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ABSTRACT

This thesis deals with bridge design as an important part of
road design and layout. Bridges frequently dominate roads and railways,
and are, in many cases, a prominent feature of the landscape. Discrimi-
nating selection of the type of bridge and material to be used, having
regard to technical and aesthetic requirements, is therefore essential.
Road construction and bridge design are both applied arts in landscaping,
and should be considered as such throughout the planning sequence.

Since the main thrust of this thesis is directed toward the
aesthetic and engineering aspects, no attempt has been made to include
overall economic analyses or details of construction; however, to indicate
the basic nature of the engineering principles and to demonstrate appro-
priate dimensions of bridge components, calculations and sketches of a
few bridges are included.

Various types of bridges are evaluated and discussed in terms
of their accordance with modern envirommental requirements. The design
of the new bridge across the Alouette River at the U.B.C. Research
Forest is taken as a particular case study, the analyses of this cross-
ing showing that thoughtful selection of both bridge and location can
not only enhance the landscape, but also improve route conditions.
Engineers should blend their talents with nature so as to create a

harmonious landscape.
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Chapter I

INTRODUCTION

1.1 Method of study of the forest bridge across Alouette River

The chronological sequence of the study is as follows:
(a) The collection of information containing the present situational
requirements and the conditions governing future improvement;
(b) Field work - detailed stadia survey of the present location
including elevations of the road and bridge, and photographing the
site in relation to surrounding landscape;
(¢) Office work on the detailed plan of the bri&ge site and approaches;
(d) The determination and plotting of the selected bridge site and
the location of the approaches in plan and profile, with horizontal and
vertical alignment;
(e) Evaluation of the landscape type and environment of the bridge
site;
(f) Selection of different types of bridges most suitable to the
enginéering requirements and the environment;
(g) Selection of types of material most suitable to the environment
and to the bridge type;
(h) The locating of bank abutments and intermediate supports according
to the considered material, envirommental requirements, and overall

appearance of the bridge;



(i) Engineering calculations of the dimensions of the main parts of the
selected types of bridges in accordance with CSA-S6 Design of Highway
Bridgesl;

(3) Bill of materials for the main elements of the selected types of
bridges;

(d) Evaluation of the analyzed types of bridges from the aesthetic
point of view, giving consideration to economicé and the final

recommendation of the most suitable type.

Canadian Standards Association, Design of Highwav Bridges, CSA
Standard S6-1966, May 1966 (Ottawa, Canada: Canadian Standards Association,

1966) .




1.2 Introduction to Aesthetics

Basic aesthetic feeling is natural to everyone who observes
an object or landscape. Knowledge and education, however, elevate this
natural aesthetic feeling through comprehension (of the aesthetics)
and experience extends this still furthér. Newby2 summarized Munro‘s3
explanation of aesthetics very clearly by saying: |

"If we express visual perception of a landscape as an aesthetic
experience, it could take this general equation form suggested

by Thomas Munro (11): AE = PO + CP + EC. The aesthetic
experience (AE) thus is the sum of relationships between the
perceived object or landscape (PO), the characteristics of the
perceiver (CP), and the environmental conditions or circumstances
(EC) at the time of exposure. The perceived object or landscape
includes existing, suggested and anticipated qualities, cultural
and historical meanings, and formal arrangements in spatial,
temporal, causal, and other modes of organization. The character-
istics of the perceiver involve stable, permanent, or slowly
changing traits such as sex, physique, intelligence, personality,
stage of maturation, special aptitudes, familial background, and
education; also involved are transitory, rapidly changing traits
such as mood, interest, exposure to social trends or fads, and
the activity of the moment. Finally the environmmental conditions
or circumstances surrounding the interaction include such things
as physical location, presence of other people, other perceptual
stimuli, and the physical and cultural environment.,"

2 F.L. Newby, Man-Nature-Beauty: A research dilemma. Paper. Vol. VI,

Section 26, XIV IUFRO-Kongress, Munchen, Germany, 1967. p. 452,

3 T. Munro, Toward science in aesthetics. (New York, N.Y.: The
Liberal Art Press, 1956). p. 27.




1.3 Elements of Aesthetics

Basic elements of analysis have been set in order to facili-
tate evaluation of aesthetics and as a result, improve landscape
management4. They have been grouped into:

1.3.1 Basic Concepts

1.3.2 Dominance Elements

1.3.3 Dominance Principles

1.3.4 Variable Factors

1.3.1 Basic Concepts

Basic concepts deal with characteristic landscape, dividad
for simplification into subgroups of landscape forms, according to
the governing dominant elements.

Basic concepts also include variety, which deals with object-
rich landscapes and serves as a significant guideline in determining
how much variety is desirable in landscape. Deviations from character-
istics landccape, which are also included in basic concepts, are caused

by the provision of necessary resources for a nation's economy.

1.3.2 Dominance Elements

Dominance elements include form, line, colour and texture.
Although all of them are usually present, each one exerts a differing

degree of visual power or dominancy.

4 U.S. bepartment of Agriculture, National Forest Landscape Manage-
ment, Feb. 1973, Vol. I (Washington, D.C.: Government Printing Office,
1973). p. 2 - 13. '



1.3.2.1 Form

The mass of an object, or of a combination of objects, that
appears unified is defined as "form". In two dimensional pictures it
is called "shape" but since most landscape objects are three dimensional,
the term "form" is more often used.
1.3.2.2 Line

Since a line is a point that has been extended, it can bz
anything that is arranged in a row or a sequence. A line can be
considered separately or it can make up the silhouette of a form. It
can also be the intersection of two planes. All these may be found in
shorelines, timberlines, avalanche paths, vegetative boundaries, etc.
1.3.2.3 Colour

Even when the objects have identical form, line and texture,
colour enables us to differentiate between them. This colour dominance
often depends on the position of the observer. Dust and moisture
cause distant colours to become muted by a bluish haze, while foreground
colours remain strong and dominant,
1.3.2.4 Texture

Distance varies the dominancy of texture. (For example, leaf
patterns are dominant when viewing a treé from a distance of a few
feet, however, major branches become dominant at a few hundred feet,
while entire groups of trees are the dominant texture at a distance of
a few miles.)

1.3.3 Dominance Principles

The visual dominancy of form, line, colour and texture are



affected by six basic principles, which are: contrast, sequence, axis,
convergence, co-dominance and enframement.

Great contrasts are immediately apparent to all observers,
while contrasts with little or no visual effect, simply cannot be seen.
At times, creating sharp contrasts in the natural environment can be
beneficial, but then the object in question must be so well introduced
that it can stand up to the close scrutiny whiéh its prominence will
demand. The question of contrast is pfobably the.most significant in
bridge design, and blending should take precedence over contrast in
cases where only a mediocre contrast can be achieved or where contrast

is undesirable.

1.3.4 Variable Factors

Dominance elements are also affected by variable factors which
can be considered as more or less subjective. They include: motion,
light, atmospheric conditions, season, distance, observer's position,
scale and time. They help to identify the most critical location or
time at which to judge the potential visual impact, under the most

severe and sensitive conditions possible.



1.4 Structural Aesthetics

Bridge design is closely allied to architecture and should,
therefore, be considered an applied art. An adequate type of desizn
should be selected for each bridge, no matter what purpose it is to
serve. Temporary bridges, explicitly designed to serve for a short
time, should be considered exceptions. However, even this might b=
questionable; temporary bridges may serve for léng periods of time
even after their primary function is ovér, usually for recreational
purposes like hiking, hunting, etc.

Le Corbusier, architect and painter, in his book "Towards
a New Architecture"s, defines engineering aesthetics and beauty by
saying that an engineer applies economic laws, and calculations to
achieve and create harmony, when he works in accordance with these
laws. Calculations, which come from natural laws, provide thevtools
with which the engineer creates the resulting architecture and
in turn, communicates with the observer through‘harmdny. He separates
construction from artistic work by saying: 'We use stone, wood,
concrete, we build houses and palaces, that all is a question of
constfuction. We emphasize the work. This all has a big influence
on me,.I feel happy and (I) say: It is beautiful. Here we have a
construction art."

To summarize Le Corbusier's expressions, we can say that the

beauty of an engineering structure lies in its harmony, its balance.

Le Corbusiér, Vers Une Architecture ("Towards a New Architecture"),
(Paris: Vincent, Freal & Cie., 1958). p. 80.




The balance then has to be considered within the structure itself,
and with the surrounding landscape.

It should be pointed out that criticism of each art, even
applied art, is very subjective. Tt is difficult to satisfy everybody.
There are, howevef, generally accepted basic principles, which if
followed, can proyide visual appreciation.

It seems that selecting an acceptablé architectural type of
bridge in cities is simpler than in the country (Figures 1 and 2),
the main reason being that the type of bridge in cities is actually
dictated by the surrounding architecture - or intended architecture - while
the solution for rural locations is usually more complex. A sketch
study, or plotting the designed bridge onto photographs, immediately
shows any discord with the environment. Selection of a proper bridge
type outside the cities requires more consideration, depending more on
the type of road or highway and. the general landscape.

(a) In most cases, since bridges are the most‘expensive part of the
road, the bridge site is naturally prevalent over the road location.

(b) The function of the bridge and the type of transportation it

has to serve, dictate its techﬁical requirements - size and dimensions.
(¢) Recently, the idea of multipurpose roads has been extensively
stressed so the scenic values and the ancillary features; i.e. sidewalks,
parking areas and so on, have to be considered also.

(d) The bridge structure, material, proportions, eté., must follow some
basic principles of aesthetic design in order to please not only those

who use the bridge but also those who look at it.



Figure 2 - Bridge in a natural setting.
- Japanese Garden.
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A very unique and complex analysis of bridge aesthetics has
been done by Pacholik6. Although his analysis deals mostly with bridges
in European cities, some comments about the out-of-city and American
bridges are included. The principles of some of his ideas are discussed
in this paper under analysis of bridge aesthetics, and its practical

applicability is used in the Alouette River Crossing study.

6 L. Pacholik, Estetika Mostnich Staveb ("Aesthetics of Bridge

. Structures") (Prague: Ustav pro Ucebne Pomucky Prumyslovych a Odbornych
Skol v Praze, 1946)., p. 26 - 84.
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Chapter II
ANALYSIS OF BRIDGE’AESTHETICS

Aesthetics deals with harmony, and harﬁony deals with balance.
In general, large bridges have been used in analyzing structural
aesthetics, since these examples and arguments are more readily under-
stood. However, the same principles apply to small bridges on multi-
purpose roads, where very few large spans are expected; Obviously, the
effect of observation will depend on observing distance.

Each bridge has four elements which have to be designed in
a certain sequence of importancel.

2.1 Roadway and guardrails

2.2 Supporting structﬁre

2.3 fiers and abutments

2.4 Bridge heads

Each highér element is dominant to the otheré which are
below. Changing the sequence of importance, i.e. if a higher element
is suppfessed by a lesser one, this causes the natural balance of the
structure to be aesthetically destroyed and the beauty to be lost.

This division is logical, since it is based on functional
sequencé, i.e. roadway is most important because it has the main

L L. Pacholik, Estetika Mostnich Staveb ("Aesthetics of Bridge

Structures'") (Prague: Ustav pro Ucebne Pomucky Prumyslovych a Odbornych
Skol v Praze, 1946). p. 65.
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. function, while the supporting structure holds second place because it
ailows the roadway to be carried over the obstruction and so on.
In Canada, bridges are not usually divided into groups
according to the position of the roadway and supporting structure. Since
the evaluation has been made for that positioning, Figures 3, 4 and 5

clarify the nomenclature used in the text of this paper.

2.1 Roadway and guardréil

2.1.1 Roadway

The purpose of the bridge is to transfer the route and the
traffic safely over an obstruction (river, deep valley, another road).

It is difficult to express the roadway itself artistically.
Ho&ever, it has to be emphasized as much as possible by a continuous
line and a properly selected guardrail. The emphasis on the roadway
appearance is extremely important because of its main function. The
lack of continuity creates an uﬂbalanced-looking structure, Continuity
of roadway applies mainly to the side view (Figure 6) and to the three
dimensional view (Figure 7). In the perspective view, especially, the
continuity with the road line or highway is directly involved;

Sometimes emphasis of the roadlis neglected, especially in
the case of concrete beam or arch bridges, steel trusses or some wooden
structures. A common failing is usually the lack of definition of the
structural parts, resulting in a uniformity from the lower edge of the
supporting structure up to the upper edge of the guardrails (Figure 8).
Another common pitfall, is visually breaking the roadway and an othérwise

* well-designed guardrail by extending the piers up to the top of the



~

Figure 3 -~ Roadway-above.

~ Figure 4 - Half-sunk roadway:

"

Figure 5 - Roadway-below,
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Figure 7 - Three dimensional (perspective) view of the bridgé (form).



Figure 9 - Railway bridge with extended piers.

15
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guardrail or higher (Figure 9). This serves mainly to anchor the
guardrail in the piers but statically this is not necessary.

Other types of visually éuppressed roadways occur when the
supporting structure intersects the roadway. This type of detraction
can be found, of course, with all types of half sunk_roadway bridges and
can be clearly defined by watching the upper and lower outline (contours)
of the bridge. The impression then obtained is.of two separate structures
(Figures 10 and 11).

As far as the other two types of roadway are concerned
(roadway-above and roadway-below), there are basically no problems
with roadway aesthetics. Selection of the preferable supporting
structuré, therefore, depends almost entirely on the landscape (see
later). There is one more effect which should be mentioned here and
that is the effect of guardrails. Since the guardrail is an efficient
tool for underlining the functional importance of the roadway, it can
be used more effectively on roadway—above bridgés than on roadway-below
bridges.

The inside view of the bridge has not been considered very
often and yet it has been found that some types of roadw;y-below bridges,
especially steel closed frame structures, have a depressive influence
on driving or walking persons (Figure 12). Psychologically, it is quite
natural for people to prefer an unobstructed view and an open air
feeling than to walk or drive in an iron box. The lafter feeling is
similar to one which people have while driving in a tunnel.

It should be kept in mind that the psychological effect is

slightly different with reinforced concrete bridges since there is a



Figure 10 - General view of a bridge with half-sunk roadway.

i | ' I

Upper contour

Lower contour

Figure 11 - Upper and lower view of a bridge with a half-sunk roadway.

17
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Figure 12 - Inside view of bridge with sidewalks within
the structure.

Figure 13 - Sidewalks outside the main structure.
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different arrangement of diagonals and wind bracing. A substitute
arrangement can be found for steel or wood closed frame structure by
locating the sidewalks outside the main supporting structure (Figure 13).
This is also safer for the pedestrian.

The profile of the roadway shéuld also be considered along
with the inside view. Preferably, the profile should be straight;
either horizontal or slightly sloped to one end. Slight sloping to
both ends of the bridge is acceptable, but steep sloping should be
avoided, as there is limited visibility from one end of the bridge to the
other and a sudden appearance of on-coming traffic can be unpleasant.

Last, but not least in the inside view analysis, is the width
of the roadway. The wider the roadway the better. The width of the
road, of course, is largely dependent upon the number ofllanes leading
from the road or highway. Long and very expensive structures are
sometimes narrower, since the maximum capacity for a given speed on
the bridge is precalculated for unbroken traffic (Lions Gate Bridge,
Vancouver, B.C., Figure 19). These types of structure may appear to
be out of proportion (in width, height and lengtl, and also in overall
appearance. However, it would be an expensive proposition to keep
proportionality for such structures.

Particularly in roadway emphasis, where the question of
proportions arises, the suspension bridge seems to be a convenient
structure (Figure 19).

Sometimes a change from the roadway-above to the roadway-
below arrangement»(Figure 14, 15) and back again is necessary because

of the increment in overhead clearance. Such a change can readily



Figure 14 - Change of the position of the roadway.

Figure 15 - Alternative solution of changing position of roadway.
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affect the aesthetic appearance and there are very limited means of
solving this problem from the aesthetic point of view. One of the
few possibilities is to set one or more long and dominént spans across
the river with the roadway-below arrangement, while maintaining short
spans on banks with the roadway-above. .Since short spans give the
impression of extended abutments, the funcfional appearance of the
bridge is in harmony with the approaches (Figures 14, 15). This
solution might seem a bit clumsy but it fully corresponds with the theory
of unbroken roadway line. Of course, some flexibility in this solution
is to be expected, since different circumstances (e.g. landscape)
might bring out different impressions about the same type of
construction.
2.1.2 Guardrail

As mentioned before, the guardrail is an important constructive
and aesthetic accessory of the roadway because it helps to emphasize
the functional appearance of the roadway, especially with the roadway-
above bridges. Since the function of the guardrail is also to direct
traffic visually, the construction should be light in comparison té the

supporting structure and the roadway.

There are many ways of using guardrails properly. The most
efficient is the unbroken handrail line (of the guardrail), parallel
to the roadway. TFigures 9 and 17 do not follow this rule and demonstrate
the effect of a broken guardrail (which should be avoided). A full
concrete guardrail never looks light (Figure 8) and, therefore, should
be articulated in some other way (Figures 16 and 18). The use of

different material and/or colours is also very effective.



Figure 16 - Light looking guardrail.

Figure 17 - Interference of the roadway and the
guardrail by extended piers.
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Figure 18 - Proper solution for the unbroken
roadway and guardrail.

I

Figure 19 - Lions Gate Bridge - proper balance of a structure.
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The construction material does not need to be of the same
nature, but different types of material, if used, must be in harmony.
Stoﬁe and wood, or concrete and steel, are known to be good combinations,
whereas, wood-steel or stone-steel are 1e$s preferable. A wood-concrete
combination is probably the worst kind;-

Since the guardrail is judged not only for‘outside appearance
but also from inside the bridge, it has to create a feeling of safety
for pedestrians‘and drivers. For very high bridges, the heavier type
of guardrail is recommended. Short posts do not act in the same way
as the extended support on Figure 17, because they are uniformly divided,
reéardless of supports. Furthermore, this outside view appearance
is not as detracting as that of an extended support.

The same criteria apply to the guardrail on the suspension
bridge, but the guardrail should not be intersected by supporting cables,
otherwise the continuity is disrupted. The different effects are shown
in Figures 20 and 21.

In summary, the best aesthetic results for the roadway and
the guardrail are generally obtained with the suspension (Figure 19)
and the roadway-above bridges (Figure 18), since they allow clear lines

which best express the natural beauty of an unbroken roadway.

2.2 Supporting Structure

The supporting structure is the next most \significant element
which determines the beauty of a bridge. The supporting structure has
to express the strength, which the eyes of onlookers subconsciously

expect, i.e. supporting elements not only have to be strong enbugh
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Figure 20 - Proper location of the cable to the
roadway and guardrail with suspen-
sion bridge.

Figure 21 - Improper location of the cable to
the roadway and guardrail.
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according to static and dynamic calculations, but they also have to look
strong. This requirement is not always fulfilled, especially when two
suppérting elements (beam and arch) share the strength. A proper ratio
between these two elements is the most important factor in the aesthetics
of bridges (Figures 22 and 23).

There are three basic types of supporting sﬁructure which are
aesthetically suitable and all of them have thousands of years of history
behind them. They are:

2.2,1 Beams

2.2.2 Arches

2.2.3 Suspension structure

All of these have to have clear contours. As mentioned before,
the roadway and the supporting structure should not intersect, otherwise
the harmony of both is taken away and the clearness of the contours is
spoiled.

Contours make the beauty of bridges, and no other civil
engineering structures' contours are as important as those of bridges.
The bridge is immediately impressivé if the contours are correct and
expressive. The bridge is then perceived and appreciated. Otherwise
it remains unattractive and even offending.

The bridge has two main contours: upper and lower. One is
performed by the roadway, the other by the supporting structure which
sometimes includes the profile of the piers. The importance of the road-
way has been dealt with earlier. It would be a mistake to design a
thin looking roadwgy with strong (thick) looking supporting structure

and vice versa (Figures 22 and 23). By referring to and utilizing the



27

Figure 22 - Improper balance between beam and arch.

N

Figure 23 ~ Improper balance between beam and arch.
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three basic types of supporting structures mentioned above, incorrect
lines can more readily be eliminated from sridge design. Beams, arches,
and suspension systems have natural precedents in the past, whereby a
fallen tree, over a river, served as a beam; two trees bent to form an
arch and lianas formed a suspension bridge.

Analogies can be found between the architecture of bridges
and buildings. The industrial revolution, whicﬁ was reflected in the
architecture of the second half of the last century as a new architectural
trend - "secession" - brought out unnatural and sometimes unnecessary
lines. Up to that time, we can follow natural lines in structures.
After this "secessibn" was over, one noticed a slow comeback in architecture
through economy on the one hand and natural aesthetic feeling on the
other.
2.2.1 Beams

Straight contours are preferable in the various types of beams
whether they be simple beams or straight trusses of long span bridges
(Figure 24 (b)). Different heights of the beams (Figure 25 (b)) which
may be used on multiple span bridges do not interfere with this principle.
On the contrary, beams graded in height, according to spén length, with
haunches (batters) are more emphatic thaﬁ the same height of beam in each
span. A continuous beam is preferable to a simple beam in each span.
Upper straps, with disconnected tops, give the impression of an
unfinished structure (Figure 24 (a)).

In a roadway-above truss beam, the ends terminate in abutments

with a natural effect. However, in a roadway-below truss beam, if the



29

T

(a) Disconnected upper straps.

KRN AN

(b) Natural appearance of roadway-—above truss.

PO eed

i

(c) Border piers with roadway-below.

.

Figure 24 - Different solutions of truss bridge arrangement.



30

truss has a vertical member, it looks hard and forceful. Border piers
or partially oblique ends of the diagonal improve the look of this type
of construction (Figure 25 (a)). Aesthetically suitable shapes of
beams are shown on pictures 25 (a), (b) and (c).

Sometimes beams are designed aécording to the relative maximum
moment; i.e. applying a constant stress across the 1eﬁgth of the entire
beam. The largest depth of the beam occurs in the center. This effect
is not aesthetically pleasing. Since one expects visually to see strength
at the supports, such a beam gives the feeling that it wili fail in shear
at the support.

2.2.2 Arches

The arch belongs to a higher, aesthetically more valuable
category than the beam. The arch, serving as a support in the roadway-
above bridges, creates a most natural appearance in the whole structure.
As mentioned before, the proper balance between the arch and beam thick-
ness has to be considered. This applies mainlyito a solid type of arch
(wood and concrete) while steel truss arches seem to be less sensitive
since they are not as obtrusive.

Arches are usuallyvconstructed according to equilibrium poly-
gons or moment lines, which vary with different types of arches.
Aesthetically, the most pleasing is the fixed end parabolic arch with
a thin crown and considerably thicker butts (Figure 26). It gives.the
feeling of a safe structure, but as a structural type it is statically
multiply-indeterminate and requires careful calculations since other
influences such as.shrinkage and temperature‘changes have to be

considered.
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Tigure 25 - Aesthcticaliy suitable different shapes of the beams.

31



32

The two-hinged arch has the opposite appearance (Figure 27).
It is thicker at the crown than at the butts and does not give the same
impression of stability as the fixed end arch. The design is simpler
since it is only a simply-indeterminate structure; and, if it is
carefully designed, it can appear smooth looking and gesthetically
pleasing.

The three-~hinged arch in a long span ié probably the most
difficult to accept from the aesthetic point of view and is now rarely
used for concrete (Figure 28). It is, however, the simplest to design
structurally since it is a statically determined structure, and for
short spans visually pleasing contours can be obtained.

The same principles can be applied for roadway-below bridges
as for roadway-above. The most important is the proper balance between
the roadway and the arch thickness. 1In the roadway-above arrangements
a thick roadway (with beam) and a thin arch can create the impression
that the beam is carrying the‘whole load and thaﬁ there is no need for
the arch (Figure 23). If the thicknesses are interchanged, it then
creates the impression that the arch has been built as a monument and
the roadway has been forgotten (Figure 22).

Similar visual effects can be created with improper roadway-
below arrangements. The shape of the arch is not as important as the
relative thickness. 1If the arch is too thick, it can give the impression
that it is actually the roadway, and that the roadway ig only a chord
holding the arch together. Equal thickness of arch and roadway should
be avoided since the supporting structure appears undermined, while the

roadway with the beam appears more obvious, all this creating a consequent
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Figure 26 - Fixed end arch bridge.

Figure 27 - Two~hinged arch bridge.

Figure 28 - Three-hinged arch bridge.




34

jack of balance. The total impression of such a bridge is that of a heavy
structure. The best proportion would seem to be a slightly thicker arch
than roadway. The vertical connectors should be proportionate so as not
to detract from the impression of smooth lines.

Parabolic curves in general look better than simple curves,
especially when the ratio between the height of the arch and the span is
small. When the ratio is high, the difference is not noticeable. Flat
arches ére usually more admired than high arches, because to the discrimi-
nating eye they show the ability and skill of the designer. Common ratios
of the height and the square of the length of the chord are between 1/250
and 1/500. The flattest known arch, in Rome, has a ratio of 1/1000.

Some older types of bridges were designed as full arch With
roadway (Figure 29). Elliptic arches were sometimes used for statical
reasons but they have an aesthetic disadvantage because they make the
piers and the roadway thicker.

2.2.3 Suspension Structure

A suspension bridge (Figure 20) provides the impression of a
continuous roadway coupled with the beauty of the thin natural curves
of the cable. The vertical connectors are thin and do not interfere
with either element. An important consideration is the proper distance
between the cable and the roadway. As discussed earlier, the guardrail
should not be crossed by the cable (Figure 21). On thg other hand, too
large a distance between the cable and the roadway is not aesthetically
suitable because it loses proportion and the natural appearance of the

cable curve.
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Figure 29 - Elliptic full arch.

Figure 30 - New type of suspension bridge.

Figure 31 - King truss,
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A new type of relatively short span suspension construction
has been developed fecently. Instead of a continuous arch, the cables
are anchored in the beam (Figure 30). Basically, it is a very delicate
‘looking structure and can be used with great technical and aesthetic
effect. It is also relatively inexpensive and simple to construct.

Other types of bridges such as king and queen trusses
(Figures 31 and 32),.even if economical, do not generally correspond to
the aesthetic principles which are covered in this paper. They are
basic typically-functional engineering structures, simple to design and
to construct. They have been often used especially in the past but
they always take away from the harmony of-the landscape in some way.
Comments about the reversed steel trusses can be compared to earlier
comments about the beam which is designed according to the moment line.
These structures have an unnatural appearance and give the feeling that
they could Break close to the support.

Inverse strutframe structures (Figures'33 and 34) do not have
the same negative effect as those which are described above if cables
are used for tensioned parts, but even they cannot be considered as
fully aesthetically suitable structures since they do not follow the

described aesthetic principles of supporting elements.

2.3 Piers and Abutments

Chiefly because of its function, a pier or abutment is an
independent element which acts as a complex unit. If a support is
designed as a single column or wall, there is a lack of complexity which

gives the feeling that more of the same elements are required since it
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Figure 33 - Inverse king truss.

igure 32 - Oueen truss.
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Figure 34 - Trussed girder bridge.
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should also act as an enframement. Therefore, piers are built in rows,
whether as infill at the ends of arches or to transfer the load from the
supporting structure to the footing.

An important question ariseé regarding selection 6f material.
While the superstructure can be of varidus materials, concrete or stone
are preferable for the supports since it is important that they resist
the influence of water. In some types of constguction, extensions of the
piers can be of wood or steel, especialiy in deep valleys where high
piers are necessary.

It has been mentioned previously that the pier should not
disturb the fluency of the roadway. The only acceptable extension of
the abutments can be at the ends of the bridge, to emphasize the bridge
entrance and monumentality. Solid long piers should be built sloped
or in steps, because a straight verticle prism appears to widen at the
top and give the feeling of uncertainty and instability. From the aesthetic
point, they have to be designed carefully according to the selected
bridge type, height of the fill that they are to support, and the type
of banks.

Sometimes they have to be massive and also should give a massive
impression to keep the proper balance befween the type of the bridge
and height of abutment. The use of natural outcrops for heavy
abutments gives the same effect, however it interferes less with
the environment than with pure concrete facing. Sometimes it is
better to use divided bank abutments (Figure 6‘and 7) which make the
construction lighter and airy-looking and which can be very acceptable

since air and light can also be considered as construction material.
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This applies especially when divided bank abutments are used to eliminate

long and high fill in flat valleys.

2.4 Bridge Heads

Approaches should always be markéd in some appropriate manner
in order to warn the driver of the oncoming bridge. Thére are different
means of accomplishing this, depending upon the roadway arrangement.

The roadway-below bridge construction, which is above ground level, is
striking in itself and.obvious to the approaching driver so that no
additional element is necessary, while a proper means of announcing the
bridge is needed with the roadway-above bridges. Bridge heads on the
pile piers, posts with come representational status, and similar means
can be used (Figures 24 (c), 35 and 36). Monumentality, if required,
can also be obtained by widening the approaches with the use of land-~
scaping. Functional brow-log or similar types of approaches, which
direct traffic onto the roadway, are sometimes used on forest bridges in
British Columbia. Such approaches do not interfere aesthetically,
since no actual monumentality in high vegetation (forest) cover type is
needed (Figures 17 and 18). Therefore these approaches can be used for

multi-purpose bridges.



40

Figure 35 - Bridge head at Lions Gate Bridge.
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Figure 37 - Proportionality of Lions Gate Bridge.
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Chapter III
DIFFERENT TYPES OF BRIDGES IN MAIN LANDSCAPE FORMS

A bridge is a building element which, in its natural
surroundings, may improve or mar the landscape. It can be stated both
from formerly mentioned aesthetic principles and from the experiences
of vafious authors (Adamovichl, Newtonz, Lorenz3 and Pacholik4) that,
in general, the selection of a bridge type--its shape, proportions, and
material—;depends directly on the type of terrain (flat, hilly, mountain-
ous), ground cover (rocks, sand, low vegetation, forest), type of trans-
portation (proper balance with connecting road on either side), relatioii-
ship to neighbouring bfidges (Figures 38 and 39) and so on. The road
location is influenced by possible river crossings and vice versa.

The far distant view of the bridge should not be neglécted,

since it offers a refreshing visual moment to long distance travellers.

1 . . -
L. Adamovich, Forest Transportation. Course at the Faculty of

Forestry, University of British Columbia, Vancouver, B.C. 1972 - 1973.

2 N.T. Newton, Design on the Land (Cambridge, Mass.: Harvard
University - Press, 1973). p. 2 ~ 17.

3 E.H.H. Lorenz, Trassierung und Gestaltung von Strassen und Auto
Bahnen ("'Layout and Design of Streets and Highways') (Wiesbaden und
Berlin Baumverlag, 1971). p. 23 - 52.

4 L. Pacholik, Estetika Mostnich Staveb ("Aesthetics of Bridge
Structures'") (Prague: Ustav pro Ucebne Pomucky Prumyslovych a Odbornych
Skol v Praze, 1946). p. 13 - 34.

"




Figure 38 - Neighbourhood of bridges - proper solution.

Figure 39 - Close and distant object observance - non
homogenous appearance.

43



44

In order to satisfy all the requirements, many alternatives
have to be considered. The best grounds for judging the most appropriate
bridge type come from ground photogrammetry, plotting the different
types with photographic pictures taken from different points or angles™’

Sometimes even a sketch on the photographic picture is sufficient as

shown on Figures 54 to 59.

3.1 Flat Country

It is generally accepted that flat country requires flat type
bridges (beam or flat arch with roadway-above (Figure 3)), while high
arch bridges adapt themselves better to mountainéus country. These
principles, however, have variations and the most significant one arises
from the need or desire to change a monotonous, flaf countryside by
building some dominant element in order to improve the landscape

appearance.

In such cases,‘several types of bridges may be considered:

3.1.1 Concrete Arch Bridge

A concrete arch bridge, with a roadway-below (Figure 3) would
be very effective, especially in low vegetation ground cover. In this
instance, one must keep in mind the fact that a series of arches is not

aesthetically pleasing.

5
E.H.H. Lorenz, Trassierung und Gestaltung von Strassen und Auto

Bahnen ("'Layout and Design of Streets and Highways") (Wiesbaden und
Berlin Baumverlag, 1971)., p. 72 - 75.

6 L. Pacholik, Estetika Mostnich Staveb ("Aesthetics of Bridge

Structures') (Prague: Ustav pro Ucebne Pomucky Prumyslovych a Odbornych
Skol v Praze, 1946), p. 13 -34.
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3.1.2 Howe-truss Bridge

A straight steel truss or wooden (Howe-truss) bridge, with
its monumental looking end pillars, has the disadvantage of looking
suitable from the side view only if the river or the sky is in the

background, otherwise they act as disturbing elements.

3.1.3 Suspension Bridge

| A suspension bridge, with concrete supports (which in them-
selves look very impressive), offers a pleasing combination of concrete
and steel. This pleasing combination with suspension bridges is quite
recent and its outcome is very efficient and effective. It was first
introduced in France after the Second World War, apparently following
middle European patterns (chain bridges with stone towers, e.g. Budapest,
Hungary) in order to cope with the shortage of steel. The same balanced

effect may be obtained by using steel supports (Figure 37).

3.2 Hilly Terrain

Hilly and rolling terrain with its changing ground cover seems
to be the least demanding when it comes to choice of bridge type. This
type of countryside is usually very colourful and almost any type of
bridge structure fits well if local conditions are considered except
the suspension bridge which is dominating type and, therefore, should not be
used between two valleys, where the dominating elements become suppressed
and an envirommental ;nbalance results.
With some exceptions, bridges should be‘built straight,
because the side forces of vehicles in curves require additional lateral

bracing. Situations, where two segment bridges divided by a short
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straight road, are required should be avoided and the whole route should
be revised. Such an arrangement is not only expensive, but also
aesthetically unpleasing.

To improve the distant view of the bridge and to make it more
impressive, the curves on both sides of the bridge should be so located
that travellers, en route, will be able to admire the beauty of the bridge
construction and its environmental effect.

Sometimes symmetry is considered very important and then an
odd number of spans is preferred. This is mofe important with arch
bridges and roadway-above (Figure 3) than with any other type of bridges.
Where other types are concerned, supplementary arrangements can eliminate
this requirement. However, symmetry of the long divided bank abutments

is always necessary in order to keep proper balance.

3.3 Mountainous Country

Mountainous country, in general, does not adapt itself to
beam type bridges. These bridges (beam type) cut off the view of the
valleys and look too forceful while the arch bridges are not as forceful
and appear to be in harmony with the landscape (Figure 40). However,
even beam bridges may be used in mountainous areas, when properly
located and carefully designed, either as contrasting visual elements
or where the position of the bridge is low in relation to the background

(Figure 41).

3.4 River Crossing

Tunneling or choking the flow, as shown in Figures 42 and 43,

is basically environmental interference, and should be avoided. 1If



Figure 40 - High arch bridge in mountainous terrain.

Figure 41 - Beam bridge in mountainous terrain.
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Figure 43 - Tunneling of the stream.
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the cantilever beam is used, then the bending moment values are lower
_and it couldvbe used for longer spans in general; Then, there is no
interference in the flow of the river. A comparison between the simple
beam and cantilevered beam effect can be seen in the case study of the
Alouette River, which follows in the next chapter. Even if the Alouette
River is not choked by the introduction of a high bank support, the
aesthetic value to the enviromment is higher when a cantilevered beam’
type of bridge is used since it opens up the view while diminishing the
fill. Apart from the Alouette River case, the tunneling effect can be
eliminated by designing the.type of bridge that uses individual (Figure
15) intermédiate supports, rather than heavy bank supports. Tunneling
should be avoided not only because of its adverse effect on the landscape
but also for its detrimeﬁtal effect on fish life. The use of a canti-
levered beam or high fill may be a question of economics (either fill

or bridge structure costs) but, as mentioned before, the side effécts
should never be overlooked.

In summary, it may be stated that any basic type of bridge
structure can be selected for any particular countryside. However,
proportionality and balance, with'the immediate surroundings and the
background, has to be considered in order to fulfill the requirements

of environmental aesthetics.
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Chapter 1V
ANALYSIS OF ALOUETTE RIVER CROSSING

The general principles discussed in the chapters on aesthetics
are applied in design comparisons of the new bridge across the Alouette
River. For this particular case, several typeé have been selected in
order to show the suitability of each. Individual types are drawn to
scale (1 inch = 30 feet), for purposes of visual comparison and to aid
in selecting the most suitable one.

Basically, two bridge lengths were considered. Most of the
types considered were 80 feet long, between two high supports, but two
types (cantilevered and suspension) were considered for 160 feet total
length. The disadvantages of the different height of supports on each
bank can be seén on the drawings along with a supplementary solution

for each case.

4.1 Description of the Landscape Area and Alouette River Crossing

The area of the U.B.C. Research Forest is basically hilly,
covered by a mixed forest. The fast flowing Alouette River, which crosses
this area, follows a path of continuous rapids, embanked by a rocky
canyon. As for the landscaping of a particular-area, marked in Appendix
I, the mountainous type has to be considered, since the main view of
the bridge from the northern part of the approach road has a rugged,

irregular topography in the background. The mountainous 1andscape is
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underlined by the appearance of the dominating Mount Blanshard in the

far distance to the north of the bridge.

4.2 Present Situation

The Alouette River forms a natural border between the eastern
area (see Appendix I) and the main western part of the U.B.C. Research
Forest. Until now the eastern area has seen a limited amount of
logging while many plots serve research purposes. However, in the near
future an increase in logging is expected.

The existing aﬁproach leads almost to the geographical
center of the eastern area and the present bridge across the Alouette
River is economically located at the shortest river crossing. The
location of the bridge is mérked on the aerial photograph in Appendix I.
Because the crib abutments and some of the stringers have rotted, the
Director of the Forest has decided to have a new bridge built in the same
place.

The present layout of the approach road is substandard since
the new hauling trucks, as shown in Figure 64, require a bigger radius
curve than the older types. In addition, the 187 slope of the road
section south of the river does not meet .proper safety requirements, road
stability and vehicle mechanics.

As no final decision about a new bridge has yet been made,
this paper introduces some ideas for ifs possible design and materials;
these, supplemented by calculations and aesthetic analysis, may prove to

be useful in this or other similar cases.
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In the analysis, visual quality has been considered as an
important additional intangible value, since the area is frequented by

visitors from all parts of the world.

4,3 Proposed Alignment of the Route

The basic data for the bridge design and road alignment were
obtained by terrain reconnaissénce and stadia survey.

To improve the present situation, the horizontal and verical
alignment of the road has been redesigned as shown on the plan and profile
in Appendix I. A minimum radius of 100 feet has been considered for the
horizontal curve, with spiral transition curves of 50 foot lengths on the
south side of the river. On the north side, a spiral curve has been
designed. To avoid side forces on the bridge, a straight section, the
length of one truck (50 feet), as shown in Appendix I, has been allowed
at each end of the bridge. The new alignment allows a maximum 25 m.p.h.
speed of trucks in that section with a 6% superelevation in the curve.

At béth sides of the river, the road grade has been partly
maintained in order to avoid excessive costs for earth work. To obtain
a smooth profile, the running surface of the bridge has been designed
with a 3% slope, and parabolic transition curves were introduced in the
slope changes. The main bgnefit obtained from such an alignment is the
elimination of the 18% grade between stations 5 + 50 and 7 + 00 (Appendix
I).

An alternate solution involving a shorter transition curve
was considered with the possibility of providing additional short'spans

at both ends of the bridge and the elimination of heavy abutments and
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extreme fill behind them. In this case, the abutments could be much

smaller and the aesthetics of the beam bridge would improve.

4.4 Engineering Calculations on Proposed Types of Bridges

Different types of glulaminated bridges have been selected for
design comparison. Since the distance between the main abutments is 80
feet, the bridge. is on the economic borderline of tﬁe simple beam and
other bridge typesl. In addition two types of bridges with overall
length of 160 feet have been analyzed.

The calculations presented in the appendices are limited to
the ﬁain bridge elements. These calculatiohs show only the dimensions
for purposes of the aesthetic comparison of structural balance, overall
appearance and for preliminary cost estimate.

The calculafion for each type of bridge is listed in the
appendices as follows:

(a) simple beam

(b) strutframe (two equal span continuous beam)

(¢c) double strutframe (three span contiﬁuous beam)

(d) three-hinged arch with three span continuous beam)

(e) cantilevered beam

Suspension bridge has not been considered for comparative
design because of its aesthetic impropriety in the given landscape.

Resuits were obtained by analytical calculations and by the

use of graphs (e.g. influence lines).

1 I. Barber, Forest Transportation. Course at the Faculty of

Forestry, University of Toronto. 1969 - 1970.
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In the final chapter, the selection of the type of bridge
most suited is made by balancing the technical, aesthetic and economic

requirements.

4.5 Material

To find out whether the material for the bridge meets the
technical, aesthetic and economic requirements in acceptable balance,
it has to be éhosen simultaneously with the form of the bridge.

Glulaminated timber material for the bridge has been éhosen
mainly because of its technical advantages, natural beauty and reésonable
costs in B.C. As opposed to log stringers, which are widely used on
short span bridges in B.C., glulaminated beams can be obtained in a wide
range of lengths and cross-section dimensions. The greater strength
afforded by the selected material allows more load per smaller dimension.
The required span, which éannot‘bé obtained by use of log stringers,
is available through the use of glulaminated beam so that the re-
channeling of the river often seen beneath logging bridges can be
avoided.

Higher durability may be obtained by using treated material
for laminates. Treatment of this material is more efficient and therefore
more resistant to rot than pressure treated logs or sawn timber
material.

Due to the shape of the beams, manipulationAof glulaminated
material during the construction is simpler and faster than that of log
stringers. The economic advantage of choosing glulaminated material

can be seen also in using higher strength lumber (e.g. Douglas Fir) for
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the more exposed laminates of the beam, while less exposed laminates
can be made of lower strength lumber (e.g. Pine). Thus the chosen
material for the case in question has satisfactorily fulfilled all the
" above requirements. Concrete abutments for the bridge would be based
on the solid rocky foundation (basis) on either side of the river.

To avoid unpleasant wood-concrete combination, roék rip-rap

of abutments would be used.

4.6 Aesthetic Analysis of Considered Types of Bridges

4.6.1 Simple Beam Bridge

The simple beam bridge (Figures 44.and 52) is balanced,
according to structural aesthetics. Engineering calculations are shown
in Appendix II. It does not look aesthetically suitable, however,
for this designed crossing, since it is not in harmony with the rocky
valley in the background. It cuts’ the view.of the valley and is not
as impressive an engineering structure because of the high fill on the
banks. Since the new bridge is designed on a higher level than the old
one, the negative impressibn would be amplified.

4.6.2 Single Strutframe Bridge

‘The single strutframe bridge (Eigure 45) has been designed
using two single spans. The continuous beam is supported by two struts,
each at a different angle with the roadway. Engineering calculations
are shown in Appendix III. This type is aesthetically balanced because
the supporting elements are almost of the same dépth as the beams but the
asymmetry of the struts is aesthetically unacceptable. Setting the
basis of the struts at the same distance from the roadway (Figure 46 and

53), making it symmetrical, greatly improves the appearance of this type



56

Figure 44 -~ Simple beam bridge.

Figure 45 - Asymmetrical single strutframe bridge.

x " 5 . t ,1__,;;___4_:_:{_4,._.
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Figure 46 - Symmetrical single strutframe bridge.



of bridge., It also fits in better with the surroundings because it
softens the straight lines of the simple beam.

4.6.3 Double .Strutframe Bridge

The double strutframe bridge (Figures 47 and 54) is designed
as a three-span continuous beam. External spans have equal length Ll and

inner span length is L, = 0.75 Ll as recommended in various textbooks

2

2,3 The double strutframe bridge was calculated mainly to

on statics
provide a comparison in elements, and to show the difference in appearance
between it and the single strutframe (Appendix IV). The double strut
type looks more balanced and lighter in appearance. The overall concept
is more pleasing than the sihgle strut because the steeper and shorter
struts soften the rigidity of the beam; at the sane tiﬁe producing a
logical arrangement, structurally.

4.6.4 Three-hinged Arch Bridge

The three-hinged arch bridge (Figures 49 and 55) with a
continuous beam is used in the éame manner as the double strutframe bridge.
The appearance of this type of bridge is only slightly affected by
the different 1e§el of arch bases (Figures 48 and 56). The smootﬁ lines
have the same effect as with the two—hinged arch. It seems that dividing
both supporting elements (arch and beam)vhas a good effect on gmphasizing
the different function of both of them. For aesthetic reasons, the depth

of both parts of the arch is not set according to the moment diagram, as is

2 L. Adamovich, Erdeszeti Hideptes, ('Lectures on Forest Bridges'')

(Sopron, Hungary: University of Sopron, 1949). p. 44. (Mimeographed.)
3 Z. Bazant, F. Klokner, and J. Kolar, Statika Stavebnich Konstrukt,

("Statics of Civil Engineering Structures") (Prague: Ceska Matice Technicka,
1930).




Figure 49 - Symmetrical three-hinged arch bridge.
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customary. Maximum depth is maintained throughout the top of the arch.
The ratio between both supporting elements corresponds with the principles
of structural aesthetics.

4.6.5 Cantilevered Beam Bridge

The cantilevered beam bridge (Figure 50) has fundamentally
the same effect in cutting the view of the valley as the single beam
bridge. However, the elimination of the high abutments and heavy fills
results in a much greater viewing area as well as projecting a sense of
"lightness" in the engineering design (Appendix V). From a structurally
aesthetic pointAof view, this design, with its slender looking piers,
is perfectly balanced.. With its light contrasting effect, this type of
the bridge seems to fit this area the best.

4.6.6 Suspension Bridge

The suspension bridge (Figure 51) does not fit this area aestheti-
cally because it is too dominant a structure, as mentiéned in the chapter
on aesthetics. This becomes very apparent when travelling downhill
on the approach road, where the dominating effect, which this type qf
structure normally creates in other landscapes, is lost. This type
also would not be economically juStified for this case study. Otherwise
this type of bridge is properly balanced, especially if the cables are
anchored above the guardrail as shown on the alternative drawn in full

line (Figure 53).
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Figure 52 - Simple beam bridge.

Figure 53 - Single strutframe bridge.



Figure 54 - Double strutframe bridge.

Figure 55 - Symmetrical three-hinged arch bridge.
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Figure 56 - Asymmetrical three-hinged arch bridge.

Figure 57 - Cantilevered beam bridge.

63



64

Chapter V
SUMMARY AND CONCLUSION

Upon completion of the Alouette River Crossing study, from the
aesthetic point 6f view two types of bridges can be considered appropriate
for this particular case, namely, the érch bridge and the cantilevered
beam bridge.

The arch bridge with roadway-above looks very neat and blends in
appearance with this mountainous area. It is structurally balanced and the
arch seating partly eliminates the negative effect of high abutments as
they appear in bridges with simple beam. Natural roék rip-rap fits into
the rocky surroundings and eliminates the unnatural look of pure concrete
facing.

On the other hand, cantilevered beam bridge has a slightly
) contrastiné effect which does not interfere with the mountainous type of
landscape in the way the simple beam bridge type would, but since it is
structurally perfecfly balanced, it underlines the beauty of the engineer-
ing structure and is, therefore, most faQourable.

From the technical point of view cantilevered beam bridge would
be least demanding because of the small abutments and_the minimum £i11.
Construction would be faster and simpler than with the other types

considered.
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Economically, the cantilevered beam bridge is most feasible
because of the big saving on concrete abutments and earth fill material.
As per preliminary estimates in appendices, costs of individual

types are as follows:

Simple beam bridge (Appendix ITI) . $108,262
Strutframe bridge (Appendix III) $130,711
Double strutframé bridge (Appendix IV) $127,174
Arch beam bridge (Appendix IV) $114,592
Cantilevered beam bridge (Appendix V) $101,557

In summary, the cantilevered beam bridge appears to be the
most superior from each point of view and therefore would, undoubtedly,

be recommended for the Alouette River Crossing.
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Present Situation
Design Specifications

Vertical & Horizontal Alignment
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Aerial picture of southern part
of U.B.C. Research Forest with
bridge location.

Scale 1" = 1,090 feet.




Figure 59 - View of the present bridge from the
south bank.

Figure 60 - Side view of the bridge and valley
from the east.
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DESIGN SPECIFICATIONS

One lane bridge with wheel guards and guardrails.
Total length: (a) 1 span - 80 ft.
(b) 3 spans - 40 - 80 - 40 f¢t.

Total width: 16 ft.
Clear width: 14 ft.
Design vehicle: 50 ton 5 axle on-highway truckl (Figure 62)
Material:

Running deck 3" untreated pine

4" treated D. fir

Ties 8" x 6" (on edge) - 12" c.c. treated D. fir

Stringers: Glulaminated D. fir
Allowable stresses of the design material2

Douglas Fir - wet service conditions

Bending 1,900 psi
Longitudinal shear 145 psi
Compression parallel to grain 1,200 psi
Compression combined with bending 1,400 psi
Compression perpendicular to gfain - 305 psi
Modulus of elasticity 1,690,000 psi

Cost estimates are based on average construction and material costs

recorded in Takla Logging Company Ltd., Prince George, B.C.

Forestry Handbook for British Columbia, The Forest Club, University
of British Columbia, 1971 (Vancouver, Canada). p. 676.

Timber Construction: Canadian Institute of Timber Construction, 1963
(Ottawa, Canada). p. 13.
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SIMPLE BEAM BRIDGE

STRINGERS :
Dead load calculation:
Running planks treated 3" x 14' (48 lbs./cu.ft.) 168 1lbs./1n.
untreated 4" x 14' (58 1bs./cu.ft.) 270 1bs./1n.
Ties 6" x 8" x 16' (58 1lbs./cu.ft.) 309 1bs./1n.
Stringer - interior 212 1bs./1n.
- exterior 160 1bs./1ln.

Diaphragms 8 3/4" x 63" (130 lbs./cu.ft.)

5 (3) 40 x 140 _ 98 1bs./1n.
80
Wheel guards and guardrails (one side) 82 1bs./ 1n.

Total: Interior stringer
(56 + 90 + 103 + 212 + 33) ‘ - 494 1bs./1n.

Exterior stringer

(28 + 45 + 52 + 160 + 17 + 82) ‘ 384 1bs./1n.
Live load calculation: 50 tons = 100 kips = R
2
- R
Mmax T L PL °L

7R
) 20 x 20 + 20 x 16 - 4 x 25 - 20 x 10 _ ,
x = 40 T = 40 - 2.1
x = 37.9 ft. .
2
y =200 G7.9) 350 - 1,795 - 300 = 1,495 ft. kips

“max 80



Interior stringer:

pc

29.

Distribution factor1 %'= 2.0 = 1,0
Unbalanced load factor .65
Mmax = 0,65 (1,495) = 971.8 ft. kips
LL 2
494 (80) .
MDL = 8 = 395.2 ft. kips
MTotal _ = 1,367.0 ft, kips
_1,367.0 (12,000) _ . 3
Sreq = 1,900 = 8,634 in.
. _ 3 3
Sholes for rods - __Zég_ig;_
s = 9,384 in.>
Total ? :

From TDM tableszz 14 1/4" x 63"; S = 9,426.4 in.3

Check for shear stresses:
L/4 = 20 ft.

3d = 15.75 ft—> governs
0k 28% p5t 2ot ¢

J/__m“!?—ﬁﬂ__r;_’ “—"‘/”A @,’. 1..{‘,'1,7« /6‘0/ f ~ /5/5’ '|/
JAN

&
-

, |
e L2 80 R b

Vmax = . 80
VLL = 0.65 (60.56) = = 39,36 kips

VDL = ,494 (80) 19.76 kips

2
VTotal = 59.12 kips
_ 1.5 (59,120) _
fv = 807.8 98.8 psi < 125 psi —> O.K.

For interior stringers use 14 1/4" x 63" x 82'

10(24.25) + 25(40.25 + 44.25) + 20(60.25 + 64.25) _

77

60.56 kips

1 Desipgn of highway bridges: CSA Standards S6, 1966 (Ottawa, Canada).

2 Timber Design Manual: Laminated Timber Institute of Canada, 1972
(Ottawa, Canada). p. 25.




Check for bearing:

Position of load

| ’ /oc ’ 2’(‘ 25( ¢ hOL'OL‘
N |/ 40 g Vi) 4 /6 )4.
|
R S R i
i
- { . . S l
2, 'TQ
R, = 10(40) + 25(56 +60) + 20(76 + 80)
LL 80

Interior stringer:
.= 0.65 (80,250)
R - WL _ 494 (80)

2DL 2 2
RTotal
71,922 2
= —t= = i
A 305 236 in.
b =12.25 in.; a = 19.25 in.

bearing plates 12 1/4" x 20" or

caps 12" x 20" x 16'

Exterior stringer:

Eccentricity 2 ft.

V4 | i
T 4o L2o 2
?“ TTTUUTA A A
. i
|
S o j[ 2.5 o8t 5.0 !
e
_ /5.0’

by eccentric rivet:

2(7.5

2 2
2(7.5)7 + 2(2.5)

R, = W(E +

1 4 ) =

(0.25 + 0,12)W = 0,37 W

]

80.25 kips

52,162 1bs.

19,760 1bs.

71,922 1bs.

78
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MLL = 1,495(.37) = 553.2 ft. kips
2
.384(80
MDL ="—‘—é""l_ = 307.2 ft. kips
MT = 860.4 ft. kips
otal ) 3
_ 860.4(12,000 _ ,
Sreq = 1,900 5,434 in.
S = 700 in.3
holes -
3
= 6,134 in.
STotalA ? o

From TDM tablesB: 10 3/4" x 63"; S = 7111.1 jn.3 —> 0.K.

Check for shear stresses:

VLL = 0.37 Vmax = 0.37(60.56) = 22.40 kips
v o -384(80) = 15.36 kips
DL 2
37.76 kips
_ 1.5(37,760) _ : :
fV =T 677.3 84 psi < 125 psi—>0.K.

For exterior stringers use 10 3/4" x 63" x 82

Check for bearing:

R, = 0.37(80.25) = 29,692 lbs.
RDL = VDL = 15,360 1bs.
Rooeal 45,052 1bs.
45,052 2
= == = i
Areq 305 147.7 in.

b = 10.75 in.; a = 13.74 in.
bearing plates 10 3/4" x 14" or

caps 12" x 20" x 18'—>0.K.

Timber Design Manual: Laminated Timber Institute of Canada, 1972
(Ottawa, Canada). p. 24.
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. 4
Check for deflection: (From TDM tables')

3 4
_ _SPL Swl
b= 1384 BT + 1384 I A
K, =1.62@- 4(%p2); K, =1.0
LL DL
-/O& 255 00" Lot 20
| | 1 !
R
.A:__.._.__._._..g____._w . !: i . I | 4..,.A
R N i T
-0 e ‘ -
| Qa8 N A S
] . Qu=25"
| lQse21’
— R
= 8 A8 o
KAl = 1.6 55 (3 - 4(gp) ) = 1.007
_ 34 0 _ 342y
KAZ = 1.6 35 (3 - 4(5p)") = 1.549
- 38 _ 438 -
5 - 1.6 25 (3 4(80)2) 1.594
R, = 1.625 (3 - 4(%%)2) = 1.304
4 . 80
21 21,2, _
KAS = 1.6 55 (3 - 4(gp ) = 1.144
5(10,000) (80 x 12)°
A - 2 — 1.007 = 0.06 in.
1 4 x 384(1.69) 10 (296,931)
3
By = —2(25.0000(80 x 12) 3.143 = 0.45 in.
4 x 384(1.69) 10 (296,931)
3
Byrs= 5(20,000) (80 r 12) 2.448 = 0.28 in.
4 x 384(1.69) 10°(296,931) '
= (.79 in,

A
LL

4 Timber Design Manual: Laminated Timber Institute of Canada, 1972
(Ottawa, Canada) . p. 127 - 128.




81

= 0.790 in.
AL
4

by = —2 2RO XID 509 - 0.806 in.

4 x 384(1.69)10%(296,931)
ATotal = 1,596 in. < 1.6 — 0.K.

L _ 80 x 12 _
BALL TG00 = T 600 1.6 in

RUNNING PLANKS:
2 layers 3" untreated pine
4" treated D. fir

Wheel load (considering unbalanced load) = 0.65(25) = 16.25 kips

o 5 _S_ _ 1.00 _
Distribution factor 75 45 0.222
Acting load 0.222(16.25) = 3.608 kips
BT L kips . '
M = 3.608(1.25) = 4.51 ft. kips
max :
l o ' | 4.51(12,000) 3
i S o = . Py = .
_{ } Sreq 1,300 41.62 in.,
Ties 6" x 8" on edge, 12" c.c.
Check for shear stresseé:
LOP (L = %) (/)2 10(3.608) (5-2.5) (2.5/.66) >
V = 2 = 2 2 = 1,722 1bs.
9L(2 + (x/d)") 9(5.0)(2 + (2.5/.66)7)
A = A2 X 15722 o6 5 40 2 (g 02— 5o k.
req 125

Check for bearing:

£, _ 3,608

1 6x12° 50 psi < 280 psi—>0.K.

3 Desipgn of highway bridpes: CSA Standards S6, 1966 (Ottawa, Canada).
p. 29.
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ABUTMENTS :
North Abutment
Soil back fill

Pack course sand - 135 lbs./.u.ft.

6 = 32°30"

Additional pressure from truck
calculated for substitution
height of soil

Pmax'= 2 x 25k + 20 x 20k =

= 90,000 1bs. for 4 axles

B .
/ 075’ ' 25’

e VvV = P = 20,000 _ 621 cu.ft.
s W, 135 :
/ soil
- 621 _
Ve =700 - 1.69 ft.

Total "h" for acting soil is 18.68 fé.

Resultant of earth pressure is considered horizontal as the angle of
overfill is too small to be considered. Friction between soil and concrete
wall was considered zero conSidering wet soil conditions.

Earth pressure calculation:

2 J/ 2
S - -
P=R=k wg . k = cos § cos cos coS
cos O +V/ cos2 - cos2

cos 6 = 1.00 ; coé 0 =0.8434 3 k =1 x 463 _ 0.302

' ’ : ’ 1.537 :

135 x 18 682 ' ’
R =.0.302 — = 7,100 1bs/In.ft. of abutment

2

Moment from pressure of soil:
18.68

M = 7,100 === = 44,100 1b.ft.
s 3

Moments acting against soll pressurc around point A.



R4

Weight of components: w, = 4.5 x 10.75 x 0.15 = 7.26 kips
w, =3 x 6.25 x 0.15 = 2.81 kips

w, = l'x 4.5 x 10.75 x 0.15 = 3.63 kips

3 2

W, = ZQT%QQ = 4,39 kips

Yootal = 18.09 kips
Ml =7.26 x 6,75 = 49.00 ft. kips
M2 =2.81 x 7.5 = 21.08 ft. kips
M3 = 3.63 x 3.0 = 10.89 ft. kips
M4 = 4.4 x 5.25 = 23.1 ft. kips
MTotal = 104.07 ft. kips
Location of resultant in footing bottom - distance from A - "x'".

MTotal - Ms = wTotal(X)

104.07 - 44.1 = 16.8(x)

_ 59.97
18.09

Therefore resultant lies within middle 1/3 —0.K.

= 3.32 ft.
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South Abutment

Same conditions as for North
Abutment.

Additional pressure from trick =
2 ft.

Total h = 26 ft.

Earth pressure:

2
P = 0.302 x 5”—2"—26— = 13.7 kips
2

=)}

= 13.7 x

soil = 119.2 ft. kips

wl

Weight components:

w, = 4.5 x 17.75 x 0.15 = 11.98 kips
W, = 3.0 ? 6.25 x O.;S = 2.81 kips
Wy = §*§—§—11L12 x 0.15 = 11.32 kips
w, = 1240 = 4.39 kips
Voo tal = 30.5 kips

Ml = 11.98 x 10.75 = 128{78 ft. kips

M, = 2.81 x 11.5 = 32.34 ft. kips

M3 = 11.32 x 5.66 = 64.05 ft. kips

M4 = 4,39 x 9.25 = 40.61 ft. kips

MTotal = 266.22 ft. kips

soil = 119.2 ft. kips
x = 200:22 2 119:2 -y 57 £e.> 4,33 £r.— 0.k,

30.5
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BILL OF MAIN MATERIAL AND PRELIMINARY COST ESTIMATE

3,444 fbm @ $230/Mfbm = $ 792

Running deck (untreated) 3" x 14' x 82'

(treated) 4" x 16' x 82' = 4,592 fbm @ $340/Mfbm = $ 1,561

Ties 82 (8" x 6" x 16') = 5,248 fbm @ $380/Mfbm = $ 1,994

Guardrail (untreated) 2 x 10 (8" x 8" x 5") 1,440 fbm @ $260/Mfbm = § 659

2 (82' x 6" x 8") = 656 fbm
2 (82" x 4" x 8") = 437 fbm
Total = 2,533 fbm

Wheel guard (treated) 2 (82' x 10" x 12')

1,640 fbm @ $380/Mfbm = § 623

$ 5,629

Total =
Stringers: Interior 2 (14 1/4" x 63" x 82') = 1,023 cu.ft.

Exterior 2 (10 3/4"™ x 63" x 82') = 772 cu.ft.

Diaphragms 15 (6 3/4" x 60" x 5') = 210 cu.ft.
Total 2,005 cu.ft.@ ¢ 27 = $54,135
Concrete Abutments
North Abutment: '2% (4.5 x 10.75) + (3 x 6.25) + (_ZL:_S_%LO_J_S) 16 = 55.1 cu.yd.
South Abutment: = (4.5 x 17.75) + (3 x 6.25) + (22211T3 16 = 103.2 cu.yd.
Total = 158.3 cu.yd.

@ $250 = $39,575

Total £ill 2,741 CCYl = 4,056 LCY2 @ $2.20 =8 8,923
Total for simple beam bridge ) = $108,262

1 CCY - Compacted cubic yards

2 LCY - Loose cubic yards
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Continuous Beam (Two Equal Spans)

Single Strutframe Bridge
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) CONTINUOUS BEAM

TWO EQUAL SPANS:

Conditions are the same as for single beam calculations. Solve

for design truck 50 ton. Find Mmax (negative and/or positive) according to

the theorem of three moments using influence lines.

Moo= By TPy Pyp L

e R — —
g f—‘ L =40’ L? A/ 1= 04

Superposition of the truck (position in which the maximum moment

occurs) has been found by trial and error. Values used for influence lines

(Figures 66 and 67) were calculated by Adamovichl. Negative moment is

always governing when the same height of the beam is designed. For changing

height also positive moment (between supports) has to be found.

Three moment equation.

N @ R by, 4g)
T L T o )
a@. ey .j S s ) %)
S e, S VU, - S—
//_1_/1{/4,/4;/././_/./4__4,_1_., PPN, A ‘e VA bk e ‘A
4 2 C .
_ 2 /- l/ Lf’ J/
M. L, +2M, (L + L) +M, L =1/4 (w L3+w L3)-
Al B 1 2 cC 2 11 2 72
P, a P. b
- 1T 2 2 _ 2 2 2 _ 2
2 I (L7 = a | =T (L," = ey

("Lectures on Forest Bridges')

1 L. Adamovich, Erdeszetd Nideptes,
(Mimcographed.)

(Sopron, Hungary: University of Sopromn, 1949). p. 43.




Since Ll = L'2 and wl =, and MA = 0, Mc = 0.

Deéd’load ﬁoment.

M = - 1/8 wL2
max

Live load moment.

1 P 2 2 P 2 2
Mo = s A -a)) -7 - )

'Superposition of the design vehicle (Appendix I).

l (A 7 % %
r 29.5"° l -2 !4’ /6’ Y
P e W /e A |/ SRS
. | |
N enm : y—~~-~—zh i - }
L=do’ Lado ' ,
- RS Lot AN 22
P1 = P2 = 20 kips
P3 = P4 = 25 kips
P5 = 10 kips
Mﬁax (live) = - [(0.084 + 0.066) 20 + (0.080 + 0.092) 25 +

0.063 x 10] 40 = -329.2 ft. kips



D

1 ] } d
T 1 H 1
-0./ 0 *0./ *02

re 66 ~ Two equal spans continuous beam moment influcnce lines.,
(Values plotted on declles of cach span).

90
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Distribution of the load between interior and exterior stringers

is the same as calculated for simple beam bridge (Appendix II).

Interior stringer:

MLL = - .65 Mmax = - .65 (329.2) = -213.98 ft. kips
Dead load.

Deck and ties 249 p.1.f. or 1lbs./cu.ft.

Stringers 84 p.1.f. or 1bs./cu.ft.

Diaphragms 16 p.1.f. or 1lbs./cu.ft.

Total 349 p.1.f. or 1bs./cu.ft.

2 2 .

MDL = - 1/8 wL” = - 1/8 (.349)(40)" = - 72.80 ft. kips
M .
Total = ~286.78 ft. kips
s - 286.76(12,000) _ ; g1 ;.3

req 1,900
10 3/4" x 33"; S = 1,951.1 in.3; A = 354.8 in.2
Check for shear stresses:

Dead load.

Using tabulated coefficients from TC2.

VA .219 wL <219 (.349) 80 = 6.11 kips

-

Vg

.315 wlL

.315 (.349) 80 = 8.79 kips

Live load.

Using shear influence lines calculated by Adamovich3 (Figure 66).

Timber Construction: Canadian Institute of Timber Construction,

1963 (Ottawa, Canada). p. 115.
3 L. Adamovich, Erdeszeti Hideptes, ('Lectures on Forest Bridges')
(Sopron, Hungary: University of Sopron. 1949). p. 44. (Mimeographed.)
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Figure 67 - Two equal spans continuous beam shear influences lines.

(Values plotted on deciles of cach span) .
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Superposition of design vehicle has been considered separately

for outer and intermediate supports.
265 0% 28T 28X 0%
!/4 C\h G’ | 4 ,

T .
, , D
4o . Ao’ 2
V, = (1.00 + .88) 20 + (.42 + .31) 25 = 55.85 kips
24’ N ﬂF e {?fi;._u_’f.'_ o _/6‘)(
Lok ok 178 & /0%
{ Ly ¥ \
| <o’ f Jo’ T

VB = (.79 + .87) 20 + (.99 + .95) 25 + (.56) 10 = 87.30 kips

/6"

S S N

Shear for interior stringer.
V= .65x 87.30 = 56.745 kips
Governing shear occurs at RB'

VDL

8.790 kips

VLL = 56.745 kips

VTotal = 65.535 kips |
fv = 1 Yoy = L:5069.535) o0 s 14s psi —>N.G.
nxa B4

As per the calculation, shear forces are governing factor over
the moment with continuous beam, whilst with the simple beam the situation
is opposite.

Try:

14 1/4" x 49 1/2"; A = 705.4 in.2; w =162 p.1.f.

VDL = .315 (432) 80 = 10,886 1bs.
VLI = (as per above) = 56,745 1bs.

Viotal = 67,631 1bs.
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= 1.3(67,631) _ 1438 psi < 145

£ = T 705.4 psi ——0.K.

For interior stringers use 14 1/4" x 49 1/2" x 82'.

Exterior stringer:

Dead load.
Deck and ties 125 p.1.f. (as calculated for simple
beam bridge, Appendix II)
Stringers 102 p.1.f.
Diaphragms 8 p.1.f.

Handrail and wheel guard 82 p.1.f,

317 p.l.g.

M, = 1/8 (.317) 40y 2 = 63.4 ft. kips
M = .37 (M) = .37 (329.2) = 121.8 fr. kips
My - 185.2 ft. kips
Sreq © 185if§éé’099l = 1,169 ;n.3

For equal height of stringers choose:
8 3/4" x 49 1/2"; S = 3,573.3 in.3; A = 433.1 in.2

Check for shear at reaction B:

v, = .315 (317) 80 - 7,988 1lbs.
v, = .37 (V) = 0.37 (87,300) = 32,301 lbs.
Veoeal = 40,289 1bs.
fy = l¢§§%%f%§gl = 139.5 psi < 145 psi —>0.K.
Reactions:

Dead load - using tabulated coefficients from TCA.

Timber Construction: Canadian Institute of Timber Construction,
1963 (Ottawa, Canada). p. 115.
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Ra

Rs

Live load - since shear stresses caused by moving load are

.219 wL

.625 wL

approximate equal reactions, values of Vmax at A = RA and Vmax at B = RB
(governs) . »
RB - Interior stringer: RLL = ,65 (Vmax) = 56.74 kips
RDL = ,625(.432)(80) = 21.60 kips
RTotal = 78.34 kips
Exterior stringer: RLL = .37 (Vmax) = 32.30 kips
RDL = .625(.317)(80) = 15.85 kips
RTotal = 48.15 kips

Check for bearing:

Interior stringer:

A =18:380 oo 5002 D14 174" x 18"
req 305

Exterior stringer:

48,150 2
= 20,100 ;
Areq 305 158 in.

8 3/4" x 18.1" —sgoverns

Cross-element in the middle span will be glulam beam 10 3/4" x

19 1/2" with elements positioned horizontally.

Struts:
Solved as long simple columnss.
"Loading on struts considered equally distributed in regard

with previously calculated eccentricity.

Timber Construction: Canadian Institute of Timber Construction,
1963 (Ottawa, Canada). p. 117.




y /,,

— e |
. } A A
s e - N ;
q; A Ka _ , 'Rg\ , Re. Doy
Ql ’ : ."\\\ L q
h . l . -\\\‘ I N
- A .. PN
e RS

2! 38’ ! 38 ] j N

g s o v ”

Graphical solution:

L e 7“ e -
(/b'bl-: ! é.) 7 N 0 ‘,}
’ “(Pp L” L
: > | P-q1e8%
I T U ALY
. o 2
/4‘—&1.: 4559 25”_:/
|
L, = /387 + (10.12)% = 39.32 ft.
L2 = 1’(38)2 + (17.12) = 41.68 ft.——>governs

Interior stringer:
Slenderness ratio:

L, _ 41.68 x 12 _
£~ 105 T A

K = .641 VE/Fc = .641 v 1,690,000 = 22.27 < 50 —>0.K.

1,400
P .274 E .
P ”—f“}'z—‘ 274 (1,69050001 _ 213.9 pei
@ (46.53)
}
A =L 23,200 _ 549 0.2

req  213.9  213.9
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To obtain slenderness ratio K > 50 glulaminated member of
d ., =10 3/4" has to be used.
min

Use: 10 3/4" x 33" x 40' and 42'

|

w=83.8 p.1.f.; S = 1,951.1 in.3;

A 354.8 in.3 > 342 in.2 —> 0.K.

[

Dead load reactions6:

25.2 kips = 1.59 kips/1In.ft.

=]
it

o RA = ,219 wL'= .219 (1.44) (80)

Il

.625 wL = .625 (1.44) (80) 72.0 kips = 4.50 kips/In.ft.

ey

From graphical solution:

RD(H) = 98.8 kips = 6.18 kips/1In.ft.
RD(V) = 25.6 kips _ = 1.60 kips/1n.ft.
RE(H) = 98.8 kips = 6.18 kips/1n.ft.
RE(V) = 45.5 kips = 2.84 kips/In.ft.

Timber Construction: Caﬁadian Institute of Timber Construction,
1963 (Ottawva, Canada). p. 115. :




/7.0

North Abutment

%o o

Msoil = 44,1 ft. (as

Appendix IT)

Weight of components:

w) = 3.0(17.0)(0.15)
w, = 1.5(12.0) (0.15)
wy = 1.5(3.0)(0.15)
v, = R,

wg = Ry(H)

we = Rp(M)

Yrotal

= 55.02 £t. kips

-/ /?O/‘i° 4
N ' -

9 %
o
o

|

|

|

]

&

0 ’.
N |

|

|

]

|

AN Ne— !
£
M1 = 7.65(6.0) = 45,90 ft. kips
M2 = 2,7(3.75) = 10.12 ft. kips
M, = .68(1.5) = 1.02 ft. kips
M4 = 1.59(4.0) = 6.36 ft. kips
M, = 6.18(1.5) = 9.27 ft. kips
M6 = 1,6(1.5) = 2.40 ft. kips
MTotal 75.08 ft. kips
= .08 - 20.
MTotal Msoil 75.08 20.06
55:06 _ 9 74 fe.> 2.5 fre—> 0.K.
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calculated in

[}

7.65

2.70

.68

1.59

6.18

1.60

kips/1n.
kips/1n.
kips/1n.

kips/1n.

kips/1n.

kips/1n.

ft.

ft.

ft.

ft.

ft.

ft.

20.06

kips/1ln.

ft.



" South Abutment

M = 119.2 ft. kips

soil

/0.0

vy — N e
a%“ Qg w) =10.0(24.0) (.15)
| L _
. ; w, = 1.5(17.0) (.15)
| z
{ : .
' ; w, = 3.0(1.5)(.15)
| 0 "3
[ 17 &
I S w, = R
< . 4 c
Q| . _
| ws = Rp(H)
Py a
- T Ic' =
7 3 | _\l\v_‘{\ W6 RE(V)
I A S -
wTotal
M, = 36.0(9.5) = 342.0 ft. kips
M, = 3.82(3.75) = 14.32 ft. kips
M3 = .68(1.5) = 1.02 ft. kips
M4 = 1.59(4.0) = 6.36 ft. kips
Mg = 6.18(1.5) = 9.27 ft. kips
M, = 2.84(1.5) = 4.26 ft. kips
MTotal = 377.23 ft. kips

Mo oo™ Maosp = 377-23 - 119.2 = 258.03 fr. kips
258.03

S1.11 - 5.05 ft.> 4.83 ft.—>0.K.

. Weight of components:

it

36.00

0.68

1.59

6.18

2.84

99

kips/1n.
kips/1n.
kips/1n.
kips/1n.
kips/1n.

kips/1in.

ft.

ft.

ft.

ft.

ft.

ft.

51,11

kips/1n.

ft.



BILL OF MAIN MATERIAL AND PRELIMINARY COST ESTIMATE

Running deck, ties, wheel guard and guardrail
Stringers: Interior 2 (14 1/4" x 49 1/2" x 82")
Exterior 2 (8 3/4" x 49 1/2" x 82'")
Diaphragms 15 (6 3/4" x 45" x 5')
Struts 4 (10 3/4" x 33" x 42")
4 (10 3/4" x 33" x 40'")
Diaphragms 18 (6 3/4" x 30" x 5")
Cross element 8 3/4" x 30" x 16'
Total |

Abutments

Il

110

North Abutment: ([3 x 17] + [1.5 x 12] + [1.5 x 3]) 16

South Abutment: ([10 x 24] + [1.5 x 17] + [1.5 x 3]) 1¢

Total

Total £ill (From Appendix II)

Total for strutframe bridge

803 cu.ft.
493 cu.ft.
158 cu.ft.
413 cu.ft.
394 cu.ft.
127 cu.ft.

29 cu.ft.

2,417 cu.ft. @ $27
= 43.6 cﬁ.yd.
= 160.0 cu.vd.
= 304.6 cu.yd.

@ $250

i

]

$ 5,629

$ 65,259

$ 50,900

$ 8,923

'$130,711
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APPENDIX IV

Continuous Beam - Three Spans
Double Strutframe Bridge

Three-hinged Arch Bridge



102

CONTINUOUS BEAM

THREE SPANS:
L = Ly L, = 0.75 Ly
LeBo.0’ |
.* ° e
o 2,=R9.7" / Ly=20.8° > L2707 i
Dead load moment. ! '
- 3 3, =
ML, + 2MB (Ll + L2) + M, L, = 1/4 w (Ll + L, )
101.80 My + 21.80 M, = 1/4(750) (35,000) =
_ 6,570  _21.80
Mz = 701.80 ~ Tor.80 e
My = 64.6 - 0.214 M,
ML, +22M, (L. +L)+ML =-1/4w (L 341 3)
) ¢ (Lp T Lg) + Mplg Ly 3

21.80 MB + 101.8 MC = -6,570

6,570 21.8

Mc =~ T01.80 ~ 101.80 B
Mg = =64.6 = 0.214 M
My = -64.6 - 0.214 (64.6 - 0.214 M)

MB = -64.6 - 13.8 + 0.0458 MB
,954 MB = =78.4 ft. kips
MB = -82.2 ft. kips

M, = -64.6 - 0.214 x 82.2 = -82.2 ft. kips
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" Live load M.
max

According to influence lines (Figure 68).

Superposition of the design vehicle.

M @ A e L 2

i 7

* 297" Zﬁ ‘_ o 2se’ f 29.7

M = -~ [(0.085 + 0.086) 25 + (O.O63A+ 0.067) x 20 -

max

- 0.012 x lO)L2 = [4.27 + 2.60 - 0.12) x 21.80 = -147.1 ft. kips

Live Mm -147.1 ft. kips

ax

Dead M -82.2 ft. kips
max

MTotal =-229.3 ft. kips

Interior stringer:

M = .65 (229.3) = 149.04 ft. kips
max
- 149.04(12,000) _ .3
Sreq ' 1,900 941 in.
. _ , -3
Sholes approximately 300 in.

8 3/4" x 30"; w = 62.0 p.1.f.; A = 262.5 in.z;

S = 1,312.5 in.> > 1,241 in.>—>0.K.

Exterior stringer:

Mmax = ,37(229.3) = 84.84 ft. kips
_ 84.84(12,000) _ 3

Sreq = 1,900 = 535 in.

Sholes approximately = 200;in.3

5" x 30"; w = 35.4 p.1.f.; A = 150.0 in.z;

S = 750.0 > 735 in.3———>O.K.
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.%5\

[230

0./

L,

-t

Figure 68 — Three span continuous beam moment influence lines.

(Values plotted on deciles of ecach span).
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Shear and reactions1

N A VN Ny v VLR
7 - . ’ E
e e . As&oe . o
D=A=.,1606 xw x L = 10.0 kips w = ,75 kips/ft.
B = .2180 x w x L = 13,1 kips L =80 ft.
(L)
B(Lz) = ,183 xwx L= 11,0 kips
= = + = . i
RC RB B(Ll) B(Lz) 24.1 kips

Live load (using influence lines, Figure 69),
Superposition of the design vehicle.

‘| o 22,/ !

./i/ e ,/64‘ e - 3 e— e e ../
| H
!

! b .
\ o T T E YA ) d . A D : -
o J X Qf‘f a0 ﬁ/k

[(0.37 + .55) 20 + (.98 + .99) 25 + 0.14 x 10] = 79 kips

13.1 + 79.0 = 92.1 kips = 92,000 1lbs.

<
i
<
+
<3
ll

R, = 24.1 + 79.0 = 103.1 kips = 103,100 1bs.

Check for shear stresses:
Interior stringer:

V=0.65V = 0.65(92,000) = 59.8 kips
max

- 1.5(59,800) _ . .
fv 2931 402 psi > 145 psi —»N.G.

7 Steel Construction: American Institute of Steel Construction,
1951 (New York, N.Y., U.S.A.). p. 383.
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Figurce (9 - Threc span continuous beam shear influence lines.

(Valuces plotted on dechles of cach span).,



) 107

Use:

14 1/4" x 43 1/2"; w = 146 p.1.f.; S = 4,494.1 in.3; A = 619.9 in.

___%§§2§§QQL 144.7 psi < 145 psi — O.K.

Exterior stringer:
= 0.37 V = .37(92,000) = 34.04 kips
max

£ 1.5(34,040) _ . .
V=TS = 400.4 psi > 145 psi —> N.G.

Use:

8 3/4" x 43.5"; w = 89.9 p.1.f.; S = 2,759.5 in.>; A = 380.6 in. 2

£ 1.5(34,040) _ . ad
v = 380. 6 = 134.,2 psi < 145 psi —>0.K.

Struts: solved as long simple columnsz.
Forces in columns considered equally distributed as per calcula-

tion of eccentric rivet in Appendix II.

7;:.’30./&‘-

(_FS’ ;732 Ro./X

I
A
i

'
—

Compression:

C = .37(258) = 95.46 kips

i Koy

- ,é 1.0

K = .64l 641 //{'v9 x 10° 1.0 _ g
X 1400 X 1.0 2 7

Slenderness ratio:

_Ls_30(12) _ <
CC =3°78.7s 41.14 50 and > K

Timber Construction: Canadian Institute of Timber Construction,
1963 (Otitawa, Canada). p. 117.



Use slenderness factor:

0.274 E _ 0.274(1.69 x 106)

R = - = 273.6
¢ (cC)2 (41.14)°
P 95,460 2
= = - 222900 ;
Areq Kc 273.6 348.9 in.
Use:

8 3/4" x 40 1/2"; w = 83.7 p.1.f.5 S = 2,392.0 in.>

A = 354.4 in.2 > 348.9 in.z———bo.K.
Horizontal struts:

C = .37(235) = 86.95 kips

CC =L = 20(12) = 27.4
d 8.75
Use the same KC = 273.6
86,950 2
= =—=2I== = i
Areq 273 .6 317.8 in.
Use:

8 3/4" x 37 1/2"; w = 77.5 p.1.f.; S = 2,050.8 in.>

A = 328.1 in.2 > 317.8 in.2 —0.K.

Check for bearing:

£ 86,950
= =272 : .
Cy 3281 265.1 psi < 305 psi —>0.K.

Cross—elements.,

>

.
’
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6 3/4" x 45"; w = 71,7 p.1.f.; S = 2,278.1 in.3; A = 303.8 in.2



BILL OF MAIN MATERIAL AND PRELIMINARY COST ESTIMATE

Running deck, ties, wheel guard and guardrail (From Appendix II)

Stringers: Interior 2 (14 1/4" x 43 1/2" x 82')
Exterior 2 (8 3/4" x 43 1/2" x 82")
Diaphragms 15 (6 3/4" x 39" x 5')
Sloﬁed struts 8 (8 3/4" x 40 1/2" x 30")
Diaphragms 18 (6 3/4" x 36" x 5'")
Horizontal struts & (8 3/4" x 37 1/2" x 21')
Diaphragms 12 (6 3/4" x 33" x 5'")

Total

Concrete Abutments (From Appendix III)
Total fill (Fromp Appendix II)

Total for double strutframe bridge

il

706

433

137

590

142

191

87

cu.

Cu.

cu.

cu.

cu.

cu.

Ccu.

109

ft.

ft.

ft.

ft.

ft.

ft.

ft.

2,286

cu

$27

gt

il

$ 5,629

$ 61,722

$ 50,900

$ 8,923

$127,174
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THREE-HINGED ARCH

Calculation of reactions:

M, = Vo (76) - 38.1 (48.9) - 8.9 (27.1) = O
VD = 24.98 kips

M, = 38.1 (27.1) + 8.9 (48.9) - V. (76)
'v.E = 19.31 kips

c

ENB = - Hy (10.5) + V_ (38) - 38.1 (10.8) = 0

- 10.5 HD + 24,98 (38) - 411.48 =0

HD = 51.22 kips

M. = VD (38) - 38.1 (10.8)

= 24.98 (38) - 38.1 (10.8) = 537.76 ft. kips

M
S _ 537.76 _ .
B = 5 - 105 51.22 kips — 0.K.

MS (at Pl) = 24.98 (27.1) = 676.96 ft. kips
1 _ 676.96 _

h™ = ©37.76 (10.5) = 13.22 f¢t.
_ 676.96 _ .

H = 13.22 = 51.22 kips — 0.K.

n = hl - 9.6 = 13.22 - 9.6 = 3.62 ft.

M = Hn = 51.22 (3.62) = 185.3 ft. kips = 2,223,600 1b.in.
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sl B2 )= 158 K

Ay = LT a8k

Figure 70 - Graphical solution of forces in
three-hinged arch,
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Thrust from graph T = 54.8 kips

Check for bending moment and thrust:

2,223,600

b x2 54,800

6 - bx

1,900 1,200
b= 6.75 in.
Solve for "x".

6.75 x% - 45.67 x - 7,022 = 0

b * /b2 - sac _

12 2a

_45.67 2/ (45.67)% + 4 (6.75) (7.022)

5 (TS = 35.81 in.
Use: 6 3/4" x 36"
2,223,600 54,800

1.458 243

1,900 T "T,20 <1

.803 + .188 = .991 <1 —0.XK.
Check for shear:

_ 1.5 (15,800)
v 243

f = 97.5 psi < 145 psi —> 0.K.

Profile at '"D": 6 3/4" x 24"
Check for thrust; from graph T = 57.0 kips:

57,000
162

Profile at "B": 6 3/4" x 39"

= 352 psi < 1,200 psi— O.K.

Check for shear; from graph V = 25.0 kips.

_ 1.5 (25,000)
v 263.3

= 142.4 psi < 145 psi — O.K.
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BILL OF MAIN MATERIAL AND PRELIMINARY COST ESTIMATE

Running deck, ties, wheel guard and guardrail (From Appendix II) =§ 5,629

Stringers & Diaphragms (From double strutframe bridge) = 1,276 cu.ft.

Arch beam 4 (6 3/4" x [2345412 x 771) = 455 cu.ft.
Diaphragms 3 (6 3/4" x 34 1/2" x 5') = 24 cu.ft.
6 (6 3/4" x 27" x 5") = 38 cu.ft.
6 (6 3/4™ x 19 1/2" x 5'") = 27 cu.ft.
Total = 1,820 cu.ft.
@ $27 = $ 49,140
Concrete Abutments (From Appendix III) = § 50,900
Total fill (From Appendix II) =$ 8,923

Total for arch bridge $114,592
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APPENDIX V

Cantilevered Beam Bridge
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CANTILEVERED BEAM

jk } | AT €k 7
. o’ | /5”J SO 50 S’

- Y g - o S ¢ a7
% Ly =4 , LL" /_68’0/ ’/ £, =40 v
_z'/_____.m o e A

Dead load calculation according to TC tablesl.
Interior stringer:

DL - Decking and ties (as calculated in App. II) 249 p.l.f.

Stringers ' 160 p.1.f.
Diaphragms 34 p.1.f.
Total : 443 p.1.f.

Exterior stringer:’

DL - Decking and ties 125 p.1.f.
Stringers 110 p.1.f.
Diaphragms 17 p.1.f.
Guardrail and wheel guards 82 p.1.f,
Total V | 334 p.1.f.

Dead load moments.

\

— 0
W .
BaY

N\

T T/

Timber Construction: Canadian Institute of Timber Construction,
1963 (Ottawa, Canada). p. 110.
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Interior stringer:

W 443
—— 2 2,2  —— 2 2,2 _
My =g 2 () -l FaD)” = g T (07 - 1560 + (1957 =
13.5 ft. kips
M, = -9 a1, - by = - 312 (15(80) - (15)%) = - 216.0 fr. kips
M, = %'(Lz - 2a)2 = 443 (80 - 2(15)) = 138.4 ft. kips

Exterior stringer:

.334 9 9 2
My o= 8(40)2 ((40)° - 15(8Q) + (15)7) " = 10.2 ft. kips
334 .
M, = - (15(80) - (15) ) -162.8 ft. kips
M, = =234 (80 - 2015)) % = 104.4 fr. kips

Live load moments.

Suspended beam: . .
=100

26% 25¢ 20% 20¢&

. ' : _' | |

5 Y

7 z.{Sb’

g ;
d = 21 feet (as calculated in Appendix IT)
x = 25 - 2.1 =-22,9 ¢,

2
n (7o

M - 0 22.9) 300 = 748.8 ft., kips

max 50
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Portion of total load (as shown in Appendix II).

Interior stringer:

MLL = .65 Mmax = .65(748.8) 486.7 ft. kips

MDL = (for W= 398 p.1.f.) = 124.3 ft. kips
MTotal = 611.0 ft. kips
_611.0 (12,000) _ .3
Sreq = 1,900 = 3,858 in.
. _ .3
Sholes approximately = 450 in.

10 3/4" x 49 1/2"; A = 532.1 in.2; W

126 p.1.f.;

S = 4,390 in.> > 4,308 in.> —> 0.K.

Exterior stringer:

MLL = .37 Mmax = .37(748.8) 277.1 ft. kips

MDL = (for W = 298 p.1.£.) = 93.1 ft. kips
MTotal = 370.2 ft. kips
_ 370.2(12,000) _ .3
Sreq 1,900 = 2,338 in.
S apnroximately = 400 in 3
holes ~ y *

6 3/6" x 49 1/2"; A = 334.1 in.2; W = 79 p.1.f.;

S = 2,756.0 in.3 > 2,738 in.3-—> 0.K.
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Check for shear stressecs:

\Y according to TC tablesz,

DL
‘3 4 —G- \ /
’ 4 \\77\\\\\\\. : Q1
h f \,"\, ;3 i/,l
i i i '
+ W 2 2
V(l) = - oL (Ll - aL2 +a”)
1
+ W 2 2
V(Z) = - 2L1 (Ll + aL2 -an)
WL
+ 2
V(3) = - 2
+ W
V(4) = - 2 (L2 - 2a)
Live load.
L _ 50 _
i 12.5 ft.
3d = 3(4) = 12 ft.—> governs
25425 % 20¢ 20% ‘
,L“Ei_m}4;ﬁ_h/€;mn%4; L
| R
rk'____*___nmw%?Fmemwmm_mwmm.L “
_ 20014 + 18) + 25(34 + 38) ,
(Rl) Vmax 0 48.8 kips

Interior stringer:

V,, = .65 (48.8) = 31.72 kips
V(4), = 4§%§(50) = 9.95 kips
VTotal = 41,67 kips

Timber Construction: Canadlian Institute of Tdimber Construction,
1963 (Ottawa, Canada). p. 110,




£ _ 1.5(41,670)
v 532.1

Exterior stringer:

' 119

= 117 psi < 145 psi — O0.K,

Vo= .37(48.8) = 18.06 kips
v(ay ;= <228(50) = _7.45 kips
VTotal = 25,51 kips
fv = l*;%%%f%lgl = 114 psi < 145 psi— O.K.

Reactions (for effect on cantilevered beam).

Position (a):

. ’ ' M ’ ’ ',
71/_4,'/ /6" {,4);/ 16 +/ /0 ,l/ )
%x i B Yy
. LS’ e

i

_ 10(10) + 25(26 + 30)

+ 20 (46 + 50) _

Re 50

Position (b):

68.4 kips

‘i ¢ ' .t 4
'R “ ;-
B [y '
a L<=so! a
i =
| l
R =
[}

20 (26 + 30) + 25(46 + 50) = 70.4 kips —>governs

50

Interior stringer:

RC = 0.65(70.4)

Exterior stringer:

Rc = 0.37(70.4)

45.76 kips

26.05 kips
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Cantilevercd beam - part BC.

Position (a): g0 ot :ggr“ 0%
SN J[J[ /f"J{ e M'J(
i 1y J[ |
I t
4 f@ .c 0
_TLm. o %'* )men_m ‘o
+ 2 + +
Rc _ 14(10) ?5(320 34) 20(50) _ 54.8 kips

M = 20Q11) + 54.8(15) = 1,042 ft. kips

Position : 5% 25% Jgotaoc
oS (b) /0‘; 4/ 0

'/ 29 ,;//a{" L =" 267 A
I
: !

|
yay
4i }% \L D
; 4o’ 25! so’
7f_wwu . . .} R S 2
Mmax = Pa = 15(70.4) = 1,056 ft. kips — governing position

Interior stringer:

M
1.
MTotal

0.65(1,056) = -686.4 ft. kips

]
fl

(for W = 428 p.1.f.) = =208.6 ft. kips

n

~895.0 ft. kips

_ 895.0(12,000) - .3
Sreq = 1,900 5,652 1p.
, _ .3
Sholes approximately = 700 in.

2

10 3/4" x 60"; A = 645 in."; W = 152 p.1.f.;

S = (,450 in.3 > 6,352 in.3-——*O.K.
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Exterior stringer:

MLL = 0.37(1,056) = =390.7 ft. kips
MDL = (for w = 334 p.1.f.) = -162.8 ft. kips
MTotal = =553.5 ft. kips
_ 553.5(12,000) _ .3
Sreq = 1,900 3,496 in.
' . _ .3
Sholes ?pprox1mately = 650 in.

8 3/4" x 60"; A = 525.0 in.z; W =124 p.1.f.;

S = 5,250 in.3 > 3,496 in.3 —0.K.

(chosen for same height as interior stringer)
Check for shear stresses:
Live load.
'VLL = R of suspended beam = 70.4 kips

Interior stringer:

VLL _ 45.76 kips

vy, = =20 - 16,4 kips
VTotal = 62.16 kips
£, - 1.5(62,160)

v = 1:3(62,160) _ 144.6 psi < 145 psi —0.K.

645
Exterior stringer:
VLL = 26.05 kips
v), . = =3280 _ 1y 48 pips
DL 2
VTotal = 38.53 kips

£, = 1-5532 230) _ 110 pei < 145 psi —>0.K.



Cantilevered beam - part AB.

ceagt O ipe

’ , , D% [4
T EE
IAN a5 /N
Ly =L’ 4 ';'371'{ La 2o’ T
B ya -'40’ e J/
_ 20016 + 20) - 25(4) -
d = 180 3.44 ft.
L
X = §'~ d = 20 - 3.44 = 16.56 ft.
- Rx2 -2 ihﬁ e = 9O§l6.56}2
max L L L 40

Interior stringer:

MLL = 0.65(517.02)= 336.06 ft. kips

M(l)DL 11.42 ft. kips

MTotal = 347.48 fF. kips

_ 347.48(12,000) _ .3
Sreq = 1500 = 2,194 in.

approximately

.3
Sholes 300 in.

10 3/4" x 37 1/2"; A

1t

517.02 ft. kips

403.1 in.z; W=2952p.1l.f.3;

S = 2,519.5 in.3 > 2,494 in.3 —0.K.

Exterior stringer:

M .37(517.02) = 191.3 ft. kips

LL
MDL = 9.1 ft. kips
MTotal = 200.4 ft. kips
Sreq = 200.4(12,000) = 1,266 in.3

1,900

approximately 250 in.3

1

Sholes

122
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8 3/4" x 37 1/2"; A = 328.1 in.z; W=77.5p.1.f.;

S = 2,050.8 in.3 > 1,266 in.3 — 0.K.

(chosen for the same height as interior stringer; width given

by part BC)
Check for shear at RA.
L/4 = 10 ft.; 3d = 9 f¢t. ———>governs
Jr( ’25( ‘?? ?ZOC
_)L“?_“ / / . ‘e’ . ,:/4/ 7/ }
| 11 i 1 |
45 i
l g0’
_,7@_.._ [
v = 20(7 + 11)43 25(27 + 31 = 45.25 kips

Interior stringer:

Vi, = .65(45.25) = 29.41 kips
V(15DL = 4((40)° —2%2éfo) + (1% =:3;12 kips
Veoral = 32;53 kips
fv = l;é%%%%%igl = 121 psi < 145 psi —>0.K.

Exterior stringer:

VLL = .37(45.25) = 16.74 kips
2 ; 2
L30T - 15(80) + (1)) .
V(l)DL = 7040) = 2.34 kips
Vooeal = 19.08 kips
fv = 1.5 (19,080) _ 87 psi < 145 psi —O0.K.

328.1
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Reactions:

Live load.
, ;72 To.4 ¢
L

45 A {A

;i . 4 =70 ’ , anss X

R =22 o 70-4(13) _ 5 14 1ips

A L 40
1
R, =T (1 +a) = T390 - 96.8 kips
Ll 1 40
. , , I s ’ ; g Cud
» o J‘, 6’ /!/ 3 /.,J("'v.',_ G AR
y Ly ol 1

4[3 g™y e °2
_/I 40’ /}/ s’ 7i/____ R LA . /

. _ 20(49 + 45) _ .
RC . =0 37.6 kips

[ B
R.B o 25( }0 + 2(6)) + 10(20) + 372‘(6)(5_5l — 104.2 kips~——>governs

Interior stringer:

RB = ,65(104.2) = 67.73 kips
Exterior stringer:
RB = ,37(104.2) = 38.55 kips

Dead load (calculation according to TC tablesB).

/S AR P A

]

Timber Construction: Canadian Institute of Timber Construction,
1963 (Ottawa, Canada). p. 110.
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W 2 2
RA = 2L1 (Ll - aL2 + a )
R.o= =2 (L +a)(L. + L. - a)
R R T 175

Interior stringer:

_ .410 _ 2, _ ,
RA = 2(40)[(40) 15(80) + (15)7] 3.20 kips
_ L410
RB = 2(40)(55) (105) = 29.60 kips
Exterior sﬁringer'
310 .
R, =-—?——>[(40) - 15(80) + (15)%] = 2.42 kips
.31

RB —?—— (55) (105) = 22.38 kips

Total reactions at "A":

RDL - RLL = 2(3.20) + 2(2.42) - 2.14 9.10 kips

Total reactions at "B":

RTotal - RLL + RDL

Interior stringer:

RTotal = 67.73 + 29.60 = 97.33 kips
Exterior stringer:
RTotal = 38.55 + 22.38 = 60.93 kips

"V" supports (solved as short columns).

Interior stringer:

97,330 2
= 212 22Y .
Areq 1,400 /0 in.

Base of column 12" x 10 3/4" = 129 in.2 > 70 in.z——e 0.K.

Exterior stringer:

60,930 2
= —— = {
req - 1,400 - 4 in.

Base of column 12" x 8 3/4” = 105 in.2 > 44 in.z——é 0.K.
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CONCRETE. ABUTMENTS :

Backfill soil conditions same as considered in Appendix II.
Abutments calculated for RDL - RLL at A (see above). Base of abutments
is solid rock.

0 =32°30"; w = 135 p.c.f.; K = .302

North Abutment

& | hTotal =12,0 + 1.7 = 13.7 ft.
RIS 2 2
| | P = kwh™ _ .302(.135)(13.7)  _ 3.82 kips
: 2 2
Wo | % 13.7 |
M;\ MSoil = 3.82'—5—— = 17.47 ft. kips
8
_,A/Pi.j_ Weight components?
a, e
3 . N Wy, = 5.5(12.0)(.15) = 9.90 kips
.y t; E ' . '
GRIRET] ' "’Q‘/?)‘I&‘/'/7§47¢\/?.v"_:\'i/} Yy = 2.0(6.6) (.15) -= 1.98 kips
2 LoD 9.10 = .57 kips
, ) 3~ width = 16.0
e hze) T
1 e Yrotal = 12.45 kips
Ml = 9,9(4.75) = 47.03 ft. kips
M2 =1,98(1.0) = 1.98 ft. kips
M3 = ,57(1.5) = .86 ft. kips
MTotal = 49,87 ft. kips
- = ¢ - = ; - v
Miotal M o1l 19.87 - 17.47 = 32.4 ft. kips wTotal(x)
1/
x = 32:40 _ 5 6o fr. > 2,33 fr.—> 0.K.

12.45 |



South Abutment

~N\N~7 7
N
'S Wy
Y
SN
° .
v S, &,
o .
RS
PN Yy
v
NI §
ol
LY
R
N — .
I
7L_ e _So

1 . kips
M, = 1(2.28) = 2.28 fr. kips
M, = 1.5(.57) = __.86 ft. kips
Mfotal = 61.64 ft. kips

MTotal - Msoil
_ 40.06

d = = 2.75 ft. > 2.67— O.K.

14.55

! 127

=
[}

13.0 + 1.7 = 14.7 ft.
. .302(.135) (14.7) 2 = 4.40 kips
2

a A.AQ 14.7) _ 93,56 fe. kips

soil 3
Weight components:

11.70 kips/ln.ft.

3
]

6(13) (.15)

It

2(7.6) (.15) 2.28 kips/ln.ft.

3]
i

.57 kips/in.ft.

14.55 kips/Iln.ft.

= 61.64 - 21.58 = 40.06 ft. kips
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BILL OF MAIN MATERIAL AND PRELIMINARY COST ESTIMATE

Running deck, ties, wheel guard and guardrail (From Appendix 1)

82 gi? (162 £t.) = $ 10,410

Stringers: Cantilevered beams
Area of beams in profile

(37 1/2" x 21'") + 1/2 (37 1/2" + 60'") 20

+ 1/2 (60" + 49 1/2") 15 = 215.31 ft.2

Interior stringers 4 (10 3/4'") 21.5.31 ft.2

2

772 cu.ft.

Exterior stringers 4 (8 3/4") 215.31 ft. 628 cu.ft.

Suspended beams

Interior stringers 2 (10 3/4" x 49 1/2" x 50') = 369 cu.ft.
Exterior stringers 2 (6 3/4" x 49 1/2" x 50') = 232 cu.ft.
"V"‘supports

At B

Area in profile

1/2 (12" + 30™) 9.75 = 17.1 ft.2

Interior support 2 (10 3/4" x. 17.1 ft.z) = 30 cu.ft:
Exterior support 2 (8 3/4" x 17.1 ft.z) = 25 cu.ft.

At E

Area in profile

1/2 (12" + 40"™) 14.75" = 31.96 ft.2

Interior support 2 (10 3/4" x 31.96 ft.2) = 57 cu.ft.
Exterior support 2 (8 3/4" x 31.96 ft.z) = 47 cu.ft.
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Diaphragms 24 (6 3/4" x 33" x 5') = 186 cu.ft.
9 (6 3/4" x 45" x 5') = 95 cu.ft.

2 (6 3/4™ x 54" x 5")

25 cu.ft.

Total

2,466 cu.ft,
# $27 = $ 66,582

Concrete Abutments

1

North Abutment: 37 (f{4.5 x 12] + [1.5 x 6.6]) 16 = 37.9 cu.yd.
South Abutment: 5% ([5.5 x 13] + [1.5 x 7.6]) 16 = 49.1 cu.yd.
Foundations under '"V" supports
1
7 (1.5 x 1.0 x 16) 2 = _1.8 cu.yd.
Total = 88.8 cu.yd. @ $250 = $ 22,200
Total £i11 726 CCY = 1,075 LCY @ $2.20 =8 2,365

Total for cantilevered bridge = $101,557
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