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structures which are responsive to new safety requirements; however, it
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ventional suspension bridges.

The report is presanted in three separate volumes:

Volume I - Research Intormation
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. Volume III - Supporting Data
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ABSTRACT

Volume I of this report summarizes research activities conducted in
response to requirements for developd

- new, cable supported structures
design concepts that will permit removal of massive support structuses from
the area adjacent to the roadway. Development efforts resulted in identifica~-
ticn of bridge concepts and sign and lighting system concepts that are respon-
sive to new, safety related design criteria, Initially, sixteen bridge concepts
were examined with respect to their potentials in responding to the new
criteria; eight of the sixteen design schemes were selected {or subsequent
preliminary analysis and concept designs. Similarlyv, four sign support
structure coacepts and four lighting systern support structure concepis were
selected for preliminary analysis and coucept designs.

Methods of structural analysis developed for these concepts, gquantita-
tive analyses of these concepts {with respect to projected geometric, loaa
and aesthetic requirements) and the definitive concept designs are summarized
in this volume of the report. Bridge concepts selected for detailed anzlysis
and preliminary design are identified and discussed. These are: (1) the
Leaning Arches Bridge {new and modified bridgs concepts}, {2} the Bridle
Bridge {new bridge concept), and (3} the Frame Bridge {modified bridge con-
cept). New sign and lighting system support structures concepts selected for
preliminary design are also identified ~nd discussed.
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I, INTRODUCTION

The Structural Systems in Support of Highway Safety (48) program
sponsored by the Burcau of Public Roads is a short-range, quick-payoff
rescarch endeavor designed to red:

ce the severity of single vehicle accidents
on the Nation's highways, The objectives of ithis accelerated program may
be summarized as: (1) te develop structural systems concepts for the
elimination of rigid ohstacles and cther obstructions along the highways

and (2) to develop devices and structaral arrangements for vehicle impact
attenuation, deflecticn, or entrapment to assure that collisions with these
devices will be of minimum severity, An examination of the statistics on
single vehicle collisions confirmed the advisability of researching hoth
approaches to the probiems,

Research and findings contained in this three-volume research report
concern ‘he former approach to the solution of the problem, i.e., examination
of supporting systems of highway appurtenances with the objective of effecting
their elimination or relocation to points away {rom proximity to the edges of
the roadway. Such suppcrting systems include bridge median piers and
abutments, as well as overshead sign and lighting system support structures,
The scope of work required that imaginative and creative concepts for these
highway str ictures were to be developed; however, it was specified that
these conce ‘ts be limited to those employing structural cable systems in
applications which differed from those used in conventional suspension
bridges.

The contents of this voiume are concerned with the portion of the
investigation which led to the selection and preliminary design of several
feasible structural support systems which are responsive to current and pro-
jected safery standards. Included in Volume I are summaries of concepts
and clagsifications, as well as discussions of future safety related design
requirements, Concept designs developed to facilitate the evaluation process
are presented for two principal rigid obstacle categories: bridge support
structures, and highway sign and lighting system support structures., Finzally,
struciures selected for preliminary design and engineering feasibility studies
are identified and briefly discussed to make this volumec complete as a
summary of research aciivities., Detailed discussions and presentations of
preliminary designs for new and mndified existing bridges, and signs and
lighting systems are contained in Volume II (Preliminary Designs and
Enginecering Data); suprorting information for Volumes I and II is contained
in Volume III,



I, STUDY METHOGDOLOGY

Specific project objectives concerned development of structural
support systerne cencepts for highway appurtenances which will permit
eliminaticn or relocaticn of rigid obstuacles and other obstructions from
proximity to edges of the rozdway, Onc aspect of the gencral approach to
the problem involved examinations of present-day structural supporting
systems of highway appurtenances with respect to current trends in highway
safety requirements. In this regard, consideration was given to the
February 1967 report of the specizl AASHO Traffic Safetry Cornmittee(l)*
which suggests the adoption of two-gpan bridges for overpasses crossing
divided highways as a means of climinating bridge piers normally placed
adjacent to highway shoualders, It was also recognized, however. that
placement of a pier in the highway median has certain disadvantages, A
divided highway with a median width such that a median barrier is not
required by current warranting standards{?) will be made more hazardous
by the introduction of a median pier and guardrail in the otherwise unob-
structed median, Furthermore, the current Bureau of Public Roads instruc-
tions for new federal 2id construction, which specify that a 30-foot minimum
distance be provided for roadside appurtenances, have considerable merit
based on single vehicle accident studies, These observations suggest that
emphasis must be placed on providing the "errant' motorist with wide,
unobstructed areas beyond the edges of the roadway in which to recover
control of his vehicle, Thus, it was deterinined that rigid application of
the recommendations of the AASHO Traffic Safety Committee publication{l)
and the Purcau of Public Roads' Safety Publications should not be adopted as
the only basis for establishing safcty criteria as related to highway clearance
geometry,

In this study, a roadway cross section which provides an unobstructed
area between points 30 feet beyond the outside edges of the divided roadway
has been chosen as a basic, safety-related geometric requirement., Struc-
tures which afford this clearance will eliminate the nced for shoulder guardrail
and median barriers in accordance with recently established warranting
criterial?), This gcometric criterion is not suggested for rigid application,
but was developed as a basis from which to begin research efforts in responsc
to objectives of the program,

Research plans were developed to consider concepts for the removal
of massive support structurcs groupzd into two major categories: (1) bridee
support structures, and (2) sign and lighting systern zupport structures.
Outlines and discussions of study methodologies employed in each of these
areas are contained in the following paragraphs.

*Superscript numbers in parentheses refer to List of References, Section V.



A, Bridge Support Structures

An initial! step in the development of cable-supported bridge concepts
responsive (o the above safety-relited geometric clearance criterion was
based con the preparation of imaginative sketches aud the conduct of critical
conference-type critiques. A thorough search of the literazture on bridges
(as well as other technologies empleoying meajor structures) was made to
serve as a source of ingpiration and to insure that no previously conceived
but unapplied idea was overlockad., These creative and rcview studies were
conducted with an objective ¢f identifying concepts which would be applicable
to rnew bridge designs, as well as designs which could be used for the medifi-
caticn of existing bridges, to eliminate massive support structures.

Bridge concepts, identified and placed into schematic drawing form,
were examinsd in conference by a team of project investigators, including
representatives of the aerospace and marine structures disciplines, Dupli-
cations, or near duplications, were eliminated, and the remaining concepts
were examined individually for feasibility, originality, and flexibility of appli-
cation to both new and existing structures, Sixteen bridge concepts which
appeared responsive to project requirements emerged {rom this review and
organizatiou process., Cables played a major role as principal load-carrying
members in most of these concepts.

These sixteen bridge concepts were then reviewed and evaluated in
a joint conference which ircluded Bureau of Public Roads »roject technical
monitors and Institute principal investigators, During this conierence, cight
of the sixteen concepts were selecved for additional, application-potential
considerations, Selections of these eight concepts were based on such con-
siderations as uniquenese of configuration, potential applicability to modifica-
tion of existing bridges, and cornpatibility with conventional design and
construction methods,

Evaluations of these eight bridge concepts required the development
of methods of analysis tc demonstrate design and analvtical feasibility, and
to gain an appreciati n of the structural systems' complexity, As a part of
the evaluation process concept designs were developed for specific geomeiric
and load criteria common to each of the cight bridge concepts. Such concept
designs were developed to the extent necessary to achieve a first-order
appraisal of system effectiveness for the basic eight structural schemes
selected. One of the indicztors used as a measurc of system cifectivencss
was gross bridge weight; this pararneter was judged to be a significant
quantitative measure for judging the comparative effectiveness of the
selected, cable-supported structures. Qualitative factors were also used
in the evaluation procedure, Among these were such considerations as con-
cept structural and construction complexity, as well as aesthetics, The
use of system complexity as a comparative anzalysis criterion in evalu-
ating bridge designs reflected the ultimate objective to develop bridge
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investigators concerned reviews of c¢o ncc;u designs developed for the eight
structural schemes. Three basic structural schemes were sclected, from
eight concepts carried threugh the concept design stage, for additional
engineering fe:sibility analysiz, One of the echemes wae judged applicable

to new bridge construction only; ancther concept was judged applicable to
modified existing bridee construction only, while the tn:rd scheme was juaged
applicable to both new and modified existing bridge construction. Thus, four
preliminary bridge designs are identified in this volurne and presented in detail

in the engineering feasibility portion of the report (Volume II).

Technical efforts beyond the point of selecting the three most promising
and feasible structural schemes were directed toward demonstrating design and
analysis practicality and ascertaining first-order approximations of cost and
implementation effectiveness. Guidelines for the technical appraisals were based
on the recognition that both technical and ecornomic details of a given design are
dependent on local conditions and policies, Any atternpt to be more specific than
presentations of preliminary decsigns, especially with regard to detailed costs of
construction, would be not only premature but could actually be misleading, if
an attempt were made to apply the design to a localized condition,

B. Concepts for Highway Sign and Lighting System Subports

Among widely used concepts for Lighway sign supports are the balanced
and unbalanced butterfly, cantilever, sign bridge, sign kridge cantilever,
structure-mounted sign and roadside sipn. Recent changes in highway prac-
tice 1elated to safety should eliminate several of these types of signs {e.g.,
the butterfly designs in "'gore' areas) from consideration for future use,

Some othcr types are not relevant for the purposes of the present study
(e.g., the roadside sign which has been mcdified to be of "breakaway"
design). Attention in this eifort, thereicre, was ‘acused on two main types
of sign support, namely, the cantilever and the sign bridge.

Salient requirements were related to providing at least 30 feet of
clearance from the edge of the pavement to the base of structural supports
adjacent to the roadway(l) znd providing a vertical clearance for sign s. pport
structures of 18 feet, rather than the 17 feet required for bridge structures.

As a restlt of a concept identificat on and review process similar to
that accomplished for bridge concepts, fc r basin struciural schemes
emerged as deserving of further consider. tion in the concept-design eva alua-
tions cf sign supports, Subsequent evaluz ions of concept desipas yielded



only one structural cable configuration whose zpplication feasibility warranted
the preliminary design efforts,

Censtraints imposed by technical, econemic, and planning factors, and
considerations of emerging developments in illumination technology, allowed

only a few opportunities for truly imaginative and productive concepts in the

matter of lighting support siructurec., A cencept identification and review
process for lighting system support structures {similar to that accomplished
for sign support structures) resulted in the identificadion of fweo basic
structural schemes for concept design evaluationsg: cantilevered and suspen-
sion systams. Only oun: lighting system support structural scheme, however,
was selected for preliminary design considerations,



III. BERIDGE CONCEPT DEVELOPMENT

Developmant of new bridge cencepts to eliminaie massive structures
supports adjacent to the travel way began with information review processes
in two areas: (1) a review of the historical irends in bridge building, and
(2) technological appraisals of the siate-of-the-art of bridge design as related
to materials, construction technigues, and ¢ sign methods., It was deter-
raincd that the former study arca was important from a conc:pt identification
ard classification standpoint since over Z0GS years of enginecred bridge-
building experience has ueen recorded. The latter study area was similarly
considered important because it was recognized that modern technology,
particularly in the areas of materials development and analysis techriques,
will perrait utilization of bridging concepts heretofore considered to be
uneconomical or impractical,

A. History, Concevts, and Classificatiors

A literature review™ was conducted to identify bridge concepts which
have possible application to the objectives of this program. Bridge concepts
identified through the historical review were examined with respect to recent
advances in design and materials technology which could have the cffect of
changing a previously impractical concept into a potentially effective bridge
system. The advent of high strength steels and advanced computerized
analysis and design methods, in particulur, seem to support the increased
use of indeterminate structures such as those required for employing cable
supports; structures using composite materials {including the use of glass
reinforced plastics) also appeared to evhibit putentials for responding to the
reguirements of lorger spans dictated by moving support structures away
frem the edge of the roadway, although their cost-effectiveness in bridge
design applications has not been determined.

While, in theory, certain advantages can be realized from using new
materials and analvsis technignues, equally significant disadvantages become
apparent when an entire bridge system is subjected to technozconomic studies,
including the aspects of current practice. Ior example, cable-supported
structures generally are much more flexible than conventional structures of
similar spans. Although this aspect, initself, is by no raieans an indication
of structural inadequacy, structures which exhibit a propensity tovard
unusuzl flexibility characteristics conflict with the "allowable deflection"
criterion estabiished by current codes. Furthermore, conventional static

4 Libliography of reference material that was screened in accomplishing
this veview is included in Appendix A of Volume III (Supporting Data).



methods of design and analysis must be augmented {for purposes of design of
these more fiexible systers} by rather scphisticated dynamic analyees and
experimental studies for cextaln of the new bridge concepts,

The historical and technological reviews led to identification of sixteen
bridge concepts which exhibited the potential for effectively providing the
relatively long spans necessary to effect eliminaticn of rnassive suppert
structures adjacent to the travel way, The gixteen bridge concepts are
illustrated in Figures 1 through 16, In developing thcse concepts, no
design or economics-related selection criteria were employed; hence, the
concepts presented include cable-supported systems (nonconventional sus-
pension bridges) as well as rigia frames, arches, and trusses., Several of
the concepts possess the dual capability of possible use to effect removal of
massive support structures {principally median piers) frcm existing bridges,
as well as being potentially effective new bridge concepts. Where this dual
design capability exists, it is suggesied on the concept sketches,
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B. Design Requiremants for Dridecs

The sixtecn bridging schemes illusrcated in Figures 1 through 1%
reflected criteria based on gencral appraisals of design reguirements {or
bridges responsive to new :zzfcty standards, It was noted that the exercise
of additional selectivity to further reduce the number of concepts must be
based on .nore specific desipn requirements if the final celections were to
be meaningful. Hence, at this stage of the research investigation, design
requiremeats for highway bridges thzt must meet current and projectad
safety standards were developed end employed in the evaluation and selection
process. These included the following geometric, lecad, and aesthetic require-
ments established to assist in the selcction process, zs well as to guide sub-
sequent concept design eftforts,

1. Geometric Requirements

Current practice was considered to be vested in the Special
AASHO Traffic Safety Committee Report entitled, "Highway Design and
Cperational Practices Related tc Highway Safety and AASHO Specification. (1)
As noted in Section II, however, it was deemed necessary to take the geo-
metric design standards for bridges one step further, Projected design
requirements, if they are to be efi=ctive in eliminating obstructions for
the errant motorist, must include provisions that there be no obstructicn
within the median, that a median width of 60 feet be maintained beneatn
crossing structures (to assure that no median barrier is warranted), and that
17 feet of vertical clearance be maintained to a point 30 feet from the cutside
edges of the two roadways.

Geometric design requirements related to horizontal and vertical
clearances (illustrated in Figure 17) are consicered to be practical {uture
minimums if effective improvements in safety are to be realized by moving
or eliminating supporting structures from tre arcas adjacent to the travel
way. Ior purposes of standardization of conditions for the development ~f
conc:pt designs for the structural schemes selected, the crossing structure
was considered to intersect at 90° (0° skew angle) and carry a two-lane,
24-fcot roadway, A standard dimension of 30 {zet (center-to-center of floor
beam supports) was employed for the width of the crossing structure in
developing concept designs,

2, Design Load Requirements

Loads on future bridges will likely be similar in magnitude to
those that are currently impceed. However, in specifying the load spectra
to be used in bridge design, it may be necessary to include dynamics.,

Current AASHO loading siancards may not be adequate for use
in desiguning cable-supporicd bridges which are responsive to the geometric
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requirements described previcusly, This situation may be brought about by
longer spans and more flexible struciures evolving from design requirements
which suggest the use of cable-supported structures. Although it may
ultimacely be necessary to include some form of a bridge dynamic analysis
in future bridge design specifications, the present investigations made use
of representative, current load specification in order to compare bridge
concepts from a design-effectiveness standpoint,

Accordingly, a H20-£16 loading was employed in developing
concept designs for comparison purpeses. Specifically, 640 pounds per
lineal foot per lane plus an 18-Kip concentrated load per lane, placed for
maximum moment, was employed as a basic load. Impact was computed
by employing the AASHO formula for impact as a means of arriving at a
dynamic load factor, For the preliminary analysis and concept design
purposes, longitudinal forces and wind loads, thermal loads, uplifts, etc.,
were not considered; dead loads were estimated as uniforra lane loads.

3, Aesthetics

Preservation of the beauty of the highway system through atten-
tion to structural design aesthetics has become an increasingly demanding
design requirement in recent vears, At this point in the development of
design requirements for long span bridges that are responsive to program
objectives, it may only be said that the design rnust be "beautiful in art and
manifesting of taste,'" Although it would be difficult to eliminate potentially
effective bridge concepts based on aesthetic considerations alcne, certain

in this regard.

C. Bridge Systems Analyses and Concept Designs

The sixteen bridge concepts (Figures 1 through 16) were examined in
conterence by project technical monitors and principal investigators, This
review employed the design criteria outlined in Paragraph B as a guide and
resulted in the identification of eight cable-supported bridge coucepts which
warranted preliminary systems analysis and applications consideration,
These eight concepts are identified in Table I; line drawings of the =tructural
schemes including geometrical descriptions which meet the horizontal and
vertical clearance requirements specified in Figure 17 are presented in con-
junction with analysis and design discussions of the eight structural schemes
in the following paragraphs.

1. Structural Analyses

Methods of analysis were developed icr the eight bridge concepts
identified in Table I. These anzlyses, presentec in Appendix B of Volume III,
are based on specific definitions of bridge structural configurations,
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TARLE I,

Concept
Number

Figur
Mumber

CABLE-SURF
FOR CONCEPT DESI

Title

RTED DRIDCGE CONCEPYS SELECTED

Gy CONSIDERATION

Description

(€8]

C~

-3

13

19

23
24

25

VAY Trame

Leaning Piers

Braced Arch

Bridle Bridge

Stayed Girder

Frame Bridge
l.eaning Arches

Dome Bridge

20

Three-dimensional frame employing
cables to support floor beams at ends
of simple spans: may be employed in
new or modified existing bridges.

Simple span support in two vertical
planes ou either gide of roadway; sup-
rorting structure.leans inward to
minimize liazard at zbutment.

Single arch centered over roadway
centerline with "A' frame supports on
either end; continuous cable-supported
girders carrying roadway.

Support frormn onc side supporting a
cantilever and a simple span,

Single supporting tower with cabie
supports holding a single continuous
girder.

Rigid frame with cables supporting
simple spans.

Double arches leaning inward; cable-
supported roadway.

Circular arch systems forming &
dome to support roadway system via
cables.



Preliminary to embarking on development of analyses, it was necessary to
specify certain aspects of the structural system (e.g., continuous spans or
simple spans, pinned conncctlions or fixed connections, etc.). In specifying
these design conditions, attempts were made to incorporate features which
would enhance the applicability of the concepts to the design objective, For
example, new bridge concepts which may aiso be employed to suppert the

floor and beam systems cof an existing bridge to allow removal of a median

pier were defined in a manner responeive tv both uees, As these definitions

of design schemes were made, it became apparent that in some instances
alternate schemes (e.g., continuous spans rather than simple spans) possessed
certain adv~rtages with regard to uitimate desizn efficiency. A detailed
sensitivity analycis of the desipgn parametcre could have been conducted to
effectively establish optimum designs, {owever, such studies were considered
to be premature for the preliminary analyses and concept designs being con-
sidered; therefore, one representative ztructural configuration (which appeared
most responsive to program objectives) was sclected for each concept.
Parametric studies to determine the most effective designs were deferred

for consideration in subsequent, more detailed portions of the investigaticn,

2. Development of Design Forces, Mome#ants and Shears, and
Concept Designs

Methods of analysis (presented in Appendix B of Volume III) were
used with geometric and load conditions discussed in Paragraph B (of
Section III) and specific structural schemes to develop design forces,
moments, and shears (as aporopriate), for components of each of the eight
bridge concepts (see Table I). Developments for use in subsequent concept
design considerations involved the construction of influence diagrams for
principal structural members and floor system members, and included the
use of these influence diagrams in a conventional manner to acquire design
forces, moments, and shears. The analysis details differ slightly between
the determinate structures (Concepts 1, ¢, 4, and 6) and the indeterminate
structures (Concepts 3, 5, 7, and 8); these differences are noted in the analysis
summaries which follow. Influence dizgrams used in developing concept
Jdesigns are included in Volume II for designs selected for feasibility studies
and in Appendix C of Volume III for concepts not sclected for study beyond the
'""concept' design stage,

It is important to note that the analyses and evaluations of the
eight bridgc concepts summarized in the following paragraphs are based on
load and geometric requirements that are consistent between concepts.  As
previously noted, the geoms=tric requirements for crossing structures were
specified for a zero-degree skew-angle crossing structure as shown in
Figure 17, Loading requirements applied to each bridge consisted basically
of an H20-S16 loading; however, several of the code-specified refinements in
load placement and magnitude were simplified or deleted so as not to unneces-
sarily complicate the preliminary analysis and concept design procedure.
Discussions of the procedures employed in analyzing the structures and com-
ments on the concept designs for the eight structural schemecs follow,
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° A’ Frame NDiridee

This bridge concept, illustrated in Figure 18, was con-
ceived nrincipally as a method for permitting the removal of a median pier
while retaining an existing floor system. The main structure {consisting of
four main members which f2rm a pyramid) supports three ‘loor beams which
ferm the supports for {our siiiple spans, The center floor beam is cable.
supported from the apex, while the two cuter floor beams are pin-connected
to the main membexrs, 1t is important to note that the roadway girders and
floor beams do not provide tencion ties between legs.,

The anzlyeis of this bridge concept considered the structure
as being a statically determinate space frame that is axisymmetric about a
vert.cal axis through the apex (sece Appendix B of Volume III),

A significart observation resulting fromthe analysis concerns
the large bending moment in the relatively long main members while a load is
on the two spans immediately adjacent to the floor beam/main member connec-
tion peint. Concept design of the main members, treated as beam-~columns,
resulted in relatively heavy, 157-foot-long box girders. The cable supports
attached to the center floor beain contribute very little weight to the principal
gtructural system, Design of the floor system was dicteted by the geometry of
the mzin frame; simple spans of 34, &5, 85, and 34 feet were required, The
siringer system within the 85-foot spans consistof30WF130 beams which con-
tribute significantly to the weight of the bridge. An alternate plate cr con-
tinuous girder design could conceivably reduce the dead weight; however, the
interspan relationship dictated by main frame geometry wouid not permit a
high degree of design optimication,

On the basis of total weight, the A-Frame Bridge does not
compare favorably with other concepte responsive to identical load and geo-
metric requirements, Additionally, the design is not particularly efficient
(primarily as a result of bending in relatively long frame members) nor is it
as aesthetically pleasing as other bridge concepts.

22



WHF 8

|
LR DS [BETD A SRPLSRSLE D i

o™ T AP HER AP

ﬁ;i' - I /,!. a'a)av';’{/aﬁ'd‘cné:;}ﬁ / l
L) o AL LT n‘&!‘&fﬁ's"a‘,a‘s/
) AN

r/' \i & 'S
X / !
oy :

‘ Pl Vg &)
— ——

] ]

&

/o)

ST RIS ERS (D)

FIGURE 18, BRIDGE CCNCEPT NC. 1: "A'" FRAME

23



zdditional horizontal clearance by

veflected L the concept illustrated in
Figure 19, Note that only two simpic spans are employed and that there are
no connections between the mezin girders and the leaning piers

leaning the supporting piers

iz stetically determinate and may be analyzed
by considering the verticals, girders, angd cables found in one of the twe verti-
cal planes of the main structure. Anzlysis methodology for this structure is
presented in Appendix B of Volume II1. Computations of design {orces,
moments, and shears for the main structure and the floor system members
reveal that the relatively long span girders (which form the two 119-font
simple spans) must resist relatively large bending moments as well as a
substantial axial force.

This structure i
i

Analysis considerations reflect the situation tha the rnain
structural members are subjected only to tensile or compressive 1oads; the
horizontal girders, however, must be designed as beany columns. As pin-
connecied, compression members, the leaning piers are relatively effiricnt,
A doubly symmetric box section was selected to fulfill concept-design require-
ments for the lesning pier members, The horizontal girders must be con-
sidered as part of the principal structure since they are required to carry a
significant compressive force. Concept design for these beam columns
rerulted in 119-foot-long, 61l-inch-deep plate girders, Floor system require-
ner's were satisfied by spacing {loor beams {which span between horizontal
plate girders) on 23, 8-foct centers; fcur stringers span betvween floor beams
in each of eight spans. Standzrd rolled shapes were selected to fulfill design
requirements for the fleor system.

In combination, the large compressive forces and bending
moments iruposed on the horizontal girders do not suggest an eifective design.
While this particular design nas certain advantages directly related to
acquiring required horizontal clearances, the preliminary analysis indicates
that a severe weight penalty may be necessary in gaining these advantages,
Consideration may be given to using smaller acute angles between the cable
ties and the girders, as well as to employing piers approaching more nearly
vertical, inan attempt to mirimize the adverse beam-coclumn effect within the
main girders,
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Braced Axch Bridge

This concept, iliustrated in Figure 20, was based on a
monorail bridge design used in West Germany. A single parabolic arch
springs from two ""A" frames at either end of the bridge; the frames permit
passage of the roadway directly beneath the arch, The arch and frame are
integral at the spring point; {urthermecre, the roadway ties to the end frames,
The roadway is suspended from the arch by cables which conaect to the ends
of floor beams that frame between the two continuous girders,

This structure is statically indeterminate and, for final
design purposes, must be analyzed by considering the flexibility of the arch
and the cable ties since they provide elastic supports for tlie continuous girders.
{An analysis method is summarized in Appendix B of Volume I'l), For pre-
liminary analysis and concept design purposes, however, the arch and the
continuous girders were analyzed separately, In the arch analysis, concen-
trated loads were considered as entering the arch through inextensible hangers;
uniform live loads and dead loads were considered to act as uniform loads
directly on the arch, The continuous girders were treated as constant-
stiffness beams on nonyieiling supports. Influence diagrams for the girders,
and reactions at supports used for determining cable forces, were obtained
by employing the Mueller-Breslau principle,

Design computations assumed that dead loads and live loads
are applied uniformly to the arch, This assumption proved to he adequate for
concept design purposes since it became apparent that the arch is ineffectively
employed by using the cable hangers in the manner illustrated in the design
sketch, In addition, considerations related to system stability to side loads
(including the out-of-arch plane loading configuration) and the end-frame
detail reveal that the design scheme is not particularly effective in
respording to highway-related load and geometric requirements. However,
several design optimization alternatives could be pursued. For example,
arrangement of the cable support system might be altered to permit uriform
distribution of loads to the arch. Additional consideration could also be given
to making the end "A" frames more effective by emrploying a space frame
arrangement or a portal frame.
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‘ Bricle Bridpe

A5 illustrated > 21, this concept is an unsymmedtri-
v ~ed ela AL S . Atamyiad Affer i 5 4
.cal balanced element" bridge, patterned after a bridge over the River Tartaro
in Canada. A cantilever span, supperted by a cable tie, supports one end of

3 1o o 1 3
a simple span, e2d pinned at both ends,

1 e

This structurc is stzticelly determinate and may be anslyzed
by censidering forces acting in a plane containing o vertical memter, cable
ties, and horizontal girders (the ana : :thod in Appendix B o Vollume ITI),
Although the preliminary analysis indicates s relatively cffective disiribution
of design loads, the cantilever givcer is calind ubon to resist relatively large

-

bending moments (pusitive and negoiivelincaomitination with compressive forces,
Design optimization may be achicved by moviug the cantilever support point,
thereby effecting a more even distvisuation betwesn positive and regative
bending moments, )

As a concept, this bridge sezems to possess design advantages
in effectively responding to the herizontal cleavance demands outlined in
Figur2 17, The beam-column design requirement {noted in discuesion ofthe
I.earing Piers Bridge} is clso present in the cantilever girder, However, the
supporting cable can be lecated ii. & manner which achieves a balance Letween
positive moments {in the portion of the bezm adjacent to the vertical sup-
porting celumn} and negative moments over the support point, thereby pro-
viding a potential for minimizing adverse bezam-column =zffects, The concept
is responsive to program reguirementsin terms of bridge weight and
aesrthetics, Since the simple span carries no compressi.e load, it may
be sized by conventional design methods, Vertical members are considered
pinned at both ends, thereby permitting design as a square box celumn, The
cable supports are tension ties constructed from high-strc agth cables or rods,
The floor system {consisting of floor beams and stringers on 25-fool spans)
seems to be effzctive from a weight standpoint, and design optimization would
probably vield additicnal weight savings,
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Stayed Givder Dridac

Reflecting a bridge at Douisburg, West Germany, the Stayed
Girdrr Bridge {(see Figurs 22)uases a single continuous girder supported by
gie vertical support, Decav:e imbalances
rnay =xist between cables on cither side, the vertical suppoert is tixed to its
base., Floor beams cantilever outward fvom |

3¢l - . : . N .
gircer at gaven points; a eystem of stringers span between the floor beamns,

(&
h
3

both sides ¢f the continuous

As a statically indetermincte structure, methods of analysis
rmust consider the complete vertical/cable tie/continuous girder system (see
Aprendix B of Volume 11}, For a preliminary analysis, however, the con-
tinuous girder was considered as a consiant stiffness beamn on nonyielding

supports. The Muaeller-Breslan principle was uscd to obtain influence dia-
graims for moments and support reactions in the continuous structure, Sup-
port reactions were used to develop tension loads for the cable system and
{orces acting en the vertical columa, The particular design sclected includes
seven spans supported by cables and the vertical column,

As a concept, this bridge is pleasing in appearance, A
single supporting column and several parallel cables combine with a single
box girder to form an aesthetically acceptable structure, Relatively conolex
analysis methods prohibited complete optimization during ine concept des:ign
stage, Considerable {lexibility is an inkerent characteristic that may be
realized in adjusting, for example, span lengths, and cable stiffensscs, to
obtain an optimum design,
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. Fraine 2

Thie bridge concept {shown in Figure 23) empgl-ys a three-
dimensional rigid frame which spans the roadway to be crossed and which
The cruasing veadway is supported by a
cable systom which connects to floor bearis; thr te floor beams divide the
bridge irto four simple spans,

straddles the crossing roadweay.

The Frame iridge is a three-dimensional, statically
indeterminate stiucture., Conventicral frame analysis methods may be
employcd to obta'n struciural response to loads applied in the vertical, center
line plane {cee Appendix B of Volume III}. The analysis is simplified by the
use of simple span stringers rather than by ceontiiwous girders. For the
concept design, the frarne members were configured as plate girders and were
designed to carry the bending moments computed by a conventioncl frame
analysis. Based on computed weights and aesthetics, the Frame Bridge is
not as promicing as the other concepts considered kerein., Its advantages
seem to lie in the ability to accommodate existing bridge rcdification require-
ments, Floor systems design and span relationships (when compared to the
"AY Frame Bridgze) are more cdesirable because the four spans are eqgual in
length, The bridge concept could be considered as a modification of the
"A'" Frame Bridge design scheme,
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The concept shown in Figure 24 consists of two arches
which lean inward to straddle the crossing roadway. The crossing roadveay,
in turn, is supportcd by caliles which coanect the arches to floor beams:

the supporting cables act in the planes of the archee. For a new bridge,
continuous girders span betwean the abutments over three supporting {loor
oeams.,

As a three-dimensional, statically indeterminate structure,
methods of analysic must include consideration of the interactions of the total
system, including arches, flexible cable supports, and continuous girders,
For concept design purposes, however, each element may be analyzed
separately. Threc concentrated loads were applied at the crown and quarter
points of the arch to obtain maximum bending moments {(crown and spring)
due to concentrated loads. Uniforrm dead loads and live loads were considered
to be eveniy distributed to the arch through the fifteen cable supports. The
Mueller-Breslau principle was employed to acquire influence diagrams for
the moments and support reactions in the continucus plate girders. Support
reactions were employed tc acquire cable design forces.

An aesthetically pleasing concent, the bridge combines
two efficiently loaded parabolic arches with continuous plate girders. The
arches lean inward and joint at the crown in a manner permitting ease of
framing for side load restraint and stability. The roadway is supported by
two continucus plate girders which, in turn, are suppurted at three interior
points by a system of cables. The cable system acts in the planes cf the
arches distributing concentrated floor-beam loads to the arches.

Several potential design optimization alternatives appear
feasible; for example, the number of continucus girder support points cou:d
be increased. In the extreme case, a girder cczld be made to function as 2
stiffening structure as in the case of conventional suspension bridges. sas
a result of parametric studies, arch designs, as well as the cable system
patterns, may be altered to effect optimization. In sumimary, the Leaning
Arch concept is conducive to various optimizations, has a total system
weight which appears competitive with other concepts, and is zesthetically
pleasing.
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A unique conceont which employs twe cireular arches which
intersect 2t right angles cver the ceniere of the crossed and crossing roadways
is illustrated in ¥igure 25, The crossing roadway is suspended from cables
that connect to the arches st joints formed by stiffening rings; these rings
intersect the arches ir two horizentel planes. The floor system is a stringer
and beam combinatioa sparning four simple spans.,

The Deme Bridge may be analyzed as two circular arches
connected by horizonial rings. For concept design purposes, however, the
archies were considered to be parabolic and subjected to hanger loads in the
plane of the arches at ring intersections. The floor system consisted of four
simple spans.

To accomplish the concept design, it was necessary to
make certain assumptions concerning the manner in which the arch is loaded,
Uniform dead lcads and live loads on the floor cystem were assumed to load
the arches in 2 uniform manner. As may be noted in the conceptual sketch
(Fig. 25), the arches are actually loaded at discrete points where the hangers
join the arches. If these loads were injected at the hanger locations (as
would actuzlly be the case), more severye moments could be realized., To
further detract from design eifectiveness, the arches and rings comprising
the principal structural system are relatively long in span. Further, attempts
to keep the loads within the planes of the arches results in two, relatively
long floor beams which contribute cignificantly to the weight of the total sys-
tem.
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D. Concept Desiogn Evslaations and Sels or Detailed Analysis

An objective in performing the preliminary analyses and preparing
the concept designs discussed in the previcus paragraphs was to establish
a Lasis for cffecting comparative evaluations necessary for the selection of
the most promising concepts. Three maans of evaluating concepts were
realized. The flrst waz concerned with engineering-oriented appraisals of
the efiiciency of structural components and systems in responding to load;
the gecond evalvation was based on unit weight cstimates which refiect
relative econornic and more general structural efficiency appraisals, A
third means of evaluating concepts (nut directly dependent on analysis and
design) is more subjective and iz principally concerned with aesthetics.

1. Data Summary and Presentation

Table II summarizes the pertinent data and design appraisals {or
the eight bridge concepts in terms of the comparison parameters introduced
above. Aesthetics area matter of individual judgment, although it is generally
agreed that arches and continuous girders are more pleasing in appearance
than are frames and trusses. General aesthetic ratings are entered in
Column 3. Summary starements concerning design effectiveness are pre-
sented in Column 4; bridge systemn weighte (including principal structure,
fleor system, and total systom unit weighis) are summarized in Column 5.
Since these syctem unit weipghts may be considered as indicators of the
relative econcmics of the systerns, rankings of the eight concepts in terms
of unit weights are presented in Column 6. A remarks column summarizes
recommendations discussed in the {following.

Z. Seclections for Detailed Analysis and Design

Design effcctiveness, aesthetics, and unit weight considerations
combine to indicate that the Leaning AArches Bridge and the Bridle Bridge
represent potentially effective concepts for use in new bridge construction,
The Leaning Arches Bridge and the Frame Bridge possess capabilities for
applications in modifying existing bridges to eliminate haza:rds presented
by massive support structures. Detailed {easibility studies of three bridge
concepts (used in the four application modes noted above) were accomplished
during the next major effort in the project. Specific concepts selected for
preliminary design consideration are presented in Table II. Schematics
of the struct:r~l schemes developed during preliminary design phases of the
program are includedas Figures 26 through 29 to make this volume of the
report complete as a summary of rescarch -fforts. Presentations nf artist
concept sketches and engincering drawing. . Jdesign assumptions and criteria,
tabulations of key enginecring data, and summarie. of cost estimates for each
of these four bridge concept applications ere containcd in Volume 1I (Prelimi-
nary Designs and Engineering Datal,
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- Concept
Identification

Figure
Heference

Aesthetics

TABLE II.

Deniyn Effectivencss

BRIDGE CONCEPT COMPARISONS

Weight

Principal
Structure

Floor
System

I, "A'" Frame

2., Leaniag Purs

3. DBraced Arch

4, DBridle Bridge

o)

Stayed Girder

b6, Frame Bridge

=3

leaning Arches

8. Dome Bridge

18

20

21

22

23

24

Fair

Fair

Good

Good

Excellent

Fair

Excellent

Cood

Bending in relatively long
framec members and
urequa! spans reflect
ineffective design scheme

Elfective structure, how-
ever, beam-column effect
in horizontal girders
detracts {rom structural
efficiency

Discrete point loading of
parabolic arch is not
most effective use of arch

Potentially effective
deaign scheme, beam-
column effect in two hori-
zontai girdera detracts
from structural efficiency

Potentially eifective;
design optimization can be
achieved by changing span
length relationships and
number of cable ties

Relieves ineffective
aspects of "A” Frame

Distribution of

floor beam loads to many
points tn efficient utibiza-
tion of arch

Dirc rete point loading of
arch is not mosat etfective
design scheme. zrches are
relatively long spans

YUt wetght (:v;;mlrd using effective bridge length of 180 feet,

21

190

107

17

165

147

175

K

K

149 K

86 K

101 K

66K

123 K

102 K

220K

Weight per
Foot of Bridge

1510 pif ?

Total Rank

360 K

1150 pif 5

208 K 220 ptf 1

173 K 999 plf 2

208 K 1150 pli* 4

288 K

‘280 pif 6

249 K 1130 pif 3

395 K 1795 plf 8

Remarks

Deleted from further design considerations

Potentially efifoctive aew bridpe
potentially efiective coucent for

exinting bridges

Peotentially effective new hridge

Selected for prelin
as A new bridys concept

Potentially eliective new bridge

inary design

concept and
medifying

concept

consideration

concept

3elected for preliminary deaign consideration
ac u concept for modifying existing bridges

Lelactad {or preliming 'y dewign consideration
as (1) a new bridge corcept and () concept for

modifying exiating bridg &

Deieted frem further deeign coneideraiions



TARLE IlI. BRIDCE CONCEPRTE 5T
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KD FOR APPLICATION

RACTICE

ey

Soncepts Applicable to Modification
of Existing Bridges

Concepts Applicable to New Dridge
Cunstruction

1. Lecaning Arches Bridge (¥ig. 26) 1. Leaning Arches Bridge (Fig. 28)
2. Bridle Bridge (Fig. 27) 2, Frame Bridge (Fig. 29)

a., Hinged Girder
b. Continuous Girder
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FIGURF 26,

LEANING ARCHES BRIDGE CONCEPT APPLIED TC NEW BRIDGE CONSTRUCTION
(PRELIMINARY DESIGN CONFIGURATION)
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Desiga

The three bridge concepts identified in Table TII were selected
for applications studies in the engincering analysis portion of the program.
The remaining five bridge concepts were subjected to cursory reexaminations
beyond the concept design stage., DBased on the availability of concept design
evaluations, appraisals were made of the potential applications of these {five
concepts to the objeciiven of the program.,

The preliminary analysis and conceptdesign studies of the YA' Frame

Bridge and the Dome Bridge provide basis for concluding that these two con-
cepts cannot effectively respond te the safety-oriented geometric-design
criteria {(presented in Paragraph B}, Concept designs and tabulations of
engineering data for these two concepts are recorded in Appendix C of
Volume III. Elimination of these twe concepts leaves three bridge concepts
fStayed Girder Bridge, Braced Arch Bridge, and Leaning Piers Eridge)

iich may be congidered to be potentially effective structural schemes.
while these three concepts were not subjected to subsequent design itera-
tions, they did appear tc possess certain capabilities for responding to the
safety-oriented design criteria. Possible applications of these three con-
cepts to new constrnction and modified existing construction are identified
in Table IV. Appropriate sketches, tabulations of key engineering dats, and
design discussion- are included for these additional applications in Volume II
(Preliminary Dec: gns and Engineering Data), although the data and informa-
tion are less refined than those presented {or applications noted in Table III.

TABLE IV. APPLICATIONS OF ADDITIONAL BRIDCE CONCEPTS

Concepts Applicable to New Concepts Applicable to Mcdifications
Bridge Construction of Existing Bridges o
Stayed Girder Braced Arch
Braced Arch Leaning Piers

Leaning Piers



IV. EIGN AND LIGHTING SYSTLEM SUPFPORT STRUCTURZES

New concepts for structural supports of Lighway signs were limited to
congideraticn of overhead, as oprised to roadside or ground, mountings ¥,
This definition of scope reflected the observation that roadside or ground-
mounted signs can be essentialiy eliminated a2s a satety hazard by relocation
oute de of the 30-foot clearance line or by decign as "breakaway" structures.
Therefore, attention in this section of the report was devoted specifically
to the massive support structures identified with two types of overhead sign
structures: cantilever and overhead.f

As a technology, lighting systems for highways areinastate ot flux.
Hizh intensity, mercury vapor lamps, for example, provide a new dimension
in highway lighting. Conventicnal 400-watt lainps (mounted on 30- to 40-
foot light standards and spaced 200 feet apart} satisfy illumination require-
ments&) but they impart "tunnel vision' and, in some cases, cause veiling
glare due to direct visibility of the lamp3 as well as reflected light. The
trend toward 1000~watt luminaires as a means of reducing tunnel vision and
glare requires a higher lamp placement (up to 60 feet) and increased spacing
(from 300 to 350 feet). While heavier lamps on taller supports require more
rmassive structures that present more hazardeus obstacles to errant vehicles,
this disadvantage is partially offset by a decrease in probability of zollision
ag a resuilt of increased spacing. The economic advantages for supnorts over
60 feet high may ve offset, however, by increased service and maintenance
problers.

A. Sign Support Structures

Establishment of criteria to govern design of overhead sign support
structures which are responsive to the objectives of this study began with a
review of current design standards. Current practice is represented by
three AASHO documents (References 1, 3 and 5).

As in the case cof the bridge studies, criteria for the design of sign
support structures may be divided into three areas: gzometry, load, and
aesthetics. With respect to geometry, the AASHO specification states that
", . . it is advisable to provide greater vertical clearance for sign bridges
(than for other roadway structures) . . . .'" Withthis requirement in mind,

*By definition, the sign is the panel on which the message is displayed; the
structure supports the panel and resists desigr loads.

1 These types of sign support structures are identified in "Specifications for
the Design and Construction of Structural Supports for Highway Signs, "
AASHO, 1961(03),

46



projcted gpeomotric reond or Gign slractures were ostablished 2s

ghown in Figure 17, zguired vertical clearance
must he 1B feet over a v the 17 feet noted fux

other roa-dway strnctures., COthe

S oo citic conside et

horirontal clearances cequired for ¢ ond entrance ramps, and near sccess

i~ ns portain to the
I3

roads {C.pg., cign s

Led i a 'gore' arveal,

However, the geometric siendards related to horizantal clearances are wen-

4

sitive to characterisiice of a givea site. Acco-dingly, for the purposes of
concept development and application feasibility studics performed vnder the
BFR program, it was deemed advigable to adop. a representative horizontal

clearance as hown in Figure 7,

T.0oad requirements for overhead sign supports are detailed in the
AASHO ~oecifications for the design and construction of structural supports
for highway signs(z‘); these tnclude dead, live, ice, «..d wind loads. The
first two iavolve structure weight and walkway forces, respectively; the
latter two are concerned with forces which vary according to geographicarea
and require detailed analysis baged on ice weight and wind pressures. Ior
the purpose of evaluating conceptual designs of sign supports, these load
conditions were simplified into a representative load* requirement which was
applied to eech concept. This representative load consisted of an eutirmated
combined dea and ice, and wind load computed using a wind pressure of
8¢ ps{, suitably modified by surnplementary factors for application to structural
members, In additien, the wind leads were considered to act normal to the
—ertical race of the sign and support.

The acnect of aesthetics is covered in current standards by general
statements and guidclines. In the AASHO specificetion, for example, itis
noted that "with'n the limits of practical econemics and with primary regard
for the utility functicn performed by overhead sign supports, features which
promote the aesthztics of such structures shouid receive proper attention .+« . .
A specific guideline states, "Aesthetics will be improved if the upper and
lower edges of two or more sign panels on a single overhead sign structure
preduce parallel horizontal lires. " As in the case of bridge concepts

e

evaiuation, sign structure acsthetics were given a qualitative role in the
appraisals of concept designs.,

1. Zign Structure Concepis

New sign support concepts can be placed into a context com-
patible with definitions of sigyn-supporting structures contained in AASHO
specifications. These concepts are shown in Figure 30 and are identitied as

“Ross and Olson{®) have concluded that this statically applied load is uncon-
servative and that new design criteria should be developed for highway signs,

S8
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follows: (a) baianced butterfly, (b) unbalanced buttexi'y, (c) cantilever,

(d) sign bridge, (e) sign uridge cantilever, (f) structure-mounted sign,

and (g) roadside sign. he two butterfly designs shculd not be used in new
construction (and, where possible, they should be removed from existing con-
struction} because their design application calls for placement in a ""gore"
area or in an area thal must be in close proximity to a travel way. The sign
bridge cantilever siiculd find no fu.ure application for the same reason.
Structure-mounted signs are not within the scope of this study, although it

is noted that use of bridge structures for signing purposes is probably not

as prevalent as it sho:ld he. Roadside gigns do not present hazardous
massive support structures if they are positioned away from pro:imity to
the travel way, or if they are configured to be of breakaway design. Thus,
the remaining structures (i.e., the cantilever and the sign bridge) are the
only types of sign supports requiring efforts directed towzrd the elimination
of masrcive structures.

A cantilever support concept (such as shown in Figure 31) may be
employed for a sign over a single, outside traffic lane or a single ramp lane,
and comply with the geometric requirements previously outlined. The bridge
type of sign support structure may also be designed in a manner responsive
to projected geometric requirements by using an overhead cable suspension
system (Fig. 32), a guved arch (Fig. 33}, or a guyed frame (Fig. 34). These
four sign-support concepts were evaluated; the results are discussed in sub-
sequent paragraphs.,

2. Analysis and Concept Designs

The two types of ¢ign support structures that are responsive to
projected geometric requirements (i.e., the cantilever and the sign bridge)
are subjected to demanding design conditions. In the case of the cantilever
design, an arm on the order of 35 to 40 feet long will be required to effect
the necessary clearance and to obtain an optimum overhead sign position.
This condition will bring about large torsicnal moments at the cantilever
support point. Sign bridge geometric requirements (which assure 30 feet of
clearance on either side of the travel way shoulders) dictate a span of
170 feet i{ the sign bridge must span both travel ways of a divided highway
with a 60-foot wide median. Longer spans will be dictated by multilane travel
ways (six lanes or more) with medians 60 feet or less in width.

Current sign structures are proportioned to avoid resonant
conditions at critical wind speeds by limiting their vertical deflection. The
severe reach and span requirements imposed on the cantilever and bridge
types of sign support structures, and the inherently flexible nature of the
cable-supported design schemes, indicate that some difficulty will be encoun-
tered in satisfying current deflection specifications with projected structures.
If effective design schemes using cable-supported structures are toc be
realized, the current deflection restriction must be relaxed. This may be
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achieved by ectablishing some othe~ less rectric ive parameter for avoiding
dynamic instability or, praferaliy. providing the desigrer with methods for
conducting a eimplified dynumic anals

is. Dynamic cnalyses were not con-
ducted in the initial evaluations of the four concepts; final determiaation of
a concept's total application and cost c¢ffectiveness can be accomplished only
by =2stablishing basic dynanidc properties of the systems {e.g., naiural fre-
quencies of vibration}.

§

The above observations pointcut major problems encounteredin
attermpti..g {~ provide effeciive, safe sign systeras. Research is being
accomplisied in areas concerned with information dissemination techniques
which will relieve these problems by eliminating the convencional sign;
t+-chniques such as hologreaphy or radio-transmitted voice directions are
cxamples of alternative metihods for directiny traffic flow, Structural sup-
port systems thai are responsive to projected geometric and dynamic stability
demands may be such as to suggest that alternative methods may indeed be
the answer; however, it is the purvose of this effort to develop the most
effective sign support techniques for the indicated spans. In the paragraphs
raat follow, structural systems that may be employed to effect cptimum
nign position above th. 2 travel way and ma:dmum safety are discussed.

. Guyed Cantilever Sign Support Structure

The design scherne presen.ec in Figure 31 illustrates a
simple method for providing a single 6-foot by 10-foot sign over the outsidc
lane while maintaining horizontal clearance geometric requirements.,
Although simple in appearance, the structure is not simple in design. Design
calculations indicate that the torque at the cantilever support point is signifi-
cant, and, because ke tripod formed by the compression membe: s and two
tension members ~annot effectively resist this torque, it must be carvied to
the ground via the vertical member.

The concept design resulting from a static load analysis
of the guyed cantilever sign support structure does not appear particularly
heavy or out of proportion. Deflection calculations and preliminary dynamic
analysis, however, indicate that this structure must be subjected to additional
studies, prior to finalizing the design. Alternate concept designs include
configurations with taller legs to permit support of the sign from the top.
Sway bracing, such as is found in certain current light supporting arm decigns,
also may be employed. Appraisals of the concept design indicate that the
relatively long reach required by projected geometric standards, coupled
with the large drag-type structure presented by the sign itself, may preclude
effective use of this type of sign support structure. Additional attention,
particularly in the area of dynarnic anaiysis, mus: be given to the cantilever
type of sign support concept.
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. Cable Suspension Overhead fign Support Structure

The concept 17 strated in Figure 32 was included because
it constitutes the most obvious use of cable systems as a sol stion to nroviding
safe sign support structures. Although the static load analysis cf the support
structure is straightforward, it is obvious that the system may become
dynamically unstable in a vertical plane coincident with the sigrs, in a tor-
sional mode about the signs' horizontsl axes or in a transverse mode parallel
with the axis of *he roadway. Basically, it was for this reason that the
design was rnot carried beyond the conceptual stage. Furtiermore, the sag
in the cable-supporting members and the broken lines caused by ties to the
vertical members were deemed to be aesthetically unsatisfactory for even the
least demanding highway locations.

. Guy«d Arch Overhead Sign Support Structure

Preliminary analyses of the overhead sign support concept
shown in Figure 33 indicated that the design is relatively effective and is
aesthetically pleeasing. Signs cculd be attached to the arch in 2 mann~r which
uniformly distributes vertical loads. Cable ties permit the structure to
resist a wide range of forces applied out of the plane of the arch, provide
lateral stability, and minimize horizontal bending in the arch.

Arch structures with required spans will be relatively
light aad aesthetically pleasing. As was the case in other sign support con-
cepts, structural dynaraics represent an aspect that cannot be overlooked;
however, there seems to be a greater opportunity for minimizing the adverse
effects in the guyed arch overhead sign support structure.

. Guyed Frame Overhead Sign Support Structure

The guved irame concept (Fig. 34) represents an attempt
to stabilize a long span. light truss, or space frame structure by use of
cable guys. Cable ties in a horizontal plane (which frame to a horizontal
strut) provide stability of the superstructure in a direction parallel tc the
axis of the roadway. Additional cable guys stabilize the vertical supporting
members.

Analysis of this concept indicates that the structare is
quite flexible and would probably present severe dynamic stability problems
in several modes. The planar truss configuration shown would nct prove
to be adequate because of the extremely long compression strut. An aiter-
nate design involving a stabilized space truss seems to be a potential
improvement; nevertheless, the structural dynamics of this scheme would
nave to be closely examined.
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3. Sign Support Structures Evaluations an< lL'reliminary Designs

Evaluations of concept designs in the cantilever and overhead
(bridge) sign support categories were unavoidably influenced by considera-
tions of other resecarch and development efforts. When the review of concept
designs was accomplished by project technical monitors and principal investi-
gators for the purpose of selecting structural schemes for further study, the
guyed cantilever was chosen as being the most promising candidate for the
solution of existing problems and, for thie reason, was given additional, pre-
limirary design consideration, A detailed analysis and design iteration, follow-
ing as closely as possitle the ''Specifications for the Design and Censtruction
of Siructural Supports for Highway Signs, "(3) reveals that the design is not
necessarily structurally effective. Depending onthe specific dimensional charac-
teristics and preload condition of the cantilevered structure, it is possible for
the cables to introduce unsymmetrical forces sufficient to induce buckling
failures. One approach tc providing the increased resistance to transverse
loads {a primary function of the cable system) is to introduce a pre-tension
sufficient in magnitude to assure that the total of the cable forces will remain
constant, Stated differently, if the tensile forces imposed by the cables are pre-
selected such that under wind loading no cazble experiences a zero load condition
it is pessible to design the main can:ilever structure to preciude the possibility
of a buckling failure, Involved is a tradecoff between an increase in transverse
dynamic stability arcd the offsetting disadvantages of: (1) bending st~esses that
are additive to thuse induced by dead loads, and (2) a propensity toward buck-
ling--both of whichr increase the structure's size and analvtical complexity.
A cantilever sign suppor: structure was designed as shown in Figure 35.
Specifications for including dynamics in the analysis by cmnloying = dynamic
load factor were used in achieving a preliminary design. However, because
sign dynamics will become increasingly important as safety criteria are
met, a method for the dynamic analysis of such systems should be
developed.

B. Lighting System Support Structures

High-level lighting systems, involving 100-foot light support towers,
are currently being evaluated for use at such locations as the intersec-
tions of interstate highways. Systems have been specially designed for
accomplishing servicing and maintenance, and are expected to provide opti-
mum vision for the motorist in terms of perspective and reduced glare.

This new tower lighting trend is expected to be a long-range future applica-
tion; thus, it is considered to be outside the scope of this study. Likewise,
considerations of the lamp parameters related to illumination (e.g., diffusers,
aging, efficiency, uniformity, brightness, etc.) were not included in the

scope of this study.

Use of a frangible aluminum casting at the base of 400-watt light
supports has proven effective in reducing injuries resulting from erraat
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vehicles impacting lHight supports structures; however, the applicability of
this technique to supporis thot are 50 fecet or move in height has not been
established,

This section of the veport, however, is concerned with efforts
directed toward ceveloping light support concepts which will permit removal
nf masgsive support structures from proximity to the travel way. The use
of some form of cable support system appeared to present a most promising
petential, Varicus types of cable systems for supporting lightir. systems
that are responsive to program objectives were developed, aralyzed and
evaluated.

The geometry for present-day lighting systems is based on roadway
illumination and uniformity requirements which are provided by conventional
400~ to 1000 -watt mercury vapor lamps positioned 30 to 60 feet above the
edge of the roadway at interv2ls ranging from 150 te 350 feet, To replace
the vert.cal support, whose base is normally immediately adjacent to the
shoulder, various cable systems have been studied and ana’vzed,

Load design criteria for lighting system support structures include:
(1) the dead load ¢f the lamp plus its support superstructure, (2) the dead
load due to ice, and (%; wind live load, as applicable for the geographic area,
The deflection criteria for light supports are not as restrictive 2s {or sign
supports and generally allow deflecticn up to 10 percent of the support
length for aluminum and 5 percent for steel. Materials criteria embody
stress allowables and weatherability. Materials selection embodies evalua-
tion of many factors, including site conditions.

Since the frangible base technique has proven to be an effective means
of minimizing the severity of the collision hazard for 400-watt lamp supports,
concept development attention was directed toward development of cable
systems to support 1000-watt, 50-foot-high lamps.,

1, Lighting System Support Structures Concepts

Present-day lighting supports that properly position the lamps
can he grouped in two general categories: cantilever-supported and overhead-
supported. The cantilever-supported category embodies the discrete, free-
standing structures (including the currently used pole-arm unit), The
overhead-supported category includes bridge structurcs, as well as cable
suspension sysiems.

Cantilever-Supports

The sway hars emvloved in current designs effect stabili-
zation of the dead load and wind load deflections and could be replaced by
cable stabilizers (see Fig., 30) to reduce fiexural stresses as well as
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distortions in the cantilever arm. This medification appears to be the
appropriate step to provids ionger cantilever arms requ.ired by additional
gsetback clearances irom the travel way, Torsional distortions could be
reduced by spiral cable wrap {around the vertical colurn), anchored to thie
support foundation. Cable-braced and cable-guyed supports (see Fig. 36)
are, in a sense, logical extensions of the cable-stabilized system except

that the cable extends and tiea to the foundation in a rnanner that reduces
flexure in the column. Cable guys (see Fig. 36){common in overhead electri-
cal transmission systenms) have not found acceptance for highway lighting
structures despite ohvious structural advantages. Principally, the poor
aesthetics, the additional obstacles presented by guy anchorages, and the
additional space required (which could necessitate addifional ROW procure-
ments) combine to make this concept unacceptable.

Overhead-Typre Supports

Bridge-type structures to support lights are feasible; how-
ever, unless the cantilever arm proves to be structurally inefficient, a bridge
does not seem warranted for 50-foot-high lamps. For special cases, concepts
similar to those for sign bridges could be employed.

Suspension systems of either a discrete type or a con-
tinuous type (see Fig. 37) could be more applicable for lighting systems than
for signs. Because the lampsz are smaller and lighter, do not have to be
as dynamically stable as signs, and need to be spaced in multiple arrays,
the suspension systems appear to be worthy of consideration. In heavy traffic
urban areas with extensive lighting requirements, the continuous-type catble
suspension system may offer some advantage in multiple lamp placement;
however, this advantage is not presen: for the high-intensity lamps with wide
spacing. For wide median areas, a ciscrete suspension system may be
particularly desirable to support a luminaire over each roadway, ramps,
emergency stop zones, etc., in order to not create a massive structure in the
""gore'' area.

2. Anzlysis and Concent Designs

An analysis of the loads, moments, and torques was conducted
for a cantilever light support having conventional geometry, but with a 30-
foot setback and a 50-foot luminaire height. The resulting concept design
consisted of 6-inch standard pipe, 30 feet long, witha horizontal arm attached
to a 10-inch-diameter verticad column. This support would weigh about
2500 pounds and would employ no cable system. While such a supportis
a2esthetically appealing, it is not structurally efficient., With guy cables, a
6-inch-diameter straight pipe could be used for the column, and, if cable
stabilizers (or sway bars) were used, the horizon*tal arm could be only a
3-inch-diameter pipe, thus reducing the overali structural weight by aboat
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were developad by employing a static
siveis will be reqguired to fully evaluate the

A similar systewn ane’ysis and concept design was accomplished
for a czble zuspenszion system light suppoxt, This design minimizes the
obtusivencss of the cables; huwever, they would be visible. The previcusly

noted trends toward area lighting at intersections and ramp areas minimizes

the potential effectiveness of this type of lighting system supoort structure.

3. Lignting Systerm Support Structures Evaluations and
Preliminary Dasions '

Good illumination levels and uniformity can be provided with
lighting systern supports placed 30 feet from the edge of the traffic lanes.
Oun the other hand, the concept designs indicate that the structures will be
relatively massive and expensive. Cable support systems could reduce the
massiveness and cost of providing the 30-foot setback at some sacrifice to
the aesthetics, and if dynamics were considered and found to be acceptable.
Whether cr not these considerations will be acceptable or not will depend on
judgiment. Comprornise solutions that are more aesthetically appealing and
employ some of the structurzal efficiency of the cable systems may be obtained
by additienal attention to details.

Evaluations of concept designs in the cantilever and suspension
lighting system suppor! categories were governed by the sarie types of con-
siderationg f_und to be present when evaluations of sign support structures
were conducted. Research by others in area lighting concepts tends to
obviate the need for the suspension type of lighting support system. When the
review of concept designs was accomplished by project technical raonitors
and principal investigators, the guyed cantilever scheme was cho:en as the
only concept worihy of further study.

The cantilevered lighting system support structure (see Fig, 36d)
was selected as the basic scheme to receive additional consideration in the
detailed anzlysis purtion of the program. As in the case of sign support
structures, cable guys were found to be desirable. Pre-tension iithe cables
would reduce dead load bending stresses and would have the same potential
advantzges discussed in apply' ng this concept to sign structures (ref.
Daragraph 1V, B. 3). Accordiagly, the lighting system support structure
vrag éonsidered as & guved caintilever, as shown in Figure 38, for luminaire
heights above the roadway of 40-, 50-, and 60-foot mount heights. Volume 11
of the report contains detailed preliminary design data and engineering draw-
ings; supporting infcrmation pertaining to analysis and design is included
in Volume I1I,
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