# Steinman studied this problem and after 
exhaustive investigation concluded that the span of equal coat 
for cantilever and suspension bridges was 1,670 foot. Beyond 
this span of 1,670 feet the suspension was best adapted and
offered ooonomio advantages. Several years lator Dr. Waddell- ■ ■
took up the problem and after minute examination®, which in
cluded a review of Dr. Stienraan* s work, decided that the span ^  
of equal cost was 8,190 feet. This surprising disagreement of 
620 feet rather forcefully emphasises the fact that the problem 
is difficult to deal with and that specialists, oven, will not 
always agree upon the necessary assumptions. The fact must 
also be borne in mind that due to changes and improvements in 
materials and methods, the span of equal cost for one period 
may not be so for a subsequent period.
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The Portsmouth Bridge aeroee the Ohio m s  oom- 
pieted in 1927 and has a clear span of only 700 feet* This 
structure was designed for modern highway traffic, having three 
traffic lanes and two sidewalks* Tho project was opened to com
petitive hide and three proposals to erect a cantilever struc
ture were received. A singLo proposal to erect a suspension 
structure was received and this latter hid was 10 per cent lower 
than the lowest cantilever proposal.

It thus appears that the most satisfactory 
manner in which to compare the costs of various types for any 
particular application is to make tentative designs for each.
This is certainly an item of expense hut until it is possible to 
attain a closer agreement, by mathematical predetermination* than 
now exists, it seems advisable to make comparative designs for 
any particular ease. The fixing of spans of equal cost should 
receive more attention*



LOADS AM) LOAD SYSTEMS USED IS DESIGN

With a fen adjustments and aertain minor 
assumptions it is possible to datarmlBa very reliably the 
stresses v/kioh ooour in the members of a structure duo to the 
intrinsio weight of the atruetore. Other dead or statio loads 
may be dealt with in equal certainty. On the other hand, due 
to the, oftentimo, extreme variation in nature, magnitude, and 
point of application of the live or moving loads, the stresses 
due to suoh loadings cannot be dealt rcith in such certainty.
Even if suoh moving loads were entirely regular there would still 
remain the stresses caused by their kinetic nature and which 
are largely indeterminate. These conditions have led to the 
general adoption of certain conventional load systems which are 
expected to represent, within reasonable limits of error, the 
live loads which will actually be brought upon the bridge. 
Cooper's E-60 loading was the first attempt at the standardiza
tion of railroad loadings and is still used to a great extent, 
although certain railway companies prefer to use the system in 
some modified form which is supposed to more nearly represent 
the loadings as represented by their own rolling stock. Within 
the past few years Steinman has published a system of conven
tional loadings which are somewhat more simple in application 
than the Copper system and which is said to give satisfactory 
representation of actual loads.



If the raaxiimim moment at any point in a span 
din to a particular system of concentrated load® be known it 
1® possible to compote the load uniformly distributed over the 
entire span which would produce the same moment at this same 
point. How if this be done for as many as* say, tho l/lO span 
points and for a range of spans including all those ordinarily 
dealt with it is possible to plot from this information a sys
tem of curves showing the relation or variation of equivalent 
uniform load with span length and at particular points within 
the span. This system of equivalent uniform loads, although 
not widely used, has much to reoommond it. The limitation of 
the equivalent uniform load is the application to short spans 
where tho application is in question, but in long spans the
results have tho virtue of simplicity end yields results well'
within reasonable limits of error*

I’or highway loadings tho 15 or 20-ton truck 
has come to be the conventional manner of designating concen
trated loads, A single truck, or two trucks in tandem, is 
assumed to be preceded and followed by a uniformly distributed 
load. Since many of our modern bridges havo three or more 
traffic lanes, and often sidewalks and elootrio oar loadings, 
various combinations must bo used in order to satisfactorily 
represent the actual loaded conditions,

A few loadings as applied in tho design of the 
typical structures of the present time will be considered. The 
American Association of State Highway Officials has drawn up a
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eyetea of loading the applloation of which is exemplified in 
the Crooked River Btoel arch in Oregon. This bridge has two 
traffic lanes and it was assumed that a eoneentration of 
El*000 pound© was frot to act at any point in the span and in 
eaeh lone. Fartherthis oonoontrated load was suporimpooed 
upon a uniformly distributed load of 450 pounds per lineal foot 
and of suoh length as to cause maximum stress in any particular 
member. This is the class A loading as specified by the asso
ciation already mentioned. The stresses occasioned by this 
static load was increased by an impact coefficient derived from 
the formula

I s
w >  18

Ji 4 250 
10L ♦ 500

w - width of roadway*
1 • loaded length of span to produce maximum 

stress.

The loads eentonrplatod in the design of the 
Oarqulnes oantilever are as follow: A conventional 20»ton ;
truck was specified to oooapy an area 10 feet wide and 32 feet i
long with wheel concentrations of 6,000 pounds on each front

■ ' .

and 14,000 pounds on each rear wheel. The wheel® are assumed 
to be spaaed 6 feet apart on the front axle and 12 feet apart ^7 
on t M  rear axle. The number of trucks per traffic lane was 
limited to three, to be followed and preceded by a uniformly 
distributed load of 600 pounds per lineal foot. The elootrio 
car loadings consist of a train of six 96,000-pound cars 
of standard gauge, each oar 60 feet long with wheel ooneen-



tratione of ISeOOO potm&B each. Tho axloo are aeoutaGd to be 
•paced 6*6 foot in the tracks and the tracks spaced 33*5 feet 
center to center* In oompatatione the car loading v/as considered 
to displace an equal length of one line of motor tracks and 
uniform load. The sidewalk loading consists of a uniformly 
distributed load of 50 pounds per square foot.

For the design of the floor system and hangers 
a train of 96,000 pound oars each 60 feet long, as above stated, 
was used, while for the trusses and piers a train load of 1,600 
pounds per lineal foot and 600 feet in length was specified*
The train weight upon the bridge is limited to a total of 800,000 
pounds* The highway loading for the floor system and hangers 
consists of 80-ton trucks in three lanes without the railway 
loads or two linos of trucks with the railway loads*

The Beaver cantilever is a good example of 
railway loadings. The floor system of this bridge was propor
tioned for the carrying of two trains, one on each track, each 
weighing 6,000 pounds per lineal foot, and each preceded by two 
locomotives weighing 426*000 pounds* This is Cooper’s B-60 
loading* Two trains were assumed on each track wherever split 
loading produced greater stresses. The trusses wore designed 
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 oomputed from 
weights figured from the stress sheets* This method was re
peated until the sections, computed on the basis of actual



dead loads, figured from shop drawings, cam® within 2 per cent
of the Motions used.

The wind loads wore proportioned by the areas 
of exposed surfaces as finally developed, and were equivalent 
to about 1,100 pounds per lineal foot for the lower chord for 
anchor and cantilever arms and about 1,000 pounds per lineal 
foot for the suspended span* The equivalent uniform load for 
the top chord was about #00 pounds per lineal foot. These 
figures are derived from tho assumption of a wind load of 800 
pounds per lineal foot on the train and SO pounds per square 
foot of exposed surfaces of the two trusses.

In the design of the Portsmouth suspension 
of 700-foot span over the Ohio Elver a 80-ton truck was assumed 
to aot at any point, or 3, 15-ton trucks abreast. This loading 
for the floor system and suspenders. For tho stiffening 
trusses, cables, and towers a uniformly distributed load of 
1,400 pounds per lineal foot plus a superimposed concentration 
of 42,000 pounds at any point. The live load stresses in the 
stringers were increased 37.6 per oent for impact, while 30 
per oent was added to the floor beams.
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*HB STRESS ANALYSIS OP A l,6W#»OOT OANTIIiHVER BRIDQB

In order to the ‘bettor illustrate certain 
point® within the scope of this article the writer has elected 
to include herein an independent analysis of a long-span bridge 
Of the cantilever typo. This part of the problem is entirely 
hypothetical in the instance of span length and contemplated 
loads* The principles of design are expected to be consistent 
with modern practice*

It is assumed that an opening of 1,600 feet 
is to be spanned and that physical condition® are such that the 
piers may be so located as to give a clear main span of 1,000 
feet, leaving symmetrical anchor or side spans of 300 feet each* 
The loadings will be the same as those contemplated in the de
sign of the Carguinea cantilever* In addition to the loads
specified the live load stresses in the stringers will be in-

/

creased 37,6 per cent as on impact footer. Similar stresses 
in the floor beams will be increased 30 per cent to allow for 
impact.

Before contemplating the configuration of the 
proposed structure an examination will bo made of the general 
proportions of a number of representative structures of this 
same type. This examination is made 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, it is desirable to keep its length within 
economic limits. Against this consideration, the matter of de
flection in 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 it 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



to range in the vicinity of .16.
In long opens the wind loads become a very 

considerable factor and the et m o  tare mast be wider than weald 
ordinarily be required in order to 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 specifioation that the width shall 
not bo loss than l/ZQ of the main span,

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

Zoet
Main span........... . 1,000
Cantilever arm.......... 300
Anehor arm.............. 300
Suspended span.......... 400
Height of towers.... . 165
Separation of trusses... 45

This seleotion gives the following ratios:
suspended span ---7------ =—  « .40main span
tower m
main span .155

width 
main span. •046

The width of 45 feet will permit 3, 10-foot 
traffic lanes and 2, 7.5-foot sidewalks, less allowances for 
width of truss members. Provision is made in the central 
traffic lane for street railway tracks.



The configuration, showing only essential 
members, is given on Plate I., while the complete diagram is 
shewn on Plate IV,

STRESS ANALYSIS

To facilitate the determination of stresses 
due to imposed loads and to the weight of the structure itself, 
influence lines have boon computed and drawn, and are shown on 
plates I., II,, and III, These diagrams represent the direct 
stress in the various members due to a unit load as it moves 
from end to end of the structure• As a check upon these lines 
or diagrams a graphical solution is made upon the assumption 
of a uniformly distributed load of one pound per lineal foot 
of truss, which load is assumed to produce concentrations at the 
.lower panel points.

The concrete floor is to rest upon steel 
stringers which are In turn supported by built-up plate girder 
floor-beams. The stringers are to be attached to the floor- 
beams in ouch a manner as to give the finished roadway a para
bolic or own of 6 inches. The forms to support and mold the con
crete floor will be so placed as to make the lower surface of 
the slab one inch below the top of the stringers— the stringers 
will then aot as ohairs for the reinforcing steel which is to 
be of the fabricated type. This arrangement insures very definite
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position of reinforcing steel uitliin the olah. The conorete 
floor is to be 7 inohea t hi tic, exolaaive of wearing aorfooe, 
reinforced on tho lower side with 1-inoh aquaro steel bars 
spaced 4 inches center to center, and on tho upper side with 
l/2-inoh round steel bar® spaced 6 inches center to center.

In the suspended span the intermediate string
ers are selected as standard 20-inch, 65.4-pound I-beam#, while 
tho two central or inner stringers which carry street railway 
loads are selected as 20-inoh, 100-pound I-beams.

The sidewalks are to be concrete 5 inches 
thick, reinforced with 3/8-inch round steel bars on 6-inoh cen
ters, placed 5/4-inoh from the lower surface. Tho sidewalk 
stringers will be 10-inoh, 26.4-pound I-bearas.

In the dosiga of floor beams it is assumed 
that l/S of the web area is available to resist flange stresses 
due to bending moment. In the suspended span the floor beams 
are selected as:

web plate 1-5/16 in. x 54 in. plate ^
angles 4-6x5xl/2
cover plates 6-llxl/2 in.

2-11x5/8 in.
In the cantilever section and in that part 

of the anchor section having 30-foot panel lengths the following 
raenfoers are selected— the concrete floor and sidewalk being 
the same throughout the entire structure:

it V y O A ^

r
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roadway stringers 20 in. - 85 lb. I-beams
■ ■- ■ ■ 24 in. -105.4 do

sidewalk stringers 10 in. - 30 do
floor beams 1 - 54 x 5/16 web plato

. 4 5  % 5 % 1/2 angles 
6 - 11 x 6/8 cover plates 
2 - 11 x 3/4 cover plates.

For the 22.6-foot panels, arc solooted: 
roadway stringers 20 in. - 66.4 lb. I-beams

24 in. - 79.9 do
s Ido walk stringers 8 in* - 18,4 do
floor beams 1 - 54 x 6/l6 web plate

4 - 6 x 6 x l/2 angles 
4 - 11 x 5/8 oovor p la to a 
2 - 1 1  x l/2 cover plates.

There are still two eases to be considered 
in the selection of floor, beans, which are at the following 
points: the floor beam carrying the reactions from the 22.5- 
foot panel on one side and the 30-foot panel on the other.
Also is to be considered the floor beam carrying 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 decided 
to use the same girder in both instances, and which has the 
following composition:



1 - 54 x 6/l6 web plat® 
4 - 5 x 5 x l/2 angles
8 - 11 x 5/8 cover plates. u

In all oaoos tho cover plates on the plate 
girders are to be oat off according to the formula:

Lq - l / ♦ a8 4 °g ------an nhoro

an * area of any element of flange group
A = total gross area of flange (not Including l/8 

of the web)
L * length of girder ^ a n
Lq • length of cover plate required.

The panel 0 onoentrations due to tho dead weight
of the floor system, not including the lower lateral system, are 
found to be:

spans
22•6-foot

30-foot
26-foot

lbs*
47,600
54,800
66,900

22•5-30-foot.. 57,250
25-30-foot.... 60,850
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THE R3LAH0H OF IliPLUKKCE DIAGRAMS OF STRESS TO TEE 
DISTRIBUTION OF METAL III A TRUSS

In short spans and simple stroetttres there is 
no great variation in tho distribution of motal throughout tho 
truss end oartain •■pirioal formulae have been developed whloh 
give, somewhat reliably, the total weight of metal in terms of 
span and type of loading. After this total weight of motal is 
thus derived it is considered as a load uniformly distributed 
over the length of the span and the panel concentrations due to 
dead weight of structure found accordingly. For minor structures 
this method is apparently satlafaotory, although in certain oases 
this initial assumption of total weight and distribution of 
weight may be Investigated after tentative selection of sections 
and proper readjustments made.

Coming now to the ease of tho oentilever struc
ture it Is at once apparent that the assumption of uniform dis
tribution of metal would be very materially in error due to the 
greater concentration of metal in the region of the towers.
There are data available concerning the total weight of metal 
in various bridges of this type but to the writer1 o knowledge 
there is no published method of making a rational tentative dis
tribution of metal; in fact, as was noted in the review of the 
Beaver cantilever, it was seen that the stresses due to dead 
load of structure were found by successive adjustments of sections 
and weights. In considering this situation the thought oame to



the writer's mind that if the total weight of metal in the struc
ture could he adequately predetermined from comparison with 
other structures or from any source whatever, it should be poss
ible to obtain a suitable panel distribution factor from a con
sideration of influence diagram areas and lengths of members#

It is at once apparent that the stress in 
any particular member is a function of the influence diagram 
area, that the stress is a measure of the seetion required, 
which is a measure of the weight of member per unit of length 
of member; hence, for any particular Joint in the structure the 
summation of the products of "influence areas" by lengths of 
members will be a measure of the panel concentration.

Lot A * effective influence area for any member 
1 « length of the same member; then.
A x L  m the "member factor."

For any particular Joint the panel or "Joint 
factor" would be the summation of the "member factors," which 
contribute to the Joint in question, and for any Joint, j, let 
the Joint factor be represented as:

ZAjLj - "Joint factor."
The summation of member factors over the 

entire structure is a measure of the total weight of truss 
metal, and let this be represented as;

Z A  % L * truss factor.



It is now apparent that the "panel concen
tration factor" is the ratio of "joint factor" to "trues fac
tor," or in the symbolism:

T A I*■1 .1 = panel concentration factor•
Z A x L

Uov; a tabulation may bo mado of "member 
factors" from which the joint and truss summations can be mado, 
and finally the "panel concentration factor or ratio" derived,

There still remains an influencing factor 
to bo considered; the required sectional area for a tensile 
member carrying a certain stress will be materially less than 
that of a compression member carrying the same stress. It is, 
therefore, necessary to correct the "member factor" by some 
quantity, k, which will include this difference in metal re
quired. In the final form the panel concentration factor ap
pears as:

1 k x Aj x lj
____________ _ « H • the panel concentration factor.
% k  x A x I

It is necessary to evaluate the quantity, k, 
and it is to be seen that only an approximation of this evalua
tion can be made, but it is believed that this approximation 
may bo adequately expressed from the following consideration.

The allowable unit stress in a compression 
member is expressed in the conventional formula

S s 16,000 - 70 L/r
with an upper limit of 12,500 pounds per square inch. The ratio



L/r is specified as 120 for main truss members and 160 for 
secondary members, and since most of the members in a truss of 
the proportions under consideration are relatively long, it is 
expected that the upper limit of 12,600 pounds per square inch 
will not be often realised. It is decided after these consider
ations that in the final analysis the average stress in com
pression members mill be about 11,000 pounds per square inch* 
so the oorreotion footer, k, may be evaluated as: 

k = 16,000/11,000 « 1.45,
so in the following con

sideration the tension "member factor" is expressed as A x L, 
end the compression "member faster" is to bo taken as 1.45 x 
A x 1. She following tabulation Is made from this consideration.
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A study of the tabulations and chart just 
presented shows a theoretical distribution of metal which is 
at least encouraging. The assumption of the total weight of 
truss as 2,460,000 pounds is apparently not good, but the 
general agreement between the forms of the two curves would 
indicate that the proposed method is worthy of further con
sideration. The panels are subdivided in this structure and 
this fact would probably account for the smaller concentra
tions at the sub-panel points as given by the actual recapitula
tion of weight. This factor oould be adjusted in the prelim
inary investigation by assuming less weight at the sub-panel 
points and more weight at the panel points. By reducing the 
values given on the full graph line in the ratio of 1,663,430/ 
2,460,000 or ,67 per cent, a much closer agreement between the 
two curves will be found. .

SECONDARY STRESSES

In all of the considerations to this point 
notice has been taken of primary stresses only. These stresses 
are assumed to be duo to direct axial loads which do not pro
duce bending movement with subsequent flexural stresses. It 
is known, however, that a framed struoturo is subjected to 
variable loading with corresponding deformation there are pro
duced within the members bending moments and accompanying 
flexural stresses. Those stresses occasioned by the deforms-
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tlon of the structure are kn o w  ag aeocmAary etresses. If all 
the joints of the structure were made with friotionless pins, 
secondary stresses would not ho present, but due to pin fric
tion in such Joints and the inherent rigidity of riveted Joints 
these secondary stresses do exist and may assume proportions 
as great as fifty per cent of the primary stresses.

The calculation of secondary stresses is not 
an easy matter— the theory is comparatively simple in deriva
tion but decidedly lengthy and tedious in application. Fortu
nately, it is not necessary to consider these stresses in minor 
structures. In the design at hand the lengths of members are 
given as actual length of member when stressed tender the entire 
dead load of the structure, so that when carrying no live load 
the structure will be in its normal 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 structure of this sort is small, 
the deformation will not be great. This arrangement keeps 
the secondary stresses due to deformation d o m  to a minimum, 
and in this analysis only the primary stresses are considered.
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long span ’bridges are distinguished by type 
rather than actual span. A simple truss may be adapted to 
the same span as would ordinarily demand a long span type of 
structure, bat eoonoay will dictate the use of cantilever 
suspension, continuous, or arched types. She economic limit 
of the simple trass is about 600 feet.

Spans of equal cost are not clearly defined 
and for any particular ease tentative plans should be drawn 
including all types applicable. For spans above 1,000 feet 
the suspension bridge has proferenoo If suitable anchorage la 
readily available.

Available data concerning bridge economies
are inadequate.

Toll bridges are apparently economically
Justified.

There is apparently a rational relation 
between the effective areas of Influence diagrams of stress, 
lengths of members, and distribution of metal. This propo
sition is not completely worked out in this paper, but the 
writer hopes to carry it to a more satisfactory conclusion 
in a subsequent paper.
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