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FOREWORD

The investigation reported hervin wes conducted by Southwest Rescarch
Institute in the Departr.ent of Structurel fescarch. Joseph E. Minor and
Maurice F. Bronstad served as the project Principal luvestigators. This
report was prepired under Contract No. FH-11-6633 with the Buresu of
Public Roads, Federal Highway Administraiion, Department of Transpor-
tation. The scope of work required development of imaginative concepts
for highway structures which are responsive to new safety requirements.

It was specified, “»wever, that these concepts be limited to structural
schemes employing cable systems in applications which differ from those
used in conveniional suspension bridges.

The report is presented in three separate volumes:

. Volume I - Research Information
. Volume II - Preliminary Designs and Engineering Data
. Volume III -~ Supporting Data

Each volume is responsive to different information requirements and is
essentially complete within itself. For example, those concerned with study
methodology and concept development will be interested in Volume I, while
practicing engineers responsible for implementation will find that the con-
cise information presented in Volume 1l is more applicable. Individuals in
both categories who wish to pursue their interests in more detail will find
the supporting data containe< in Volume Il useful,

Volume II contzins preliminary designs and supporting data for
bridge, sign, and lighting system support concepts, wrich verce sclected
as feasible cable-supported structural applications that are responsive to
new, safety-related geometric design criteria.

Reviewed: Approved:
ﬁé)/ é/( '
v’
3 _‘ /
il MV/C e )séwf
Leona-d U, Rastrelli Robert C. DeHart, Director

Assistant Director Department of Structural Research
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ABSTRACT

e .

Volume I of this report containsg resulis of the program presented
asartist's sketches, tabulations ofengineering <ata, prelirninary design
drawings, design assumptions and criteria, and cost estumztes for the
fabrication of prototype structures, and subscquent procurement in quantity.
Three new bridge concepts which employ cable supports are advanced as
feasible structural schemes for effecting the removal of massive support
structures from the area adjacent to the roadway. Two of the concepts are
advanced as feasible structures for new bridge applications; these are the
Leaning Arches Bridge and the Bridle Bridge. The Leaning Arches Bridge
and the remaining concept, the Frame Bridge, are advanced as feasible
structures for use in modified existing bridge applications to permit removal
of hazardous interior bents and abutments.” Cable-supported structures
concepts for highway signs and lighting systems are also presented. |

N

Preliminary designs are developed, fc - the feasible concepts iden-
tified above, in response to specific design situations which represent the
severe requirements dictated by new, safety-relaled d- sign criteria. The
preliminary designs and engineering data presented are quantita’ive insofar
as they respond to the specific geometric and design situation selected. The
detailed nature of the decign and cost data prescited in this manner will
provide the highway engineer with both general ard specific appraisals of
the applications of these concepts to highway practice.

— AV
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I. INTRODUCTION

The Structural Systems in Support of Highway Safety (4S) program
sponsored by the Bureau of Public Roads is & short range, quick pavoff
research endeavor designed to reduce the severity of csingle vehicle acci-
dents on the Nation’s highways. The objectives of this accelerated program
may be summarized as: (!) to develop structural systerns concepts for the
elimination of rigid obstacles and other obstructicns along the highwayvs and
(2) to develop devices and structural arrangements for vehicle impact
attenuation, deflection 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 pursuing both approaches
in achieving a solution to the problem.

The scope of work for the project summarized hercin was respon-
sive to the former objective and required that new, imaginative and creative
concepts for highway structures be developed. It was specified, however,
that these concepts be limited to structural schemes employing structural
cable systems in applications which differ from those used in conventicnal
suspension bridges. The development of unique concepts involved a trial
and error approach. Activities were primarily ccncerned with employing
the creative capabilities of a project team composed of specialists in archi-
tecture, aerospace structures, civil engincering structures, and material
development., Ideas were envisioned, formulated, translated into sketches,
and subjected to an evolution procedure wherein conceprual drawings were
repeatedly reworked. Each stage of the evolution procedure represented
the originator's attempt to effect the compromises needed to transform an
idealized structure into one with a reasonable degree of implementation
feasibility. Concepts that survived ar individual's evaluations were then
subjected to a critical, detailed appraisal by two or more of the project's
team members. At this stage, many of the newly conceived concepts were
rejected and, therefore, eliminated from further consideration. For the
most part, rejectior. was a reflection of technical or economic barriers
related to current practices in highway bridge design and construction.

This velume of the three-volume research report contains specific
results of the project presented in concise, surmamary form. Research
activities “led to preliminary design and engineering data regarding several
feasible, cable-supported structural systems that are resvonsive tonew, cafety-
related gecometric design criteria. Suwmariesofrescarchconsiderationsand
general information regarding concepts applications are included as a
preliminary section in this volu.ae. This scction is fellowed by presenta-
tions of design concepts ifor new bridge applications (Section 1iI), design

“Summarized in Volume I (Rescarch Information).



concepts for rnodifying existing bridges {Section IV), and new design con-
cepts for sign and lighting system support structures {(Section V). A
summary and conclusions section is included as Section VI



II. RESEARCH SUMMARY AND CONM
APPLICATIONG DISCUSSION

A, Backaoround

The time has passed when the highway dezigner can concern himself
only with providing the motorist with a smocthly negotiable roadway having
good riding qualities. Recent accident experience has shown that a large
number of fatalities occur as a result of errant vehicles leaving the roadway
and, subsequently, striking fixed objects. Therefore, in addition to riding
quality cornsiderations, emphasis is now being placed on providing the
"errant! motorist with wide, unobstructed areas beyond the edges of the
roadway in which to recover control of his vehicle. The February 1967
special report of the AASHO Traffic Safety Committee(1)* and current
recommendations concerning placement of median barriers and guardrai‘:s(z)
suggest that unobstructed areas 30 feet wide adiaceunt to both sides of the
roadway are desirable. Accordingly, a minimum mediaa width of 60 {i is
necessaiy for pier placement in a median with no guardrail protection.

1. Research Summeary

A specific 4-lane divided highway section which requires the
maximum unobstructed horizontal clearance, as sugpected L the new clear-
ance criteria, was chosen for use as a standard in corfiguring structures
for analysis and evaluation in this investigation. An overpass, sign, or
lighting system structure emp.oyed with this roadway section must provide
170 feet of horizontal clearance {spanning a 60-foot-wide median, two
30-foot outside shoulder clearances and two 25-foot-wide pavements) in
oracr to free the rcadway of shoulder guardrail and median barriers. The
geometries of structures considered in this investigation were governed
by these clearance requirements, which are iilustrated in Figure 1. It must
be emphasized that the roadway section and clearance geometries are not
presented as recommended design criteria, but were selected as demanding
requirements for use in the research investigation to establish a basis for
evaluating structural concepts.

Extensive research activities which inclucded literature searches
and conference-tvpe concept identification and evaluation proceduresT provided
a basis for selection of three feasible cable-supported structural concepts
for bridges and a feasible cable-supported structural concept for highway
signs and lizhting systemms. Design methods, preliminary designs and cost
estimates for new bridges, modifications of existing bridges and signs and

*Numbers in parentheses refer to List of References, Section VIL

A comprehensive summary of research activities is included in Volume I

(Research Informaticn).
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FIGURE 1. UNCBSTRUCTED CLEARANCE REQUIREMENTS FOR
STRUCTURES CROSSING FOUR-LANE DIVIDED HIGHWAYS AS
ESTABLISHED BY NEW SAFETY CONSIDERATIONS



lighting systems are preserted in thiz volume, using these concepts and
the forementioned geometric requirements to foriruicie basic structural
schemes, The purpose of presentirg cutlines of desiin procedures, pre-
liminary designs and cost estimates in this fashicn is o provide highway
engineers with specific, quantitative inforrcation for uce in making rational
decisions when considering structuval concepte for ne
bridges, or other highway structuses.

2 or replacement

2, Concept Selection

The specific structur:l concepis presented in this report
represent a departure from conventional struct.ral design. Therefore,
the lack of an "expericnce factor' will present problaivs to highway engineers
faced with making decisions regarding use of new structural concepts of
the type prescnted. 1In recognition of this aspect of the decision~making
process, departures from conventional structural design and construction
processes have becen minimized in developing the preliminary designs,
insofar as was possible. In this regard, it is noted that many current
design techniques will continue to be applicable to the design of new struc-
tures.

Factors which will influence selection of a structural concept for a
particular highway agplication include: {1} safety, {2) economics, and (3
aesthetics. By employing the vniform clearance requirements outlined i
Figure 1, as a standard for analysis, each of the preliminary designg
presented in this report has been made equal with regard to meeting safety
requivements. Therefore, economics and aesthetics become principal

)
n

factors when considering the merits of the specific systermns presented, To
assist in the evaluation and selection process, the weights of the primary
structural members and the total bridge weight are included in the tabula-
tions of engineering data as economics related comparison parameters. By
employing these data as cost-related parameters, in conjunction with the
preliminary cost estimates, general appraisals regarding the economy of
ore structural concept versus another in a particular application may be
made. In utiiizing the specific engineering data prescnted as an aid in the
concept selection process, it must be revealed that (1) these preliminary
designs and cost estimates were developed for specific geometric require-
ments and ideal site considerations (i.e¢., Figurel geometric requirements
and 0° skew crossing structures) and (2) additional design and construction-
related considerations will enter into economic evilusticns regerding spe-
cific applications. A complete structural analysis (including dynamic
analysis) and detailed economic studies will be necessary before final
conclusions can be drawn concerning feasibility of any of the concepts
presented in a given application.



3. Preliminary Desiagns

Because they :present distinctly different design and con-
structio situations, the portion of the report devsted to presenting pre-
i'minary designs is separated into {§}) New Bridge Cuncepts, (2) Concepts
for Modifying Existing Bridges, and {3} Concepts for Su

nporting Signs
and Lighting Systems. Three feasible brideing concey

are employed in
presenting two preliminary designs for new bridges and two preliminary

cesigns for modifying existing bridge=. These concepts are the Leaning
Arches Bridges, the Bridle Bridge, andthe #rame DBridge. Three additior;al
bridge concepts that were not selected for preliminary design consideration, but
possess certain potentials for responding te safety-related geometric
requirements, are presented as potentially feasible concepts for new and
mociticd bridges. These additionzl concepts arc the Staycd Girder Bridge,
the Braced Arch Bridge, and the Leaning Fiers Bridge. One structural
concept is employed in presenting preliminary designs for sign and light-
ing systemn support structures.

B. Design Criteria for Bridges

A design process that is similar in procedural steps to current
methods whicl a highway enginecer employs was used in developing the
preliminary designs for bridges presented in this investigatior., As a first
step in accomplishing preliminary design ol a bridge, a decision is required
regarding the desired horizontal and vertical clearance envelope. Figurc 1
illustrates the envelope chosen for wuis study; all preliminacy designs
developed in this report provide the horizontal and vertical clearance
illustrated. A 26-foot roadwav with a 17-foot overhend clearance was
chosen as a standard section representing the crossing roadway for purposes
of the study. A 6-1/2-inch concrete slab with 9-inch curbe vwas used 253
a typical bridge deck. This specific section was chosen for analysis stan-
dardization purposes, and its us= in this investigation shoulce not restrict
the application of the bridge concepts presented to bridges with this par-
ticvlar crossing roadway section.

‘the AASHO Standard Specifications for Highway ridges was used
in this investigation to deveiop design loads and determine allowable matcerial
stresses, although it is ciear that current AASHO deflection and load
criteria may not be appropriate for the design of cable-supported bridges.
The uniqueness of these new structures, including their relative flexibility,
may preclude effective design by a code oriented toward other types of
bridge designs. The deflections of cable-supported structures may not
meet (nor do they necessarily nced to meet) current AASHO requirements,
A simple dynamic loading could be used in 4 modified design procedure to
achicve a proper design and provide the design ¢ngineer with the required
confidence in the structure.



H20-516 highway loadings were emploved with conventional stutic
analysis precedures to develup preliminary desiens,  The standurd lone
loading was used throughout as the desivn ioading to permit simplificetion
of the preliminary design procedure, Impact taciors wore computed and
applied to live loads using the AASHO ivapnct cguation,  For proliminary
analysis and design purposes only, lungitudinagl foreces, lateral jorces,
wind load s, thermal loads, ¢le., were not directly convideccd., ead-loads
were estimated to include the concrete bridge decit and wwere reduced to
uniformly distributed loads for anulysis purposcs,

C. Deaign Criteria for Sign and Lighting Sysiermn Suuorts

Establishment of criteria to govern design of overhead sign support
structures and lighting system support structures, which are responsive
to the objectives of this study, began with 2 review of current design stan-
dards. Current practice is represented by four AASHO documents 1,3,4,5).
As in the case of the bridge studies, criteria for the design of sign and
lighting support structures may be divided intc three arcas: geometry,
load, and acsthetics. With respect te geometry, the AASHO specification
(3) states that "', .. it is advisable to provide greater vertical clearance for
sign bridges (than for bridge structures).... ' With this requirement in
mind, geometric requirements for sign and lighting system sunport struc-
tures were estakiished as shown in Figure 1, with the exception that the
reqgaired vertical clecarance must be 18 feet over a width of 170 feet, rather
than the 17 fect noted for bridge structures, Other geemetric consider=
ations pertain to the horizontal ciearances requared for exit and entrance
ramps, and near access roads (e.g., sign structures supports should not
be placed in a "gore' area), Since the geometric confipurations of these
structures are sensitive to charactaristics of a given site, it was deemed
advisable to adopt a representative horizontal clearance as shown in Figure 1
for the nurpose of developing preliminary designs,

Load requirermnents for overhead sign supports are detiailed in the
"AASHO Specifications for the Design and Constouction of Structural Sanports
for Highway Signs"w); these requirements include dead, live, ice, and wind
loads. * The first two 1nvelve structure weight and walkway forces, respec-
t'vely; the latter two are concerneca with forces which vary according to
gecographic area, and require detailed analysis based on ice weight and wind
pressures. For the purpose of developing preliminary designs of «ign
supports, these load conditions were simplified into a representative load
requirement. This representative loed consists of an estimated combined

“Ross and Olson (€} have concluded that this statically appliced Joad is
unconservative and that new Jdesign criteria chould be developed {or highway
signs.



dead load and ice load, and a wird load computed using @ wind pressure of
55 pef, suitably modificd by zupplersentary faciovs for application to struc-
tural meinbers, In addition, the wind leads were considered to act normal
to the vertical face of the sign and support,

The aspect of aecsthetics i3 covered in curvent standards Ly general
statements and guidelines., In the AASHO speacification, for example, it
is rioted that "Within the limits of practical economics and with primary
regard for the utility function performed by overhead sign supports, features
which promote the aesthetics of such structures should 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 produce parallel horizontal lines.’' Asg in the case of bridge
concepts evaluations, sign structure aesthetics were given a qualitative
role in the appraisals of concept designs.

The geometric requiremeants for present duy lighting systems are
based on roadway illumination znd uniformity requirermnents which are pro-
vided by conventional 400-to 1000-watt mercury vapor lamps positioned
30 to 60 fe=t high above the edse of the roadway at intervals ranging from
150 to 339 feet. Load design criteria inr lighting system support structurcs
include: (1) the dead load of the lamp, plus its support superstructure,

{2) the dzaa load due to ice, znd (3} wind live load, as applicable for the
geographic area of concern. Deiflection criteria for light supports are not
as restrictive as for 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 evaluation of many faztors, including site conditions.



1II. PRELIMINARY DESIGKS FOR NEW FRIDGES

Two structural design concepts employed as new bridge structures
were selected for analysis and preliminavy design: the Leaning Arches
Bridge and the Bridle Bridge. The gross geometries of structures employed
in the analysis and prelimirary design discussed herein were dictated by
the geometry and clearance requirements of both the crossing and crossed
roadway. These requirements are defined in Section II. Although prelim-
inary designs are presented in detail, it should be emphasized that prior
to implementing the designs in specific applications dynamic analyses of
the structural systems will be necessary to provide confidence in the struc-
tures from a dynamic stability standpoint. Tabulations of forces, nioments,
and shears us:d in developing the preliminary designs, as well as prelim-
inary cost estimates for initial prototypes and subsequent procurement in
quantity, are provided in tables and figures identified, with each concept
applicaticen, in the following paragraphs. Additional, more detailed sup-
porting data are included in Volume IIl

A. Leaning Arches Bridge Concept

The arch has provided the engineer with an aesthetically pleasing
structural concept since the beginning of enginecred bridge construction
more than 2000 years ago. The Leaning Arches Bridge, depicted by an
artist in Figure 2, employs two arches which straddle the crossing roadway
as they lean inward and join, The geometry of the leaning arches scheme
provides both the crossed and crossing roadways with adequate vertical
and horizontal clearances. Cables in the plane of the arches support trans-
verse floor beams which, in turn, provide support of the floor system. A
concrete siab and railing system complete the bridge deck.

1. Application Discussion

The Leaning Arches Bridge may prove to be particularly effec-
tive ot bridge sites whi~h provide ideal conditions for supporting the cnds
of the arch, although use of this concept need not be restricted to roadway
cuts. In applying the leaning arch concept to specific bridge situations, the
designer has considerable flexibility in selection of arch geometry, includ-
ing the shape of the arch, the angle of inclination, and the number of cables
supporting the floor system. Although the continuous arch presented here
is parabolic and fixed at both ends, the designer has options available in
selecting other schemes to fit particular site conditions {e.g., two hinged
and three hinged arches, circular or elliptical in shape). These factors
can be "tailored'' to best suit the roadway geometries and site conditions
under consideration.



2. Analysis Discussion

The arches chesen for aralysis and preliminary design as a
part of the Leaning Arcnes Bridge arc parabolic with fixed ends as shown
isometrically in Figure 3. Several methods cf analysis may be employed
to analyze an arch structure of this type(7s &), The method of analycis
outlined in Appendix B* for the leaning arches bridies is particularly
suitable for computer application and, with the inciusin of AASHO speci-
fication loading, a complete specirum of design values (i. e., design moments,
shears, and deflections) can be generated for use in final design studies. In
accomplishing preliminary analysis and design of the structure configured
as shown in Figure 3, however, a less complex, more conventional approach
was employed. The elastic center method was used to determine influence
lines for the arch(7), After influence lines ware determincd for the specific,
constant section parabolic arches, seveval structural schemes involving
various cable configurations were considered. The cable support scheme
illustrated in Figure 3 was selected as the most effective for the span and
bridge geometry being considered.

An arch deflection theory presented by Borg and Gennarol7)
includes a criterion which, if met, precludes the necessity of accomplishing
detailed investigations involving arch deflections as a part of the preliminary
design process. Arches can be analyzed without deflecticn considerations
if the factor of safety against buckling defined by

N 2
F.s, = —SE|AmiEl (1)
R
N

is greater than 3. In equation (1) L is the length of a two-hinged arch {L i3
approximately 0.7 times the avch length if the arch ends are {ixed) and N
is the maximum thrust in the arch section computed using appropriate arch
analysis equations”: 8),

Calculations empioyei in developing influence lines for the Leaning
Arches Bridge are contained in Appendix D. The influence lines themselves
are presented ir. Figure 4. Influence lines for the arches and cables are
included. Applicable coefficients used in designing the continuous, equal
span horizon:al girders are cvailable in many references. For the specific
structure chosen for analysis, the floor system was considered to consist
of eight continuous spans supported, for prelimirary analyeis and design
purposes, by nondeflecting cables. It is recognrized that actual cable elon-
gations and arch: deflections will have an influence on the bending moments

#*In Volume IIl.
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in the continuous beams {(beam on elacti support effects); however, the
effects of neglecting these elengations were not considered to be of sig-
nificance in developing tie preliminary design. This decision is supported
by considerations of Equation {1} as applied

o

o the specific structurc analyzed.

Using the influence lines in Digure 4 to position live loads on
the structure to produce maximum bending effects revealed that the maximum
bending moment in the arch occurs at the third cadble support point, Actual
design values for each component of the structure, calculated by employing
influence lines and moment coefficient tables to locate load positions pro-
viding maximum cffects, are precented in Table L

3. Preliminary Desion Discussion

A preliminary design for the Leaning Arches Bridge was
developed using the design values presented in Table I. The design calcu-
lations are summarized with the preliminary design in Table 1I.  Although
a steel structure was chosen for this specific preliminary design, other
materials, such as concrete or aluminum, could be considered. A box
section was selected for the arch for structural, as well as aesthetic, reasons.
A plate girder section or other structural shapes could be considered and
might prove more economical in certain situations. The angle of irclina-
tion of the arches chosen jor purposes of illustrating this bridge concept
results in relatively long transverse floor bearns. Alternate geometric
configurations with smailler angles cf inclination would require separation
of the arches at their crowns. The weight of additional structure required
in achieving this configuration would probably offset the weight saved by
shortening the floor beams. As another gecmctric alternative, the total
height of the arch could be reduced by considering other geometric schemes.
A thorough study of these and other geometric possibilities should be made
to determine the desirable bridge configuration for a specific site condition.

The preliminary design does not include specific definitions of
lateral bracing memkbers and other appurtenauces, although provision for
miscellancous steel is included in the design and cost estimates. Since
lateral stability is not furnished by the cables, lateral bracing of the lower
stringer flarnges will be required (the concrete deck provides upper flange
support). Abutment design will! also require consideration of the several
types of lateral forces. Furthermore, consideraticn of possible bridge
rail deflection under the action of impacting vehicles will be necessary to
assure that adequate clearance has been provided between the cables and
roadway.

A preliminary design drawing of the Leaning Arches Bridge is
presented in Figure 5. The weight of this structure, compuied in Table i,
is bascd on the member sizes shown in this figure. Members were designed

for maximum design values noted in Table I. Although attempts were made

11



to select the optimum section designs based on indicated design values,
ex:ensive design optimization proccdures were not undertaken in developing
this preliminary design.

4. Cost Diszcussion

Preliminary cost estiinates for a prototype Leaning Arches
Bridge (superstructure only) were prepared and are summarized in Table III.
Unit prices were based on current™ Texas Highway Department bid averages,
with the exception of unit prices used for the arch structures and cables.
Since the fabrication and erection of the arches described in the preliminary
design are unconventional processes, when compared to current bridge
construction practices, an inexperience factor was applied to the prototype
(first structure)archunit price. As experience is gained through construc-
tion of several structures of this type, the unit price for this item should
apprcach that of conventional, fabricated steel items. The :onventional,
fabricated structure unit price is shown in parentheses in Table III. Unit
prices for cables in the prototype structure were estimated, and 2 reduction
in price for procurementand installation of this item in quantity is antici-
pated, if many structares are constructed. The reduced unit price 13 shown
in parentheses adjacent to the prototype unit price item in Table IIL

The estimated cost of the superstructure is based on the pre-
liminary design shown in Table IT and Figure 5. This design was qualified
as being incomplete with resvect to completion of dynamic analysis con-
siderations and incorporation of other loading conditions. However, itis
felt that the compensating generous allowance for miscellaneous material
and poiential material savings that may be experienced through design
optimization effsrts will permit the preliminary cost estimate to be employed
as a first-order appraisal of actual superstructure costs.

*First quarter, calendar year 1969,
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FIGURE 2, ARTIST'S SKETCH OF LEANING ARCHES BRIDGE
CONCEPT IN NEW BRIDGE APPLICATICN

FIGURE 3. ISOMETRIC SCHEMATIC DRAWING OF LEANING ARCHES
BRIDGE CONCEPT IN NEW BRIDGE APPLICATION
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TABLE I, DESIGN VALUES: LEANING ARCHES BRIDGE CONCEPT
IN NEW BRIDGE APPLICATION

fa) Principal Structoral Marnbers

Coazent ed Loads Untf em Loade
Taeation for Concentrated Concertraied Toncemtrated ave E Tove Losd Tove Lead Eilect Toaad
Members Live Load Effect Live Load $1fet  Impact  Losd Mlaelmmcr U Foris VMot Force Etfect  Blsimgact Difert  Pifect for lmaign
Arcies  Momests
Mpp s sTsel® 1725 Ken 316 8 Kot
[P AT 205 Kett 1yt Me Kett 3 K-g a0 Kpe
Thruets:
Fonan » € s2pI1D 207K TO £ =T oel 3K 21K 18K
Tentioa
Membere
Tior Awis Force: Fe0 81p(t) 20K in 0K F oo a8 ok 20.1 X 6.7k
) 7 2 35 K s corcentrated ioad from tee ianes
(2) Arch mommens 4nd thrast e30t19ns Obtained (rom method in Borg and Gennaro, Advinced Structural Analysis, D. Van Nostrand Co Inc, 1953
(3) Span for smpact compatatios = 25 4 A, : )

() wpy) =30 pitasdw) ) = 200 plf as unaform joads for tec laces.

(5] Tloor System Members

Coacentrated Loads

Uniform Loads
Easation for Concentrated Ton- entrated Concentrared L Eamation for Dead Loaa Live Tzad Total
Live Lead bfivet Live Load bifect  Impact  Llead Blusdmpact  Ueaform Loas Btfect Force Elfect  Force -‘fect Eftect tor Denign
3, Momear M+ 10, 00{!) 369 Kate 13 517 K-t Mo a3 KR 17 Kot flee K-ft
Shear: v o sopd) K Ly 23.5K Vi reid T K e 5K 85K
Stringer i .
(typucal of 16) Morsess M = 5. 2P €37 Kett 133 6.6 Kont Mgy =50 i) 3.6 Kety 260 KR 37,2 Kt 99,4 K-fo
Shear: V* 1 00pl®) 9.0K 133 12.0K Mpg red 0a(8) LR ] ek 18K 9.2 K

veine®

111 P 1s cortentrates 1oad for teo lanes load 15 coneid
(2) Span s 28,5 #1 for Goor beam impact computation,
(3) wpy * 3000 pif aed wpy = 1680 pif as est Dead Load and Lore Load for tuo lanes
(4) P ic ecuaralent whee! [0ad on sirgle strimger, 3 K for momes.
(5) w * 150 plf et Dead Losad ana 938 pif Live Luaa.

d to act at center of floor beam. P+ 30 K

acting at certer of floor team
K for ehear.

TABLE II. PRELIMINARY DESIGN: LEANING ARCHES BRIDGE
CONCEPT IN NEW BRIDGE APPLICATION

Design Trat
Memter Yalse Dwoige Seitior LARR] woagh Longrs LXYY Saarraty Total Woig
Prircizel Structeral Memters
Arctes
Momerts M =918.5K-f De gnar two box girders leaning inward and oiming at Bos girder 42 ¥ 21an. €7 agan. 220 plf 508 SeSK 2
crow L1 lein thange 13K
S/ ig-an. G
Frras * 3608 K iteun

. DA K 0.4 K
1’% o8y X 1LoRn
% 54K LeK
T4 102.6 1 teraioe member for 1028 ¥ loas, allowable Use . Gia catle - 17T S 0w Le K
T stress 20 hes A req'd = € S14 aqn 0 T4 K : LS K
1 0 sy K ] Lok
Y(.v [ONER N 2 0 4 x

Fr

Moment Piate girder dessgn indicated, S reg’d » 702 cuan 41 % 1aan., 4% sqan. 162 pif “un DS 7 ALY K

Shear 1 e

Narges, Sirain weds

Stringers:

Moment 149. 4 K-n Uer ®F beam, S req'd « 206 cuin 21 WF S5 .- 55 pif e neeK .

Shear 0.2 K Pracug. draphragme

(5%
Total Bricge Weight elOK
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TABLE lI, PRELIMINARY COST ESTIMATELES: LEANING ARCHES
BRIDGE CONCEPT IN NEW BRIDGE APPLICATION

Cost
Prototype
Item Unit Quantity (1) Unit Cost(2) Only Quantity
1. Concrete (slab) cy 123.5 $71.6C % 8,770
2. Reinforcing Stcel 1b 23,600 0.12 3,559
3, Structural Stecl, 1 Beam 1b 45, 000 0.20 9, 000
4. Structural Steel, Girder 1b 61,500 0.25 15,490
5. Structural Steel, Fab. (Arch) 1b 113, 000 0. 50(0. 30)3? 56, 500 ($ 33,900)
6. Stcel Cable b 7,500 0. 75(0. 65)13) 5,630 (4, 870)
7. Misc. Steel 1b 34,000 0.30 16,200
8. Bridge Rail i 404 15.¢0 6, 050
Total Estimated Cost (Superstructure Only) $11t,000 ($ 91, 740)

(1) Items | and 2 from Texas Highway Department Concrete Deck Standards, continuous I beam unit,
0° skew, H20-516 loading; Items 3 through 7 from Table II.
(2) Items 1 through 4, 7, and 8 from first quarter (CY 69) Texas Highway Department construction

cost data for in place units shown.

These components are conventional bridge construction items.

(3) Items 5 and 6 are estimated in place unit costs for onc-of-2-kind bridge (prototypc} instaliations.
Procurement in quantity costs (unit and total) are shcwn in parentheses.
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B. Bridle Bridre Concept

The Bridle Bridge concept is an unsymmetrical bridge patterned
afler a bridge over the River Tartave, Carada. This concept employs
cables te provide un intermediate support for a cenventional plate girder
bridge deck installation, as shown in thie artist’s sheteh in Figure 6. Cable
forces developed in providing support ¢f the plate gircers are reacted by
a vertical rigid frame and ancther set of cables torminating at anchoroges
off of the structure. The plate girder may be continuons or contain a simple
span. Both of these sivuctural schenies ave considercd in the discussions
of analysis, preliminary design, and ccst estimates in the following para-
graphs,

1. Application Discussion

The Bridle Bridge is an unsymmetrical structure which requires
anchorages approximately 40 to 50 feet beyond the end of the bridge. This
may restrict use of thie tridge concept at certain cites, while the unsym-
metrical configuration may be advantagcous at others. A site where this
bridge concept could be efiectively employed is suggested by intricate, multi-
level interchanges. The section of the Bridle Bridge which does not require
vertical supports, above or below the roadway, could be suspended under
a crossing structure and/or over a crossed structure to minirnize support
interfcrence reguirements,

Applications of Bridle Bridge girder configuratior. which con-
tain a hinge are essentially the same as for the continuous girder configura-
tion. Site conditions may exist where the reduced girder depth, that may
be realized in the area of the simple span, would be of sufficient benefit
to warrant employing the "hinged' conceyt. In designing the girder with a
hinge for a given length of span, the designer has two key points in the
structure which can be varied to optimize the structural configuration for
specific requirements: (1) the hinge location, and (2} the location of the
cable support on the plate girder.

2, Analysis Diccussion

This structure pictured schewnatically in Figure 7 is statically

indeterminate in the continuous girder configuration; thus, a computer
riented solution for determining design values is desirable. A method of

analysis for the continuous plate girder configuration is containcd in
Appendix B, A computer program written to assist in analyzing the Bridle
Bridge structure i the continuous plate girder configuration is contained
in Appendix I, along with output informiation for the specific bridge con-
sidered in the preliminary design. The output from this program provided
influence line data points which permit easy determination of the critical



section for ¢ach principal structural micrnber. A more generalized computer
program, with AASHO Specification loading and & variable geometzy capabil-
ity, would provide the designer with o complete load/deflection spectrum for
a varicly of roadway geometric reouiverments for uge in final design studies,

The Bridle Bridge structure corfigured with a hinge in the
plate girder is statically determinate. A method of analysis for this plate
girder configuration is presented in Appendix B, The specific geometry
selected (1. ¢., the speciiic locations of the hinge and cable support) is not
the result of a detailed parametric study, although examination of the influ-
cnce lines indicates that the design would net be changed substantizally as a
resalt of design optimization effoits.

Influence lines for the [ ridle Bridpe, continnous girvder con-
figuration and hinged gircder configuration, are presented in Figures 8 and
9, respcctively., Usinz these influence lines, design values wire determined
using the AASHO loading; these values are summarized in Tables IV and V.
The vertical tower experiences no bending forces due (o the vertical loads
employed in this preliminary design, although tateral loads due to wird
and other unsymmetrical Joading conaitione could produce sigrificant bending
loads.

3. Prcliminary Design Discursion

Using the design valves in Tables IV and V, preliminary
designs were developed for the continuous and hingea girder Bridle Bridye
configurations; these preliminary designs are summarized in Tebles Vi
and VII. The prirnary structure consists of two pairs of cables, a vertical
tower, and horizontal plate girders, Intermediate transverse loor beam:
support the interior stringers and frame into the plate girders, Th vertical
tower is constructed of steel plate with a box cross scction, =ithough other
materials such as concrete and aluminum conid also be empleyed. The
plate girders, floor beams, and stringers are of conventional s.eel construc-
tion. The thrust forces developed in the plate girders due te the cable
loads arc significant, and consideration of these forces in designing the
abutments is rcquired. The designer has the option of restraining the
structure at the abutment ncarest the tower (producing compression in the
girders due to thehorizontal force component in the cable) or fixing the
structure at the opposite abutment {produacing tension an the girder due to
the horizontal force component in the cable), A substructurc analysis
would be required to develop the most clicative scheme for a particular
sitc.

A design sketch illustrating the preliminary design of the
continuous girder Bridle Bridge is shown in Figure 10, For the hinged
girder configuration, the hinge and cable tie locations are as shown in the
preliminary design for this configuration in Figure 1. In this preliminary



design, the bending moment distribution was such that the section depth
required for the simple spon is less than thet required for the '"balanced
elementz. " The two variables {hinge and cable tie) could be moved to
yield sufficiently cqual manimurm desigr moments te permit utilization of
a constant depth section; hovever, this situation may not represent the
Yoptimym'' condition from a weight standpoint.,

4, Cost Discussion

Preliminary cost estimates for two configurations of a proto-
type Bridle Bridge {cuperstructure only) were prepared and are summarized
in Table VIII, Estimates were prepared for both the continuous and hinged
Bridle Bridge cenfigurations, using materials quantitics from Tables VI
and VII. Unit prices were taken from current™ Texas Highway Department
bid averages, with the eoxception of unit prices used for computing costs of
the tower and cables. These prices were adjusted to reflect consideration
of the unconventional fabrication and erection procedures required for the
prototype structure, Unit prices were alsc developed which reflect con-
ventional constructicon prices {or procurement in quantity, subseguent to
construction of a prototype. These unit prices are snown in pareatheses.
It is possible that the vertical tower for a prototype structure will not
require as large an adjustment as shown for prototype censtruction, but a
factor identical to that employed in the Leaning Arches Bridge preliminary
cost estim.iie was used 10 remain consistent with other preliminary cost
estirnates.

*First quarter, calendar year 1969.
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TABLE IV, DESIGN VALUES

: BRIDLE BRIDGE CONCEPT IN NEW

BRIDGE APPLICATION (CONTINUCUS GIRDER CONFIGURATION)

(2} Principal Structsral Members

Concertsated Loads

Uriform Loads

Equaton for Concentrated Concentrated Concentraive Live Lend Loae Live Lead Live Loat E*act Total
Mcmber Live Load Etfect Live load Effect impact loae Plue Irgect Umiform Load Eirect Fovee Effect Force Eficct  Pluw Impace Effect  Effect for Desigr
T Axial Force: Fo 1, 25P(1) “.2 K [SI) 4.0 K Forl46. 0w 97K 197 K 25K 770.0 K
T Axial Force: F « 1.54P()) 5.5 K 1t 5.0 K T + 180 0w L2 K 20K W5 K 946.0 K
Ly, AxialForce: £ -1, 59p(}) “ST.2K L “85.9 K For o164, 6w 621K -2 K ey -370.9 K
Gp3  AxalForce: Fa-1,15P(1) LIRS 1.1 464K Foeo1380w -455 K -7 K -200 % -703.4 K
Moment (max. positive):
Fr»9.85P 354 K-t 116 36 Ko Mo AYw 1360 K-ft Sil Kot 98 K-f: 2372.0 K-xt
Moment {(max. cegative):
8 ~450 K-t P £3 =522 K-ft Mo ~500w ~1700 K-nt 64 K-ft -7 K-f 2656 K-f1
Shear: Fe 038 1.6 K ) 117 147K Vot 60, 3w 206 K 2K 9.3 K MoK
(1) Pis concentrated load at trarsverse center of brids « representing two Jzre loads F r M £
(2) Spar = 175 ft pect computation,
(3) w = 3400 plf {DL est) and 1280 plf (LL) represents g swo la
(5) Floor fyrter 1(embers
Concentrated Loade Uniform Loads
Equation for C < < C Live Equauoce for Dead Lcad Live Load Live Loas Eilect Total
Live “oad Effect Live Loas Efiect Impact 1oad Plus Impact Uniform Lead iffect Force Etfect Force Effect Puus Impact Fffect  Effect for Design
Momeat: F = 7.50P(1) 270 K-t 120020 349 K-ft rlsomsoetd s ken 241 Kot 3 e 1187 K-t
Shea. F = o.s0pl) 180K 129020 23.2K F « Lisoyo. sop 35.0K 16.0 % 2.6x s K.
Moment: F = 6.25P{4) K-t 13 100.0 K-ft Fe }nm‘.zsnﬂl 26 Ko 4.4 K-n “E 1883 F 1
Shea: F = 1,00P(8) 177K (] 3.0 K Y-%USKLWI-(" K 5.5 K 12K BT K

(i) P is concentrated load for two lanes acting at center of floor beam, P = 36 K.
(21 Span is 50 ft for impact factor computation.

(3) wpy = 280G (ert) and wy ; = 1280 plf as Dead Load and Live Load for twe lan
(4) Pis equislent wheel load on single stringer, assumed 1 ba 12,1 K for morm:
(5) wyyy = 563 pif {est), wy; = 440 plf AASHO Distribution.

i, 15,7 K for shear.

TABLE V, DESIGN VALUES: BRIDLE BRIDGE CCNCEPT IN NEW
BRIDGE APPLICATION (HINGED GIRDER CONFIGURATION)

(8) Principal Structaral Memiere

Concentrared Loads

Uniform Loads

Equation for Corcentrated | Cornce-traied Tontertrated Live Eqaation for Deas Load Tive Loat T« Loat Lifect Total
Mermber Live Load Effect Live Load Effect  Impuet Load Plus impact Uniform Losd Effect Force Effect Force Effect Flus Impac: Sffect  Effect for Design
T, AxialForce: Frl 70} ©@.oK .16i2d 9.6 K Fe ;-(l.nxnsy- WK 1K e 7536 K
1, Axial Force: Fz2.14P(1) 7.0 K 1.1e02) 3K r-%(z.u)nm- €35 K 2% K mx 1002.3 K
Ly,2  AxialForce: Fr2.175P(1) S18.3K 11602 -91.0 K releonsnrse 647 K -2 K K -1021 K
G,y AxalTorce: F» 1.28p(1) -45.0 K 1.16 522K Fe e 30K -1en K -6 K -613.0 K
Moment (max. positive): .
Fr9.36P 337 Koo 116 391 Kon Mozl(9.38KT8h, 132.8 K-R 450 K-t sS4 K-t 1047.5 K-R
=g,
Moment (max. regative): )
Fe-12.50P -450 K-t 116 -522 K-ft MorZ(-12.90K1000e 2120 K-t 200 Kate REE -3166 K-
Shear. F:0.89P 1K 1.16 2% v-}(o.scmsn“_ %.0x oK sk (IR FS
) Ve (10,85,
G4 Momest:  Fe3.3P 337 K-t 116 321 Keft ™ -}n.uuﬂn- 1190 K- 450 K-fr s24 Kon 2105 K-t
Shear: F:0.50P 18K 116 2.9k v ;m.mun 618K 40K e 115K
TIV P is comcentrated load at transverse center of Lridge representing two lane loads, P = 36 K.
(2) Span : 184 ft for impact computation,
(3) w = 3490 pif (DL =9t) and 1280 pif (LL) representing rwo lanes.
{8) Floor Syst-m Memoers
Cencertrated Loads Unitorm loads
Fluation for Corcentrated  Concentrated Cor. rizated Live Tquatiom for Deaa Load Tive "oue Tive Load Lfiect Tout
Member Lice toad Effect Live load Eftect  Impact load Flus linpact  Umiform load Effect  Force Effect  %orce Effect  Floa Imgace £ffect  Efiect for Design
Flour Mome DRERRTEA 270 K-fe 12900 349 Kot Frrisont. 500l 527 ken 261 Rent NI X 1187 Ko
beam 4
(tymcal  Shear: F = 0.50p(1) 180K 1.2912) 23.2K [ ;-(sono‘un.ia) 35.0 K Is.0 K 06K
of €
1
Stroneers Momert: M s 5.25P(8) 76.8 K-t 1.3 100.0 ¥.ft F = plzsns.asmd®) 43.6 Kot 34,4 Ketr “TK 188.3 K-n
(tymcal 1
Shear: F o« 1.000t0) K L3 20K F e 32en. o) 10K 5.5 K T 3.1 K

0 7 o oo 3 la-es actiog at center of fioor bvar. P = 3i K.
(2} Spanm e 52
1w pif 25 Dead Lead ard Live Load £ two lanes

(4) Bivequia donwingle stringer. as3imed w be 12,3 K for moment, 17.7 K for shear

[N 560 pli (est), )y« 440 plf (AASHO Distritution).

v computat

fald



TABLE VI, PRELIMINARY DESIGN: BRIDLE BRIDGE CONCEPT IN NEW
BR1DGE APPLICATION (CONTINUOUS GIRDER CONFIGURATION)

Unit
Membder Sectioa Weight Lengtn  Weight Quantity  Total Weights
Princips) Stractural Members
T Tenslle member, use cable with £0-kel alicwable: A req'd = 9,62 Y-li2in. dia. 9.62 rq in, 32.7p  BS.0f 28K 2 S.6K
Axial Force 770.0 K
T Teasile member, use cable with £0-hsi allowable. A req'd * 11.€  3-7/f-in. dia 11,79 sq i, 40.0pif 56,57 23K 2 “6K
Axial Force 946.0 K
L,z <970.9 K Comprecsion member, design as colwna. L = 57 f, radius of 24 % 24 X 3/4-in square 10 ¢q In, 238 plf s1n 13,6 K 2 2R
gyration approximately 10U in., allowable stress = 14 kol box columa
Cy 5 Negative mement st T2 attach powni governs Cesign: deaign a uni= T2 X 24-in., 24 ¥ §-1/2-in.  106.5 sqin. 362 plf 1756 s31K 2 126.2 K
Aslri Torce  -70,,4 K form section pizte girder, S req d = 1530 cu . asoal load str flang=, 3/6 in. we
Moment ~2656 F-R  aprroximately 500 pei, therefore, mcrease £ ve3 d approximateiy
Shear MK 258,
Principal stracrere 163.6 K
Appurtenas: 201K
Total principal 1563 K
Floor System Members
o Short, deep beam, § reg'¢ * 713 cu in.: wae WF Leam 36 WF 230 - 230 plf R 69K 7 483K
Moment 1187 K-8
Shear $3.6 K
Siringers: Use WF beam, S req’d « 113 cu in. 21 WF 62 - €2 pif 1IN Y LeK 2 BEK
Moment 168.3 K-t Floor system LI K
Sear 35.7K Appurtesances, Siaphragme (15%) 123 K
Total floor system TS S
Total Bridge Weight 290.5 K

TABLE VII, PRELIMINARY DESIGN: BRIDLE BRIDGE CONCEPT IN NEW
BRIDGE APPLICATION (HINGED GIRDER CONFIGURATION)

Des Unit
Member Valve Design Notes Section Area Weight  Leogth  Weight Ouactity Tota) Weights
Princip. Structural Members
Ty Teusile member, use cable with 80-kei alicwadie. A req'd = 9.43 3-1/in.-dia cadle 9.621 sqin, 32.7plf 85,08 28K 2 .6 K
Axial Force 753.6 K
L2 Tensile member, use cable with 80-ksi allvwable. A req'é * 12.5  4in,-dia. cable 12,57 eqin,  42.7pl 565 24K 2 48K
Avial Force  1002,3
L2 -1021,0 K ssion member, design as colaranr L= £7 £, radiue of 24 X 24 X 3/ 4-in. wquare 70 aq in. 238 pi sTh 2 22K
gyration approximately 10 allowable stre box columa
Cy % Negative moment at T) attach point governs design: des 112.5 eqin, 362 pl 100 3.2 K z 164K
Aslal Force  -#13.0K  uniform section plate girder, § req'd = 1992 cu .
Marneat 3166 K-t stress approximately 5500 pui, therefore, acrease
Shear X approximately 40%
G e Positive mome:t at mid-span: design as uniform section plate €4 X 20-ia., 20 ¥ l-in, €.2eqin, 214 pl 750 160K 2
Moment 2105 K-ft  girder. Sryeg'd v 1260 flange 3/3-in. web Principal ¢:ructur
Shear 13,8 K Appurtenasces, etc. (20%)
Total principel stracture
Floo: System Members
o Short, deep beam, S req'd 713 cx ia.; use ¥F beam 36 WF 230 . 230 pif on . X 7 5.3 K
Moment 18T K-t
Shear K
Stringers: Use WF beam, S req’d 113 cu .a 21 WF 62 . 62 pif 30 Lex 2
Moment 156.3 K-t Flocr system
Sheas 35T K Appurtenances, diaphragms (15%)
e
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Total ficor system

Total Bridge Weight
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SECTION 4.4

FIGURE 10. PRELIMINARY DESIGN DRAWING OF BRIDLE BRIDGE
CONCEPT IN NEW BRIDGE APPLICATION (CONTINUQUS
GIRDER CONFIGURATION)
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TARLE VIII, PRELINMUIAZY COST EZTIMATES: BRIDLE
BRIDGE CONCERPT [ ~EW BEFIDGE APPLICATION

B

{a) Continucus Girder Contiguration

Item Unit Elugn!ny{” Unit Cost(2}
1. Concrete {(3lab) cy 164.0 $71.00
2. Reinfercing Steel 15 24, 000 5. 12
3. Structural Steel, 1 Beam 1t £1,900 0,20
4. Structural Siecel, Girder ib 126,200 09.25
5. Struciursl Steel, Fab, fTewer) 1h 27,200 0.5¢(0. 3033) 13,00 (S 5, 150)
€. Steel Cable 1b 10, 200 0. 75(0.65) ) 7,650 {6,620)
7. Misc. Steel b <5, 00C 0,390 13,500
. Bridge Rail 1{ 240,90 15,00 5, 100
Total Estimated Cost (Superstructure Only} $57, 980 591,510)
{b) Cirder with Hinge Configuration
Cos=t
Pratotype
Ttemn Unit Q\.’»amﬂv“) Unit Cost{} Cmily Quantity
1, Concrete {slab} cy 104.0 $71.00 $ 7,370
2. Reinforcina Steel 1b 24,000 0,12 2, 58D
3, Structurzl Steel, I Beam 1b 81, 400 0,20 16, 38)
4. Structural Steel, Girder 1b 1C8, 4006 0,25 27,000
5. Structural Steel, Fab, (Tower) Ib 27,200 G.506(0, 30) 13,600 {3 8,130)
&, Steel Cable 1b 192, 400 0.75(0.65) 7,800 (6,75C
7. Misc., Steel 1b 40, 500 G, 30 12,2C¢
&, Bridge Rail i 340.0 15,00 5,107
Total Estimated Cost {(Superstructure Only) $92, 33C {$85, "30)

{1) Items ! ard 2 {rom Texas Highway Depariment Concrete Deck Standards, continuous I beam unit, 0°
skew, H20-S16 loading: Items 3 through 7 {rom Tables VI and VIL

(2) Items 1 thr ugh 4, 7,ard 8 fromfirst quarter (CY 69) Texas Highway Department construction cost
data for in placc units shuwrn, These components are conventional bridge corstirucuion items,

(3) Items 5 ar.d 6 are estimated in place unit costs for ore of a kind bridge instailations. Procurer-ent
in quanti’y osts {unit and total) are shawn in parentheses.

27



C. Concept Designs for New Dirids

Three additional bridge conanpts were identified during the concept
review and sclection process which may be considered to be notentially
effective structural schemes for use in new bhyrida
three concepts were not subjected 1o de

pe applications. These
1 annlysis and preliminary
design iterations as were the Leaning Arches and BEvidle Bridges; neverthes
less, they appear to possess cerfain capabilitics for responding to the
safety-oriented design criteria. FEach of the three concepts may be emploved
in new bridge construction.™ Surmmaries of engineering data and concept

designs emanating {rom the concept design and evaluation processi involving
these three concepts in new bridge applications are included in the following
paragraphs. The three concepis are: (1) the Stayed Girder Bridge, (2)

the Braced Arch Bridge, and {3} the Leaning Piers Bridge. Included in

the concise presentatioas are sketches, tabulations of ke engineering

data, conceptdesign sketches, and concept design discussions,

1, Stayed Girder Dridgee

The Stayed Girder Bridge, like the Bridle Bridge, is an
unsyrametrical, cable-supported structure. Iiconsists ofacsingle continuous
girder supported by six cables extending from a single vertical suppori.
The configuration of principal and {loor system members considered in
developing the concept design is illustrated in Figure 12, This structure
is aesthetically pleasing and may be used in siting situations shnilar to
those found advantageous for trie Bridle Bridyge., A dissrdvantage in employ-
ing this concept concerns the three cable ties which must be anchored off
of the structure. Thesc anchorages may interfere with access road loca-
tions or right-of-way restrictions.

The structure is statically indeterminate and must be analyzed
by considering the complete system, including vertical column, cables,
and continuous girders. A method of analysis for this structural scheme
which treats the total system is included in Appendix B; this proccdure
should be employed in developing preliminary designs. The concept design,
however, was devcloped by employing a simplificd analysis method based
on assumed nonyiclding supports and a coastant stifiness (EI) girder. The
Mueller-Breslau principle 9, 10} was used to obtain the influence diagrams
presented in Figure 13 for moments and support reactions in the continuous
plate girder.

Support reactions determined from the influence diagrams in
Figure 13 were employed to develop design tensile forces in the cables and

#*Applications of these concepts to modifications of existing bridges are
considered in Section IV (Paragraph C).
tThe concept design and evaluxtion process is described in detail in Volume L

o
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forces acting on the vertical colurnu, Da
structural members are contained in Teb

s computed for principal
e design values deter-
s were employed to develog
1in developing this concept
ve nrocess that was used to

mined from the simplified analysis cutlined =
a concept design. The design procedure ermngp
design did not involve the more detailoed i

develop the preliminary designs for the Leo: o Arches ~nd Bridle Bridges.
Nevertheless, the concept desizn cutlined in Tslle X and presented in
Figure 14 provides an appraisal oi the nature of ihe structure as it would
appear if employed in a highway applicaticn. Because of the less compre-
hensive methodology employed in the design of this structure, preliminary
cost estimates were not developed,
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FIGURE 12. [SOMETRIC SCHEMATIC DRAWING OF STAYZD GIRDER

BRIDGE CONCEPT [N NEW BRIDGE APPLICATION
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TABLE IX., DESIGN VALUES: STAVED GIRDER BRIDGE CONCEPT
IN NEW BRIDGE APPILICATION

(8} Frincopal Structirar Merte re
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Member _kave toad Fllect [ Biiect Fitect for Disien
L otSer Morient
4t ¢ regstived T o ga0pt) i3 Ken Lty 135 Kot DLt ¥ o TeAreas s taice B30 eswea
Li: ¥ Lo Arear s iVt i K.t o4 K-
3]
Momess
o alpos ¥ 13,9 SUL K s Sos K-t Di: F s le Arcas 208, % inzs K-
Lit B oo Areas tl%0a R o0 Ko 30 Kef
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Tie Asal Feree F o 1, 00p}) 3% K 3 Dle F o L0 areas « 38 Cw MK 2le.4 sec 457 < 310K
Ll F o oLv Areas © 42, 5w SLIK
1 Asial Torce Foi, P 3% K L X ¥ 10 K 514K 201, % gec 45" - 285
1 Asial Force F e 1.00P % K [NE} PEREN DL F o L0 Arcas N R 2IH sec 457 < 204 K
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