
'-' 

-
~
 

.. -
'JJ 

{
) 

C
'j 

l-: 
X

 
('j 

q_> 
'lJ 

r 
tG

 
c-: 

0·~ 

,
.
~
 

0 
....... 

::J 
r:: 

0 
('j 

C
/1 V

J 

c .... 

(::... 

QJ 
U

) 



-! 
I 

I 

I 
I 
( 

I. 
' 

. '.~'."·~·'".::.n..~"-<'' 
~,~·:-.;;/--_7:,-· 

NEVv STRUCTURES CONCEPTS 
Re.oroduced by t:w 

CLEARINGHOUSE 
for tp.C•:ral S!:!c:oidJc 8 .. ft:.:hn:···d 
lnforma!i.:.::n Sprlngl1eld Vii. 221J'i 

FOR HIGHVvA 1' SAFETY 
VOlUfi\E 1: RESEARCH iNFORMATION 



STRUCTUR/\L S'YSTEA\S n~ SUPPORT Of Sl1.FETY: 
NEVV HIGHvV .i\ Y STRUCTURES DESI(3i\l C0i'~CEPTS 

FINAL HEPORT 
Sw31 Project :\o. 03-Sl73 

VOLU:'IIE I. HESEAHCH !:'\FOR.\L4.TIO:\ 

Prt~pared under 

Contr:c.et FH-11-6638 

for 

Tlw Bnrt'al! of Public Roads 
Fe\{Ci'al Hi~!taWa)· Administration 

Department of Transportation 

September 1969 

The opinions, findings and con!Ju5ions expr~~sed in this publication 
ore those of the author~ ·J,1d (lOt n!'c~".:;sari!y these of the 

Bureau qf Publt.: Hoado;, 



FOR::!:V!OT'..D 

The investigation re~)G:rfed herEin \V<J.S conducted by Southwest Research 
Institute in the Department of ,'jtructural Rc:;earch. Joseph E. Minor and 
Maurice E. I3ronstad served·.\~ the prc,j•::ct Principal Investigators. Thi~ 

report was prepared under Contract No, FH-ll- 66 33 with the Bureau of 
Public Roads, ::?'e0 -.:-al High·.v2.y Adrninis~ratior,, Department of Transportation. 
The scope of work ~<)q•J.i red development of irn2.ginative concepts for highway 
tltructu:res which are responsive to new safety requirements; however, it 
was specified P1at these cor.cept3 be limited to structural schemes employing 
structural cable systems in applications which differ {rom those used in con­
ventional suspension bridgEs. 

The report is pres ~nted in three aeparate volumes: 

Volume I -· R·~search Inrorr~ation 

Volume II - Preliminary Des) ;ns and Engineering Data 

Voh~me III - Sup?orting Data 

Each volurne is responsive to differen(" ir.forr.J.ation requirements and is 
essentially corr.plei:e withL. itself. F(n· example, those concerned with study 
methodology and concept develcpm.ent will be interested in Volur-:e I, while 
practicing engineers responsible for implc:rnen<ation will find information in 

Volume II rr.ore applicable. Indi,·idn&ls in both catego1·!es who wish to pursue 
their interests in more d.~ta.il will find the suppo.~ting data contained in 

Volume Ill useful. 

Volume I contains the program's study methodology used in tl!e con­
cept developrr1ent process, the development and evaluation procedures for 
concept designs, and a su.mn1ary of concepts selected for the analyses 
leading to prelirninary dedgns presented in Volurne II. 
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ABST:\.ACT 

Volmne I of this report summa1·iz.es researcl: activities conducted in 
response t:o require1nents for de.-eloping !"lew, cable sup!)Orted structures 
design c.oncepts that will pcrr:1il rerncr.ral of massive support structt:.·es from 
the area adjacent to the roadwa~r, Developn:ent efforts resulted in identi.fica­
tion of bridge concepts and sir:n and lightir,g system concepts that are respon­
sive to nev1, safety related design criteria. Initially, sixteen bridge concepts 
were examined with rPspect to their potentials in responding to the new 
criteria; eight of the sixteen design schemes were selectf'~d for subscqmmt 
preliminary analysis ae1tl concept designs. Similarlv, four sign f-:upport 
structure concepts a;1d four lighting system support structure conct._?ts were 
selected for preliminary analysis and concept designs. 

:r..Iethods of structural analysis developed for these concepts, quantita­
tive analyses of these conc0pts (with respect to projected geomet::-ic, loaci 
and aesthetic requirements) ;:,nd the definitive concept designs are t;ummarized 
in this volume of the 1-eport. Bridge concepts selected for detailed anz;.lysi.s 
and preliminary desir,r: are identified and discussed. These arc: (1) the 
Leaning Arches BridGe (new and modified urid<;c concepts}, (2) the Bridle 
Bridge (new bridge concept), and ( 3) the Fnme Bridge (modified hridge co,'­
cept). New sign and lighting syst~m support structure, concepts selected for 
preliminary design are also ::Ci.enti.fi·~d :c.w:!. discussed. 
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I. IN':CROD7JCTION 

The Structural SysL~1-:1s in Sq;po:;:t of Highway S<~fety (4S) program 
sponsored by the Bur.:au of Public Roads is a short-range, quick--payoff 
research endeavor dcs:gned to recbce the severity of single vehicle accidents 
on the Natior.' s highways. The objcctivE.:r; of this accelerated program rnay 
be sun1marized as: ( 1) to L~;·velo? :ct::-\.,ct;.cral syst('nls concepts for the 
elimination of rigid obstacles and ct:1er obstructions along the highways 

and (2) to develop de·.'~C~~s ;:md structural arrangements for vehicle impact 
attenuation, deflecticn, or entr2.prnent to as sure that collisions with these 
devices will be of minimum seyerit;:. An ex2.m.inat.ion of the statistics on 
single vehicle coll is i o;1s c onfirn"led the advis c.:.bility of researching hoth 
approaches to the problems. 

Research and findings cont;::;.ined in this three -volun-.e research report 
concern ~he former approach to the solution of the proble1n, i.e., examination 
of supportinf systems of highway appurtenances with the objective of effecting 
their elin1ination or rehcation to points av. <~y from proximity to the edges of 

the roadway. Such suppc..rting systems include bridge median piers and 
abt:tments, as well as ove ... ·head sign and lighting zystem support structures. 
The scope of \vork required that ir:"lagit·,a.tive and creative concepts for these 
highway str 1ctures were to be developed; however, it was specified that 
these cor<ce ·ts be limited to those employing structural cable systems in 
application~ wLich differed from those used in convention3.l suspe:~.sion 
bridges. 

The contents of this vo~umc arc concerned with -;.he portion of the 
investigation which led to t;1e selecti.on and preliminary design of several 
feasible structural supp0rt systems which are respor1sive to current and pro­
jected safety standards. Included :n Volume I are summaries of concepts 
and cla;,;sifications, as well as discu.ssions of fu.turc safety related design 
requiremen:s. Concept designs developed to faciEtate the evaluation process 
are presented for two principal rigid obstacle catego:des: bridge support 
structures, and highway sign and lighting system support structures. Finc:.lly, 
strucLures selected for preliminary design and engineering feasibility studies 
are identified and briefly discussed to m:1.ke this volume complete as a 
summary of research acL:v;ties. Detailed discussions and presentations of 
preliminary dvsigns for new and !:1'1dified existing bridges, and signs and 
lighting systems are containeod in Volume II (Preliminary Designs and 
Enginzerin:; Data); suprorting information for Volumes I and II is contained 
in Volume III. 



T' ~.1. STUD.'{ ;;,lETHODOLOGY 

Specific project objectives co:,ccn:erl. development of structural 
support systcn1.s conce;;t;:; fo~· hlghway appu1 tenances which will permit 
elimination or relocaticrl of ri~~id obst:...clcs c\.nd otr1er obstructions frorn 
proximity to edges of tl1e ro;;_6-.v;-~y. One asr;ec~ of the gen2ral approach to 
the problen1 involved e~·:ct:1lin;:.ctions o.( pre~<~nt-day stn1ctural supporting 
systen1s of highway appurtenances v;itl: respect to current trends in highway 
safety requirements, !n this regard, consideration was given to the 
Fehruary 1967 report of the s<•ecic.l ;\1\ .. EiHO Traffic Safety C:)rnmittee{ 1 )':' 
·which suggests the adoption of t'.vo-sp;::,.n bt"idges for overpasses crossing 
divided highways as a means of elir.1inating bridge piers aorma.lly placed 
adjacent to highway shcn.J.lders. It was also recognized, however. that 
placement of a pier in the highway median has certain disadvantages, A 
divided highway with a median w!.dt'1 such that a median barrier is not 
required by ct...rrcnt warrantir.g sta:1dards(Z) will be n:ade more hazardous 
by the introduction of a median pier and guardrail in the otherwise unob­
structed median. .Furthermore, the cur...-ent Bureau o£ Public Roads ins'.:ruc­
tions for ne\r,.' federal aid construction, which specify that a 30-foot minimum 
distance be provided for roadsi.Je appurtenances, have considerable merit 
based on single vehicl~ accide:1t r;tuciies. These observations suggest that 
emphasis must be placed on providing the "~rrant" motorist with wide, 
unobstructed areas beyond the edges of the roadway in which to recover 
control of his vehicle, Thus, it ·gas determined that rigid application of 
the recomrr:endations of the AASHO Traffic Safety Committee publication( l) 
an:l the Eureau of PubLc Roads 1 S<:dety Pc.blications should not be adopted as 
the only 'uaf:is for establishbg safety criteria as related to highway clearance 

g<~o1net1·y, 

In this study, a roadway cress section which provides a:1 unobstructed 
area between points 30 feet beyond the outside edges of the divided roadway 
has been chosen as a basic, safety-related geon1etric requirement. Struc­
tures which afford this clearance will eliminate the need for shoulder p:·uardrail 
and median barriers in accoruatlce wi..th recently established warranting 
criteria(Z). This geometric criterion is not su~gE·sced for rigid application, 
but was developed as a basis from which to begin research efforts in response 
to objectives oi the program. 

Research plans were developed to cons icier concepts for the removal 
of ma~:;sive :oupport structures g-roc:p~d into two 1najCJr c<ttegories: (1) bridpe 
support structures, and (Z) sign and lighting system ::;~1pport structures. 
Outlines :md discussions of study methodologies employed in each of these 
areas are contained in the foliowing parc:tgraphs. 

':'Superscript numbers in parentheses refer to List of References, Section V. 
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A. Bridge Support Stru~:_!~--

An initiaJ step in the development of cable- supported bridge concepts 
responsive to the above safcty-"~""cd .•. ted geo:netric clearance criterion was 

based en the prepara.tion of im<'r.;iDative sketches 2-Ed the conc'•1ct of critical 
confcrence·-type critiques. A thoj·ough se<1rch of the literZ",ture on bric'iges 
(as well as other technologies CJT1plcying ::nc:.jor structures) was made t·) 

ser\-e as a source of inspiration and to insure that no previously conceived 
but unapplied idea was ovcrlook:::d. These creative and review studies were 
conducted with an ot-jective c f identifying concepts which would be applicable 
to nEw bridge designs, as well as designs which could be 1.1sed for the mcdifl­
caticn 0£ c-xhiting bridges, to eliminate 1nas sive support structure"'. 

Bricge concepts, identified anrJ. placed into schematic dra\ving form, 
were exarnin:;d in conference by a team of project investigators, including 
representatives of the aerospace and marine structures disciplines. Dupli­
cations, or near duplications, were elin1inated, and the remaining concepts 
we1·e examined individually fo1· feasibility, originality, and flexibility of appli­
cation to both new and existing strnctures. Sixteen bridge concepts which 

appee>_rcd resp::msive to project requirements emerged from this review and 
org2.niza.tion p:coccss. Cables played a major role as princ~pal load-carrying 
members in most of these concepts. 

These sixteen bridge conc,=pts were then reviewed and eva!uated in 
a joint confer,~nce which i!"-:luded Bureau of Public Roads ;-:roject technical 
rr.onitors and Institute prin.cipal investig:::.tors. During this conierence, eight 
of the ::.ixteen concepts were selec•ed for additional, application-potential 
considerations. Selections of these cigh·L concepts were based on such con­
siJerations as uniqueness of configuration, potential applicability t.o modifica­
tion of existing bridges, and compatibility with convcnti,mal design and 
construction methods. 

Evaluations of these eig'Lt bridge concepts required the development 
of methods o7 analysi::. to derr..onstrate design and analvtical feasibility, and 
to gain an appreciati n of the structural systems' corr:plexity. As a part of 
the evaluation process concept designs were developed f::>r specific geomecric 
and load criteria com:non to each of the eight bridge conc:c;)~S. Such con.::ept 
designs wer"' developed to the extent necessary to achic\'<'; a first-order 
appraisal of syste1n effecti\·e::ess for the basic eight str1xtural schen1es 
selected. One of the indicc.tors \.·,sed as <l n1e<~sure of ~ystern effectiveness 
was gross bridge weight; this parameter was judged to be a s>gnificant 
quantitative rneasure for judging the comparative effectiveness of the 
selected, cable-supported structures. Qualitc:.tive factors were also used 
in tl1e eva~uation procedure. Among these:' were such considerations c:.s con­
cept structural and construction cornplexity, as well as aest~1etics. Tl)e 
use of system complexity as a cornparative an'3.lysis criterion in evalu-
ating bridge designs reflected the u1tir:1ate objective to develop bridge 

3 



configurations that will be z•.cccptahle to t},,c !1i;_:(l\va.y brid.gc technical and 
policy-·:making com:munit;r, From bcC1 ti~'"; P:l. and constructil)n standpoints, 
engine•r:rs would be :mor"' in,·l}n(;d to {avo:~ r·:-.e sin1.pler systern configa:c-ations 
if presented ·with a choice. of sevel eel cor.,~(·pts, 

A second conference Nith projcr.t tC: chJ1ical monitors and principal 
investigators co:~ _erned J:'=vic:w s of concept designs devdoped for tr1e eight 
structural schemes. Ti1re12 1)ardc !'tr\iCtu·:a.l schemes were selected, frorn 
eight concepts carried t.hrou;c;h the coEce;_.:\ (:,~sign stage, for additional 
en).',ir1ee:dng fe;; sibilit~r zc~:~d.y~;i:::. On-; of c11•.': echemes ., .. ~~- judbc:d ~tppLcable 
to new bridge c,mEtruction C•nly; anc<.he:r co::.cep \\·as juC.ged applicaule to 
modified existing bridge conr;truction onl;.>, while the C1ird scheme was juO.ged 
applicable to both nev .... and modified existi.n;7; bridge cor.struction. Thus, four 
preliminary bridge d2sign~ are identificc. ir! this volume and presented in detail 
in the e:-:.gineering feasibility portion of tile report (Volume II}. 

Technical efforts beyond the point of seiecting tLe !hree most pronising 
and feasible structural schemes were cli~·ected toward dernonstrating design and 
analysis practicality and ascertaining first-order appruximations of coat and 
in1plementation effectiveness. Guidelines for the techr.ical a;)praisals were based 
on the recognition that both technical and economic details of a given design are 
dependent on local conditions and policies. Any atter.1pt to be more specific than 
presentations of preliminary designs, especi2.lly with rega::·d to detailed costs of 
construction, •vould be not :.:..nly premature but could actually bv m) s~e2.ding, if 
an attempt were made to <tpply the design to a localized cor.ditio:1. 

B. Concepts for High\yay Sign and Li gh~~ng Syste:n Supports 

Among widely used concepts for ;;ighway sign f:upports .lr•= the balanced 
and unbalanced butterfly, cantileve;:, sign bridge, sign l:.ridge cantilever, 
str~cture-mountcd sign <:.nd roadsid~.; f>ig:,. Recent ch:;,r.ges in highway prac­
tice related t(• s::.~fety should eliminate se·;er<d of the?.e types of sig:'!.s (e. g., 
the butte1·fly de~;igns in "gore" areas) frorn consideration for Iuture use. 
Some other types are not relevant for the purposes of the present study 
(e. g., ti.e roadside sign which has been rnscified to be of "bre~~ka\vay" 
design). Attention in this elfort, the; eisre. was •,.,c,,sed on tv. o n1ain types 
of sign support, namely, the cantilever :,nd the s ~6n Lridge. 

Sali2nt requirements were related to providing c.t least 30 feet of 
clearance from the edge of the pavc:nsnt to the base of et:ructural supports 
adjac.ent to the road'.vay( l) aJ-,d pro\riclil'>~ a vertical cle2.r::nce for sign s · pport 
structures of 18 feet, rather than th,: 17 feet required f·:n· bridge structures. 

As a resc.lt of a concept idcntificat ::m anu review process sirnilar io 
that accomplished for bridge concepts, {o r bas:r: structural schemes 
emerged as dcservi,1g cf further consider. :ion in the c-oncept-design cva.lua­
tions of sic,n supports. Subsequent cval·12. :ons oi conc(;:>t desi;,l<lS yielded 
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only one structural cable confir,urz-ction wl-:-:>sc c:.pplicativn feasibiEty warran~ed 
the prelirninary design efforts. 

Constraints imposed by te:·hnical, economic, 2.nd pb:JJ;ning factors, and 
considerations of emerging clcvcl.0pncn~s in illumination technology, allowed 
only a fev" .:>pportm'-ities fo:::- truly imaginar;ve 3.nd prod-.1ct!ve conc:2pts in the 
matter of lighting support structure c. A cone c:pt identification and review· 
process .for lighting syste1n support structare:; {simil.ar to that accomplished 
for sign support structures) resulted in tl1e idcntifica.;ion of i.wo basic 
structural scher:1.es for co~1cept design evaluations: cantilevered and suspen­
sion systems. Only or,~ lighti;·1g systcD< supp.:Ht structural scheme, however, 
was selected for prelirr1inary desi8n considerations, 
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III. EitiDGE CONCE.PT D.E::VELOPMENT 

Developme-nt of Lt~·:.r bridge ccncept;; to eliminai.e In<rssive structun~s 
support& adjacent to the travel way bef';:,n with information review processes 
in two areas: (l) a revie,r: o:[ the hbtoric:c;.l trends in bridge building, and 
(Z) technological appraisali ;:,f the s~ate-of-the-art of b1·ic.gc design as related 
to rna.tedals, construction techniques, anC: t sign methods. Jt was deter­
r:nin~:d that the former ::, tndy area was import ant from a cone ~pt identification 
and classification standpoint si<1ce over Z.OOC years of engineered bridge­
building experience has 'ueen recorded. The latter study area was similarly 
considered in1porl~nt because it was recognized that modern tec)u,oiogy, 
partict:larly in the areas of m;:,terials development and analysis techriqucs, 
will permit utilization of bridGing concepts heretofore considered to be 
uneconomical or iznpractical, 

A. History, Concepts, e> .. :d Class1ficatior.s 

A literature re,·iew'~ was condt:cted to identify bridge concepts which 
have possible application to the objectives of this program. Bridge concej.>ts 
identified through the historical review were examined with :o:-espect to recent 
adv3.nces in design and materials technology which could have the cffer:t of 
changing a previously impractical cor.cept into a poten•.ic.lly effective bridge 
system. The advent of high sL·ength steels and advanced comrJuterized 
analy3is and design methods, in particulc.tr, se,~!l'l to support the increased 
use of indeterminate structures such as those required for employing c<,ble 
support~>; structures using con,posite mz·.tcrials (includinr the use oi glass 
re info reed plastics) also appeared to eYhibit p0~entials ior re oponding to th<:' 
re-=1uirementti of lorcger sp2,:1s dictated l;y n1oving support structures away 
from the edge of the roadway, although 1:wir cost-effectiveness in bricige 
design applications has not been determined. 

\'.'bile, in theory, certain adv::.ntagc s can be realized from using new 
ma.terials and anal;sis techni~'les, equallv significant disad,·antages become 
apparent when an entire bridge system is subjected to techno.:;cono1nic studies, 
including the aspects of c•.1rrenl practice. For exarnple, cable-supported 
structures ge:1erally are n1uch n1o~e flexible than conventional ~·tructures of 
si"T!ilar spans. .-\!though th1s aspect, in itself, is by no rdeans an ir.<:lication 
of structural inadeq·1acy, structu.l-".S which exhibit a propensity ::o·varcl 
unusu'l.l flexibility char2..ctcrist.ics conflict with the ''allowable deflection" 
criterion estabiish"d by current codes. Fu:rtherrnure, conventional static 

·,· "· ;_,,bliography uf reference material that. was screened in accomplishing 
this :.:e\'iew is ii1clu.c'Pd in Appendix A of Volume III (Supporting Data). 
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methods 0f design and analys is ni us t b e a:~gmented (for purposes of d e sign of 
these more fl e xible nyate rt:.~ I b y rathe r scp11istic a ted dynamic analy seo and 
experimental studies fo r cer ta i r.. ~f the ne ::-•t .b:ddge concept s . 

The historical a nd te chnologic al !'ev ie w s led to identification of s ixteen 
bridge concepts which e ~'hibited the p <",tent!a.l f o r effective ly providing the 
relatively long spans n eces5 ary t o e ffect e lb inatic-n of massiv e s uppcrt 
structures adjacent to the t ravel w ay. The s Lxteen b ridge concepts a re 
illustrated in Figures 1 t h rough 16. In devel o ping the s e concepts, no 
design or economics-related s a i.ection. c 1· it~o ria were en1ployed; hence, the 
concepts presentP.d include c .3-b le -sup port ed Rystems (non conventional sus­
pension bridges) as well as r ig i ~ frame s , a r ches, and trus se s . Several of 
the concepts possess the dual capability of P<IS Sible use to effect removal of 
massive support structure s (pr incipally m edian piers) frc-m exis ting bridges, 
as well as being potentially effe ctive new bridge concepts. Where this dual 
de sign capability exists, it is sugge sted on the c oncept sketches . 



FIGURE 1. "A" FR..f>..W....E BRIDGE CONCE:PT 

.#!!1~1.0<3/!1> .::::'C,..,C:I/I',_r . 44',..l.P.,....IA.i'.::O $~1 1!'/2..11.-ILf 
#W,.~R.,...:tT JV/'r..V .......,..JA/A::!:IA/;z,~ .4t'm.c>U~.JII:t ~AI'S-r~Ucrl"''4>tt./; 
.-.13. OA.I' Jlll' .. ;;.....,/r.~ ..-#i{J#I(>/ Jf'ldM/ •JOt .1::::11/tl.- lliir r/cA./ "~ ~.0Ul.4S 
~- At::= et:f' ,._,_._,~~A r/JI 4/Z4111-'C'6 .ei1JrJI','2 • .t./C.I6 AN'.O S PA,._, 
.c::>/6"~--.QIA/cl:'~ <.AV8,Q MY"$~_,.,__,.:,. 

FIGURE 2, MODULAR SPACE FRAME BRIDGE CONCEPT 
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FIGURE 3. 

4/r--~--

~;~r~~~---~--­.., .... 

LE .fu"11NG ARCHES BRIDGE CONCEPT 

FIGURE 4. THREE-D)ME:"JSIONAL FRAME BRIDGE CO I\T CE PT 
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(Z) Croso ing Roa.d Grad e Same as Thruway (Po••i~le Tie U::der " c..a .:w"' · · 

(3) Crooeina Road Grade A bo ve Thruway (Roadway Serves a s Ti"~ 

FIGURE 5 . ARCH BR~DGE CONCEPTS 

(Typical of St. Mi~ hel Bridge, Toulouse' 

FIGURE 6. PP,ESTRESSED (POST TE NSIONED) CONCR.E.T£ 
BRiDGE CONCEPT 
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FIGURE 7. 

·s._~~·t_·>.• •:.e -=-·o;.,o1'-e- .. Pol r·.·(·ra \';;} :u<!, 

/, ""r-r-1· !1r. ;~.-an-:.. c,(;lr ·c.rg ?..:1 'G'" 

:s·.1~~est!"~ '~ t· ~ Nl")r ~~rei• e B:idc<·, ;.:a,l'tn:q;:; 
}..!o·.o Cable Br~nng) 

SUSPENSIO:'\/Sl'SPEl'<DED SPAN BRIDGE CONCEPTS 

"--~ --

FIGURE E, TRL'SS BRIDGE CONCEPTS 
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FIGURE 9. STEE L BRIDGE CONCEPTS 

-~--

FIGURE 10. UNCONVENTIONAL SUSPENSION BRIDGE CONCEPTS 
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FIGURE 11, D01jBLE CANT.l :~EVER WlTH SUSPENDED 
SPAN .t'>RJDCJ:= CUNCEPT 

(Typical cf Monorail Bridge, W. Germany) 

" l --::~.5;:'~'3;=.' ===o....,.,_ 

~ ... .,:~--~~~,;¥ 

FIGURE 12. BRACSD ARCH BRIDGE CO:-iCEF'T 
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(Bridr;e ov.: :·River Ta:-t«l"u, Canada) 

(a) Bridle B!"idse 

(Bridge at Sever-in, Col.c;;r.e: A!, t::nsyrnmetrical 
Rt·idle Chord Briege' 

(b) Bridle Chord Bridge 

(Bridge at Douisburg, West G~r-na.nyi 

{c) Stayed Girder :.'>ridge 

FIGURE 13. "BALAKCED ELEMENT" !3R1DC£ C00JCEP fS 
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FIGURE 14. D0~1E BRJDGE CONCEPT 



FIGURE 15. VIERENDT::E!.~ TRUSS i3RIDGE CONCEPT 

f=
--- --==-=- ~ 
- -- --1----------~ - - -

--- -l-------------1-- - - -
-- - - ·----1-- -- - -

'---·--·---------l 

FIGURE 16. TENSIONED CABLE BRIDGE CONC:CPT 
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The sixteC;n brid;;ing schemes illu:;n·atcd in Fip,ures I through 1(, 

reflected criteria based on general appr2.isals of dezign requirem'=nts fer 
bridge;:; responsive to nc'w :o:;,_fcty sta.'1•Lrds. It was noted that the foXel·c:i:;c 
of additional selectivity to further re6ucc th·~ number of concepts must be 
based on .nore specific c<esi<~n requi~cments if the final ~elections were to 
be n1eaningful. P.ence, <>.t this stage of the researc-h investigation, design 
requirerne,lts for highway brid~;es thc.t n>'JS'L meet current and projcct:.:d 
safety stand2:rds were devdo;)ed n1d crnployed in the evaluJ.tion and selection 
process. These included the following geometric, load, ancl aesthetic r·equire­
n1'2nts est;;;.blished to J.ssist in i.he sdcr:-tion process, as well as to guic:e sub~ 
sequent concept design efforts. 

1. Geometric RequiremEonts 

Current practice was considered to be vested in the Special 
AASHO Traffic Safety Committee Report entitled, "H~g!1V:ay Design and 
Operational Practices Related tc Highw :..y Safety and AASHO Spec1ficatior1, "(l) 
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 efr~ctive in eliminating obstructions for 
the errant motorist, must include provisions that there be no obstruction 
within the median, that a median width of 60 feet be maintained beneati~ 
crossing structures (to assure that no 1Y1edian barrier is v.rarranted), ar:.d that 
17 fe<>t of vertical clearance be mair.tained to a point 30 feet from the outside 
edges of the two roadways. 

Geometric design requb·emcnts related to horizontal and \·ertical 
clearances (ilbstrated in Figure 17) are consic;.ered to be practical future 
minimums if effective improvements in safety are to bz realized by mo".'ing 
or elirninating supporting structures from t;·.e areas adjacet.~ to the tra\·el 
way. For purposes of standardization of conditions for the development •'f 
conc·:pt designs for the structural schemP3 selected, the crossing structure 
was considered to intersect at 90° (0° skew angle) and carry a two-lane, 
24-fco+ roadway. A standard dimension of 30 feet {<.e::1ter-to-center of floor 
beam supports) was employed for the width of the crossing structure in 
developing concept designs. 

2. Design Load Reqt1ircmcnts 

Loads on future bridges will likely be similar in magnitude to 
those that are currently impc~ed. Howe\·er, in specifying the load spectra 
to be used in bridge design, it may be aecessa:ry to include dynamics. 

Current AASHO loading SLan~ards may not be adequate ior usc 
in desigdng cable-suppor~ccl ~ridges \Vhich are responsive to the geometric 
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FIGURE 17. GEOMETRIC REQUIREMENTS FOR CROSSING STRUCTU~E 
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requirements described previous ly . Thilo! s i tuation may b e b r ough t about by 
lo·nger spa ns and more fl.e~dblc structures e v olving f r om design r equirements 
which suggest the u s e of co;.b!c - suppo1· ted st r u c tu r es . A lthough it may 
ultimace ly be necessary to ).nclude s ome form of a b rid ge ciynamic analys i s 
in future bridge desi gn. r.,peciiic ations , the present inve stigations made use 
ot representative, cur r e:1t load s p ecific ;J.tion i n o rde r to compar e bridge 
concepts from a design - e ffe c t iven ess standpoin t. 

Accordingl y , a H20-S 16 loading w a s employe d i n developin g 
concept designs for compar ison pur poses. Spe c ific a lly , 6 4 0 p ounds p e r 
lineal foot per lane plus an. 18 -Kip c oncen trated l oad per l ane , pla c ed for 
maximum moment, w a s ernployed a.s il. oas ic loa d. Impact was computed 
by employing the AASHO fo rmula fo :r impac t a s a means o f arriv ing a t a 
dynamic load factor. Fo1· the pre liminary analys i s and c oncept de s ign 
purposes, longitudinal fo r ces and wind loa d s , the r f:lal loads, uplifts , e tc., 
were not considered; dead loads were est im ate d as uniforr:1 l ane loa ds. 

3. Aest~etics 

Prese rvation of the be auty of the h ighway nys tem through atten­
tion to structural design aesthetic s has become an incre a sin g ly demanding 
design requireme nt in recent years. At this po int in the deve lopment of 
design requireme nts fo r long span bridg es tha t are respor.s ive to program 
objectives, it may on ly be said that t h e d e sign m u s t b e " be autiful in art and 
manifesting of taste." Although it would be difficult t o e liminate pote ntia lly 
effective bridge concepts based on aes the tic conside ration s a lone , certain 
types of trusses and heavy pl a t e g i l'ders would not be favor ably considered 
in this regard, 

C. Rrid ~; e Svstems An a l y se s a nd C o ncept De signs 

The sixteen bric! ge concepts (Figures 1 through 16) were examined in 
confere nce by project techni c al monit o rs and principal investigators. This 
review employed the desi g n criteria outlined in Paragraph B as a guide and 
resulted in the identification of eight c able-supported bridge co~<cepts which 
\V'arranted preliminary sys tems an a lysi s and applications consideration, 
These eight concepts are ic~e nti f i e d in T a ble I; line drawing s of the ·:: tructural 
schemes including geometrical descr iptions which meet the horizontal and 
vertical clearance requil·en1e nts spe r- ifie d in Figure 17 are pre sented in con­
junction with analysis and desi g n di s cussions of the eight structural schemes 
in the following par a gr a phs. 

1. Structur a l Analyses 

Methods of analysis were deve loped ior the eight bridge c0ncepts 
ide ntifie d in Table I. The s~ an a ly ses, presente <'i in Appe ndix B of Volume Ill, 
are based on specif ic definitions of bridge structural configurations. 
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TABLE I. CABLE-501:-::}::·oRTED r:RIDGS CONCEPTS SELECTED 
FOR CONCEPT DESIC~-< CCX,:SIDERATION 

Concept 
Number 

1 

2. 

3 

4 

5 

6 

7 

f"igure 
Number Title 

19 LeaninG Pi10:rs 

20 Braced Arr. h 

Zl Bridle Bridge 

22 Stayed Girder 

23 Frarne Bridge 

2.4 Leaning Arches 

25 Dome Bridge 

20 

DescriPtion 

Three-dimensional frarrw employing 
c:lbles to support floor beams at ends 
of sirnple spaYJS: may be employed in 
new or modified existing bridges. 

Simple span support in two vertical 
planes 011 either side of roadway; sup­
,..orting structure leans inward to . ' 
minirnize ~Lazard at c.butment. 

Single arch centered uvcr roadwu.y 
centerline with "A" frarne supports on 
either end; continuous cable-st;pported 
girders .:arrying roadway. 

Support from one side supporting a 
cantilever and a sirnple span. 

Single supporting tower V.'ith ca.ble 
supports holding a single C<mtinuou~ 
girder. 

Rigid frame with cables supporting 
simple span;;, 

Double arches leaning inward; cable­
supported roadway. 

Circ.u1ar arch systems forrning .-:. 
dome to support roa.dway systc1n via 
cables. 



Prelimino.ry to embarki ng on d e velopm c::;t t::,f a nalyses , it was n ecessary t o 
specify certain a spects of th!'! s tructu r ol sys tem ( e . g,, continuous span s or 
simple spans, pinned con nections or fixed c onr,ec tions, e tc.). In spe cifying 
these design conditions, attempts Wr!re made to incorporate features which 
would enhance the applic abi l ity of the c o ncP. pts to the d "! sign o bjective , F or 
example , n ew bridge conc ept s wh ich m ay al s o be employe d to support the 
floor a n d be am s y stems of a n e >:isting b r idg e to a llow removal o f a m e dian 
pier were define d in a m anner re spon s ive to both ue.es . Ae. thes e definitions 
of design schcmr~ s were m ade , it b e.;amc a ppar e nt th.:lt in some ins t a nc es 
alternate schern~s (e. g. , c ont inuous s pan r athe r th a n simple spans ) posse sse d 
certain adv:>~ t age s with re gard t o •.1i. t i m a te des! ,5 n effici e ncy. A detai led 
sensitivity analy:, is of the des i g n p a ramct.e :r s could have been conducted to 
effectively es tablish optimum des igns. :-fv·J'; evcr , su ch studies were considere d 
to be premature for the prelim inary ana lys e s and conc e pt designs b e ing cr;.n­
sider e d; tnerefore , one r epr ese nt a tive at:r.u c tur a l confi guration (which <~.p peared 

mo s t responsive to p rogra.m objecti ve s } was selected for each concept. 
Parametric studies to d e te rmin e the most e ffective designs were d e ferred 
for con sideration in subseque nt, mor e det ai led portions of the inve &tigat ion. 

2. De velopment of Des i g n F o rc es , Mom '.! nt s and Shears, and 
Conce pt Des i ns 

M e thods of an a ly sis (presented in Appe ndix B o f Volume III) w ere 
us ed with geometric and lo a d cond itio n s d i s cusse d in Parag ra ph B (of 
S ection III) a nd specific st ructur al sche mes to d e velop desig n forces, 
moments, and shears (a s aporopriate ), for compor.ents of eac h of the eight 
bridge con cepts (see Tab l e I). Develo pment s for us e in subs e quent concept 
d e sign consider a t ions invol ved t he c onstr uction o £ influe nce di a g rams for 
principal structural members and floor &yste m m e mbe rs, and included th e 
us e of these influenc e diag r a m s in a 0 1 ventiona l r:nanne r to acquire desi g n 
forces, moments, and shears. Th e an a l ysis d e tails diffe r sli ghtly betwee n 
the d e t e rminate structuref (Concepts 1, 2. , 4, and 6 ) and the ind e t e r m inate 
structures (Concepts 3, 5, 7, and R); t he s e differenc e s arc noted in the analy s is 
summaries which follow. Influe nce d i ag rams us e d in de ve lopmg concept 
Jesigns are included in Volume II for d es ig ns sele cte d for feasibility studies 
and in Appendix C of Volume III for concepts not selecte d for study beyond the 

"concept" d esign s t a ge. 

It is important to note th a t t he analys e s and e valuat ions of the 
eight bridge concepts s um ma riz e d in t he followi ng parag raphs at'e based on 
load and geome tric requirem ents tha t are ccnsistent b.etween conc e pts. As 
pr eviously note d, the geo1n~ tric req'lire m e nts for crossing structure s were 
specified fo r a zero-degree skew - an g l e crossing structure as show n in 
Figure 17. Load in g r equ irements appli e d to each bridge c onsis t ed basically 
of an H20-Sl6 loading; howeve r, several of the code- speci fi e d r efinements in 
load pl a cement and magnitude we re simpiifie d or deleted so a s not to unneces­
sarily complic a te the pr e liminary analysis and concept des ign procedure. 
Dis cussions of the procedures employed in analyzing the structure s and com­
ments on the concept d e sign s for the eight structural sche m es follcw. 
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Tl•is Lrid1:;e cvnCE;pt, illustrated in Figure 18, w;;.s con­
ceived. ;>rincip2.lly as a rnethor~ :fo!' permitting the removal of a median pier 
while :retainir.g zw existi"1g flc,c;· syst(:m. The main st~·ucture (consisting of 
four main rnembers \Vhici: i':n·-!1. a P'l'2.mi.,.t} ,;upports three .:1oor beams which 
form the suppo:cts for fuur siPT()le sp<HI». The center floor bea1n is cable .. 
suppo::-ted froni the apex, while) ::h2 t\vo cut<:r floor bean1s are pin-connected 
to the main rncrnbe1·s, lt is in1port~:.nt to note that the roadway girders and 
floor bearns do not p!·ovidc tc:ns ion ties b,:tween legs. 

The anzdy~:is of this bridee concept considered the structure 
aa bt:ing a static<-1.lly dei·ennin<LL'! space fl~ame that is axisymmetric about a 
verLcal 2.xis through i.hc apex (see Appendix B oi Volume III). 

A signiEc<,r.t observation resulting fl orn the analysis concerns 
the lar.:;e bt:nding 1noment in Lae relatively long main members while a load is 
on the two spans immediately adjacent to the floor beam/main member connec­
ticm point, Concept design of t!1~ Jr..o.in members, trea.ted as bearn-cohlrr,ns, 
resulted in relatively heavy, 15 7 -foot-long box girdErs. The cable supports 
attached to the center floor bea;:; contribute very litLle weight to the principal 
stru;:tural system. Design of the floor system was dictated by the geometry of 
the main frame; simple spans of 34, 85, 85, and 34 feet were required. The 
utrinfcr system within the 85-foot spans consist of30WFl30 beams which con­
tribute eignificantly to the weight of the: bridge. An alternate pl.ate cr con­
tinuous girder design could conceivably reduce the dead weight; howevex, the 
interspan relationship dictated b·_,' main frame geometry wouid not permit a 
high degree of design optimi;.:ation. 

On the basis of total weight, the A-Frame Bridge does not 
compare favorably with other concepts responsive to identical load and geo­
metdc ...-equirements. Additionally, the design is not particularly efficient 
{pdmarily as a result of bending in relatively long frame members) nor is it 
as ::.estheticaily pleasing as other bridge concepts. 



FIGURE 18. BRlDGE CCNCEPT NO, 1: "A" FRAME 
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An 2-ttcrn:;t to ilcqui'"•; <~clditional horizontal clearance by 
leaning th~ supporting :·-i·::::s ir:w::.~·(2 i~; ~cfJ.•::cterJ. ;.,. t!1e concept illustraced in 
Fig1:re 19. Note that c·nJ.y hv-:.• sir_-:pie ''P<•ns are employed;;..,.,,: that there arc 
no connections lJetwec: t:v:: rn<::.in girdr.>rs 2nd the leaning piers. 

This structur0 i :; ::,L•.tically deterninate and may be analy?.ed 
by cc.nside:!:·ing the ve::-tical:::, girckrs, ;n:ct cables found in one of the two verti­
cal planes of the main structure. An2..lysis me·Lhodo.logy for this structure is 
presented in Appendix R of Volume Ill. Computatio:1s of design forces, 
moments, and shears for <:he rna:n structure and ti1e floor system mernbers 
reveal that the relatively long span g;rders (v;hich brm the two 119-font 
simple spans) :nust resist relatively large bending moments as \'.·ell as a 
substantial axial force. 

Analysis considerations reflect the situation tha':. the main 
structural members z.re subjected only to tensile or cornpressivL 1 Jat:!s; the 
horizontal girders, however, must be designed as Lean, columns. As pir..­
connected, CO[npression rnc.n1bers, the leaning pi(:;rs an. relatively eff1r:icnt. 
A doubly symmetr;c box section was selected to fulfill concept-desigr. require­
ments for the le.·ni:'g pier members. The horizontal girders m.Jst be con­
sideJ:·ed as part of the principal structure since they are required to carry a 
significant compressive forc:e. Concept design for these bcc<.m columns 
ref'ulteci in l J 9-foot-loilg, 6i -:nch-deep plate girde::-s. Floor system r,•quire­
:::ner.~s we-.:e satisfied by .;pacing floor beams (wh:ch span betv:een horizontal 
plate girders) on Z3. 3-!'oct centers; fc·u:r stringers span Lety:ccn floor beams 
in each of eight spcms. .St:•nC.::..rd rr.l:c,d ::>hapes were selected to fulfill design 
requirements for the fleer system. 

In cornbination, the large compressive forces and bending 
n1on1ents ;T"posed on the horizor..tal girclcJ·s do not suggest an ei:fective design. 
While this par1:icular design !1a3 certain advantages dir.-,ctly related to 
acquiring required horizontJ.i ckz~ran::cs, the preliminary analysis indicates 
t.'lat a severe weight ;'ena'!.ty n1ay be necessary in gaining these advantages, 
Consi<Jeration may be given to u~ing sn,aller acute angles between the cable 
ties and the girders, as well as to e~nploying piers approaching more nearly 
vertical, in an attempt to rnir.:rn:zc the adverse bearn-colctmn effect within the 
main girders. 
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This conc e pt, illustrated in Figure 20, was based on a 
monorail bridge design u sed in West Germa ny. A single parabolic arch 
springs from two "A" fra.mc~ s ;;tt e ithe r e nd of the bridge; the frame s permit 
passage of the 1·oadway direc tly bene ath the ar ch. The arch and fratn e are 
integral at the spring point; £u:r tb e rmo re, th e road,.vay ties to the e nd frames. 
The roadw a y is suspende d from the arch by c a bles which coniJ.ect to the ends 
of floor beams that fram e bet\ve t:.;n the two c o n tinuous girders. 

This structu r e is st a tically indeterminate and, for final 
desig n purposes, must be a nalyzed by con.sidering the flexibility of fne arch 
and the cable ties since they provide elastic supports ior tl. e continuous girders. 
(An analysis m e thod is summa rized in Appe.-.dix B of Volume IJI}. For pre­
liminary analysis and concept design purposes, however, the arch and the 
continuous g irders were analyzed separate ly. In the arch analysis, concen­
trated loads were considered as entering the arch through inextensible hangers; 
unifarm 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 nonyiei.:!ing supports. Influ(;!nce di a grams for the girders, 
and reactions at supports used for determining cable forces , were obtained 
by employing the Mue ller-Breslau principle . 

Design computations assumed that dead loads and live loads 
are applied uniformly to the arch. This assumption prove d to he adequate for 
concept des1g:1 purpos e s since it became apparent that the arch is ineffectively 
employe d by usi:1g the cable hang e rs in the manner illustrated in the desigg 
sketch. In addition, cons ide rations related to system stability to side loads 
( including th,~ out-of-arch plane loading configuration) and the end -fr ame 
detail reveal that the design scheme is not particularly effective in 
respor.ding to highway-related load and geometric requ irements . How e ver, 
several design optimization alternatives could be pursue d. For example, 
arrangement of th~ cable support system mig~t be altered to permit ur..iform 
distribution of lo c.ds to the arch . Additional consideration could also be given 
to tnaking the end "A" frames more effective by err.ploying a space frame 

arrangement or a portal frame. 
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J.s illustratt<d ln Fig•Jrc Z.l, this -:-:oncept is an unsytnmetri­
cal "balanced elerr.et>t" bridg·~, p.'tt:c·::n~d n.frer c. bridge over the River Tartaro 
in Canada.. A ca.,1tilevcr span, :n::'r·~rted by a c::ble tie, suppo!'ts one end of 
a ::imple span. A CO"Tlpre:::;sic•n t;··c:··,-,:,·:r, c·:··::-cr,idc::-cd pinned &t both ends, 
supports the c2.ntilever sp:1n ti._· ~ ... c~ ;:',.~ ar··~:H·•r !i.e, 

This structc.u;:- is c>t~.'.t!cc-lly d·.:tc::-rninate ;md may be an;;lyzed 
by ccnsidei·ing forces acting i.:1" pl::.:·:c: col'tc:.i:Ji.lr~ ;·, vertic<.l rr1ember, cable 
ties. and ho1·i::onta.l girders {tlH; 't:·::•J ·.:sis o;l·.~U.:;d in Ai::pencllx R 'l'. Vollume EI). 
Alt;,ough the prdiminary ana.iys is ic:d L:ate;; -. rch~ively effectiv:; distribution 
of desig!l loads, the canLiJcvct" gir·~-:...::.: is ctll::~~l ~::H.)r._ to resist relatively large 
bendln~ 1:110rnr:·nts (positive an(: n(;:;~·.~ive) ~llC'>it\~;.in;;:t]o~1. \\7iti:1 con1pressjvc fcrc~s. 
Design optitnizat.ion rnay be achic vcd b:,r movi~•:; '~'"' c2.ntilcvcr fnlppo:-! ?Dint, 
thereby effecting a n1o;e eve:> disu:.,,__;ti.cE h• tw•::··r, positive and u·g~ti·:e 
bending moments. 

As a concept, this bridge soems to po;:,.,ess design advantages 
in effer.tivcly res?onding to the horizont;d clea;·ance d~mands outlined in 
Fi~ur:o 17, The beam-column design r10quirement (noted in discc,ssion ofthe 
Leaping Pie::.-s Bridge) is dso pres<:nt. in the cantilever girder. Ho·.vevcr, the 
supporting C8.bL:: can be located i;_ a lY.ar•ner '-''hich achiE·ves a b1.lance Lctween 
positive mmnents {in the portion of the b"z.m adjacent to the vertical sup­
porting colun~n) <n!d negJtivc 1n01nents ever fhe support pCJint, thereby pio­
viding a potential for rr1inimizing ariversc be::.m-columu •:::ffects. Th-:: concept 
is responsive to progran1 rcquircJT:ents in terms of bridge weight and 
ae::>thetics. Since the simple spa:1 cc.r:rics no compressi.e loao, i~ :nay 
be sized by conventional design mctbods. Vcrti;::al rnembers arc considered 
pinned at both et:ds, thereby pcr:,-.i~t1ng des i1~:: as a square box column. The 
cable supports are tension ties ccmstructed fro~ high-s!t! .1gth cahles or rods. 
The floo~ s;·stem (consisting of fbor beams and stringers on 2.5-foot spa:1s) 
se~rns to be e£:8ctive irom a v.reit:;ht sta~1dpoint, and design optimization ·would 
probably yie,ld additionai weight sCJ.vir:gs. 
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Re£lectin~~ a l.n:ic;ge at Do'.:i:;buri!.• West Germany, the Stayed 
Girdr:r Bridge (sec Figun~ lZ.} clS•iS <'. sL-.gie c.mtinunu:.o Girder supported by 
sjx c.a.bles e:>:tending ft·orn a ci::g:e vertk;d :~ul-'port. nccat·~e in1bal<.tnccs 
rnay :~xist between cables on ;~ith-::x- side, tL~- vertic<;l supp,·rt is iixed to its 
base. Floor bearns cantile\~1' O'..:twarc\ ;'::o•n both sides of the cc,nt"inuous 
gir(~er at s•~v~n points; a sy:;1.c:nl of st:ri;,gcrf~ ;;piln betweee:1 the floor b,-carr,s. 

As a st<·cCco.lly bdetermi!J:·tc slr•.tctt:re, 1nethod::; of analysis 
rnust consider the cornpL~:.c vcr!.ical/ c<:tble ti<c/ co:·Jtinuous girder system (,-ee 
Ap::cndi.x B of 'folun1e lii). f\>r <::. prelir•1J:1ZlT) "tna.lysis, however, the con­
tinuous girder was considen~d as a cons;:aat stiffni'!so b':!am on nonyielding 
Sl.lf•ports. Tlv: }_.f,J.eller-B:res1~~u principle w2s l.!SC d to obtain influence dia­
gr<u;>s for rnom•;nts and support reactions in. the continuous structure. Sup­
po:~·t reactions wen; used to develop tension loads for the cable system and 
forces acting on the ycrtical cobn1.1, The particular design st.lected includes 
seven spans supported by cable~ and the vertical col:1r:1n, 

As a conce;:Jt, this bridge is pleasing in aPPearance. A 
single supporting column and sp·.:P.ral parallel cabies corr.bi:ie with a sint?lc 
box gir(:e:r to form an aesthetically 3cceptable structure. Rr;lativPly con ;,lex 

analysis m::::tnods prohibited complete optimization during <ne concept dr:s:gn 
stage, Conside.,.able flexibility is an inhcTcnt characte ri!;tic that m~.y be 
realized in adjusti,,g, for example, Sj)Jn lengths, and cu.ble stiffenssc;s, to 
obtain an optimun1 dcs~;5n. 
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FJGU:RE 22. !3RIDGF; CONC:SPT NO. 5 STAYED GlRDER 
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Thie bridg·: concc?t (c.;h:>wn in Figure ?.3} en,£-l-·ys a three·· 
di1nension~l rigid fr<une whi.ch ,:pans the ro<!.clw;~y to be crv!.i sed and which 
:'Jt.raddl<:s the crc•ssing ro<."l-.·.·;.y. Thr~ CI(;,;i;~n?. x:)adway is supported by a 
c;:,l:.le systcn1 \',·hich com>.ecU; Lo iloo1· bearn:-;; thr ·e floor beams divide the 
bridg.:; ir;to four simple spJ.ns. 

The Frz..,ne i.~ridc,e is o. thrcc-dimer.sional, static;-Jly 
indcterJninH<> c;t.·ucture. Cunv(n!i•:·r,al frarne a.no:dysis rnethods ;nay be 
en1ploycd t0 oLt<l'll stru..:Lur.:-,1 r(·:>pc>nse to loads applied in the vertical, center 
line plane (see Appcr,,)ix D of Volum•., III}. The «nalysis is simplified by the 
use of l3inlple S}-><111 strir.gers raLheL" than b)' con~il,uous girders. For the 
concept design, the frarnf' nv::mbc rs were configured as plat<J girders a:1d v:ere 
de~;ign.: d to carry the bending mc•rnr~nts con1putcd by a conventi:J::~ l frarnc 
analysis. B:1.sed on cornputcd wughts ZJ.nd aesthetics, the Fra.r:1e Bridge> ; s 
not as promir.ing as the other CO!lCcpl.s considered l:.e1 cin. Its adv2.nt.'lge': 
sccrn to lie in the ability t•) accornmodate existing bridge r.1cclification rcquire­

I1:1et:.ts. Floor ,;ystems desip1 and E:pzu1 relationships (when compared to the 
"A" Frarne Brid,se) are n1ore C.esiratl<O because the four spans are equal in 
length. The briclge conct:pt could be cons ide red as a modification of the 

"A" Franu• Bridr,e design schenH:, 
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FIGURE 23. BRIDGE CONCEPT NO. 6: :F'RAME !3P.~DGE 
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The concept shown in Figure 24 consists of ffi·o a.rcl;Ps 
which lean inward t·~ stra~iJle tne crost>ing roallway. The eros sing roadv:ay, 
in turn, if' supported. b;t C.<\LlGu which .;:Oi1nect the a.rch•::s to floor bt::«rr.s; 
the supportin;,; cab'.e5 <.'..Ct i.n the pl<>ne.3 of the arches. For a new bridge, 
continuvus girdera sp;,.n t).:'!twecn the 2.b<:•.trnents over three supporting floor 
beams. 

As a three-dinu~:,si.or:.al, statically :ndeterminate structure, 
methods. of an::.lysiz m~1s·. include consideratio:, of the interactio:1s of the total 
system, including t.r·ches. D.exi ble cable supports, and continuous girders. 
For concept de:::igr; pu::-pvscs, howe,·.::r, e.1.ch element may be analyzed 
separately. Three conc-cntra!ed loads were applied at the crown and quarter 
points of the arc!-, to obt2.in rna).,.rin1u:·.-, bending mornents (crown and spring) 
due to co:1centrated loads. Uniform dead loads and live loads were considered 
t;:, be evenl:,r distributed to the arch through the fifteen cable supports. The 
Mueller-- 3reslau principle was employed to acquire influence diagl:ams for 
the moments and support re<>.ctions in the continuous plate girders. Support 
reactions w;:.re employed to acquire cable design forces. 

An aesthetically pleasing conceot, the bridge combines 
two efficiently loaded parabolic arches with continuous }'late gir3ers. The 
arches lean :.nwa!"d and joint at the crown in a manner permitting ease of 
frarning fo ~ side load restraint r<.nd stability. The roadv:ay is supported by 
two continucus plate girders which, in turn, are sup_t)urted at three interior 
points by a syster:1 of cables. The cable system acts in the planes of the 
arches distributing co;Jccntr3.tcd floor-beam loads to the arches. 

Several potentizll design optimization alter:1atives appear 
feasible; for example, the number of continucus girder support points cou;c1 

be increased. In the extrerne case, a girder cc ..:ld be made to function as a 
stiffening E;tructure as in the case of conventional suspension br-'rlges • .nf' 

a result ofparan1ctric f;tudies, arch designs, as we:l as th" cable systern. 
patterns, may be altered to effect optirnization. In sun1mary, the L,~aning 
Arch concept is conducive to vari01.::> optimizations, ha.s a total syste1n 
weight which appears competitive with other concepts, and is ;:esthetically 

pleasing. 
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FIGURE 21: • 'BRIDGE c:o T~· LEJu".;ING ~'-'EPT NO 7.· 
ARCHES • 
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A \in'ir:pH concr;): '.'::1~ch etnploys t\vo circulo.r arches which 
intersect at right an~l<:r> ovo.::r the ·~cr!cers of the crossed and crusdng rc)adv1ays 
is illustrated in Figure 2S. The crossing roadway is suspended from cables 
that connect to the arch:.:-s :C'.t joint:: f•.),·~·,1cr1 by E.t:iffening: rings; these rings 
intersect the arches in two horizon>~ pJ:''les. The floor system is a stringer 
and bean1 combination r.p;•.r,ning fu•.u· simple spans, 

Th<:: Dcn~e Brid;;c: lTl<•Y be ar.alyzed as two circular arches 
connected by horizor,t;.,.J ;:·ings. Fo:;: cor1cept design purposes, however, the 
arches were consider~(;, to be l)arabolic and subjected to hane;er loads in the 
plane of the arches at dng inter.s~ctiont;,. The floor systerr: consisted of four 
sim.ple spans. 

To d.cco:-npli:;h the concept design, it v.as necessary to 
make certain assumptjons cor.cerr...:;.ng the mann€:r in which the. arch is loaded. 
Uniform dead leads and live loads on the floor system were assumed to load 
the arches in a uniform manner. As rnay be noted in the conceptual sketch 
(Fig. 25), the arches are actually loaded at discrete points where the na.ngers 
join the arches. If these loads were injected at fne hanger locations {as 
would actud.lly be the case), more f.evc1e moments could Le realized. To 
fu:-ther detract from design effectiveness, the 2.rches and rings comprising 
the principal structural system are relativel~r long in span. Further, attempts 
to keep the loads within tn.e planes of the arches results in two, relatively 
long floor beams which contribute t-ignificantly to the weight of the total sys­
tem. 
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FIGURE 25. BRIDGE CON CEPT NO. 8: 
DOME BRIDGE 
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An objective in per.fo1·)~ing !.lite p::c1in1inary an::clyr.es and preparing 
th{' concept designs disc':~'scc\ i"'! tLe p;.·c,,.ious paragraphs was to establish 
a bt..;;is '"or effectlng ccrnp::.r.:1tive ('\'<:du&l.iona necessary for the :::election oi 
the mcst pronu. s~ng ccru::qlt[;, 'Three :·~'·-~<'.!:s of cval;1,1ting concepts ·.v,;re 
realizr:d. The fi1·st was concerned wi~h ent;inecring-oriented appr<li~<.;.ls of 
the <~ii.iciency c,f structural cornpo.•cnts ;~r.d systerns in responding t0 lo;,d; 
the sc:cond evaluation was hascd Ol~ unit ·xeight estimates which reflect 
relative econornic <!.nd 1-:1orc g;;>neral structu:::al efficiency apprc..isals. A 
third me<>.ns of evaluating concepts (not directly dependent on analysis and 
design} is Inore su1)jective and is principally concerned \x,6th aesthetics. 

Table II summo.rizes- the perLnent data and design appraisals for 
the eig~1t bridge concepts jn tern1s of the comparison parameters introduced 
above. Aesthetics are a matter of individual judgment, although it is generally 
agreed tl1at arches and continuous girders are more ple3 sing in appearance 
than are frames and trusses. General aesthetic ratings are entered in 
Colun:m 3. Sun1mary star.;,ments concer!'ling design effectiveness are pre­
sented jn Ci)lun1n 4; bridge system wei!;hts \1ncluding principal structure, 
floor syster:1., and total sy"~"m unit weight.o) are surrm1arized in Colu:nn ::.. 
Since t~cse s:,:::~c~ .:=:it •::ei.;;!lts 1n<ty be considered as indicators of the 
rela-.ive econo:r,ics of the systerns, rankings of th.:: eight concepts in terrns 
of m;it wei6hts are presented in Colum.r; 6. A rerr1arks colunm sununarizo>s 
xecommendations discu:;sed in the following. 

2:.. Selections for Det2.iled Analysis and Desi!l_n 

Design effectiveness, aesthetics, and unit weight considerations 

combine to indicate that the Leaning- .ri.:·ches Bridge and the Bridle Bridge 
represent potcntiall;· effective concepts for use in new bridge constraction. 
The Leaning Arches Bridge and the F:::ame Bridge possess capabilities for 
applications in rnodifying existing bridges to eliminate ha7,a1ds presented 
by tnassive support structures. Deta~led feasibility studies oi three bridge 
concept<: (used iTJ the four application :nodes noted above) were accotnplished 
during the next major effort in the project. Specific concepts selected fo::: 
preliminary design consid•~ration arc presented in Tc.ble III. Schernatics 
of the .-~ruc:t·::::-:>1 schemes develc)ped dc~ring prclin1inary design phases of 1he 
progr<c;m are included as Figures Z.6 throu[;h 29 to rnake this vohme uf tllL' 

report cornpltte as a summary of rcse:arcll ·fforts. Presentations r.f artist 
concept sketch~s and engin~ering drawin,;. Jes~gn assumptions and cnteria, 
tabulations of key en~inecr1ng data, and su::J;~1.1.riv:~ ,,f cost estimates for ea.ch 
of the:-:e four bridge concept applications c-.re containc Ll in Volume II (PrC'lirni­

nary Designs and Engineering Data). 
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Concepts Applic~tle to New n:·.idge C.:>nccpts Applicable to Mocification 
Cons true ti.c1n _______ t}f r:,~isting B:·icif!'-'~-s __ _ 

1. Leaning Arches Bnd,,;<~ {Fi~;. 2.6) i. L<caning Arches Bridge (Fig. 28} 

2.. Bridle Bridge (Fig. 2.7) 2. Frame Bridge {Fig. 2 9) 

a. P.inged Girder 
b. Continuous Girder 
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FIGURE 27. BRIDLE BRIDGE CONCEPT APPLIED TO NEW BRIDGE CONSTRUCTION 
(PRELiMIN/,RY DESIGN CONFIGURATJ0N) 
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~. Po :ie~~lc.J:::P.l?lica_!!_c.: ~~s d :.~oncepts Not Se l ec ted for Pre Hm inary 
D e"' ifl.!2_ 

. The th r ee bridge com:cpts identified in Table HI ·were selected 
for applications s tudi•!s in the engiw~ ex-ing analy si~> portion of the program. 
The ren<aining five brid ge c o nc epts vere subj ected to cursory r eexaminations 
beyond the concept desi grl ;; tage . Based on the ava ilability of concept design 
evaluations , apprais als we :.-e m a de o f the p o t e ntial applications of these fi ve 
concepts to the objeciiv u o f the ? ro g r arn. 

The preli rninar y analys ia a nd c oncept desi gns tudi e s 0f the "A" Frame 
Bridge and the Dom~~ Br i.:lge p r ovi de basis for con cluding tha t these two con­
cepts cannot effectivcl~r r e spond to th e! s aiety-oriented geom.etric d esign 
criteri a (presented in Pa r agraph B} . C o ncept designs and tabulations of 
e n gineering data for th ese two con- e 1-t s are recorded i n Appendix C of 
Volume III. Eliminatbn o f these tw o c oncepts lea ve s three bridg~ conc epts 
S tayed Girde r Bridge, B raced Arch Bridge , and L e aning Piers B ridge ) 

· ich may be con~ide ;c·e<i to be po ten · a lly effective s tructural schemes. 
While these three concepts we re not subje cted to su~seque n t design itcx·a ­
tions , th e y did a 1)pear to pos s ess certain capabilitie s for responding to the 
safety-ori ented des i gn criteria . Possible appli c ations of these three con­
C Cj)tS to n ew co:nst.r11ction and modifi ed existing constru~tion are identified 
in T abl e IV . Appropriate s ketches, tabulatiom; of k e y engineering dat:.i, and 
design discussion " a r e included for thes e additi onal a pplications in Vo lume Il 
(P r e limina ry D e s gns and Enginee rin0 Data ), althou gh the data and informa­
tion are l ess refi ned tha n those pres en ted fo r applications noted in Table III. 

TABLE IV. APPLICATIONS OF ADDITIONAL BRIDCE CON CEPTS 

Concepts Applicable to New 
~-ri.d ge C ons truction 

St<.:. yed Girder 

Braced A.'" ch 

Leaning Piers 

Conce pts Applicable t o Modifications 
of Existin~ ridges 

Braced Arcr. 

Leaning Piers 
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!V. SIG.N AND IJGHTING SYS TEM SUPPOR T STRUCTUR.2S 

New concepts for s t. l:' uctural s upport s of 1Jghway signs w ere lilnited to 
coneideratic.n of overhe a d , as op:--:s d to r oad s : d e o 1· ground. mountings *. 
This definition o f scope re fl ec ted the o bse rvation that roadside or groQld ­
mom1~ ed s i gns can. b e css entialiy eliminate d a s a safety hazard by re location 
outt, : d e o f the 30-foot clearan c e line or by d e:o i g n a s "breakaw?.~·" s truc ture s . 
Therefo r e . attenti o n i n this sec ti o n of the r epo rt was devoted spe cifically 
to the m a s s ive suppor t s t r ucture s identi !ied wi th tv.ro typ e s of overhe a d sign 
structure s~ c;.ntileve ·.r and ove rhe a d. t 

As a t chnolo gy. li ghtin g sys tems for highwr .. y s a re in a s tate ci flux. 
Hi3h intP.ns ity, mercury vap o r larnp s , fo r ex ample , provide a n ew dimension 
in highway li ghting . Con v e ntiona l 400 -wat.t lamp;; (mounted on 30 - to 40-
foo t li gh t standards a r.d s pac e (1 2. 00 fe e ~ apart} satisfy illumination r equi r e­
ments(4) but they i!npa.rt ''tunn el vi s ion" and , in s ome cases. cause v eiling 
glare due to direct v i s i bilit y of the l a mp.l as well a s reflected light. The 
trend tow a rd 1000 - w a tt l un1inaire s a s a mean s o f reducing tunnel vision and 
glare requires a hig:..er l3. mp placement (up to 6 0 feet) and increas ed spaci;. g 
(from 300 to 350 f e et ). While heavie r l am.ps on t a ll e r supporh~ r equire m ore 
Mas s ive structure s tha t present m ore hazardous obstacles to errant vehicl e s . 
this di~. advantiig.:! is pa r tiall y offset oy a decrea se in probability of -:olli s i on 
as a result of ir..cr ea., ed spa ciil g . The economic advantage s for sup?ort!; ove r 
60 feet !'li gh may be offs e t . how e v er . b>• increased se rvic e and n1ain tcnance 
probl e rns . 

A. Si gn Support Structure s 

E stablil:;hmen l of criteria to gove rn d e sign o f overhead sign support 
structures which are respo nsiv e to th e objecti v es of this study began with a 
r e vi ew of cur r ent desi e-n standard s . Curr e nt practice is represented by 

thre e AA.;HO do cuments (References 1. 3 a nd 5). 

As in the case o f th e hri d ?, e s tud i es . criteria for the d esign of sign 
suppor t structure s m ay be divid e d i n to three areas : g e o m e try. lo ad . and 
aesthetics. With respect to g e ometry, th~ AASHO specification s ta t es tha t 
". , • it is advisable to provL.ie g reate r v ertical cl e a r ance fo r sign brid ges 
(than for other ro a dway structures ) •••. " With th\s ': e quircment in mi r:d, 

* By definition. th e si gn is the p anel on \Vhic:h the mel;sage is di splayed ; the 
structure supports the panel and resists desigr. loads. 
tThe s e types of si gn s upport structure s are identified in "Specifications for 
th e Des i g n a nd Cons tru c tion o f Structural Sup~)orts for Highway Signs ," 
AASHO, 1961 (3). 
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proN~ -~c.t·ecl geor-:·lctrit:. }"( (:._:~i:rcrr.t:l:t"::_; fo:- r;} r:~1 f~tl' ,,,:t\..lrc~: \'/c:'Te ,-.,:;ta.(}lifiJ.J:cl ·~~ S 

s- h D \\·a i n ~f 'i ; < l r "'~· l 7 , ._., · ::_ : ~ , : h ,_. c: x c l! p \j c: ~: t. h \. t C ~ c .::- .:-: q u.i r c ..-_i v '· r t i c t.t 1 c} t .. a. r ;;..: ; i (.~ ':..~ 

rn.~,1~-;t 1)c 1 g rc,.:t ov~r c:. \·:idJ.!. ·::-:~: 17() iet<:r ::Jl~"'..t!r tf'P::.n !.h··~ 17 feet notcU 1~fJr 

othel" ro~l·iv"·;!.y ~·t~··~.ch .. trt. ~-; .. Oth::-r gc(J~~~~:tric C:('n::ij~-~·ctti· .. ns pc,t·tc.!.n t:J the 

l1o::. ... i:-~ont..t.l c1earz::nce.::s ··c· ... ~Lil·;;d f:)r [~~::L ;.!"i.:..l cntrcnce r~;.n1t-J.:;, 1.nd n•;.?-r ;\ccc;;s 

r\)~t_(~i:t (c. g .. , .:-i;:;r. :-;~:ruc~.-...l!"C: .. t;upp•..)rt:; :~!-~ould l'.Ot b<.~ pL:i _(~(~ itJ a 'igore 11 ar~: ~). 

1-fcn.vever, the gCO!l1.C:lrJC :-:l.iindards relat(·d to hori.:-.··J.ntri.~~ clE::~r;-l.fl.Ce·s ":rca ·~r;n­

sitiv~ to cLaractcri;)~.i.c..~ ... of C!. b:vc·,) ~;itc .. r\ccc~-din~·.l}') fo .. · the r)urpo':;~s ~): 

concept dcvelop'l1ent and ill)plic;:;tior, fc::csihLity studies pf:rf'lrmcd ·cc:.der th<, 
BFR program, it \vas dt.:(·tn~d ad\-isab~t> to ihiop·_ a ::-cp~esent..J.tiv•o hod~onta.l 

clearance as h~\vn in I;igu.l"·e _·~ 7 .. 

~Joad require:"J'.ents for overhead sign supports <•.re d::tai.led in the 
AASHO ·:Jecification,_ for the design and construction cf structural s1;ppons 
for highway signs(3); ~~lese include dead, live, ice, < ••• d wind loads. The 
fir;;t tw<) i:1Volve structure \.Vd~;i1t and wal~~way fo:rc.-::s, respectively; the 
]atter two art' concerned with forces whi.:h vary acc·)rding to g<·ograpltic area 
and require detailed a.nalysi.s ba~ed on ice weight an:! wind pressurf:!s. F•>r 
the pvir1ose of evalu<,ting (:on<.:eptuJd dt:si;,;ns of sign supports, these loaJ. 
conditions were sin1plified into a rcp:·es enlative loac':' ;:eq1:.i reinellt which w;-1s 

applied ~o r.;, ch concept. This r<::presc>ntative load consisted of <•n e:..tirnatE·d 

combined ctea·' and icc, and wind load con1puted using a wind pressure of 
55 psf, suitably rrwdifi cd by su::•plenH:nta.ry factors for application to st.c.Jctur~•l 

m<>n1Ler~. Ir: ac'dition, the wind loads were considered to act norrnal to the 
"erti·:al ia.ce of tht: sign and support. 

The as-,ect of J.et;thctics is covc>rcd in current standards by general 
staLements and guidelines. In lhe Al.SI-!0 specification, for example, it is 
not(·d. that "with:n tl1e lin1its of pr<~ctical economics and .vith primary rega.rd 
for the utility functicn performer± by overhead sign supports, features w:1ich 

prornot~ the :J.esth.:tics of such f.tructures should receive proper attention • 
A specific guideline states, "Aesthetics will be improved if the upper and 
lower edges of two or •"'lore sign panels on a single overhead sign structure 
pn-'dllC(: parallel horizontal lir>es." As in the case of brir1ge concepts 
evaindtion, sign stn:cture aesth.etic;; were given a qualitative rrJle in the 

appr<:<isals of concept desi t;n::;. 

!':ew sign suppc:·t concepts can bc placed into a contE:xt COIT\­

patible with definitions of sibn-supporting structures contained in Ar\'31 10 
specification:;, These C8ncepls are shown in Figure 30 :.tnd arc iden•.i1ied as 

'::l'{oss and Olso;Jb) have concluded that this statically applied load is uncon­
sc .. rvCJ.tivc dnd that ne\V design crit~:!.·1;1 sl1ould L~; de·-.-clopcc: f01· L1f:,l1·.T:;::.y sig:1s. 
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follows: (a ) baic>.nced bu t te rfly , (bj unbalanced butter il y, {c) cantilever, 
(d) s i gn bridge, (e ) sign "u ridgr~ cantilever, (f) structur e -mounted sign, 
and (g ) roa ds ide sign . T he tw o butt e r fly des· gns shc'.lld not be used in new 
const ructi o n (and, w here poss i bl e , th e ~,r should be rernoved fro m existing con­
struc.ti.on} because thei:::- design <J.ppl·cati o n c a lls fo r placement i n a "gort!" 
area or in an area tha~ rnus t be i n clos e proximity to a tr a v e l way. T he sign 
bridge c anti l e v e: :::;wulci find no fu cure appli cation for· the same r eas on. 
Structur e - mo unt e d sign s are no t within th e scope of this study, although it 
is noted that use of bridge s tructur e s for signin g purposes is probably not 
as prevalent a s it sho 1ld be . R o adside s igns do n ot pres ~nt hazarcous 
rnassive support structures if they are p o sitioned away from pro:;imity t-.J 
the trave l way, or if they a:-e configu r e d to be of breakaway design. Thus , 
the remaining structures (i. e ., the cantil e ·..-e r a nd the s i g n bridge} are the 
only types of s ign supports requiring efforts directed tow~rd th e elimination 
of m as riv e structures. 

A cantil eve r support concept (s uch as s hown in Figure 31) may be 
e1nployed for a sign over a single, out&ide traffic lane or a singl e ramp lane, 
and comply with the geometric requirements p reviously outline d. The bridge 
type o f sign support structLrc may also be designed in a manner responsive 
to proje ct e d geomet ric requi r ements by using a n overhead cable suspe!1sion 
system (Fi g . 32}, a guy ed arch (Fig . 33), or a g u y ed frame (Fi g . 34 ). Thene 
four sign-support concepts were evaluated; the r es ults are di s ct:s sed i n sub­
s eque nt paragra phs . 

2. Analysis a nd Conce pt Desig~ 

The two type s oi £.ign support structures that are responsive to 
projected geometric r equirements (i. e ., the cantil ever and ~he sign bridge) 
are subj e cte d to d emanding design conditions . In the c a se of the cantilever 
design, an arm on th e ord e r of 35 to 40 feet l ong will be requir e d to effect 
the nec essary cl earance and to obtain an optimum o verhead sign position. 
This condition will bring abo ut large to r sion a l moments at the cantil eve r 
support point. s; gn br:. u ~;e ge o metric r e qui rements (w!-lich assure 30 feet of 
clea rance on either side of the t:avel way shoulders) dictate a span of 
170 feet i!: the sign bridge mus ~ l'< yan boC1 tra v e l w a ys of a divided highway 
with a 60-foot wi d e m e dian. Lon ge r s o a ns will be dictated by multil ane travel 
ways (six lanes or more) with :nediaT1s 60 fee t o r less in width. 

Curre nt sign structur(!S a re propo rtioned to avoid resona nt 
conditions a t critica l wind speeds by limiting their vertical d e flection. The 
severe rea ~h and span r equirements imposed o n the cantile\·er and b ridge 
types of si gn support structures, and the inh~r e ntly flexible nature of the 
cable-supported des i gn schemes, indicate that some difficulty v.rill b e encoun­
tered in satisfyi n g current d efl e c tion specifi cations with projec t ed structures. 
If effective des i gn s~hemes using cable-supported structures a r e to bP 
r ealized, the curr ent deflection re s triction must b e rdaxed. T hi s J:r.ay be 
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FIGURE 31. GUYED CANTILE"V'ER SIGN SUPPORT STRUCTCRE 
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P.i.AN 

FIGURE 32. C/-'. [;LE SUSPENS10N OVERHEAD SJG'...: SUPPOK r S T R UC TC.h E 
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FIGURE 33. GUYED ARCH OVER:-!EAD SIGN SUFJ.<)R T STRUCTURF. 
I 
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FIGURE 34. GUYED FRAME OVERHEAD SIGN 
SUPPORT STRUCTURE 
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a.chicveJ 1Jy establishing some oti1r·: lc.s:-:; re:.t.r:c :.v<: p<tramcter for avoidir:g 
dyn~dr-dc inna·..Jility or, pr.:.iP"!:'..,:J;;.. pro·,;idir,g the d·.c~>igner v.'ith rnethocs for 

r:ondu~ting a £irnplili.ed rlyn·~ir:n;.c J.Jiii.l~ .. F:Jis. [}~/j,J.J.r·ntc ~~nalyscs V/ere not con­
duc:ed in the initial ev;j.luatimw uf t.he four <..(mcepts; fi•,a.l det,•nni.,,;;,tiun uf 
a concept'~> total applic::ltion and c0st effecti-_.·eness c,;;.n be accornplished only 
by ~'ltablishin:;; basi:: dyna:nic prop.:::rtics 'Jf th;c systems {e.t:;., natural fre­
l{Uenci e s of vibration), 

The above o bs crvations point out rr,ajor pro bleins enco•mtcred in 
attcmpLi.._g f.~ provide effcc;ivr.;, safe si[,>n systcr:J.S, Research is being 
acco1nplis>.cd in al'eas concerned w1~h information diss . .;mir,ation techniques 
which will relieve these ?roble,ns by elirr..inatir.g the convcndonal sign; 
t•·chniques such as hologr<-phy or '!'auio-transmittcd voice directions are 
C;Xamplcs of alternative methods fc,r directin;~ traffic flow. Structur::~l sup­
port systems that are responsive to projected geometric and l:ynamic stability 
demands may be such as to suggest that altt:rnative rnethods may indeed be 
the answer; hov1ever, it is the pur!.,osc of this effort to develc'p th~ rr_ost 
~~ff<?.ctive sig.n support tE.·chniques for the indicated spans. In the paragraphs 
~<1at follow, structural syt<tems that may be employed to eff,~ct c. 1::ltimum 
t.ign position above t~.·! t.·avd -:ray and ma::imum safety c.re f.l.:scussed. 

Guyed Cantileve_r Si ~n Support Structu~ 

The design schernc pre~er..eC: in Figure 31 iilustrates a 
simple method for providing a single 6-foot by 10-foot sign over the outsid'-' 
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 d-. .: tripod fo:rrned by the compression MernbeJ. s .1r.d two 
tension tnembers .~?.,..,not effectively resist thi.s torque, it must be car-,ied to 

the ground via the vertical me1nber. 

The concept design resdting from a static load analysis 
of the guyed cantilever sign support structure does not appear particularly 
heavy or out of propo:·tion. Deflection calr.ulations and preliminary dyn<:l.lnic 
analysis, however, indicate that this structure 1nust be subjected to additional 
Gtudies, prior to finalizing the design. AlteYnate concept designs includ':: 
configul'ations with taller legs to permit support of the sign from thE top. 
Sway bracing, such as is !ound in certain current light supporting arm de::igns, 
also may b~ 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 uf this type of s:gn support structure. Additional at.tent~on, 
particularly in the area of dynarnic analysis, rnu:;~ he given to liJe cantilever 

type of sign support conc:=pt. 
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Cable ~~p_cnsion Ove r !1ead Sign Support St1·ucture. 

The concept iJi · .:.; trat ed i n F igure 32 wad included because 
it constit•1tes the nwst o bviou s us e o f c a f 1~: systems as a so l •!:ion to ;>ro;ridin rs 
safe :>ign suppo rt struc t ure s . Although the stati c lo<~d c..nalysis of the support 
structure is straightforward, it is obvious that tl-.e systPrn may beco ~-:-:1e 

dynamically uns table in a vertical F l a ne coincident wi th the sigP..&, in a to ~·­

sional mode about the s igns' h ori zon t a.l axes or in a transvers e rnode p arallel 
with the a::..--is of ' he roadwa y. B a sically, it w as for this reason that ~he 
design was n ot c<-r:-ied beyo nd t..l)e conc e ptua l 'ltage . Fur ::,e rmore, the F.. ag 
in the cable- supporting rne1nbers a nd th E: broken lines cau .;ed by ties t o th e 
vertical memb::!rs were deemed to be aesthetic::...lly unsatisfactory for eve n the 
leas! d emanding highway loc- tions. 

_9u)r ( _:i A:rch Ovel'head Sign Sup?o rt Structure 

Prelimina ry analyses of the overhead sign support conce pt 
shown in Figure 33 indicated that the d eai gn is relatively e ffective and is 
aesthe tically plec:.sing. Signs CGuld be a ttached to the arch in a mann~r which 
unifo r mly distributes vertical loads. Cable ties pe r mit the str ucture to 
resist a wide range of for c es appli ed out of the plane of the a rch, provide 
lateral stability, and minimize horizontal bendi11g in the arch. 

Arch structures with r equired s p a ns will be rela tively 
light a.1d a e sthetically pleasing. As was the case in other sign support con­
cepts, structural dynarnics repr e sent a n aspect that cannot be overlo oked; 
however. there seems to be a greater opportunity for minimizing the adverse 
effects in the guyed arch overhead sign support structure. 

Guyed F r ame Overh e ad Sign Support Structure 

The guyed i rame concept (Fig. 34} represents an attempt 
to st2.bilize a long span, li.gh t tru!"s, or space frame structure by use of 
cable guvs. C a ble ties in a hori:.contal plane (which frame to a horizontal 
strut) pro vide stability of the s uper structure in a direct~on parallel tc. tne 
axis of the roadway . Additional cable guys stabi liz e the vertical sup porting 

members. 

Analysis of this concept indicates that the struct..1re is 
quite fl£xi ble and would probably p re sent se\·er e dynamic sta bility pro blems 
in several rr.odes . The planar truss configuration shown would net prove 
to be adequate 1:-e cause of the extreme ly lor.g compression strut. An aiter­
nate design involving a stabilized space truss seems to be a potential 
improve m en t; nev e rtheless, t he s l-::uctura l d ynarrU. cs o f this scheme would 
nave to be clo sely- examined. 
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3. Sign Suppo r t Structures E v a l uations an~ r.~rcliminary Des i g ns. 

Evaluations of conc ept d e:;ign s in the c.::.ntilever and ove rhead 
(bridge ) sign support <; a. t ego ries were u navoidably inf.lue nced by considera-
tions ::lf other res earch 3.nd development e fforts. When the review of concept 
d es igns was a ccomplishe by project technical monitors a.nd p rincipa l investi­
gators for th e purpose of se lecting structural scheme 3 for further study, ::he 
guyed cantilever was chosen as being the most promising candidat e for the 
solution of e x i s ting prob lems and, fe r tnie reason, was g iven additional, pre­
liminary design consideration. A d eta iled analys i s and design iteration, follow­
i ng as closely as possible the ''Specifications for the Des ign and Cons truction 
of St ructural Supports for Highway Signs, "(3) reveals that the Jesig n is not 
~ecesaarily struc turally effective . Depending on the specific dimensional charac­

ter i stics and preload condition of the cantilevered structure, it is possible for 
the cab cs to introduce unsymmetrical forces sufficient t o induce buckling 
failure~. One approach to prov iding t he increased resistance to transver s e 
loads (a primary function of the cable sys tem) is to introduce a pre-tension 
su!ficient in magnitude t o a ssure that the total of the cable forces will r e main 
constant. Sta ted differently, if the t~noile forces impos ed by the c a bles are pre­
selected such that under wind loadin g no cable experiences a zero load condition 
it; is pcasible to design the main c an :ileve r structure to preclude the possibility 
of a buckling failure. Involve d is a tradeoff between an increase in tran::;verse 
dynamic stability arc the offsetting disadvantages of: (1) bending st··esses that 
are addit ive to th ..... Cie induced by dead ioads, c::.nd (2) a propensity toward buck­
ling--both of whi c h increase the s tructure's size and ana l yti cal c ompl exi ty. 
A cantilever sign suppor : structure was designed as shown in Figure 35. 
Specifications for including dynamics in the analysis by ~m..,lo ying " dynamic 
load factor were used in achieving a preliminary design. How eve r, be c a us e 
sign dynamics will become increasingly important as sa fet y crite ria a re 
met, a method for the dynamic analysis of such systems should be 

developed. 

B. Lighting_Sys tem Support Structures 

!-tigh-level li ghting ~:~yste ms, involving 100-foot li ght support to\:.rers, 
are cur:r.ently b eing evaluate d fo r use a t such lo-:: a tions as the inters ec ­
tions of inte rstate highways. Sy~tems have been spec i rllly d e signed fo r 
accomplishing servicing anci m a intenance, and are expected to provide o pti­
mum "-ision for the motorist in terms o f perspective and r e duc e d glare. 
This n ew to·.ve r lighting trend i s expected to b e a long-range future applica­
tion; thus, it is considered to be outside the scope of tb.is s tudy. Likewise, 
cons i derati o ns of ti1e lamp para1neters rela ted to illumination (e. g., diffusers, 
aging, efficiency, uniformity, brightness, etc.) were not included in the 

scop e of this study. 

Use of a fran gible a luminum casting at the base of 400-watt li ght 
supports ha s proven effe ctive i n reducing injuries result ing fr o m e r ra.1t 
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FIGURE 35. SIGN SUPPORT STRUCTURE CONCEPT 
(PRELIMINARY DESIGN CONFIGURATION) 
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vehicles irnpactir-.g light ~;,Tr:o:rt; st:r<.cct1~1:es; however, <:hf_ applicaLility of 
this technicp.w to s1:ppox-t.s th;·\ z.rc 5() feet •.·:~ rn.ort: in heiJ,ht has r:.ot been 
eEt:ablisbcd. 

This sec lion cf llv.; n:port, howe\' cr, is concerned v·ith efforts 
directed tow:ud c':eveloping light support co::ce_pts which will permit ren1.oval 
of massive s~pport st:ructu:t'es from pro:>,jr·1ity to the travel way. The use 
of sorne fol'ln of c;;;bJ.e 3t:pport syston apJ:)C<'-red to present a most pro1nising 
pot<>ntial. Va;.·ious ty·pes of c2.blc :::ystems for supporting lightir ... systems 
that are responsive to rrogran1. objectives were developed, ar:aly?-ed and 
evaluated .. 

The geometry for p.<esent-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 interv:;.;,, ranging from 150 to 350 feet. To replace 
the vert:.cal support, whose base is normally imrnediately adjacent to the 
shoulder, various c;::.ble systems have been studied and a!la'yzed. 

Load design criteria for lighting system suppr:Ht .~tructures include: 
( 1) the dea.d load c•f the lamp plus its support superstructure, (Z) the dead 
load due to ice, and Oi wind live load, as applicable for the g:eograptic 2.-rea. 
The deflection criteria for li!:;ht supports are not as restrictive c s for sign 
supports and generally allow deflection up to 10 percent of the support 
lengt~~ for alum.inurn and 5 percent for steel. l\iaterials criteria embutly 
stress allowables and weatherability. Materials selection cmbodi.es evalua­
tion of many factors, incl11ding site conditions. 

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

1. Lighting System Support S~ructures Concepts 

Present-day lightjng supports that properly position the lamps 
can t•e grouped in two general categories: cantilever-supported and overhead­
supported. The cantilever-supported category embodies the discrete, free­
standir.g structures (includin~ the ~urrently used pole-arm unit). The 
ovE;rheaci.-st~pported c::ttegory includes bridge structures, as well as ca'Jle 
suspension syt; ~e!n::;. 

Cantilever -Supports 

The G'\vay 1-:larc; employed in ~urrent designs effect stabili­

zation of the dead load and wind load de11eclions and could be replaced by 
cable stabilizers {see Fig. 3o) to reduce fi.exural stresses as well 2s 
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dis~ortion~; in the cantileve!· 2.rrn. This modification appears to b::! the 
appropriate atep to provid·.> bnger cantilrv,~r ar1ns requ'crecl_ by additionc•.i 
setbacK cle<<ro.nces fron: th'::; tr·avel. W<'-)'. Torsi0Pal distortions could h;:: 
reduced by spiral caLic wr<'.p (arounn che '><::rtical column), ,,nchorcd to tH: 

support foundation. C;;,blc--iJraced ili1ct cable-guyed sur,ports (see Fig. 36) 
<:.re, in a sense, logical extccnsions of the cable-~>t?.bilized system exct:-pt 
that the cable extends <lnd tie.-o to the fotmd;;tion in a rnanner that reduces 
flexure in the column. Cable guys (see Fig. 36)(co'm:non in overhead elect:i­
cal transm.ission systen,s) ha·ve not fot:nd :J.cceptance fo,. highway lighting 
s•.ructures despite obvious st:J:uctural a~lvantages. Principall~r, the poor 
aesthetics, the a.dditional obsta:.:les presented by guy anchorages, and the 
additional space required (which could necessitate additional ROW procure­
Jncnts) combine to rnake this concept nn2cceptable. 

Overhead-Ty~SuoooE!:E_ 

Bridge-type structures to support lights are feasible; how­
ever, unless the cantilever arrn p-..·oves to he structurall~r ineffic.ient, a bridge 
does not seem warranted for 50-foot-high lamps. For special cases, concepts 
similar to those for sign bridges ~.-ould be en:ployed. 

Suspension systems of either a discrete type or a con­
tinuous type (see Fig. 37) could be more applico.ble for lighting systems than 
for E>igns. Because the lamp::: are ::.ma11Pr c-.nd lighter, do not have to be 
as dynamicaily 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 w·ith extensiv~ lighting reguiren1ents, the continuous -type cable 
suspension system may offer so1ne advantage in multiple lamp placement; 
however, this advantage is not presen• for the high-inte11sity lamps with wide 
spacing. For wide median areas, a discrete suspension system may be 
particub.rly desirable to support a lumlnaire over each roadway, ramps, 
emerg~ncy stop zones, etc., in order to not create a massive structure in the 
"gore" area. 

2.. ~ndysis and Conceot De~ns 

An analysis of the loads, moments, and torques was conducted 
for a cantilever light s~pport h;o~ving conventional georn<>try, but with a 30-
foot setback and a 50-foot luminaire height. The resulting concept design 
consisted of 6-inch standard pire, 30 feet long, \vith a horizontal a:rm attached 
to a 10-inch-diameter vertica-l colur.tn. Thi.s support would v1eigh about 
2.500 pounds and vould employ no cable system. While such a support is 
?,esthetically appealing, it is not stcucturally efficient. Witl1 guy cables, a 
6-inch-diameter straight pipe could be used Eor the colUJnn, ar.d, if cable 
stabilizers (or sway bars) were used, the horizon•al arm could be only a 
3-inch-diametc: pipe, thus reducing the over<tll structural weight by about 
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FIGURE 37. CABLE SUSPENSION SYSTEMS FOR 
LIGHTE-J~, SUf'FG:Kl S 
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lS_.C(i p()un::-::~. 'The~;c co::.cc-r)t. d~._--·.::;->·ls \icrc dcv~lcp ..... ;l by ernploying a st.:1:i~ 
anLll~.'-::-~s; ho\vF:v{~r, a dy-n~·,:;-·,.: •.: z .. :~.:.iv~--;::.; v··ill be req~1ired to fc:lly pvalua.te the 

f C<lGi biJ,._ ty uf a zi ·vcn f t;:-u~.t ~~ r~') 1 C~)r,{~ gl! r a. tion, 

A ::>in1ila:r. sy:c::~''rl :l.n:~,·ysi.s and c~lncept dc:sign was accon1plish<;d 
for a c;3.blc ~;uspe"ldon systr:rn h&:ht support. This design mi:1imizes the 
obtusivenc~'s of thi.2: cu.bles; btJWcver, ti'lef would be visible. T'b.e previously 
noted trends tar..'~··ard r~·,:-ec:~ l£r.;~:.ti1~g at inte~sections and ramp areas 111inirnizt-s 
the potential effectiveness of this type of lighting system sup?ort structure. 

Good illurnination levels and uniformity can be provided with 
lighting syster.1 supports placed 30 feet from the edge of the traffic lanes. 
Ou the otl:er hand, the concept designs indicate that the st::uctures will be 
relati\u::ly rnassive and expensive. Cable suppor-t systen1s co~lld reduce the 
mast:;ivcne':ls o.nd cost of providing the }0-foot setback a:: some sacrifice to 
the aesthetics, .:;.nd if dynamic~; were considc:red and fou!ici to he acceptable. 
Whethc:··· or r!ot these conslderatior,s \\-ill be acceptable or not will depend on 
judpncnt. Cor-:1.prornise solub•)n:;. that are more aesthetically appcali!;g and 
employ som.e of th·? structllr<•,l eff1ci.ency of the cable systems may be obtained 
by additional attenLion to details. 

Evaluations of consept designs in the Ci'ntilever and suspension 
lighting urstcnl. support categories were goverr.ed by the sar.~1e types of cor.­
sideratio:1s •~und to be present when evaluatio::1s of sigr1 support structures 
were conducted. Research by others in area lighting concepts tE·nds to 
obviate the need for the susper::sicm type of lighting support system. When the 
review of concept designs was accomplished by project technical monitors 
and principal investigators, the guyed <:antilever scheme wc,s cho, en as the 

only concept worlhy of further study. 

The cantilevered lighting system support structure (sec F'ig. 36d) 
was selected as <"~-•e basic schef:l.e: to receive additional co:r.sideration· in tne 

detailed a:l2.lysis p:;rtion of the prograrn. As in the case of sign support 
structures, cable f.UYS were found to be desirable. Pre-tensL.m ;_-.the cC~.bles 
would reduce rJead load be:1ding stresses and woulcl hztve the sa,ne potential 
advantages discussed in apply'r:.g this concept to sign structures (ref. 
Paragraph }V. B. 3). Accordi.1gly, the lighting system support structure 
vras considered as c. guyed~ ;.nti!evcr, as shown in Fi3ure 38, for lurninairc 
heights above the roadway of 40-, 50-, and 60-£0ot moum heights. Volume 11 
of the report contains detailed prelin1inary design data and engineering draw~ 
ings; supporting information pertaining to analysis and. design is included 

in Voh1!:1e III. 
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