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Abstract

The purpose of this project was to take t
Bridgeo at Ol d Sturbridge Village and transf
how bridges function. Efforts were focused on ideashferimplementation of a model

andredesignedebsi te to illustrate the details of t
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1.0 Purpose

The purpose of this project was to relate the technology of the covered truss
bridge and to show how serves as an example of a modernizing society. This was done
by examining a variety of truss bridges with the primary focus being on the Vermont
Covered Bridge at Old Sturbridge Village and explaining the ways in which it functions

as well as its impaan society in the nineteenth century.



2.0Literature Review
There were two sources which provided most of the primary research material for
this project: the research | ibrary at Ol d St
Both facilities providd many books on the construction and design of covered bridges as
well as their relationship to society in general. The works provided by these libraries
presented much information which proved invaluable to this project.
The research library at Old Stuidige Village proved to be an invaluable tool in
obtaining material directly pertaining to the design of covered bridges and their history.
Much of the material, though, pertained to specific bridges found throughout New
England, and appeared to be mostbataloging of information such as bridge location,
dates of construction, type of design, etcé
it provided background on the numbers and types of bridges being built during certain
periods, which one could aetate to the longevity of certain designs. The research
library also provided a number of books relating directly to the design and construction of
wooden bridges. The works of Sloane, Condit, and Allen in particular provided clear
references on the praderes, materials, and knewow needed in the manufacture of
these bridges. The research library also contained a jewel among its shelves: an original
vol ume oGendhaTigoty o6f 8ridge Constructiarhich outlines the
trigonometric methods of trussalysis that he helped to pioneer.
The Gordon Library at WPI al so pheovi ded t
Intelligence of a Peopla n d S t dormngoo leaddscape of Ameridzoth of these
books explored in depth the psyche of the American pelylag the nineteenth century

and how they adapted to a changing world and in what ways they helped to shape that



changing world. Calhoun does a good job of exploring some the evolutionary changes of

the bridges of this time and how these changes higkligiie innovative ways people

were changing. Stilgoebs book mainly expl ore
was changing and how the people adjusted to such changes. He explores the events which

prompt Americads road avisatietpadjusttdtethebeuents di ng er

happening around it.



3.0 Bridges: An Introduction
In the early nineteenth century the country was expanding quickly due to
advances in technology and transportation. Tiring of the appalling conditions of the
roads, Anerica embarked on a series of turnpike building eras which saw the countryside
woven together by a series of wghaded, long distance roads. The need for bridges
became apparent as these new roads would eventually need to cross over the many rivers,

streams, and tributaries found throughout the land.

3.1 Types of Bridges

The three most common types of bridges in use today are the beam bridge, the
arch bridge, and the suspension bridge. These bridges differ in construction and
functionality, from the elatively simple beam bridge to the ma@mplexsuspension
bridge. The increase of the length of the spans of these bridges is directly proportional to
the increase in complexity of each successive type, with the simple beam bridge spanning
the shortestlistances to the more complex suspension bridge, whose spans can be
hundreds or even thousands of feet long.

The simplest of the bridges, the beam bridge, is used to span short diatathces
shown in Figure 3.1lts construction consists of a flat saré, called the deck, laid
horizontally and placed between two abutments. Abutments, essentially, are what
support bridges on either end. These can range from beam bridges simply resting on the
banks of a river to the giant concrete and steel tower©dém suspension bridges
buried deep in the ground. Burying the abutments allows the earth to dissipate most of

the tensile forces. In the simplest of beam bridges, the deck rests on two abutments, one

1C



at each end of the bridgélthough the beam bridge simple to design and construct, it

can support only relatively small loadSince the beam bridge lacks a supporting truss, it
has nothing, save the bridge itself, over which to distribute the load. In this sense, the
bridge is limited in the amount tbading it can support by the materials out of which it is
constructed. A beam bridge constructed from a hardwood, such as oak for instance, could
support greater loads than a bridge constructed out of a softer wood, such as pine. Beam

bridges are thefere often augmented with a truss system.

A Simple Beam Bridge

Figure 3.1 The Simple Beam Bridge

A truss systemshown in Figure 3.2s comprised of a networdf rigid beams
which distribute the load on the bridge throughout the entire network of trusses. A
majorityofover ed bridges, including the AVer mont

employ a truss system fadded support.
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Truss Bridge

Figure 3.2 The Simple Truss Bridge

The design and construction of an arch bridgaushmore complex than that of
a beam bridge. Tharch bridge is similar to the beam bridge in that it commonly rests on
just two abutments. However, it differs greatly in the shape and desigrdetkdn an
arch bridge, the bottom of tlikeckis angled in a manner that allows all the weight to be
distributed evenly throughout the arch out to the abutsherdteacdof straight down in
the center as in the beam bridggeshown in Figure 3.Distributing the load throughout
the entire arch ensures that no one section of the bridge is overstressetplately
responsible for the overall security of the briddéis enables the arch bridge to be built
with agreater span, aseN as to supporgreater loads for the same number of abutments

as the beam bridge.

12



Arch Bridge
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Figure 3.3The Arch Bridge

Suspensio bridges are by far the most complexerms of design and
construction.Like all bridges the suspension bridgehown in Figure 3.4gstsits deck
on its abutments. The major difference is that the suspension bridgeisemdshe
deckof the bridge from cables which extend from one end of the bridge to the other. At
each end of the bridge the cablesattached at the ends to massive stone or concrete
anchorageand in the middle they are attached to towers which enable the cables to be
draped wger the huge distances that the bridge can travdisese cables allow all the

weight put on the bridge to be dispersed out tattehorages

1 NOVA article on suspension bridges. (no author). Retrieved November 18, 2004, from
http://www.pbs.org/wgbh/nova/bridge/meetsusp.html
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Suspension Bridge

Figure 3.4 The Suspension Bridge

Suspension bridges can span distances far greater than either the heambadges.
Japands Akashi Kai kyo bridge, fiavartwoandt anc e,

a half miles londf

Figure 3.5 Japands Akashi Kai kyo Br

2 Introduction to Akashi Kaikyo Bridge, Honstghikoku Bridge Authority. Retrieved November 18, 2004,
from http://www.hsba.go.jp/bridge/akasi.htm
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3.2 Physical Terminology

In order to understand how bridges function one must firsaindiar with the
concepts of compression and tension. These concepts can best be illustrated by
considering a coiled sprinés outside forces press the spring together as shown in
Figure 3.6, it becomes compressed. In reaction to this, the spring attenegert a force
against the applied compressive forces so that it may revert to its naturallstate.
opposite of compression, teasij is illustrated in Figure 3.As the spring is pulled apart,
the spring material is stretched out and placed uriceensWhile under this straiit,
again exerts a force opposite to that of the applied force and attienmet®rt back to its
unstretched state. In this situation, the spring is said to be in tension. These concepts are

vital in the explanation of howridges function.

Figure 3.6 A Spring in Compression

15
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Figure 3.7 A Spring in Tension

Another important concept that must be grasped is tensile strength. Tensile
strength can best be thought of as a measure of how much a material can be pulled apart
before it breaks. Different materials have different tensile strengths. For example, steel
is extremely strong and has a very high tensile strength whereas Silly Putty® is very

weak and has an extremely low tensile strength.

3.3 Function and PhysicalCharacteristics of Bridges

When examining how tension and compression are exhibited in bridges, the basic
beam bridge is the simplest to consider. As an object crosses the bridge its weight pushes
down onit. This causes the surface of the bridge imatetlf under the load to be in
both tension and compression. The top portion ofidukis under compression, while
the bottom portion is under taas as illustrated in Figure 3.8The rest of the bridge
before and after the load placement will be imsten. These forces at first will cause the
deckto bend downward. If the bridge undergoes too much bending it wjlt&aiking
the bridge to break. When designing a bridge, it is therefore important to choose

materials that will be able to withstandesired load so that it does not fail prematurely.

16



Compression and Tension
in a Bending Beam

Compression
= =
e ey el

Tension

Figure 3.8 This demonstrates how the bri_dge deck undergoes tension and
compression.
Simple beam bridges bend very easily because all the weight is being dispersed to
the abutments via itdeck Trusssystems were eventually added to beam bridges in
order to better distribute the tensile and compressive forces and thus increase the
maximum loading a bridge could withstand. The forces of tension and compression are

handled independently by parts oéthetwork as shown in Figure 3.9

17



Forces in a Truss Bridge

Compression Compression

Figure 3.9 Forces in a Truss Bridge

Although the beam and arch bridges serve the same purpose they are much
di fferent in design. The arch bridge uses a
object cossing it & shown in Figure 3.10When weight is on the bridge it squeezes and
the forces are carried outward along the arch to each end. The support of the abutments
is necessary to hold together theldvadge. There are no tensile forces acting on the
bridge,instead the entire bridge is under compression. Because there are no tensile
forces,it is able to withstand greater loadings without failure. This enables arch bridges

to span greater distances than basic beam bridges.

18



Forces in an Arch Bridge
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Compression

Figure 3.10 Distributed Loading in an Arch Bridge

Of the three basic bridgesyspension bridges are by far the most complex
engineered, but in turn have the greatest strength and span of the three. When the bridge
is placed under loading, the cables, which span the length ofitlye bare placed under
tension. The cables are attached at the abutments and draped over the towers, causing the
abutments and towers to be placed under compresBipnsing this system of cables
and towers, suspension bridges are able to be builthwidb spans and support massive

loads which were previously unthinkable with the arch and beam bridges.
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Forces in a Suspension Bridge
Compression —» +—

Tension 4——»

Figure 3.11 Forces in a Suspension Bridge

3.4 The Town Lattice

In 1820, Ithiel Town patented the lattice truss design that would change the face
of modern bridge building. In the early nineteenth century most bridges were built as
basic beam bridges using gigantic wooden tin
not only created a sturdier bridge but also eliminated the need for these hadd to fi
pieces of lumber. His design allowed the use of smaller milled pieces of wood that were
readily availabl e. He took the idea of the
work. This took the extra strength provided by a simple truss andptredtiit. In this
model, the tensile and compressive forces are divided throughout the lattice truss work
and therefore are distributed efficiently to the abutments. Not only did this decrease the

cost of building bridges, but the design was superitindse which preceded it. This

20



lattice created an immensely strong bridge that could withstiamolstany amount of

weight necessany its day.

R KIIKR
PRIRRRIRKRKK

~ TOWN LATTICE TRUSS (covered

Figure 3.12 The Town Lattice Truss

Anot her i mportant advantage of thanwndés des
j oints. Up until the introduction of Townos
preferred method used to join timbers in bridge building. These joints are made by
cutting one part out of a board and cutting its opposite counterpart frahreaso that
they fit together like pieces of a jigsaw giezas illustrated in Figure 3.13 his created a
problem because the skinniest, or weakest, part of the lumber was used in connecting the
other pieces. Inthe Town design, solid members wereaigbd joints in order to avoid
the weaknesses of mortise and tenon joints. In addition to strengthening the original
design, using these solid members simplified the construction of the bridge so that most

anybody with a rudimentary knowledge of carpegt coul d oversee oneds ¢

r";'J'{_jp:_ls}E .__h.h\'- =
Figure 3.13 The Mortise and TenonJoint
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3.5 Covered Bridges

Common opinion is that bridges are covered to make them more aesthetically
pleasing, and while this is true to a certain extent, there are many moresreaychey
are covered. As noted by one astute New England farmer when asked why bridges were
covered, he replied, fAWhy did our grandmothe
underpinning. Why did ¢£Thenostonportantreabdori d ges ? Li
covering bridges is to protect their components from the elements. The lifespan of a
bridge can be increased dramatically by keeping rain, sun and snow off of its joints and

surfaces. If water gets into the joints it will gradually rot the wood ead fo the

bridgebs failure. Li kewise, if water freeze
turns to ice. This can easily |l ead to the ©b
®Allenp. 1
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4.0 History of Early American Truss Bridges

This section will consider the history oferican truss bridges. This span will
include, but not be limited to, the development of early bridges, the designers of these
bridges, and the impact on society caused by these bridges. The focus of this will be

centered on the Vermont Bridge at OldrBtidge Village and its designer, Ithiel Town.

4.1 Evolution of Bridges

As stated byauthor Richard®d | | en, a bridge is fAsi mplyéa
furnish a roadway ov‘®@\henaonfloatpdwigthsasdrroon or ob st a
crossing, the earliesridge builder would most likely find a tree on one bank and simply
fell it across to the other. This early type of bridge became knowstésger bridge®
The stringer bridge was quite simply nothing more than a log felled across a gap or
stream over Wwich passage was possible. Besides being crude, the stringer bridge
provided only a narrow walkway for traffic, barely enough for a man, and could not
accommodate any sort of vehicle or animal traffic. Such a bridge could not be built very
long as the legth of its span was limited by whatever timber happened to be growing in
the immediate vicinity.

The stringer bridge, crude as it was, would eventually evolve into the simplest of
truss bridges, but not before undergoing a series of changes. The nuadt logi

improvement was to simply split the log in half lengthwise which provided the traveler

“Allenp. 6
*Allenp. 6
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better footing. A further refinement saw the stringers separated to allow for short logs to
be placed across them providing a wider walkiay.

The stringer bridgera its refinements worked well enough so long as the gap or
stream to be crossed was short; however, problems arose with this type of bridge when
the distance became greater. The longer the bridge had to be, the more it was prone to sag
and slip its abutmds or crack in the middle. One of the first solutions developed to
counteract this problem was to add supports,
bridge. This type of bridge building became known as thegpittbeam style. The first
major span tde built in the Americas was just such a bridge and was constructed in
1662 over the Charles River in Cambridge, Massachusetts. The span of the bridge was
only about fifteen to twenty feet long and had hdnigen piles’

Two other bridge forms had beawailable as solutions by the late eighteenth and
early nineteenth centuries: the floating span and pontoon bridge. The floating span was
very rudimentary in design and construction: it was built out of wood planking and meant
to rest directly on the swa€e of whatever body of water was being spanned. The major
disadvantage of using this bridge was that it would rapidly begin to decay and sink. To
keep the bridge usable, new planking kept being added over the old, making-an ever
thicker span which could #ames become as thick as the water was deep. The pontoon
bridge is a direct offshoot of the floating span. Like the floating span, the pontoon bridge
was built out of wood planking, but instead
lay on a segs of small, rowboatke pontoons placed on the wafeDespite this simple

innovation, the pontoon bridge was still susceptible to rapid decay as it still lay directly

®Allen p. 6
" Condit p. 76
8 Condit pp. 7677
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on the watero6s surface. Though it 1Hyad the ad

disassembled if the need arose, it was really only a temporary solution to a long term
problem.

The problem of trying to figure out a way of making longer spans that could
counteract sag lead to the development of the earliest simple truss deskjmgpost’
Early builders began by adding braces to the undersides of a stringer, allowing them to
rest on the abutments and angling them to meet in the center. A horizontal member was
added to the bottom of the braces to close the open end; lateteiapmest was added to
rest between the vertex of the braces and the center point of the lower horizontal member.
It was this arrangement that gave rise to the first triangular system of beams called a
truss™®

The kingpost was simple to construct andstany American carpenter could
construct one in a hurry as he was already accustomed to building them in his barns and
houses?! Though the kingpost worked well enough for short spans, it was not ideal for
longer crossings. The next iteration in truss desam the apex of the kingpost replaced
with a horizontal member, which all owed the
r oy al becamie knpvin as thpieenposand was capable of spanning wider

distances than the kingpost.

°Allenp. 7
©Allen p. 7
1 Sloane pp. 4617
2 Allen p. 8
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4.2 The Earliest Bidge Truss Systems

Using a network of trusses to support a bridge is a relatively new innovation in
bridge building. Truss systems were first developed in Europe during the sixteenth
century by Palladio and Da VintiThe remains of bridges before tipisriod are almost
nonexistent as very few of these early bridges were built in this time. Because European
builders generally eschewed the use of wood when building bridges, the majority of
remaining bridges are of the stone arch design, although therglénce of decayed
simple wooden bridges.

Given the preference of Europeans for working with stone over wood, the
techniques of Palladio and Da Vinci did not initially come into widespread use in Europe.
However, by the migtighteenth century, Palladios wor ks had been trans|
English and the style began to gain in popularity in England. Despite this gain in
popul arity, wooden trusses were still seen a
wor kabl e wood [ was] s cyirwdespréad asettiroughtoui ne ar c he
Europe, there was no need to replace them with simple wooden bftdges.

Al t hough Englanddéds Colonies had a virtual
applications in truss building remained alien outside of being foundrivsland houses.
Early settlers considered trlusrsfypri dges to b
experiments as the custom at the time was to either ford creeks or, when available, take a
ferry. A lack of skilled and knowledgeable laborers on the froats meant that most

bridges a traveler might encounter would be of simple, rudimentary design.

B Tyrrel p. 121
4 Allen p. 19
> pancoast, et al. g.
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It was not until the late eighteenth century that truss framing started to see
widespread use in America. The early decades of the nineteenth century saw the
introduction of many innovative wooden truss designs produced mostly through a process
of trial and error. One of the first major bridges to debut in this time made use of the
already existing kingposts design. The Burr Arch, named after its designerféeod
Burr, was a multiple kingpost bridge which had a wooden arch added for extra support.
Patented in 1804, Burros bridge could be
use of additional supports.

The most significant design to be producethis period was the lattice truss of
Connecticut native Ithiel Town. First patented in 1820 and again with improvements in
1835, Townds |l attice truss did away with
relied upon webbing comprised of a numbersmisssing diagonal membéfsT o wn 6 s
bridge was lighter and stronger than previous designs and was easy to construct. He was
widely successful in marketing his bridge during the period between 1820 and 1840 as
America was embarking on its great turnpikdding era.

Two other significant designs to be produced during this time were the Long and
Howe trusses. The truss of Colonel Stephen H. Long, patented in 1830, was comprised of
a series crossed members held upright betweenP&ts.mp | e i n shressi gn,
was reliable in use but needed to be improved upon. Those improvements came in 1846
when a Massachusetts mill wright named Wil
adding vertical tension rods made from iron. Positioned between the braces, these rods

could be loosened or tightened as the bridge aged depending on how it warped. If these

16 Condit p. 90
7 Sloane p. 102
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rods failed, they could easily be replaced. Such an improvement saw many to consider

Howeods bridge to be one ®f the most fimoder no

4.3 Truss Bridges as &ign of Progress

Though New England is a region characterized by rough terrain comprised of
rock-strewn landscapes, lakes, rivers, forests, and mountains, its people are able to enjoy
a high degree of mobility today that was difficult, if not downrightasgible, to achieve
two hundred years ago. Poor roads and bridges remained the bane of manylaewould
traveler, and those who attempted to use the
until the early nineteenth century when new methods of mddbadge construction
were developed that allowed people to navigate the terrain with both speed and
efficiency.
Dur i ng Col oni al t i me populativowal sitoafed dd éamns En g1 a n «
and in small, inland communities. These small communities @ftgr isolated as New
England was traversed only by a poor network of dirt and gravel roads. Although coastal
shipping was the preferred means of moving produce to market, most New England
farmers lived out of easy reach of such methddisstead, they werforced to transport
their goods overland on roads that were so hard and rutted they could well shake a wagon
apart. As noted by Parks, the roads were so poor that an Englishman traveling by stage

from Boston to Newport wrote in 1797

8 Sloane p. 102
19 calhoun pp. 29291
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Very often we sumised a family of pigs taking a bath in a gully of
sufficient compass to admit a coach. As often such chasms were
filled by piles of stones that, at a distance, looked like Indian tumuli. |
found there were two evils to be dreaded in New England travieding
clayey soil in wet weather, which, unqualified with gravel, made

the road a canal; and a sandy one in summer, which might
emphatically be called an enormous insect preserve.

Transportation through waterways was more desirable than traveknigma given the
extremely poor quality of roads and scarcity of bridges. Instead of bridges, most people
relied on fords or ferries when crossing rivers, feuties were not always available and
finding a ford could mean detours and hours or even daysaf el

By the lateeighteentttentury, overland travel begarcreasingconsiderablyAs
inland settlements became more fully entrenched, farmers were able to begin producing
more goods than they consumed. Braving the roads with wagons in the summedsnd sle
in the winter, ever increasing numbers of farmers were able to bring their produce to the
major markets of Boston and Portsmouth and the surrounding dteaRevolutionary
War also saw a great increase in road traffic. Having returned from the \Afay anNew
England farmer gained a greater appreciation for the roads, realizing that there was a
wider world beyond the confines of the farm. Further growth in overland transportation
came as a result of a series of European wars in the period betweeandl 75815. At
this time, farmers still relied primarily on oversees markets for their goods. Foreign
demand for American goods was so great that even those farmers who lived in the
remotest parts of New England were turning great préfits.

Despite the priits they were turning, the costs of transporting goods to market

were still high and many people began to wonder why they must continue to suffer the

2 calhoun p. 291
2 parks n.p.
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appalling condition of the roads. At the time, towns had local control over the roads in
their vicinity and were charged with their maintenance and upkeep. Many municipalities
were apathetical to the condition of the road beyond their immediate borders and so they
mostly remained in disrepdit Most states had a number of laws governing how towns
should mairdin their strip of road; however, in practice, most such laws were
unenforceable, particularly among newer or more sparsely settled areas as they lacked the
resources necessary t & Thestatasivalle needtalook he r oad 6
elsewhere foan answer to this problem.
Prior to, and in the years immediately following the Revolution, most roads
appeared by chance and not by design. Such roads usually began as a footpath or a way
t hrough a dndweraeasudlsof very mor dualifPeple gave very little
thought to the condition of the roads beyond the immediate confines of their village and
commerce within the states suffered as a result. Despite the setbacks caused by poor
roads, Americans were leery of allowing the federal goventteeconstruct an interstate
system of improved roads, their reasoning being that such a vast highway network could
be abused by the government. As a compromi se
companiesvere chartereth the early nineteenth century tonstruct aseries of direct,
long distanceoll roadsfrom which they hoped to turn a profAlthough privately
owned, the turnpike companies had to build roads which conformed to specific standards
set by public commissioners and to charge no more #tablished rates of toff The

new turnpikes were both safer and smoother which allowed for a great increase in

2 gtilgoe p. 131
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overland traffic along them. In response, many inns, stables, corrals, and wooden bridges
were constructed along the routes of the turnpikesder to accommodate weary
travelers?’
As cities expanded, it became not only ne
rivers to accommodate the burgeoning population and allow for highway constAiction.
Early bridges were limited to two basic formscuar e moni ously dubbed fAsh
Al ong. 0 Short bridges were used mostly to cr
proved impractical. These bridges usually took the form of the simplamileeam
style.Theoriginal Anglo-Saxon settlers most likelgarned the art in England, where it
was originally learned centuries ago from Roman occugiérs style of bridge
consisted of a pair of pillars called piles to be driven into the ground on either end of the
proposed bridge site with simple wooden be&aitsin between. The first major span
built in the American colonies was one such bridge built in 1662 over the Charles River
in Cambridge, Massachusetts. The span measured 15 to 20 feet in length and had hand
driven piles. Its relatively simple designdatie ready availability of lumber meant that
this was the mostly widely used design during the Colonial pétithen faced with
marshlands or the mouth of a river, long bridges were employed. A long bridge usually
took the form of the floating span ormgoon bridge. For a time, these bridges were
adequate for the simple purpose of ferrying people from one side of an obstacle to
another; however, since the length of these bridges was limited to whatever force a

simple horizontal beam could withstand, tlsepn proved to be inferior in the face of

" stilgoe p. 23
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ever increasing traffi® It was not long before it became apparent that thiesple
bridges could not accommodate the new, expanding America.

Around the turn of the eighteenth and nineteenth centuries, Am& began
experimenting with designs fepans which werkngerthan the pileandbeam style
utilized in past decade$wo of the simpler designs to come out of this era, which proved
at best to be only temporary structungsye the floating span and poatobridge. A
floating span is just that: a wooden span built across a lake or other body of water. The
major disadvantage to using this design was that since the span rested directly on the
water, it was prone to decaying very quickly and would actuatjjnite sink. The most
common method of correcting this was to keep adding new layers to the bridge. These
new layers would eventually sink as well and still more new layers would be added. It
was not unheard of to have a floating span that would be &sahihe body of water it
was resting on was deep! Pontoon bridges were similar to floating spans except whereas
the floating span rested directly on the water dibekof a pontoon bridge rested upon a
series of small rowbodike pontoons in the watend were similarly susceptible to the
ravages of decay. The disadvantages of these bridges made it tliedgedbuilderghat
more sophisticated bridge building techniques were neledader to accommodate the
ever increasing t ras.flrthicreason Amencanrbuildeasdusnedr o a d w
to truss framing to build their bridgés

Even though by the midighteentltentury truss framing had developed to a
certain degree in Europfe Americans needed to look no further than their own backyards

for experience. For decadesisses had been used in barn construction prior to their
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incorporation in bridge building. Indeed, many of the early truss bridges were essentially
barns erected over river35till, even though trusses allowed bridges to be triljer
and support greater loads, they were still vulnerable to weathering. In 1785 a 365 foot
bridge was erected by Enoch Hale over the Connecticut River at Bellows Falls, Vermont.
Hal edbs bridge was essenti al | shejpinisssatbea si mpl e
boxed in to protect them against the elemeFtt®ugh not a true covered bridgewibuld
bemme the forerunner to the modern covered bridges we know t6day.

The design of thérsttruyc over ed bridge didn&é come to
years later when Charles W. Peale was granted the patent on January 21 PEagy.
had been contracted to build a bridge over the Schuylkill and the original design called
for the bridge to be built open to the weather. That was the plan untiiéhe af | e 0 s
stockholders, Judge Richard Petdesardof it and decided that the bridge should be
covered at the sides and have a roof ad@€He bridge would in this way be protected
from the elements which would increase its longevity and preserve tlstnrerd.

In the early nineteenth century, bridging a river with wood posed certain technical
challenges. Although the existing kirgnd queenpost trust designs of this time were
adequate for short spans, they were not suited to spanning larger rivergpask or
gueenpost truss built on the same scope as
beneath its own weight without the use of many additional supports. Wood employed in
such a way was simply not strong enough to support so large a span. Irohawgh

been considered as an alternative to wood, but prior to 1840 was mostly consigned in the
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form of beams for smaller bridg&%in order for builders to continue relying upon wood,
new innovations in truss framing would need to be developed, whicldwatow a
bridge to support itself over larger distances.
Two major solutions to the problem of spanning rivers with weodld
eventually emerge which relied heavily on the carpentry skills honed throughout the
Colonial period in housgebarn, and shiphilding: the Burr arch and Town lattice.
TheodoreBud s ar ch bridge was ess édultfrorawoédgn a mul t i
beams andupport by buikin arch segment8 ur r 6 s a r severaldisadvasitage h a d
its weight and costs were high andlgo required a sizable amount of specialized labor
It was also very tim&onsuming to construct. Despite these disadvantages, the Burr arch
became a commonly found bridge in the fAithntic United States.
Al t hough Burr 6s ar c hthédesiga thet wopladyltindtedyr el s e w
become théavorite among bridge builders, especially in New England,s T own 0 s
lattice trussPatented in 1820 by Connecticut native Ithiel Town, the Town lattiss is
interesting in that it has two distinctadvardagy over earl i er truss desi
latticedid away with the kingposts and arches of earlier designs and relied solely upon a
network of crisscrossing members which in effect formed a webbing of many small
triangular supportslhe second advantagvas that it was easy to erect as its construction
was simple and was built from common sizes of lumtaeguiing few bolts or metal
rods. The uniformity of timber sizes and easy construction meant that even an
inexperienced carpenter could erect a Tdattice in a short time with a minimum of

expens€’Though Townds |l attice appeared fragile |

38 Edwards n.p.
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resilient design as demonstrated by the large number of them still existing in New
England today.

Though not mathematicallyeds i gned f or str encguidlbe Townods
easily analyzed for maximum efficiendgridge designers began to realize that bridges
could be built both cheaper and more secure if the exact stresses and strains placed on a
bridge could be analyzed tha@matically Previous bridge builders relied on treatises
from France or Great Britain for rules governing the building of bridges; however, these
treatises made certain assumptions about bridge construction that often times forced
builders to build far mre massive structures with far more material than was required for
s af et y%se old Bukopean method of building bridges left treeatically
indeterminateThat is, it was impossible to analyze a bridge mathematically and come up
with a definite stution as to how much force a bridge could ultimately withstand.

It was not until 1840 when two American engineers, working independently,
discovered a means of bridge analysis that allowed bridges to betairoally
determinatéby breaking dowrthe network of trusses into a triangular arrangement of
beams. The new methods would allow any engineer with a rudimentary understanding of
calculus to precisely calculate the stresses and strporsany given beam of a truss.
The first of these men, Herman Haupas a West Point trained engineer who was not
only able to present a trigopnometric method of analysis, but also provided approximations
for determining stresses in statically indeterminate bridges. The second and decidedly
less sophisticated of thesegameers was Squire Whipple of New York. Having neither a
college education nor any specialized training, Whipple, a railroad engineer by trade, was

able to produce a firgif-its-kind handbook on the design of truss bridges. Like Haupt,

0 Ccalhoun p. 298
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Whipple was able tanalyze trusses by considering them as series of triangular schemes,
out of which the exact stresses and strains in any beam could be oftdined.
Arut hl e s“nmethods develpdedhy Haupt and Whipple gave American bridge
builders their greatestigsantage over their European counterparts: by reducing a bridge
to a statically determinate form, it would be possible to calculate the exact amount of
material needed to construct any given bridge. Such a procedure was an economic boon
for Americans.Inte 187 006s Americans were competing a
builders for contracts to build bridges in newly modernizing Japan. As Japan is a country
where raw material is relatively scarce and very expensive, many contracts were awarded
to American buildes due to their ability to provide exact figures for material cBsts.
Today we take for granted the ease of travel afforded us by the bridges which dot
our roadways, but their effect on the landscape is immeasurable. The introduction of
Townos | dherttrusseg whach wereaheap to build and quick to assemble, meant
that even the most isolated New England community could construct a bridge with
relative ease. These trusses, coupled with the new turnpikes, allowed the people of New
England to move alub as never before and increased the speed at which their goods
could be brought not only to major local markets, but to the oversees markets of Europe
as well. Townds innovative use of traditiona
with the discovey of advanced analytical methods, made his lattice the most popular
bridge form of the time and helped play a part, as Parks notes, in contributing to a

Aqguickening pulse in the economic and soci al
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4.4 Ithiel Town

Ithiel Town was nojust an engineer; he was an innovator with an eye for the
future and an appreciation for the past. To
engineering was apparent at an early age. His first job was as a house carpenter in his
home town of Thompson, CTHis interest in building soon led him to Boston where he
apprenticed under architect Asher Benjafffiown decided to move back to
Connecticut in 1810 and was almost instantly successful as an architect. In 1812, he was
hired to design the Center Chhirim New Haverf® This church was his first major
architectur al project and was a huge success
would precede him.

His next major accomplishment was the patent of a bridge design that would
become the dnunfiorrcaVeded Thiotross designvasi dges . 0
structurally superior to prior bridges as To
strengtho of the timbers and t h%®ltasotad ust str
the added advantage loéing easier to manufacture. Most bridges before this had to be
built by highly skilled carpenters and used huge timbers that were difficult to obtain.
Townds design required easily obtainable siz
even moderatearpentry skills. This patent quickly became very popular and remained a
lucrative source of income for Town for many years.

The notoriety of this bridge did not happen by chance. Although Town had a

great appreciation for antiquity he was also manys/abead of his time. He did not
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build these bridges,; he successfully markete
bridge style was used in over a dozen states spanning the country from Connecticut to
Georgia to California. Author Herbert Congdaged these words to describe the manner
in which Town was able to market his bridges
mile and sofd by the yard. o

Town differed from most bridge builders of his time in the fact that he did not
actually build his bdges; he sold the rights to his design for others to Builbhis saved
Town an immense amount of time. Instead of spending years building a single bridge, he
was able to sell his patent to multiple customers in the same timeframe. Town was
known as aort of promoter. He would show up at the site of a new bridge to wine and
dine the directors of the projett.Town also used pamphlets about his bridge throughout
the country to advertise it. If asked to use the design, Town would usually charge a
dollar of every foot in length of the bridge. For example, if a two hundred and fifty foot
bridge was built with Townbdés design the cost
Town also had agents who would nose about riverbanks to see if his design was used
without his permission. I f this was the cas
charged double the original rate Town was able to amass a small fortune through the
steady stream of royalties from this patent.

The immense sale of the Town Latticesweot purely the result of a superior
desi gn. The Town | attice was patented in 18

first major period of road building known as the Turnpike Era. Over thirty seven hundred
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miles of toll roads were built in New Engla during this era by local corporatiotfs.

This | ed to a massive need for bridges in th
sound structurally but it was the easiest to build. The beginning of the railroad boom

began in the | at leende@farGtiordy bralgeslona natonatlavel.e d t
Roger Newton wrote, APractically every secti
Newfoundland to the Carolinas began to benefit by this remarkable device, to which the

rapid spread of r &% Notomyalid Sowmdesign a greatédritigemu ¢ h . o

but his timing was impeccable. His design worked hand in hand with the great

transportation explosion of the early nineteenth century.

*2parks, n.p.
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5.0Critique of Original Report

The Eterm IQP report attempted to preseam introduction to the history and
physics behind truss bridges. Although informative, it managed to present the
information haphazardly, in many instances repeating itself or providing unclear physical
explanations which oftentimes left negchnically nclined readers confused and asking
themsel ves, AWhat did |l-ejngsthercedd?@pilhnmonr ad
report, the group surveyed various people who had no prior engineering background.
Persons surveyed ranged from blue collar, middés gmpople to college students
studying topics such as elementary education and nursing. Their opinions gave valuable
feedback and added direction to the future report.

There were several major issues with the original report. First was the use of
unnecessary technical terminology. There are several terms which must be known to
understand how bridges function, such as tension, compression, and tensile strength.
Expressions such as bending moment, shear force, normal force, and cross sectional area
tended to confuse the average reader, instead of laying down a simple foundation, as they
were not clearly articulated. The second problem with the report was the order in which
topics were discussed. For example, tension and compression were usedle thescr
engineering of the beam and arch bridges before the terms had even been defined. Doing
this took away from the entire section because the readers were not able to get a clear
understanding of the information. The third problem with the old IQ&that some of
the examples used were unclear and confusing. A perfect example of this is the use of a

pencil at the edge of a table to illustrate an applied moment.

" Courcy, Roy and Wixon. (2004). History and Physics: The Covered Bridge at Old Sturbridge Village.
Interactive Qualifying Project, Worcesteolitechnic Institute.
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These problems have been addressed and solved in the current report. The section
on the functionality of bridges has been rewritten in its entirety so as to be presented in a
much more easily understood format. Also, much of the complex technical terminology
has been modified or removed as it would be better left to readers with a maneexd
knowledge of engineering. By changing these two aspects of the report, the average
person who does not have engineering knowledge will be able to obtain a much better
understanding of the information presented. To address the third major issae)eso
examples have been created. For example, to illustrate tension and compression, a spring
was photographed while it was being compressed or pulled apart.

Outside of these problems, the old report did an excellent job laying down the
groundwork forthe future report. Section five of the original report gave an excellent
historical background on bridges that was used and expounded upon in the current report.
The suggestions given were also helpful in generating the new report. A website
complete wihnew imagesandtestas cr eated to contribute

webpage as suggested in the previous report.
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6.0 Factsabout the Vermont Bridge at Old Sturbridge Village

How does the Vermont bridge worlhe Vermont Bridge is a Town tate truss
design. This means that the lattice truss work is designed in such a way as to distribute
the loading so that the bridge experiences only vertical forces which meant that the
abutments do not experience any horizontal or diagonal loadingngreat of the most
successful and efficient bridge designs of the nineteenth century.

Why is the Vermont Bridge covere@dvered bridges, such as the Vermont
Bridge, were thought to have been covered for a variety reasons. Privacy for trysting
lovers, leeping pedestrian traffic dry, and added support for the bridge were a couple of
common reasons people believed these bridges were covered, but the most significant
reason for covering these bridges was far more simpler: protection from the elements.
Keepng a bridge dry from the snow and rain allowed it to survive much longer than other
uncovered bridges of the time.

Why was the Vermont Bridge built 1869, a large storm caused the Stickney
Brook to flood and created a new estuary. It chose a lpathgh Dummerston, Vermont
by the Taft Tavern causing a problem for the locals. In 1970 it was decided that a bridge
would need to be built wusing Ithiel Townods |
Bridge, the Vermont Bridge was built to allmrossing of this subsidiary of the Stickney
Brook.

Who invented the style used to build the Vermont Bpidteel Town created the
lattice truss design in the early nineteenth century and was granted a patent for this design
in 1820. Towns alassmamMmseuwkeo was widely succes

bridge as evidenced by the large number of Town bridges still in existence today.
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What dd the Vermont Bridge mean to societyRis bridge, as well many
throughout the United States, simplified spartation. Bridges in this era were not just
crossing rivers and streams; they were connecting communities that were previously
separated and allowed for cities to grow and expand. Not only did this make traveling
easier for the average traveler, buhdreased the economy by allowing business

transactions to traverse towns and counties which could not be reached via coastal

shipping.
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7.0 Covered Bridge Website for Old Sturbridge Village

After visiting the Ol d SntheMermondige Vill age
Bridge, it was decided that an update was necessary. The section of the website
pertaining to the waterwheel had an excellent layout. This is the layout that would be

imitated in creating a new section for bridges.

7.1 The Website Imagesand Layout

It was decided that a layout very similar to the waterwheel portion of Old
Sturbridge Villagebs website would be used i
basic layout was drawn on paper and then the source code from the waterwhael secti
was used to convey this layout from paper to computer. For purgiosesformity, the
background andtyle of the waterwheel section were used in the new webpage.

The website was organized into two sectiawvered and uncovered bridges,
which were firther divided into subsections. These subsections were each dedicated to
more specific topics such as bridge type and style. The first bridge type explained was
the simple beam bridge. This was used to introduce the reader to the most
straightforward hdge style as well as tension and compression. The next section was a
long beam bridge comprised of two short beam bridges and a platform connecting the
two. This was chosen because it was a building block terdripges. Next were the
Kingpost andQueemost styles. These show how diagonal and vertical segments help
support a bridge when a load is applied to it. The following section discussed and
illustrated various truss systems, including the Town lattice. The final part of this block

is the moern suspension bridge. Although this bridge type was not prevalent during the
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timeframeof Old Sturbridge Villageit is a significant advancemein the evolution of
bridges and worth mentioning.
The next section entailed several subsections which dedcand illustrated
multiple covered bridges. The first subsection explained in detail the Town lattice
structure. The following subsection gives an explanation as to why bridge builders used
the Town lattice instead of other methods and why they werred. The final
subsection of this block discusses Ol d Sturhb

both photographs and historical facts.

7.2The Interactive Bridge Model

To begn, a virtual model othebridgewas builtin Visual Basic. i was donen
Visual Basic becausa familiarity with the language anaccessibilityvia any Windows
platform. Once a workingnodel of the bridge was obtainedwibuld be transferredo
another language such as Java or Flash so that it could be easily placeebsitea

To start off with, a simple beam bridge was creatiédvas comprised of a single
line segment between two supporting cliffs. The next step was to implement gravity.
This was accomplished by adding a mass variable to the line segment. When the
program ran the bridge fell sigiit down. After adding the code so that the bridge would
be blocked by the cliffs, the bridge stood where it was as expected.

Now that there was a bridge the next object to create was the car. For simplicity
the car wasepresentetdy a circle. Luckily there was a built function to place the car
at the mouse pointeiThis was a problem becaude car needed to la¢ the location on

the bridge corresponding to the location of the mpnsesimply at the point of the
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mouse So after a few more lines of code the car followed along the ground and bridge
wherever the mouse went.

With the current model, the bridge was never in tension or compressionwasis
because it was not changing length at all. The two supgatfififs pinned the bridge
line segment in A way to make the bridge be flexibheeded to be foundA bending
bridgewas approximateds a series of small interconnecting bridgesolve this
problem. The line segmenwas brokennto ten sukdivisionsand madeso that the ends
of each of the subivisions were connected to the ends of the nexidsuibion. This
way the ends of the bridge could remain fixed and allow the middle to sink in when the
car was driving over it.

When the program rahis time, the middle of the bridge sank down adittlue to
its own weight. This was realistic and showeat the material properties such as density
of the bridge determine a maximum length. If the bridge was longer than it sank more.
In real life, if a matrial were stretched too much then eventually it would snap. However
this smulation was created to show how bridgesk, not how they breakBecause of
this reasoningsode was noaddedto makethe bridge break when it was stretched too
far. Insteadhe mass of the bridgeas loweredo that it would not sink very much but
enough to show that it was lower than ¢hés.

Next was to drive the car over the bridge. As the car drove over the bridge, the
bridge sank down as expected. Howewerce thecar was removed the bridge did not
spring back into place. hat is exactly what was missingpring. In addition to the force
of gravity working on the bridge theveerealso the internal forces of the bridgkthe

bridge itself More code was addesbthat each line segment acted as a spring. When
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the segment was stretched or shortened it would work on pulling itself back to its original
length.

The simulation was run again to see how it would re¥¢hen the car drove over
the bridgethe bridge wold sink faster and faster instead of returning to its original form.
After some debugging, the simulation was run agaims time the bridge returned to its
original shape. However the bridge seemed a little blo@kycorrect this, the number
of line segments the bridge is comprised of was increasbd.more line segmenthe
more realistic the simulation but also the slower the program ran. A real bridge would
have a line segment for each atom in the bridge, so that would be unreasonable to
simulate. It was decided through trial and error that a bridge comprised of several
hundred line segments would sufficéhis was enough so that it appeared continuous but
did not overwhelm the computer running the simulation.

Once the action of the car mogiover the bridge was satisfactpitywas time to
move on to the next steffhe whole point of the simulation wasdemonstrat¢he
conceptf tension and compression. Since the line segments appear conbneous
cannot differentiate between oskeeching out and another shorteninigwasdecided
that a good graphical way to represent tension and compression would be to colorize the
segments according to how much they were stretched. Atretched segment would
remain black. The more that thegsnent was stretched the bluer it became. The more
that it was shortened the redder it became.

After the simple beam simulation was acceptaimek began omther kinds of
bridges. More complicated bridges can be thought of as several simple bridges stuc

together The kingpost bridgavasnextto be constructedoafunctionwas calledo
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create a beam across the cliffs, one in the center, and diagonal beams to connect the end
points. After drawing the beam segments, the simulatesirunand the middt and

diagonal sections of the bridge sank to the bottom of the screen. This is liBeause

beams were not connected to each otledewas addedhat connected each new beam

to any previous beam created where they overlap.

Downloadng a separatprogran for each type of bridgeould create a major
inconvenience, sbuttonswere addedo the side of the program select which type of
bridge would besimulatel. Thetype of bridgewould need to be selectezhd the
program would run.The car would be othe floor level of the bridge corresponding to
the horizontal position of the mouse pointer. As the bridge sank due to the weight of the
car on the bridge and the bridge itself, the car would sink with it.

After adding tke capabiity to choose the bridgggype, thesimulationwas run
again. he simple bridgéype was choseand it performed as expecteNext, the
kingpost beanbridge simulation was run and proceeded to fail. This problem was
partially corrected by changing the manner in which the b&ams connected in the
program. With this correction in place, the model would work as long as the load was
continuously moving across the bridge. Thereengll problems if the car remainezh
one side of the bridge for a long time, but for normal @@ this solved the problem.

For other types of bridges, such as theequpost and Town Lattice, all that needed to be
donewasto enter in where the beams were. All of the connections between the beams
were automatially made due to the way that thienulation was programmed he

regions that are in tension and compression are shown in correlation to the load moving

acrosghe bridge.
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The last block of the website comprised of only one sectidhe interactive
model. This is where the programh at | 6ve been discussing is |
to |l earn the basics of how a bridge works.
lectured tothey are more likely to retain the information and want to learn more. They
can easily experiménvith how changing the location of the beams changes the
performance of the bridge.

After all of this work, however, the interactive program does not perform as | had
hoped. The user will have to install the program in order to use it. | wanted tid bave
embedded into the website so that they would just use it from tA&hamugh it is
possible to do this, | do not possess the technical abilities to implemdémtather
limitation is that | used ondimensional line segments. This means thae¥@n the
simple beam bridge they are not seeing the wpigkeire All that they seés the beam in
tensionstretching out frongravity. However it is actually only the bottom surface of the
beam that is in tension while the top is in compressiohhdfl used a twadimensional
beam instead of a ortmensional beam then the user would be able to see this and learn
much more about strain in a materfince | was not able to get the interactive website

operational, | removed the link from the finalpy of the new website.

7.3 A View of the Website

The following section is a compilation of images juxtaposing the current OSV

website on covered bridges with the proposed redesigned site.
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Covered Bridge

Contrary to popular belief, covered bridges were not built
that way to keep the snow and rain off travelers. And not all
New England bridges were covered. The builders of covered
bridges wanted to outsmart Mother Nature and make their
structures last as long as possible by protecting them from New
England weather. The covered bridge's roof and sides were
easy to replace. They kept wind, rain, snow, and sleet from the
heavy beams and timbers that supported the bridge load.

Ironically, it was necessary to shovel snow onto covered
bridges in the winter to let sleighs and other horse-drawn
vehicles pass over them. Only a few covered bridges remain--
as they deteriorated, they were replaced by concrete and steel
bridges, which don't need wooden covers to protect them.

Excerpted from Old Sturbridge Village Visitor's Guide
Edited by Kent McCallum
© 1993,1996, Old Sturbridge Inc.

http://www.osv.org/tour/bridge.htm

Figure 7.1 The wrrent OSV webpage on the coveredrdge.
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Mills and Water Power
An Introduction

ater that flows frarm rivers and streams is a valuable and plentiful energy resource.

People learned to use the power of running water to operate the small mills that were

important to their families. Gristmills ground the grain the farmers grew, Sawmills cut
their tumnber. Carding Mills combed the wool sheared from their sheep. Waterpowered rachines
cut nails, turned wood for furniture parts, cut shingles, and did other useful tasks,

There are many types of wheels that harness the power of water. Each wheel is different and
operates best in unique conditions, They vary in durability, cost, efficiency, and power ocutput,
among other things,

Mote: Real Player is required to listen to the sounds in this section of the website
Cownload Real Flayer (free version)

The power of water

Undershot wheel

Owershot wheel

Breast whes|

Tub wheel

Outward-flow reaction wheel

Modern hydroelectric turbine

Mills utilize the mechanical energy that waterwheels obtain from water. Depending on the type
and size of the mill, the wheel used will vary.

" | Textile mill

Sawnmill

Gristrnill

Zarding mill

http://www.osv.org/education/WaterPower/index.html

Figure 7.2Waterwheel example on OSV website. Theasign and layout were

emulated in the redesign.
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new England Bridges
Types and Advantages

villages mostly lkept to themselves and had little contact with the rest of the world, However,

as farmers became more skilled at tilling their new land, they began to produce more food
than they could eat, so were able to trade the excess for other goods, Other people decided to travel
because it was getting too crowded for their taste or they were seeking adventure, In order to trade
or travel you have to be able to get to your destination, and this almost certainly involved crossing a
river, At first people would walle along the river until they found a place where it was narrow enough
to cross or they found a ferry to take them across. However either of these could add hours or even
days to the length of the trip, S0, they had to find a better solution.

During the Colonial Period, Mew England was comprised of small isolated willages. These

The solution to crossing a river was to build a bridge. As the vears progressed, bridges became
larger, more complicated, and lasted longer, & simple beam bridge might be used to cross a small
stream, a covered bridge built to endure, or a suspension bridge to span very large rivers,
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Figure 7.3 Redesigned main page
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Figure 7.4New webpage outlining the simple beam bridge.
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