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A GDOGRAPUICAL APPRAISAL €GP THE BRIDGT
by Donald G. Janelle

The crossing of a river may be considered a human
problem requiring man’'s application of ingenuity in satis-
fying his needs. The bridge and its counterpartas-—fords,
ferries, and tunnelse—earc products of man's innovetive per=
ception which have enabled him to cross to the other side,
In facilitating the expansion of his gecgraphical base,
bridges have become integral components of man's spatial
organization. %ithin such & system, each bridge may differ
in role, significance, and impact.

The role that each bridge plays in an organized
area 13 dependent upon such factors as its location, the
nature of the traffic using it, and the nature and extent
of tha area y which it is served., The significance of a
bridge, dependent upon the urgency and frequency of man's
need to cross 1t, is relative, The "impact” of a given
bridge upon the soclety that bullt it may be considered in
terms of the human settlement and human movement focused
upon it. The goal of this thesis is to classify bridges
such that their individual roles, significances, and
"impacts” may be assessed according to their geographical

implications.
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This classification is a result of field research
on the bridges crossing the Xennelbec River in the state of
Maine. It 48 based upon such criteria as the functions of
bridges, the volume, nature, and origin of traffic crossing
them, the accessitcility of bridges to their surrounding
areas, the nature of these areas, and the locations of
competing bridges, The development and application of
these criteria ha.e led to the adoption of a classification
that is both geographical and hierarchically nested. Thus,
a bridge of a given order haa all those characteristics of
lower=ordar bridges. The classification, in order of
increasing hilerarchical significance, includes the rural
bridge, the intra-urban bridge, the interregional bridge,
the urkan-interregional bridge, and the nodal bridge. Thus,
whereas rurel bridges serve only their immediate areas,
intra-urban bridges also connect parts of nucleated settle=-
ments, and interregional bridges serve as links on highways
joining aress that have differing physical, cultural, or
economic characterlstics. When an interregional bridge 1s
located in an urban setting, it i3 referred to as an urbane
interregional bridge. It is the nodal bridge, however,
that has the greatest signlficance and the greatest "impact”
upen man., Those few speclal bridges that have laid claims
to nodality have played instrumental roles in helping to
establish thelr sites as nodes of human movement and
settlement. Considered in light of this classification,

kridges are viewed not only as parts of the roads they
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serve, but also as functional components of man's cultural
landscape helping to interconnect his nodes of settlement

into a workatle pattern of human organization,
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INTRODUCTION

Cf all the cultural innovations of man, the
bridge must rank among the most significantj and yet, to
many, it 1s considered as merely a part of the road, It
is the contention of this thesis, however, that the bridge
has speclal significance of its ownj for unlike the road
in its character as a continuous access route of lengthy
alignment, the tridge i1s a focus of human movement and
settlement at particular points in earth space, Like
people, bridges differ in their degree of significance~
each bridge has a different role to play, each bridge
serves a different clientele, and each bridge has an
impact varying in degree and kind upon the civilization
that it was bullt to serve. It is to define these roles,
to assess the geographical base of the traffic served,
and to analyze the varying impact of individual bridges
that this thesis is dedicated,



PART I

THE BRIDGE IN ITS CULTURAL AND PHYSICAL SETTINGS



CHAPTER I
ROADS, FORDS, FERRIES, AND BRIDGES

Cultural geography is a study of man's solutions
to his problems and the changes in the cultural and
physical landscapes resulting from his efforts, It is in
this light that we shall view the bridge--a man-made
structure created to solve a specific human problem,

Man 13 roth the force and the principal agent of
his own cultural processes; he lives in a world of
problems ranging from those which reflect his fundamental
survival needs to problems assoclated with his complex
soclal, economic, and political relationships. The nature
and complexity of the problems he seeks to solve are in
many ways a measure of the advancement of his civilization,
Early man had the task of providing for his own basic
needsj but, as his proficiency in meeting these increased,
he was 2ldle to devote more efforts in fulfilling his
desires for other less necessary material goods and in
providing for the needs of others. These efforts
eventually produced the innovative perception of the
agricultucal revclution. 1In practicing agriculture,
special tools were needed a3 well as special techniques,
Applying creative ingenuity to meeting these needs, man

3



4
was able to free himself for still wider productive
pursuitss pursuits which, in turn, led to more proLblems,
the solving of which led to still more opportunities and
problems which required still more thought and imagination,

In solving this perpetual spiral of increasing
problens, man has expanded the geographical base of his
operations. 7The increase of his self-created needs for
more land and for new and more resowrces, for example,
£irst gave him incentive to cross rivers, swamps, and
eventually oceans, Today, the geographical Lase of his
operations has been extended to araeas heretofore cone
sidered uninhadbitadble and unproductive, and incessant
human curiosity has encouraged his genius to provide the
means of venturing to other planets. The bridging of
planets is indeed an ultimate fraught with far more
complex problems than the bridging of a streamj but none-
theless, each represents a stage in the advance of civi-
lization and a stage in the expansion of man's geographical
base,

At a relatively early date, man's commercial and
soclal intercourse was able to move freely upon the rivers
and ocean margins. This 13 evidenced by the settlement
along the navigable waterways such as the Indus, Nile,
Tigris, Cuphrates,and ¥Wel rivers. It was, however, the
development of traffic transverse to rivers that enabled
settlements to develop as break-in-bulk centers, As

historic civilizations outgrew their river bank patterns



S
of human habitation, the intercourse of human society
began to flow across streams as well as along them, and
the hinterlands of river settlements achieved breadth as

well as length,

Foads and Bridqges

Then, as now, it was a combination of curlosity
znd need that prompted man to venture to the other side
of a river, “here permissible, he could ford the river;
but, 4f his objective were to maintain the continuity of
the road, he had to build a bridge. The bridge should
thus be considered as part of the road, for the function
of the road 1s to provide rapid and uninterrupted passage
from one place to another, In this sense, the road is
the progenitor of the bridge, and its understanding is
therefore essential to an understanding of the bridge,

Roads represent a complex of lines generated upon
the earth's surface by the movement of man, The abillity
of such a road to surmount an obstacle to its path 1is
dependent upon its "strength.” The strength of human
commitment to a road varies directly with the volume and
intensity of traffic that passes over it, 2s Christian
Barman has noted, if the road 1s more powerful than the
obstacle, ". ¢ o 1t will pursue its way unyileldingly,
cutting a passage for itself out of the crest of the hill

or even laboriously burrowing at its foot."1

IChtistian Barman and Frank Brangwyn, The Bridge:
A Chapter in the History of Puilding (Londont John Lane
the Bodley iead Limited, 1926), ps 4o
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Where flowing water 1s encountered, the nature of
the colstacle poses different prodblems than those of the
hill, Both the road and the stream cling to the earth's
surface, yet each seeks to proceed on its way unhindered
and undiminished. Regardless of how powerful the road, it
cannot dam the waters of the stream. The strength of the
water is cumulative--the more you resist it, the morae it
grows, Man, however, can enaktle the road to escape its
two dimensional bondage by building a bridge, The bridge
not only maintains the integrity of the road, but its
discontinuous plers or abutment supports permit the
continuous flow of water beneath it, Thus, "the principle
that governs « « « the behavior of the bridge towards the

river is that of least possible interferenca."l

Forda and Ferries

Fords and ferrles are also used as a means of
crossing to the other side of a river., For the ford, it
i3 desirable that the road approach the river at an
optimum point of attack--where the water is sufficlently
shallow and its flow is not too swift, In those cases
where the water-flow is too swift or too deep, or the
traffic transverse to the river 1s too great to parnmit
the slow process of fording, it is likely that “*, . « the
road may detach from itself one or more moving particles

which travel to and fro across the water with a continuous

lip1d., pe 175.
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motion from bank to bank."l

In this sense, the ferry 1is
also considered a part of the road.

In the settling of llorth America, ferries
necegsarily came into existence as early as roads. The
smaller rivers and streams were crossed at suitable
fording places, but on the larger streams ferry sgervice
was frequently provided--particularly on the stronger
roads, The first ferry service was established at Boston
in 1630, At KNew Amsterdam, the Dutch licensed a ferry
across the Hudson in 1661, and in 1688 the Celaware River
was crossed by ferry at Philadelphia, Early Camden was
known as Cooper's Ferry.2 Many of the early bridges were
to develop at the sites of ferries, for when the strength
of the road and the velocity of the traffic exceeded the
capacity of the ferry, it behooved the interest of man to
bulld bridges as the next step towards increased rcad
continuity,

It is ioportant to okserve that the demands for
increased road continuity at a particular site are
dependent not only upon the strength and intensity of the
traffic but also upon the preductivity of the surrounding
hinterlands. These hinterlands may be focused upon an

individual river crossing, or the river crossing may be a

1rv1d., pe 9
2See Wheaton J, Lane, "The farly Highway in
America, to the Coming of the Rallroad,” Highways in Our
National lLife, ed, Jean Labatut and Wheaton J. Lane
TPrinceton: Princeton University Press, 1950), po 70,
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link on a highway connecting two polnts of focality having
their own individuzl hinterlands. In either case, however,
it is the social, economic, and political interaction of
the focal center with its hinterland or the interaction
retween two or more focal centers joined in a higher order
of areal organization that 1s responrnsille for the increased
road strength and traffic intensity that man percelves as

a valid reason for bullding a bridge.l

The Vse of Bridges in the tnited States

By the midile of the seventeenth century England
had about 900 bridges to accommodate its increasing
mobility.? In America, however, the strength of the roads
generated at this time <13 not warrant so many kridges,
Few of the large rivers in colonlal 2fmerica were spanned
before the Revolution. One notalle exception was the
Great Bridge bullt in 16€3 across the Charles River at

3 After the revolution the Americans bullt a

Canmkridge,
number of timber structures, Ey the eighteenth century
even drawbridges and swinging bridqges were in common use.
rost of the cities on the Atlantic seaboard were
estaklished on the banks of navigakle rivers and thus had

gites advantageous as terminal and shipping points for

1For a discussion on the principles of areal
functional organization sece Allen XK. Fhilbrick, “Principles
of Areal Functional Organization ian Regional Human
Geography,™” Iconomic Geography, 33 (Cctober, 1957),
PPe 299=336.

?
3

Barman and Brangwyn, Ope cit., p. 200,

Lane, Highways in Cur Mational lLife, p. 71,
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goods moving by ship. Vith the expznrclion of trade and the
spread of coclonization beyond the riparian margin, however,
there arose a demand for perimanent roads and brldges to
accommodate the shift from waterlorne to overland comnerce,
Turnpike and ferry companies were formed to ploneer in the
development of this new line of comunicatione Dut, the
increased migration eventually required that the ferries
ba replaced by brildges,

These bridges, valuable as time and labor saving
devices, obviated the necesgssity of unloadiang goods and
produce for transfer by ferry and reloading on the oppo-
site shore. These bridges also helped to bring about a
more closely knit physical, economic, and socilal unlon
tetween the agrarian and mercantile centers.

By 1883 there were in the United States 61,562
iron and wood truss rridges and 147,187 wooden trestles.l
By 1950 there wera over 90,000 steel railroad bridges and
over 250,000 steel and concrete highway bridges in use.2
The great increase in the nunler of Lridges has been
stimulated not only Ly the railrcad hut, since about
1900, by the increased use of automohiless Whereas there
waere only 8,000 motor vehicles in the United States in
1900 and eonly 2,000,000 in 1915, they had multipllied to

30,000,000 by 1940. ToZay, there are over 70,000,000

1Clarence P« Hornunjz, '"heecls Across *merica (New
York: Ae. Se Barnes and Co., 1953), pe 149,

2David Be Stelnman, Famous Bridges cf the vorld
(New York: Random House, 1553), pe D4




10
motor vehicles using our nation's highways. The mokility
provided Ly the automeblle has resulted in the increased
strength of roads, The need for more =»nil greater ridges

has correspondingly increascd,

The lLocation of T“ridges

The specific problems of locating bridqges involve
the consideration of both the physical and culturasl
landscapes. For early man, tridges were limited to an
occasional tree trunk felled in the right location or to
the chance arrangement of stepping stones, The fording
of rivers was usually accomplished at the junction of
some tributary where sandbars were frequently found, It
was discovered that the lLbest locations for bridges were
those possessing firm and relatively flat land facing
each other on opposite sides of the river., Vhere such
conditions along a river were scarce, their locations were
likely to develop as centers of human settlement, 2ccording
to Arthur Z. Smailes, a large number of towns had their
original sites determined by such advantageous conditions
for crossing rivers, for ", « o the approach of firm
ground to the river bank offered both a well-defined
constant channel to cross and opportunities for the lande
route to reach the crossing=place, as well as advantages

1

for building near the river.” As an example, Smailes

mentions Chester, Zngland. Chester 1s located on a ridge

1Arthur Ee Smaliles, The Ccoqraphy of Towns (Londont
Hutchinson and Co. Ltd., 1961), pp. 47-48,
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of hard sandstone situated at the hcad of the Dee liver
estuary and relow an extensive wet clay lowland, At
rarls a bridge crosslng was fevored by the presence of
Islands below tihie confluence of the Ferne with the Seine,
The numerous town nares containing "ford" and "rridge"
are frequently indicative of settlements that developed
where river crossings were favoraltle,

In the opposite vein, when man 13 committed to a
river site for either cconomic or political reasons, it
is questionable that he would perceive the need for a
bridge as a legitimate excuse for roving hlis community to
a site offering a more favorable crossing, The econonric
and social inertia to such a move might prompt him,
instead, to seek cither another alternative for crossing
the river, i, €., ferry, or to make the necessary techno=-
logical advances that would facilitate construction of a
bridge at the present site, This, then, leads us to the

consideration of bridge location and human settlement,



THZ IVPACT OF ERIDCES UFPCHN HUVAN

SETTLENMENT MND MOVEMINT

Pridges and {urnan Settlement

Hilaire Belloc mentions that an obstacle to travel
has the feature that ", ,  the point at which it is
crossed « o o 18 certain to become a point of strategic
and often commercial 1mportanco.“1 Though its certainty
may be doubted, it is true that many important settlements
hava develcped near passages provided by nagrrows of the
sea, at the gateways to mountain passes, and near river
crossings, Unlike narrows of the sea and gateways to
mountain passes, however, the optimum point of crossing a
navigarle river is less clearly cefined Y}y nature, rut,
3s with the passages letween seas and over mountains, it
i3 man that chooscs the point a2t which he will cross a
river., Depending upon his origin and destination, the
optirmum point of crogsing a river will vary from indi-
vidual to individual, From the standpoint of society,
however, the optimum crossing is that site which permits

the greatest number to proceed from their origin to

1H11a1re Belloc, The Historic Thares (Londons
Je Me Dent and Sons Ltd,, 1914), pe 3G

12
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destination along the most direct route., Belloc argues
that the optimum crossing should be as close to the mouth
of the river as possible., To substantiate thls claim, he
indicates that the further upstream a bridge is, the longer
the detour between the parts of the country traversed by
the river., Assumning that coastal roads have greater
traffic strength than inland roads, that the river is not
fordarle, and that the asrea's traffic patterns have not
already been firmly established, Belloc's argument takes
on some geometrical validity., The assumptlions, however,
are risky.

with recent advances in bridge technology, 1t 1s
now considerably easier for man to locata hls bridges at
points optimumly situated with respect to the patterns of
human settlement and movement., The notions of physical
and geometrical deternminants of optlmum crossing tend to
lose thelir validity with the modern suspension, canti-
lever, and continuous bridges. lMore significant are the
hunan requirements that necessitate a bridge. These
requirements will vary with the nature and extent of the
bridge's hinterland and man's perceptive use of its
resources and with the locations of the fccal centers
that the road carried by the bkridge jolns together into
functional units of humen habitaztion,.

¥an, in bullding his kridges, has often fixed the
convergence of land and water routes and has frequently

get the inland 1limit to navigation, This is particularly
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true of bridges constructed prior to man's commitment to
his regional ond interregional traffic patterns and prior
to the develcpment of the high-level and moveatle kridges
which permit unobstructed navigaticn. The commitrment of
man to a particular bridge site is augmented not only by
the mere presence of the btridge but also ry the settlement
about it, the inducement of traffic to it, and the coct of
its construction., The larger the settlement and the ‘
greater the traffic and cost, the greater the commitment
to the site.

The first tridge to ke constructed over a navigakle
portion of a river or at the head of navigation s0 as to
set the inland limits to oceanic transportation is, there-
after, likely to have considerable impact upon the movement
and gettlement in its vicinity. Using the London Bridge
as an example, we find that there is btut one place on the
upper resches of the tidal estuary of the Thames that a
rluff of high and dry land faces a spur of dry land on the
opposite hank. Smalles notes that the construction of a
bridge at this site helped to facilitate the convergence
of land routes, to set the inland linmit of the ceaport of
the Thames at its estuary head, and to impose upon London
a break=-in-bulk function tetween sea-going and inland
trade. Thus, 23 8 focus of river crossing, we have at
London ". « « the endowment of situation with the priceless

gift of nodality.”l

ISmailes, Op. citey pe 56,
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Mlthough Smailes states in a recent study that
*for most of its history iLondon remained essentially a
singledbank urban area, o ."1 he does maintaln that
"e o o the roads diverging from lLondon Rridge « + « were

2 and

the earliest ritdons of Lonlon's urkan extension"
that early settlement south of the river, though modest,
was confined to the lridge approaches. That the great
suburban expansion to South London occurred during and
after the Industrlal Revolution does not negate the sig-
nificance of the London crossing as a node of settlerment,
Rather, the construction of a sccond Lkridge at London in
1750 indicates thzt cormplementary urban developrent on

opposite tanks during this period required the easier

communications that an additional lridge could provide,

The Nodal Bridce

Not all bridges have played such a creative role
as the London Bridge, and not all bridges are predestined
to become the foci of great communities., Eut, those that
have played such a role deserve our special consideration,
we shall call them "nodal bridges.” The term "nodal
bridgae,” although originally introduced by Belloc, was
more fully explained by Barman, Barman uses the word
"node” analogously to its dafinition in natural history

as ", ¢ o the point of a vegetable ster from which the

1A. Ee Smalles, "Greater lLondon--The Structure of
a Metropolis," Ceographische eitschrift, vol, IIX
(August, 1964), pe. 16@.

21b1d., pe 174.
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leaves spring."1 This would iuply then, that a nodal
tridge, by its presence, induces life to come to it.
Thus, the construction of a bridge whose situation confers
upon it the title of "nodal" will lea2d to the human
generation of roads converging at the kridge., Such was
the case at London, and such was the case at Glasqgow,
Newcastle, and Rouen.g

It can re legitimately argued that, to a degree,
all bridges are nocal., Dut, for our purposes, a nodal
tzidge will most likely occur where a watecrway of prime
importance is crossed by 2 roadway of similar importance,
And, as was true for the London Bridge, a nodal hridge is
nost often the first bridge tullt on the river that sets
the inland limit to seaborne craft. Genera2lly, the
importance of a waterway 1is much greater in 1its tidol
reaches, for it 1is here that its traffic is most apt to
cqual that of the road transverse to its course., The
intersection of thesse two human pathways 4s the nodal
polnt==the nodal Lridge,

This is not to say that any bricdge carrying an
important highway across an important watecwoy 1s neces-
sarily a nodal bridge. 1iany uridges on lnerica's intere
state highway system span important navigable waterways
end, yet, are not the focl of great communities or traffic

convergence, Because of the linmited acceszs to these

1Barman and Brangwyn, op., clt., pe 47,

2Smailes, The Geography of Towns, p. 56,
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highweys and to the popularity of high~level bridges, it
is unlikely thzt such sites will develcp rreak-in-bulk
functions, Thelr essential purpose i3 to scrve as links
on highways connecting the focal ccenters of distant
hinterlands. The nodal kridge, on the cther hand, 1=
itself the focal center of a hinterland having the focal
centers of other hinterlands focused upon it.

Althouqgh thls rodsl position may refall the first
tridge to cross the navigatle portion of a river, it is
not inposcitle feor tridges constructed at a later dzte to
develop into the nodal croesing, It iz logically sssumed,
however, that the first bridge would have certain strategic
advartz2g9es in attracting hurcn pathways and secttlenent,

In considering the economic and political geography of his
¢ay, man may perceive a particular river site 25 an optimum
crocsing point and as a pcssirle transhipment point for
break=in-tulk, If, however, the pattern of man's economic
and political hinterlands changa through time, his per-
ception of this optinmum point may also change, If this
should occur prior to 2 firm human commitment to gliven
routes of travel and to a degree that would warrant a
reorientaticn of hinterlands atout new focel centers, then
it 18 possible that a later Lridge situated optinally with
respect to new cr changed hinterlands of human commitment
would become that river's nodal bhridge.

rany of the bridges bullt across important

navigable waterways today are of high-level suspension,
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arch, cantilever, continuous, or of Lkescule and swing

construction, As a great numler of these tridges neither

obstruct navigzstion nor set inland limits to the location

of inland ports, it may Lie questioned as to whether or not

they are candldates for the "nodal" laltel. The answer

entalls consideration of the historical development of

the individual crossing site, Three cases come to mind,

1.

26

3.

If this dbridge replaced a previous structure which
limited navigation on a waterway of prime impore
tance, it i3 possitle that any economic momentum
generated by man in the hinterland focused upon
the bridge-site would still hold true-~despite the
new freedom for ships to proceed further upstream,
In this case the exlisting capital investment in
transhipment and storage facilities might be suffi-
clently great to maintain community commitment to
the site. If this is so, then the nodality of the
new structure should equal that of the old
structure plus whatever may be accrued by the new
facility's attraction of additional traffic and
settlement.

Rallroad bridges, aqueducts, and limited access
highway bridges frequently fall into the class of
high-lavel and movearle type bridges constructed
over navigalile waters where no crossing of any
kind previously existed. These bridges are likely
to represent changes in the transportation patterns
in response to economic and technologiczl develop=
nents., Thus, recently discovered mining sites may
be made accessidle only by new highways and ralle
ways} or, man may perceive the increasing mobllity
of the poprulation as a need for expressways free
of traffic lLottlenecks=-such as road intersections
and roadside commercial estaklishments. The
nodality of these bridges, however, is again
dependent upon the importance of their sites as
firmly committed centers of hurman settlement and
movement. Yhen these sites are competing with
already established focal centers having productive
hinterlands, their chances of being designated
"nodal” are diminished.

The examples of San Francisco, New York, New
Orleans, and other American cities where high-
level bridges have replaced ferries, constitute
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the third casce In such examples, the nodality
of the lkridge would be a function of the nodality
of the ferry, the increased roud strength induced
by the new crossing facility, and the hinterland
expansion resulting from the increased road
continulity,

Clearly, the concept of the nodal Lridge is not

static-=nodality varles with changes in ran's perceptions

on the use of earth space and with the resulting settlement

and movement patterns that evolve from his implementation

of decisions designed to hest satisfy Lhese perceptions,

Although there is no gingle determinant for a nodal bridge,

there are certain conditions that favor its development,

These are:

1.

3.

4.

Se

Ge

the bridge should carry an important highway across
a navigable waterway of sirilar importance,

the bridgye should preferally e the first to be
built at or below the head of river navigation,

the bridge should preferably set or be situated
at the inland limit to seal.orne crarsrt,

1t should be situated at a site that is firmly
cemnltted to by a sizeable human settlement,

this site should te the focal center of a
hinterland that has the focal centers of other
hinterlands focuscd upon it, and

the bridge itself should play an instrumental role
in estakliszhing its site as a nodal point Ly
attracting roth traffic and scttlement to it.

liodal Pridges in the United St:tes

In azsigning a nodal positicn to brildges in the

United States, those in the famous brilge city of San

francisco rate our consideration, The city is located in

a ticdal area. 1Its GColden Gate Bridge, corpleted in 1937,
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spans the narrow neck of Zan Tranclsco Zay near its lowest
posalkle point and carries U. 5. route 1C0le~the major west
coast artery of north~south traffic in the United States,
The city's central position 1s augnmented furthar Ly the
Zan Francilsco=Cakland Bay Cridge, which peruits V. S,
highways 40 and SC to terminate in San Franclisco. Eoth
of thesa kridjes replaced very profitalle ferry services
which linked the city to a hinterland of considerable
economic productivity. In terms cf Unlted States exports
to the Far ifast, “an Francisco was, in fact, the focal
center for most of the United States, Dy 1929 the Cakland
Eay Ferry alone was annually cazrying over four and one-
half million vehicles.l Yet, 4in its first year of
opercztion (1336-1337) the Cakland fay rrildge carried a
traffic volurme epproximately €4 per cent alove vhat the
projected increase for the ferry would have een had 1t
continued its service. For the Golden Gate Uridge, this
increase wos 73 per ccnt.? Such increases in trafflic
volume and road strength indlcate the attractiveness of
the continuous roed over the interrupted-—the bridge over
the ferrye

In this example, it is evident that fan “rincisco

was a nodal) peint prior to the construction of any kridge,

1Archibald Elack, The Story cof Bridges (New Yorkt
Vhittlesey House, j‘cTraw H1ill Book Co. Ince, 1926), pe 16.

QCoverdale and Colpitts, Consulting £ngincers,
Report on Traffic and Revenues, Propoced Fackinac “traits
Lridae (lLiew York:s <overdale and Colpltts, January o7,
v Pe 18,
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Nonethelecs, the kri-iges constructed here tectify to mant's
acknowledgment of the clty's nolal position in the hier-
archy of hirc areal organization. In teccming functional
parts of this nodality, the bridces not only attaired nodsl
tionificance but also served to augment the nodal position
cf San Francisco ry attracting increased traffic through
end to the city and Ly providing cspeedicr communicaticn
ketwecen its central core and its hinterland,

There are numerous other nodxl rridge crossings in
the United States-~liew York City on the Hurzon Fiver,
Fhiladelphia on the CTelaware Ziver, and New Crleans on the
Fississippl River, to menticn a few. Richmond developed
23 a nod2l crossing at the head ¢f the Jares River estuary.
Fut, kecause of advances in tridge technology, 1t rey locse
1ts nodal thunder to more recent crossings near the mouth
of the river and across the entrance to Chesapeake Bay.

It 4s poscible that the induced traffic attracted to the
Chesapea2ke Fay Drillge-Tunncl croscing will help the
Morfolk-rPertsmouth and lewpoeort News urban cemplex acquire
additional nocazl statuse Thus, the construction of new
river crossings leads us to a conslderation of bridges

and the movement of man,

Bridces and uman NMovenent

¥*hen a new facllity 15 constructed which bencfits
movement of traffic, traffic volumes are likely to become
greater than the number accounted for Lty cdiverted traffic,

and the paths of human movenent may change to take
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advantage of the new facillity. A comparison of the first
year's traffic carried by a new facility with projections
of traffic that would have Lteen carried by the old facility
had it continued to opercte gives us an approximstion of
the "induced traffic"” resulting from the prescnce of a new
and better facility. 7Thils induced traific may represent
people making trips on the new facility who were formerly
discouraged from makxing these trips beczuse of the traffic
congestions or cxcess travel distances azsoclated with the
olcer facllity.

e have already noted the 1laduced truffic of the
Solden Gate PBridge and the sSan i'rancisco-Cakland Bay
Bridge (78 per cent and €4 per cent respectively) over
that of exlsting ferxy facilitlies. iccording to Coverdale
and Colpitts, the induced truoffic for the iacoma Narrows
bridge wes ¢l per cent and that for the rhiladelphlia-
Canden Bridye wus 72 per cant.l This Lrldge, bulli in
1226, was Ly 1921 carrying over twelve wmillion vehicles
annually.? The induced traffic for other river croasings
after one year of cperation was as followa:3

jiolland Tunncle o o o o o &8 per cent

[ ] .
George Vashingteon CGridges « o €5 "
Lrooklyn bBattery Suniiel « o o 75 !
Delaware Mermorial Bridge,s « o (€2 "
Shesapeake Day Lridge o« o o o 100 "

1:3)1"!.

?cara nuth vatson and “{lbur J. Vatson, Rrideres in
iidstory and ieqend (Sleveland: Je ile ganuen COey 33277,
p.l °

3George We Burpee, "Traffic Cstinmates for Expresse—

ways and Cther luklic “oll evenue PFrojects,” Trafiic
Quarterly, VII (January, 1953), p. 15,
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All of these zridge and tunnel facilitles replaced
or augnentad ferrices giving excellent service, The San
Freznclsco=-Cakland Day ferries offereld depactures every
twelve minutes during the day and centiauous service,
although at lcnger intervals, during the nighte The
crossing time was only twenty minutes. The crossing at
Fhiladelphia tcok only ten minutes, at Tacoma--eleven
minutes, and at Golden (ate-=-twenty-four minutese. For the
Chesapeake bLay Bridge, the crecssing time of half an hour
by ferry (with frequent delays of several hours on week-
ends) was cut to less than ten minutes.

The magnitude of induced traffic indicates the
importance of the increased road continuity provided by
the bridge. Kot only does the strength ¢f the road
encourage uan to build tridges, but the kridge itself, by
inducing trafflc, scrves to augment the strength of the
roade The replacement of a ferry Ly a bridge or a low
capacity bridge by a more efiicient structure induces
traffic for two reasonss one, road continuity results in
less loss of timej and two, road distances Letween two
points are frequently shortened, ‘e have already noted
exanples where road continulty saves tire.

EBEridges moy be strategically located so as to
shorten travel distances. For instance, the longest
bridge-tunnel in the world--the Chesapeake Bay Bridgo-
Tunnel==will not only link a coastal highway from Canada

to Key West, Florida, kut will result 1in a savings of
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over sixty wmiles between southeastern United States and
New York City. Tourists, truckers, and lbuclinessmen are
expected to use this bridje to Lypass the traffic

congescion of the metropolitan Fell Line cities.



CHAPTER III
A GEOGRAPHICAL CLASSIFICATION OF BRIDGLS

The Bridge Hinterland

Thus far, we have considered the impact of the
bridge upon the saettlement and movement of man., The impact
of any given bridge, of course, is dependent upon the
strength of the road that it carries, This impact may Le
expressed geographically by considering the extent of the
area from which the traffic originates, Wwe have already
noted the widespread impact of those few kridges that have
laid claim to "nodality.” However, even though the
majority of bridges will not meet the criteria of nodality,
thay nevertheless have a specific function in serving their
specific areas,

The traffic using a bridge originates from an area
which we have called the bridge hinterland, The siza of
this hinterland i3 expressed and partly dictated by the
nature and strength of the roads converging upon the
bridge and the attractiveness of the bridge~site as a
focus of movement and settlement, A bridge in an urban
setting joining two cities or parts of a single city may
carry large volumes of traffic but serve a comparatively
small area, ©On the other hand, a bridge in a rural setting

25
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may support moderate traffic, most of which originates
from great distances, As the hinterlands for individual
crossings vary, a consideration of the situational factors,
road strength, and road function will assist us 4in
classifying them geographically.

Aside from being geographical, this classification
will be hierarchically nested, in the sense that a bridge
of a given order will embrace those characteristics
associated with bridges of lower ordere This hierarchical
classification of bridges based upon thelr geographical
hinterlands includes:

l. first order bridges , « + rural,

2+ second order bridges. + o intra-urban,

3, third order bridges  « o interregional,

4, fourth order rridges, ., o urban-—interregional, and

5. £1fth order bridges , « « nodal (already considered).
Cne other type of bridge, the national bridge, will be

considered as a special case,

Rural and National Bridges

Barman, aside from the nodal bridge, noted the
"rural bridge" and the "national bridge."™ The rural bridge
sexrves only the immediate rural area and occupies a lower
place in the hierarchy of bridges than does the national
bridge, Such bridges are likely to carry low traffic
volumes. T7The naticonal bridge, according to Barman, is also
found in a rural setting; but in this instance, "the claims

of the immediate locality [of the bridge] must e waived in
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favor of others more distant yet more authoritative."l
Bricdges under this classification include aqueductg—
carrying water to meet urban demands, rallroad bridgese—
permitting the movement of produce and freight to metroe
politan centers, and bridges on the nation's interstate
highways which serve the distant authoritative centers

nore £o0 than their own inmmediate localities,

rxamples of National Bridqges

Even without precise means of determining the
nature and size of a bridge's hinterland, it is possibdle
to note obvious examples of bridges serving national
functions. For instance, the completion of the Carquinez
Straits Bridge in 1927 provided the last 1link in the
Pacific coastal highway system extending from Canada to
Mexico. The Lower Zambezi raillroad bridge, built by the
Portugese in 1935, permitted easier access for the produce
of Nyassaland to the world market outlet at Beira. Another
example of a bridge in a rural setting performing a more
than local service is the razilroad bridge built between
lexico and Guatemala, 7This bridge helped to open a land
route for the shipment of coffee from Central Amerlca to
the United Statess Prior to construction, railway freight
had to le unloaded and ferrled across the border river,.

The Carquinez, tha Lower Zambezi, and the Suchiate

River bridges are not only what Barman would consider as

lnarman and Brangwyn, Op. cit., p. 170,
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national btridges gracing the rural lanizcapej they are
cood examples of what this author calls an interregional

bridge.

The Interreqional Bridqe

The interregional bridge is a link on a road
connecting areas having either physical, cultural, or
economic characteristics complementary to each other,
Differences between regions encourage movement so that
people can teke advantage of what one has to offer that
the other doaes not, In this sense, the Carquinez bridge
provided a path for the easier exchange of the forest
products of the Northwest and the citrus fruit of southern
Californiaj the Lower Zambezi bridge assured the access of
ocean transportation, otherwise not availakble for Nyassa-
1and's products; and, the Suchlate River bridge provided
more efficient exchange between areas of coffee production

and coffee consumption,

Intra-urban and Urban-interreqgionzl Rridces

Unlike Barman's national bridge, the author's
interregional bridge need not be located in a rural
setting=~they are also found in urdban areas, Those briiges
serving only %o connect the various parts of nucleated

settleoments will be referred to as intéra-urban kriidges,

But, bridges serving as links on highways of interreglonal
significance and located within urban areas may be referred

to as urknane=interreqgiona2l bri-daes, ©f the classes of
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bridges considered, the urban-interregional bridge is the
bast candidate for nodality.
New York Clty offers good examples of both the
intra~urban and the urban=interregional bridge. In 1954,
ovar 76 million vehicles crossed the Hudson River at liew

York City.1

Today, thils flgure exceeds 80 million. FrFor
the most part, the Manhattan, Willlanmsburg, and Gueenstoro
bridges were designed to accommodate the movement of
traffic between the city's various boroughz. In contrast,
the George Washington Sridge i1s a major link for U, S.
highway l==funnelling traffic north into lew England and
south to New Jersey and beyond. The new Verrazano lizrrows
Bridge, scheduled for completion Ia 1365, is expected to
provide an additional byrass around ilew York City for the
interregional trafflc betwecen New England znd points gouth
as well as quick and convenient vehicular interchange for
the Borough of Richrond and its four sister Loroughs,

This tridge will thus serve both intra-urtan and inter-

regional traffic.

1Triborough Bridge and Tunnel Authority, Ainnuzl
Report, 1954 (Mew York: Triborough bridge and Tunnel
Authorlty, March 7, 1655), ps. 12,




CCLCLUSICHs FIRT I

Part I of thls thasis has depicted the bridge as
an integral part of man's geographical landscape.
Originating by chance or hunan ingenuity, tha Lridge has
played a civilizing role that has permitted man to expand
hias geographical wvase~-thus facilitating his commerce and
cultural contact, We have seen that among the many
elenents that prescribe the influence that a given bridge
will have are its location, the strength of the roads
converging upon it, and the extent and productlivity of its
hirterland, This is well illustrated by the nodal bridge,
whose situational characterlistics make it a focus of human
sattlerant and movement. The nocal bridge is indoed the
chanplon of all bridges} but whethor a bridge be nodal,
interregional, urban-interregional, national, intra-urban,
or rural, it behooves the interest of the geographer to
study the degree to which it &s nodal, interregional,
rural, and so forthe Thils will be one of the okhjectives
of Part 1II.

In Part 11, the author has selected the Kennebec
River in the state of lnaine as being 1llustrative of man's
quest to cross to the other sgldes In light of cur findings
in Part I, in Chapter IV we shall investigate the historic

30
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and geographic develcpment of Kenncbec crossings from the
ford and ferxry to the present bridges. In Chapter V we
shall attempt to classify individual Kennebec highway
tridges according to the gecographical classification dis-
cussaed in Chapter III, For our purposes, this classifi-
cation will be kased upon thae following criteria:

1. the functions of the bridge,

2. the volume and nature of traffic using the bridge,

3, the accessilkility of the bridge to its local
hinterland,

4, the degree of a bridge's interregional signifi-
cance, and

5. the locational and spatial factors assocliated with
the bridge.

while it is realized that this classification may
not be inclusive of all possible criteria for classifying
bridges, it 1s belleved adequate for the purposas of this
thesis, and it 1s hoped that it will provide information
and raise questions that will serve as the basis for
further investigatione. 7The six weeks of field research
for this study, though highly profitablae, proved to be far
short of tha time necessary to answer or to hypothesize
answars for all questions ralised, It 48 thus the policy
of the author to keep the conclusions of this study pro=-
portional to the rellabllity of data and to single out any
questions requiring furthar investigation.
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CHxoToR IV
THIZ HIGTORICTAL CECGRATHY CT KLiilliZLIC CRCISINGS

From its headwaters in Mooschead Lake, Vaine's
Kennebec River descends over 1 ,0C0 feet on its 140 mile
plunga to the mouth of 1its tidal estuary. This river,
oncae the nmiin avenue of Indian nations, the path of English
settlement, the artery of fishing and trading vessels, and
the famed route of Benedict Arnold, i1s today a sca of logs
bounded by pulp and paper wmills, factories, farms, and
forests, 1In comparison with yesteryear, today's Kennebec
traffic is of minor consequence--for nore important 4s the
movement transverse to its course., As shown in Figure 1,
fourteen highway tridges, a combination railroad and high-
way bridge, slx rallroad bridges, three footbridges and a
waterpipe bricge span this river from Bath to The Forksee
no lenger does the mighty Xennebec impede the movenent of
mane In this discourse, our prime concern will ke tha

river's highway bridges,

¥Yords and Terries on the ¥ennelec

The history of man's attenpts to cross this watery
divide date back to the days of the Kennebec Indians. At
low water the Kennebec could be forded at many points—
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chief of which, for the Indlens, were those zrove the fzlls
et Nadison and et Vaterville, Even for the Indians, the
swiftly flowlng water posed a danger, and below fugusta,
the forling of the Kenrelec was llmited ry depth to so few
peints that it wos of necessity that man turned to ferries.
The first of these was layne's Ferry, established in 1718
2t Sathe Tor the next 717 years the ferry was the prin-
ciral means of crocscing the Kennelec any point scuth of
Cardiner. Ty the 1270's two Jdozen ferries were plying the
waters of the Kennelaec, one for every 4.6 riles of its
course between Bath and The Forks,.

Vany of these early crossings, such 2s the one at
Vasssloro and the two Letween Skowhegan and ilinckley
(Prentiss' Ferry and Spearin's Ferry) were short lived,
but others were to become the focl of settlement and
movement, The Fishon and YNoble Ferries, north of
Falrfield, were the centers of life in their recspective
localities~—cattle were driven to these points to cross
the river on their way to market, and in 1320 the Vater-
ville tc Canaan Stage uscd lickle's Ferry and later Pishon's
Ferry to mect the stage from Dangor to skowhegan.l
Taverns and accormodations for travelers developed at
thesa places. Cther crossings, such as those at Madison
and Norridgewock, encouraged break-in-bulk functions to

develop,

1?0: a discussion on these crossings see Clinton
0l1d Home Yeek Association, 0Old Home VWeek, Clinton, l'aine,
August 7-14, 1921 (Clinton, raine: 0©ld Home Veek
Assoclation), pe Je
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The ferry at Bath was highly signiflcant asg a
link between the early Erunswick to Eath Turnpike and the
woolwich and Wwiscasset Pike, which in turn connected with
the Wiscasset and Augusta Turnpike. Such interconnectiocns
eased the comrunications in the &rea. bDay's Ferry, a few
wiles above Eath, served a similar function. The last
ferry to operate on the Kennebec was the one at Hallowell,
it was discontinued in 1960, 7he ferry--a skif holding
six passengers--was used by the resicdents of Chelsea to
attend churches and schools in Hallowell,

Yost of the early ferrie¢s were powered by pulling
on a cable suspended from bank to bankj but some, such as
the ferry at Pingham, were poled through shallow water
and powered by a szcull oar in deep water, <he Einghem
ferry had "driving bats*® for foot passengers and a small
scow for ox teams.1 Tha ferry between Embhden and Sclon
used a windlass and, with the &id of the wind and river
currents, was guided by a calble suspended over the river,

The ferry, as the ford, was plagqued by the forces
of nature., During periods of high water, the Kennclec
freshets made ferrying unsafe., In winter and spring, it
was necessary to cancel service., At night, crossings were
lirited only to emergencles., Waterville residents sought

to overcome some of the difficulties of winter c¢rossings

1The History Comnmittee of the Bingham fesquicen-
tennial, Bingham feuaquicentennial History, 1812=19€2
(Skowhegan, Failne: Skowhegan Press, 1956:), pe 63,
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by =swinging a huge cake of ice acrocs the current, £2s
soon as the water on the sides of the river had frozen,
they would cut an epproprlate plece of 1ce for thelr

Lridge . 1

The Spacing of Fferries and Erldges

Of the bridges crossing the Kennelbec today, all
but one, the new interstate highway bridge north of Fair-
fleld, were preceded Ly ferries., But, not all ferries
were followed by bridges, Compared with the average 4.6
mile spacing of river crossings in 1820 between Bath and
The Forks, tha average spacing of today's highway bridges
i3 7.4 miles., 1t can be inferred from this comparison
that the intarmediate ferry crossings that existed between
the pr@sent bridges were redundant features whose operations
were no longer necessary. The ferry has been superseded by
a higher order of river crossing--the bridge. By 1910 the
only ferries in reqular service on the Xenneliec were those

at Richmond, Bath, and Hallowell.

The First Bridge

Early settlers along the Kenneliac were well aware
of the advantages that might tefall the site of the first
bridge. The optimum point for such a crossing was 1ndeed
relative-=dcpending upon one's viewpoint and location. To

lwilliam Mathews, "Recollectliornsof tvvaterville in
Clden Times,” The Centennial iilstory of “aterville, ed,
Edwin Carey Whittemore (“aterville, Lualnes Zxecutive
Committee of the Centennial Celebration, 1%02), p. 141,
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the flishing and shipring interest elong the river, any
point dkelow the head of navigation was oujectlonadble, but
to the cormmerciszl interests at Rath, an estuarlal crossing
at their cite would have keen welccued=-such a rridage, in
setting the inland 1linits to sea navigetion, might have
imposed upon 1ts site a nodal position. It was, howaver,
the desires cf the fishing and shipping interests that
prevalled, Concequently, in the late 1700's a fight
ensueld retween the citizens of The look (iiallowell) and
thote of The Fcrt (Augusta-~then a part of Hallewell) to
see which would recp the potentially strategic Lenefits
of the first Lridge., 2oth settlenicents claimed to be at
the head of navigationg kut, finally, in 1756 the
Nassachusetts Leglslature granted the charter for a
bridge at The Fort to ke bullt by a private company.

That the whole river valley wes concerned with the

location of this Lridge 13 reflected in the Records of the

Plantation of Zcnaan and the Town of Canaan (Skowhegan),

1783-1821, At a May €, 1795, Town reeting it was

¢ » o voted unanirously as the sense of this town that
a bridge across the Kennebeck River at the place called
the :Hook will ba highly Injuricus to the Putlick by
obstructing the Navigation of Vessels and Rafts « o o
tand it was] voted unanimcusly thet a bridge across the
Kennebeck at the place called Fort Western [Augustal
will not be attended with the same Inconveniency, But
will more extensively promote the Convenlency of
travelling and better serve the Interest of the
Publicke o o o1

ITho Flantation of Canasn and the Town of Canaan,
Constable's Cffice, iccords of the Plantation of Chnsan
and the ~own of Canaan (skowheqin), 1733-1E7Y {Cznaan,
Malne: Constalle's Cffice, 178341§}1), Pe 104,




39
According to the historians Kingston and Deyo,
the construction of the bridge at Augusta in 1797 ", . »
settlad the final question of supremacy detween the

villages and racdically effected the future of both. "t

The
Jealousy that resulted necessitated a division of the
Hallowell civil unit, In the szame year The Fort became
known as "Harrington,” only to be changed to "Augusta”
shortly thereafter, This, the first bridge, was of great
significance, for as James W, North states, the ", . «
roads as they were constructed in the surrounding country
converged to it as a place of crossing, This gave to
Augusta a central position and laid the foundation of much
of her subsequent prosperity."2

Judging from North's conclusions on the early
significance of this dbridge and from Augusta's present
significance as a bridging site for approximately thirtye
three per cent of 21l vehiclaes crossing the Kenncbec.3 we
have some validity for considering this site, as histori-
cally, the river's nodal crossing. Such a position for
Augusta was favored by the meeting here of ocean and land

transportation, by the commitment of a sizeable community
of people to its site, and by the convergence of

1simeon L. Deyo and Henry De. Kingston, Yllustrated
History of Kennebec County Maine, 1625«1292 (New Yorks:
He Blake and COe m). Po 463.

2James ¥e North, The Histo of Jugusta (Augusta,
Maine: Chapp and North, 18707, p. 314,

3Based upon the most recent traffic data made
availadle by the Planning and Traffic Division of the Maine
State Highway Commission,
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interregional routes to thls point., Tha continued hunman
conmitment to these routes has maintalined Augusta as the
Kennebec's leading bridging point, That fugusta has
maintained this lead reflects the significance of the first
bridge. Prior to thae construction of this hridge, roth
Hallowell and Bath had conslderably larger populations than
Augusta, liowever, since 1830, hugusta has ranked as the
Kennebec Valley's leading city in population,

As ocean transportation is of little significance
on the Kennebec today, Augusta no longer meets the criteria
for nodality as established in Chapter II, It is important
to recall, howaver, that, to a deqree, all bridges used by
man are nodal., And, though the Augusta Bridge 1s not
comparable to the nodal London Bridge or to the Golden Gate
Bridge, 1t is still the most significant crossing on the
Kennebecs Por information on the historical evolution of
the Augusta Bridge or any of the other Kennebec crossings,

refer to Flgures 2 and 2,

Bridging the Kennebec

The desire to replace the ferry with the continuocus
and uninterrupted bridge was soon voiced from one end of
the Kennebec to the other., Twelve years later, in 1809, a
second bridge was bullt across the Kennebec--this one at
Skowhegan, This bridge was especially important as a
crossing for the cattle droves and sheep flocks collected
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