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APPENDIX H: LANE DROP CASE STUDY 

Introdu::t:lon 

Based on the results of the workshop questionnaires on lane drops 

and relevant state-of-the-art informadon, the following discussion pro

vides an introductory framework for the cast study analysis, 

Cases I-V 

In the workshop questionnaire, the participants were requested to 

rank the alternative lane drep configura.tions in order of preference 

and assign a relative numerical meaSU1::-e or merit based on safety and 

operations to each alternative. In general, the results of the statis

tical analyses u.dicat€ that. the expej~ts' respcnses have a slgnificant 

level of agreement. For Case 1 (see Flgure H-l), the mainline lane drop 

is preferred. and is the alt.ernative used illOSt OI.Len in current pr6.ctice, 

For Case 11, p~ctliLed ln Figure B-2, AltErnative A is also rated 

highest by the experts. Yet, in actual CasE> II deEign bituatiGns, 

Alternative B is used most often. 

Although A 15 the preterred alternatIve ~n CaEe III lsee Figure 

H-3), the preferen::e tu B lS nearly equ&l to that for A. Addltionally, 

the merit ratlngs ot the two al.ternat.ives are ne.:.rly equal. Aga.in, 

however, B shows a cleaL dominance in CUI lent u<;age. 

In all three cases, the malnline lane drop is the preferred alterna

tive. The right lane d:.::op at the exit: rollows. with slightly smaller 

rank and merit values, Alternative C: the leit. l.a.ne dxop at the right 

side exit term1nal is the least. prererred alter~atlve. Its merit 

ratings for all three ldEes are ot simil.Gi.L magnitude; approximatley one

third of the ratIngs tor A and B. This pattern does not change regardless 

ot the number 01 lanes tc I t.he mainl1.ne c r eXle. r Gadway.5. 
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The research l1ceratUre also indicates a preference fa: the main

line lane drop, However, the basis 01 comparison ~n some of t:he 

studies may be seriously questioned. For example, the type and lengths 

of recovery areas and distances to adjacent conflict points are fre

quently not considered -- or at least theIr consideration is not 

reported. Because the conditions are variable, the possibility exists 

that invalid comparisons of laTLe dIOP operations and Scirety data are 

made in those studies, 

The more recent state highway policy positions on lane dI'OP loca

tion state that mainline lane drops are preferred, as represented by 

recent revisions to a number of design manuals Still, this prefer-

ence is not stated in the majority ot Lhe state manuals revlewed; in fact, 

they rarely disc.uss lane drop design in der<i.l1, A few manuals present 

their standard designs tOK lane drups ad.jacent: to Exit tennir.als, 

In Case IV, illustrated by Figule H-4, [he eXferts un~nimously 

selected the right lane as the lane whi~h shG~ld be droppEd ior the 

mainline lane drop, Cntcltunately, i.t 1.::0 not clec.:l whe-che:r ehe left 

mainline drop ia preferred over the J.ane drop at the. l.ntErc.hange, 

However, no respondent. qualir1.ed h1.s ar,6Wel'.· by denJt:ing t:he right or 

left lane in selecL~ng Alternative A in Cases l-l~l" Further, one 

engineer notes that his state design dgenc.y pieters the malnline lane 

drop regardless of side bec.ause of their experience wil:h Lme d1.ops 

at the interc.hange. The AASHO "Yellow B.:::;k" also states thar the left is 

less desirable than the right mainline dfCP, but: ~~"he.r is preferable 

to the interchange lane dlOp. It is reasonable, then~ to cenclude 

that the left mainline drop is prefeaed .:;'c:t chs lnter.:.:hange lane drop, 

Although Case I involves a three-lane ireeway~ and Case LV a fcur

lane freeway, the results fot Case IV are assumed to hold tor Case I. 

H-5 
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deed Irom 
Repro U '\ ble coPY' 
best aval a 

There are cwo reasons why this aS5umptiot"L appeCi.L;:; to be V Ci.l l.d , First, 

the pattern of the results indicate that the d~L~e~en~e between three 

or four lanes is not significant ~n determin~Dg iane drop design policy. 

Further, one expert states chat there 15 LO d~ileranc€ ~n lane deep 

design between a six-lane and eight-lane treeway-

Seventy percent of the experts s61ect a ifingth betwaen 1,000 and 

3,000 feet for the discance between the prlOt ~nter~hange entrance ramp 

and the start of the lane drop tapered SeGtl(D- A value 01 at least one-

half mile is specl.£1ed in two state mb.nuals - Se"em:.y percent cf the 

experts also feel that the lane should uSl~l~y be dtcpped beyond the 

influence of a freeway-to-freeway interchan6e-

Comments by the eXpeles indicate spe;::C1 dUfb.t6c'(J-a16>r ".ane 

distributions are impoI'Cant considerati,:n~ III ~ht dt:l.-L5iond the 

proper lane to drop- These chaCaCtsrlbt1Cc &P~~~! ~0 h&v6 BLeai dif-

ference5, More importantly, not ffiL.(.n 6ct7.1f1S to be l<.:C:C;"'U tC5aiding these 

characteristics ot the: tiCitric stream ir.:E.la:L:tl.,C .!;,;n€. Ol':p opera-

tions. 

In Case V (two 16ne drop& ~~ a maJ0I l;rk), the ~wo alternat1ves 

shown ~n Figu£e H-5 ale Judged ned.~lf equal _n t6lms ~I safety and aper-

ations, with A sl~ghtly lavored b) the experLS- W~th ~hlS case being 

the only exception, abcuT:. 96 per~ent teel .. h","_;, LdE:.ally, lane dr-ops 

should occur at major tork6. In the Ilt&Ia~tiCt and d15cu5sicn sessions, 

major forks were menti~Led as pcsslble bue ~0t ~l~ay& prbctical loca-

tions foe lane drcp6. ~For ~ne thln6, ire4~e(,d .. / thera ",re no major 

forks in the vicinity ~f the proposed lone dtop) NGne JI the design 

references present standard deslgns lot C~6e ~-

H-.1 
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Recovery Area Design 

The preferred taper ratios for mainllr.e lane dtops cove:t a large 

range in values, as indicated in Table H-l, It is lnterest~ng to note 

that seven out of fifteen respondents answeted with identical taper 

ratio values for both speed categories, Since the mean has no special 

s1gnificanc.e, the mode of each category might be interp:teted as the 

most preferred rat:'.o, For the minimum ratic at both speeds and the 

desirable ratio at 60 miles per heuy, the mcde:l~.lue is 50: 1. At 70 

miles per hour, the desir able ratio has a mode. value of 100: 1. However, 

there is much less agreement for this value rhar! fer the p-re",lious three 

categories; accordingly, the median vc.~:\..\e 01 70: 1 may be more repre&enta

tive than the mode value. 

Very little intormaticn c.an be found.o\ i;£J..Ug mG-:r • .r.l,I,e lar.e d;:o,p 

recovery areas. Two state d€&ign manuals suggc.5t caper :::al:ie> Values 

equal to the design speed cf the tree~ay IhE~~ values are slightly 

flatter than would bE: indicated by the re6Ul-ts cii.s;:;,u6,sed above, 

For the recovery area 01 a lane dI~P ~dja~ent to an exit goze, the 

results in Table H-2 indi:ate that c. taFered se~~icn is preferred over 

full-width lane followed by a tapered ~6Gti~~- A value ci 50:1 is 

representative of the taper rat~os ~~cv1ciea 1~1 beth recG;ezy area 

alternatives. The median 'JaluE: of: the '..viaE. Y<iLge :;i 1ull-",.,;iath lane 

lengths is 800 i~et, 

This analysis indicates that the values pres€uted in the AASHO 

"Red Bock" are quite severe· Furt-her, t.he iig~ie presented for the 

lanE drop adjacent tc an exit gorE: is fol. an axil: lane drop which in

volves the mainline right lane extending Into the exit ramp -- no 

auxiliary deceleration lane is plcvided- ~n the AASHO "Blue Book" the 

H-9 



TABLE H-1 

TAPER RATIOS FOR THE MAINLINE LANE DROP RECOVERY AREA 

Alternatives 

Experts A B -

1 70:1 

2 35:1 

3 50:1 

4 50:1 

5 30:1 

6 ISO' J 50:1 

7 1,000' J .50:1 

8 1, DOD' , 50:1 

9 50:1 

10 100:1 

11 800' , 70:1 

12 1,000' , 50:1 

13 360' J 30:1 

14 50:1 

15 55:1 

16 X
a 

aNo value provided. 

H-lO 



TABLE H-2 

RECOVERY AREA VALUES FOR LANE DROPS AT THE INTERCHANGE 

Design Speed 

60 MPH 70 MPH 
Experts Hinimum Desirable Minimum Desi rable 

1 70a 100 70 100 

2 35 50 35 50 

3 40 50 50 50 

4 50 50 

5 50 80 80 100 

6 40 75 50 100 

7 50 100 50 100 

8 40 50 50 60 

9 50 70 50 70 

10 60 90 70 100 

11 40 50 50 75 

12 50 50 50 SO 

13 50 50 50 50 

14 25 40 35 55 

15 70 710 70 70 

a 
ratios, e.g., 70:1. Values are 

H-l1 



taper values are approximately one-halt the values indicated above, 

but the full-width leng'C.hs are la:tger; on the oLder of 1,000 feet, 

Most of the state manuals which preser.t exit re(.c\7ery area design 

recorrunendations do so by providing standa'td designs, The State of 

Washington, for example, prcvides extensive inLclIlation ~,n the forn 

of typical figures for right side exLs and lanE. drops, ThiS manual 

also permits design flexibility» in that t,he ler.g,n. cf Lhe full-widtr. 

portion of the recovery area may var> i;::om 0 tc 650 feet" Whlle Wash

ington utilizes a 50:1 taper ratio, Texas speciiies a 100:1 taper as 

the desirable value and 50: 1 as the min::rrlum. Generally, the recovery 

area design values presented in the reviewed manuaLs exhibit a variance 

similar to these g1ven by the expel~~, 

The experts emphasized the impOfi.-cnCe :;t s:'gning in lane drop 

51 tuations. Yet the 1i terature and wOlkshof; COmmE.f •. : ar Y SE.em to indi

cate that effective sign:ng techniques ~re llGt ~~l\eIsally provided. 

Because of the basic nature of the lane dlC~~ ~n unexpected lane 

change &ndfOr m~rge bt high speed 15 ,e~0:IEd 

'C.1ve ot the de&lgnel &hculd be~ theo, t~ ma&lml~~ the plob~bility that 

thrOugh vehicles In. the c1ropped lanE: oJ.e able [0 ,-',In.r.;lete .; lar.e 

shift safelYI with ~ minimum ct flow disI~ption- The guide11nes must 

be conS1SLent With that cbjectlv~ 

In the workshop commentary, the .o.wf;. f :an,.t : f dr iver considerations 

IS xel'eatedly l.ntimateG by the expel'-,. 1(; a.GdltlCD. the cvllsideraticn 

ot the dri\ers' task at the &pp10a~h and melg~ :~ ~cnsistent with the 

above objecLive; thereiore It ~s aaG~t~6 ~S ~he ~taLd~oiLt of the guide

lines, 

H-12 



The gUl.del~nes prov~ciE. p!sle{~ed deslgn.:oni~gu:{6.tions and a l:Lst 

of import.ant: operat.ion and del'>~gn ccmditiGns, such <i5 h~::iz;)ntal curva

ture and merge task paramet.ers. The etlec:ts ;:;£ ;;-atiarions in these 

conditions on the design oi freeway lane dr~p& 18 ciiscuased. The pur

pose of the guiaeline.:; is to proviae a it-arne.work fo~: ,he evaluation of 

the pertinent design and GPE.lat~on ~cndit~~ns icy a prop0sea de~ign 

configurati:.n in a particular des~gn situation. ra-ble B-3 presents a 

list of t.he topiCS conSIdered In utillilD6 the guidE.~ineb, 

The consider~ti~na can~CL all be quant~iled ~~ ~saigned relative 

weights in thiS repoL r...; c.onseque:;u:.ly 1 an ~xf'E..cl"nE.nta~ly-de.ri';E>d f.::.rml.lla 

for lane drop desIgn cannet bE: plesem:c.d here, The guidtllnes, however, 

are not intended tc repla(.c the dtoaign eng1nee.tb' judgmer1t. and caxpertise, 

but to su.pplement. his kr, .... 1wli.::dge, En5ireeE:~' ~~.i:, jl..-dgme:rlL su):-plie,:; "the sen-

5itivity in the design PIQC~66 w~~ch Gan~~t be pt~vided th~ough rigid 

design speciti~a&lOn6, 

guidelines as a~ds wh~.:..h E:Dabl~ lu HI ~o de·:etlflHAE. the:. ~orr.p.aUbilit) 01 

a proposed cDnI1gur~t1GL 101 E p~rti~u~&r a~b15n 6ltli~Li0n-

A basic a8sumpt~on 1~ the dGve10~llienL 0i the ~~;ci~lln68 ~&e that 

the roadway condJ.tiQDS 1.01 a pa,'~J. ... ulCi.l: dt:..o,l.E,!l j':,:~0i:" .. J.c:n a:u:. fll..:e or 

less set and the lanE: d~op llitist be ii't~d ~nt~ ~he L~~&l cieEign. Site-

tions. Thus, it is bntllalj ~0~bjble chat the 6e~ezalli preferred alter

native, the right 'TiC>::'nL.nE ldr~Eo dlCp~ HLa) n.:~ be l:he f-J.Jper choice in a 

gi ven 8i tua ti cn 

Three other alLernCitive6 aU'.: \1) a .Lett HldC.nilne lane drop; 

(2) a lane drop adJb~enl to 1:1 :ight-SIdt tX1C Cl ~n ~nter~hange; and 

(3) a lane d!op bt b moJc!:. I ~ 'k, Mc.jor ;.crk~ 8fPE:.i:i~'O be scm€.what 
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TABLE H-3 

GU1DEL1NE CONSlDERAIIONS 

1. Driver Expectat~on 

A. Decision pClnt5 

B. Right side ~rlb~ta~ion 

C. Continuous m:o\,eITlEnt 10! ::hrOt':'5h ·craLI·.le. 

Ii· Warnlug and De~i~~on-Maklng lask 

A. Slgnlng 

B. Del1.r,eac. 1 on 

1. i'ilVE.m.;nt.:. -::t t,x c." t 

2, Lighc,r:..g 

3 . 51 gh: (11 S t <:;lH:, t:. 

A. Up"[li~afTl DOl=' .s,,",mf'.L~.ng 

.1 . RE'.2. ,:.Jl 6 ~ b 1 j 1 i. Y 

~. k~a! ~~ghL dls~aD,e 

C, LanE. Chd.n~E 

j. L",n", spt:;E:d" .~(.d ·~·:.,l.'u(l,es 

4 . 1'1 U l k \' .. "" l) 'fiE ~. 
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IV. Forced Merge Task 

A. Upstream giip sdmplJ,ng 

1. Rear visibl11ty 

2. Rear sight distance 

B. Maintt5.nanCE; 01 vehL:.1e pOi:'Jtion 11\ ldDE; 

1. Roadway alignmenr 

2. Length Gf r~ccvaty area 

3. CICS&l~g consttuction Joints 

C. Mer 58 

2. Judgment of closure rate 

3, Lanli ""pc',eds o.nd uol;.;me,; 

4· 1:c.1.c1<. VlJ.l.lriieS 

D. Emergency Le~~~El) 

1.. SUt.:.CU.d€o 

2. Sh..:t:.ldEl:. 

A. Stag~ ~onSLLu~tJCG 
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i deal locations for lane drops, but are not always "available" where 

a lane drop is desired. Hence, this alternative is not discussed fur

ther in the guidelines, 

The alternatives shculd be eXaffilned in order of preference: right 

mainline lane drop, lei t mainline lane diOP, ar,dright lane drop adja

cent to an interchange. exit, However, the final decision to use any 

particular configuranon must rest with the design engineer, since 

he provides the judgment of relative impcrtan..::.e among the varying con

siderations encountered In the design-

The following design gUldelines were fy!mulated through a synthesis 

of the information available from the questionnaires, workshop discussions, 

research literatuy€, and design manuals, Fiyst. each of the considera

tions listed in Table H-3 H discilssed; then J.ists of advantages and 

disadvantages (relaccve and individual) of ea:.h ot the three alterna-

tives are presented-

General Cons~de~atians in Desig~ at Lane Drops 

Driver Expectaticn 

The first ccnsiderar;icr; deaL: with :'-5 ddve~ expectation, Although 

the basic lane dxop CC'4lrence is generally hnexpeLted, there appears 

to be a difierence 1n the lEvel of dliver surprise between lane drops 

at the interchange and past the lnterchange, The driver regards the 

interchange as an &160. ot complex ma.neuvers and, therefore he is less 

likely to be surprlsed wlth the lane drop at the interchange, 

Because of the nghr 5ide otientaticn tOL merge and diverge man

euvers in urban .3.1e&&, the driver is more likely to be surprised at a 

left lane drop- .in bddition, the drlver genE:.rally views the left lanes 
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as accommodating higher speed through traffic. The provision for con

tinuous movement of through traffic is important in this respecL 

Warning and Decision-Making Tasks 

To aid in the driver's decision-naking task, proper warning of the 

lane drop must be provided in terms of information systems, Signing of 

lane drops is one of the most important factors to be incorporated in 

any given design alternative. Clearly, the drivers in all lanes should 

understand the nature of the impending lane droPe Delineation tech

niques complement signs in warning the! driver of the lane drop, Existing 

information systems do not appear to be entirely satisfactory in terms 

of their effectiveness. 

A second factor to be considered in design is the visibility of the 

lane drop or taper areae At some warn.ing points visibility of the lane 

drop should be available with signing -- permitting the drivel: to relate 

the sign to the roadway geometry. Therefore, the engineer should strive 

to locate the lane drop where proper signing and visibility can be pro

vided simultaneously. 

As noted be±o;;:e, :she :cnte:rchange is a decision point with signs 

and conflict poirLts - the J.,Hclusion of a lane drop there requires the 

driver to process Thbre informa~ion and make his decision in a shorter 

period of time than &t the mainline lane drop; the seve~ity of the pro

blem is a function of the overall complexity of the interchange. The 

design engineer should not locate the lane drop where it severely com

plicates the driver's decision-making process, 

Lane Change Task 

It is deshbble chat the lane. shift be made prior to the tapered area; 

otherwise, the driver is put in a forced merge situation, Basically, 
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the driver's lane change task requires sampling gaps in the adjacent lane 

while maintaining proper longitudinalandhteral vehicle placement. The rear 

visibility or field of view is more limited at left side drops, than at 

a right lane drop. Since the roadway's horitontal and vertical align-

ment can restrict red! sight distance, the roadway alignment is an equally 

important consideration in the evaluation of this aspect of the lane 

change task. 

Horizontal and vertical curvature coincident with the lane drop 

also complicate proper lane maintenance by the driver as he samples 

ups~ream flow. The whole task is a continuous process. If the vehicle's 

speed is 60 miles per hour during the gap-search process, it must be 

remembered th~t the vehicle will travel nearly 900 feet in ten seconds. 

Sufficient distance must be provided from the lane drop warning point 

to the beginning of the taper in order to increase the probability of 

a safe lane change, 

rhe lane change depends on the driver acceptance of a gap, Cer

tainly, higher volumes (with lower speeds) result in smaller gap sizes 

in each lane. Further, che driver's judgment of vehicle closure rates 

1.5 limited; particularly hom the rear and at high speeds. Thus, rela

tive lane speeds 2ho~ld be considered in terms of speed differentials 

between adjacent lanes, Moreover, a truck's lane change task requires 

a much larger gap size due to its limited acceleration capability. 

These three driver ~nd traffic characteristics (visibility, gap accep

tance, and relative lane speeds) require consideration in the decision 

as to the proper lane co be dropped. 

Forced Merge Task 

If the driver has not changed lanes prior to the tapered area. he 

is forced to execute a merge at that point, In this maneuver, the driver 
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is in a critical situation. As the task requirements on the driver 

become more demanding, the effects of the related geometric and traffic 

influences become more pronounced. Since he continues to sample up

stream flow, the conditions affecting his rear view are still important. 

Clearly, it is more difficult for the driver to maintain proper vehicle 

position in the taper on a curving roadway alignment, The tapered sec

tion should be long enough to provide distance for acceleration and 

merging or emergency deceleration, but short enough for the driver to 

recognize it as a lane drop, It appears that the taper ratio should be 

50-70:1. 

Because of the forced nature of the merge at this point, the size 

of the acceptable gap decreases, The number and severity of potential 

vehicle conflicts are :related to lane speeds and volumes and truck 

traffic. As before, these considerations apply to the decision of the 

lane to be dropped, 

In situations where a vehicle is not able to merge into the adja

cent lane, an emergency recovery area should be provided, Lane drops 

at structures not only do not provide the emergency area but restrict 

movement with concrete abutments or railings. Shoulders should be 

designed to allow the dtiver to maintain control of his vehicle and enter 

the traffic stream. Careful consideration should be given to roadside 

obstructions near th~ tapered area. 

External Considerations 

There are, of CGULSe, lane drop design considerations external to 

the driver Lask, in a program of stage construction, a first-stage 

lett lane dr..:p \.-.uth a widened median appears to be more appropriate 

than a Ilght lan~ drop- Costs involved in the eventual lane extension 
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are a real consideration J and favor initial completion of the right 

lane so that "final" design entrance and exit ramp configurations can 

be constructed in the first stage, 

Proper consideration should be given to the overall mainline oper

ation. 

• A left lane drop might disrupt a smaller number of vehicles 

than a right lane drop over an equal period of time, but 

they will be moving at higher speeds. 

• Excess mainline capacity on the approach to a lane drop 

located past the interchange is inherent. This excess capa

city permits favorable lane distribution within the preced

ing interchange and improves operations at the lane drop. 

• Successive conflict areas are important in determining 

weaving and flow stability, Therefore, the engineer should 

consider the distances between the lane drop and adjacent 

entrance or exit ramps, and the traffic volumes on these 

ramps. For instance, the distance from the last inter

change entrance ramp to the lane drop should be in the 

range of 1,000 to 3,000 feet. 

• Policy and administrative effects are practically undefin

able in general terms, Because of this and the variance 

in dominant conditions, it is not practical or realistic 

to recommend the exclusive use of anyone alternative. 

Advantages and Disadvantages of Alternative Configurations 

Right Mainline Lane Drop 

Advantages: 

Less driver surprise than left lane drop because of right-
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side orientation of drivers, 

• Allows for continuous movement of high-speed through traf

fic in left lane. 

• Greater rear visibility or field of view than left lane 

drop. 

• Usually less hazardous than left lane drop due to lower 

speeds in right lanes. 

• "Spreads" the decision points; less demand on driver 

than interchange lane drop, 

o Smoother overall tlow and larger capacities because of 

more favorable lane distribution than at interchange lane 

drops. 

Disa.dvantages: 

· Disrupts a larger number of vehicles than the left drop. 

• Usually, smaller gap sizes occur in right lanes due to 

higher volumes at lower speeds. (Truck volumes compound 

this problem because ot the larger gap sizes required.) 

• Less appropriate than left lane drop in stage construction 

because of inter:hange reconstruction and alignment change 

re.quirements. 

Less driver expectation of eJtistence than at the interchange. 

" More expensive than interchange lane drop because of lane 

extensiono 
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Left Mainline Lane Drop 

Advantages: 

• Disrupts a smaller number of vehicles than right lane drop. 

· Usually. larger gap sizes occur in left lanes due to lower 

volumes at higher speeds. (Greater advantage realized due 

to lower number of truc.ks in left lane,) 

· More amenable to stage construction than right lane drop, 

· "Spreads" the dec.isiol~ points, less demand on driver than 

interchange lane drop, 

· Smoother overall flow and larger capacities because of 

more iavotable la.ne diStribution than interchange lane drop. 

Disadvantages: 

Lowel dr.iver expe:.:.tation than :tight lane drop because of 

right-side crienta~ion of drivers. 

intErrupLs high-speed thr0~gh traffic.. 

• LimiLed tea! visibility. 

, U.s~ally, highe:r spee.ds in left lanes increase hazard due 

to dnvE:.L ';:; llmited Ju.dgment of vehicle closure rates. 

Low€;:.( d!tver expe(tax~on vi oc.c.urxence than at the inter-

cnange. 

More 6xpen&ive th~n lnter~hange because of lane extension. 

Riaht_Lane DroF Near EXI L TerHi1nal 

Advantages: 

LOwer dL~\'e.t "sllrp:c~st'." element because he recognizes 

~nt.et(.hange oS art oJ: ea at (.omplex maneuvers, 
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Reproduced from 
best available copy-

Less costly than mainline: lane drop as no lane extension 

requ::.red o 

Ailows fOI Cont1n~ous m~vemen~ of high-speed through traf-

tlC in left la~e. 

USUall}, less hazardou6 than left lane drop due to lower 

5fJE.€.ds ~n nghl jatl<!& .. 

Di&&dVar.tbges: 

_ InCleQse~ dl±iLulty ::.n (,fIVe! decision-making because of 

"'he .:-..ncreased lnfotmat1oI:, and task load 0 

Usually, Sllla~J.E'r gail SiZ':b OC"tit in the :z:ight lanes due 

tc hi1Shl:L volume" and lov;'E.{ speeds. Depending on configura-

tierl, E!I':ranCE and exit lamp traffic may compound this 

prubl.t-llio \ Uu.:!<, "ulume;.; ai.5t: compcund chI:. prc.·blem because 

L~~~ d~V!0P,iblc lhd!. l~I'" lane drop In brags construction 

bf;;':' .. ~,,~: .:, j : tnt;;[ l.b<Ulgic I, <: \.~j;.S~ tue. d on and aligl'lrnent change 

Dl~rupLS ~ ~~l~e UUij~al :1 ~ehicles than the left drop. 

Does the main ..... (,i;-':'o h <rJ,I .ld 6) and \ertico.l. alignment restrict 

Can SLLlt],,;er,l d.6:",n,,€, be pr,)vided 110m the lane drop warning 

p01nl l_(n~u!rhnt ~igDiD~ and V161billty) t~ the beginning of the 
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• Can suttic.lent d:-,,'Cance be provided for the recovery area with 

a taper rat~o or 50 to 70:11 

• Is construction ~:int design coincident with pavement lane 

ma.rkings? 

• Can sufficient eme.cgencj recovery area be prcvided away from 

structures or roadsIde obstructions? 

Is the shoulder area sufficIent to alluw the driver to control 

h1s vehicle and te-enter the tratl:;"c ;gtream? 

· Is th6re sufficIent distanC~5 between lane drop recovery areas 

&nd ent.:C&Tlce or exit termin<:i15 to &11cw foX' stable flow and 

operations: 
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This ana.1ysis of an eXIS'C1.ng rreeway section provides an illus

tr ation of the pra~ 0..:a1 appli<.o.tlor. cf the J..ar.e drop design guide

lines. in addlticn, ~he anal) SiE pfO'. ides insight into the importance 

of the considerc5.ticn 01 the dever's vlt:!wpoint and tasks. Further, it 

illustrates the dll11CU1.r) 01 ciE.':.enll~ning the relative importance of 

t.he many roadway and op:.ra',ir:g ;cn",ideLd.tions. 

While t.he gU1d~11ne= rE.,.<:rrunbnd the mainlIne lane drop as the 

inl'Cial choIce (ass IJmlng (he rnaj Cl 1 erK Of. u;:;n 1& not available). this 

analysis does n:..t H,volve do new de:51gn &ituA'Cion and t.herefore, the 

g~1dellnes' ordsr of c0~~lde(&tICn 1s noe required. Generally, the 

contbxL of thIS onalysJ,;' :" d dlS.us';lcr. ':'I t.he compaLlbility of an 

eX1",ting .iah~ d"Of. (.')1111 6 1.:.! fit i': .. 'n bl.d che 6t;.ldeline: c.or.sideraticns, 

Th~ a~ta ~rb~~nt~d ~e(~ ~~le _Jllb~[~d du~ing \i51[5 to the site 

and c.h", c·~6r.1Zc.r,[ Pt?n.,DL'I cL. c,~u. :::tIICE-. Ihe rco.dwa) data were pro

vlded by ~hE d~~l~n ~ngln~~Ls ~n th0 IO!m ~t de&!gn ~l~ns, profiles, 

The ~E~Ll0n v1 LU~awQ.) 0ndE[ .~~s~d~!~tioc 15 a portion of south

bound Intet5tQ~e ]9~ ~~ Pen~c)lv~n~~ LE6i6~ative Ro~te 1016, in 

A.J..1E:.ghE:.n) COLiI'.'Cj '. IhiS ,~E::.t.]0ri 01 l:."'-"...Jc.y lles :'n the outiying areas 

~o~thw;:;,,'C 01 plLr~~burE>h At: the tlmE: ()f '.:hiE w:c .. 'C:.ng, the freeway 

south vI the K1~~ln HE~ghL& lLtlt~t~n~~ is open I~~ 'C!affic, bue the 

pOl[10n lCciOlc.g -;;,,~·tth [0 Wt"rE:!D. f'l_[~DLL£gh :~ lrll-.• mplete (see Figure 

8-6)_ Ihe L:6.n""-.,,,burg onLt::I!.hd.'t6<-1 r.:t ",huv-rr. on figll!e H-6, is located 

[he design speed of the 
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freeway is 70 miles per hour and the posted speed limit is 65 miles 

per hour. Three basic lanes of 1-79 approach the Bridgeville Inter

change from the North and two lanes lead away. The horizontal align

ment 1s shown in Figure H-6 and the vertical alignment in Figure H-7. 

In Figure H-6. the circled points and numbers correspond to station 

numbe.rs where points of curvature and tSLngency begin. 

At the Bridgeville Intercnange, thEt freeway passes over Pennsylvania 

Legislative Route 545, or Pa, 50, which is a four-lane highway at the 

interchangeo One right exit ramp and on,e right entrance ramp serve 

the freeway's southbound lanes. 

Critical Analysis of the Bridgeville Exit Lane Drop 

In accordance with the outline in Table H-3 and the ensueing 

discussion, this analysis is centered on the unfamiliar driver as he 

travels south at 65 miles per hour on I-79. Again, since this is not 

an analysis Gf & new design, driver expectation considerations are 

deterred until they are appropriate in the discussion. 

The warning perception and decision-making tasks occur in the 

approach to the laue d:tcp. In Table H-4. the signing sequence is given 

in terms of the &lgn legends, corresponding figure numbers. approxi

mate distance to ~he lane drop, and the lateral location of the sign. 

The size and shape of signs which are not shown are similar if not 

identical to those signs indicated. Figures H-8 through H-ll show 

the approach roadway to the interchange. Figure H-12 clearly shows the 

ex1t lane drop at Station 155. where the right mainline lane is extended 

into the exit rbmp and no auxiliary deceleration lane is provided, The 

first indication of animpending lane drop is sign 112. which directs 

the through trafUc to the left lanes. 
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Figure H-12. Sign 8 and Exit Lane Drop a t 
Station 155 

Figc r e H-13 . Signs 9 and 10 at the Exit Gore and 
Emergency Recovery Area 
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Figure H- IO. Signs 5 and 6 and View of Bridge 
a t St ation 173 

F1gur e H- 11 , Sign 7 and Overpass at Bridgevi1 : e 
Interchange at Station 160 
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Figure H-S . Sign 2 and View Looking South at 
Station 202 

Figure H-9. Sign 4 and View Looking South at 
Station 178 
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TABLE H-4 

SIGNING SEQUENCE TO BRIDGEVILLE LANE DROP 

Color Distance to 
Figure Legend/ Lane Drop 

Sign Legend Number Background (Miles) Location ----
1. PA 50 Similar White/Green 1.0 Right 

EXIT 1 mLE to Sign Shoulder 
BRIDGEV1LLE 116 

2. THRU TRAFFIC 8 White/Green 0.9 Right 
KEEP LEFT Shoulder 

3. FA 50 Similar White/Green 0.6 Right 
.1UDGEVILLE to Sign Shoulder 
EXIT 1/2 HILE 116 

4. RIGHT L.\N& 9 Black/Yellow 0.5 Right 
EXIT O!iLY Shoulder 

5. BRIDGE FREEZES 10 Black/Yellow 0.4 Right 
BEFORE ROAD Shoulder 
SURFACE 

6. PA 50 10 White/Green 0.4 Right 
BRIDGEVILLE Shoulder 
RIGHT LANE 

7. BRIDGE FREEZES 11 Black/Yellow 0.2 Right 
BEFORE ROAD Shoulder 
SURFACE 

8. EXIT 25 12 Black/Yellow 0.0 Ramp 
MPH Right 

Shoulder 

9. EXIT (Arrow) 13 White/Green 0.0 Exit 
11 Gore 

10. (Arrow) 13 Black/Yellow 0.0 Exit 
25 MPH Gore 
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Sign 114, the cnly warning sign for the lane drop, is one-half mile 

before the lane drop, affording the driver nearly 28 seconds to complete 

a lane change (at 6S mph). However. limited effectiveness of "EXIT 

ONLY" signs is reported in the literature. 

Pavement delineation consists of :30lid white lane lines as seen in 

Figures H-12 and H-13, They delineate the exit lane and right edge of 

mainline lane number one, Amber reflel::tive markers are posted on the 

right side of the tamp and on the exit gore. (The shiny areas outlying 

the exit lane in Figure H-ll are caused by the moisture on the pavement.) 

The visibility of the lane drop in. terms of sight distance is 

limited to sume extent by the combinat:lon of bridge railings. a horizontal 

curve with a radius of 7,700 feet, and a crest vertical curve with a 

length of 1,040 teet, The crest occurs near Station 171 and the sight 

distance is asaumsd to be 1,600 feet. The freeway and lane drop are not 

lighted. The c..cncret€ pavement and asphalt shoulder provide sufficient 

surface contrast. 

Is the:ce 5l.l.IhClent warning to provide the driver advance knowledge 

of the exit lane dxopt There is suffi<:ient warning for the exit, but 

marg~nal warning lor the exit lane drop itself. One criticism is the 

lack of a ..i..ane drop watning sign at the point where the geometric 

situation becomes v~sJ.ble -- each confirming the other. Advance under

standing of the contlgulation is especially important for the exit lane 

drop, Regardless of the side, the unknowing driver will not expect 

a basic 1reeway lane to simultaneously change its function and direction. 

In other words, the visioility of the lane drop is not sufficient as a 

warning if the dr~ver does not clearly understand the various tasks to 

be pertormed a.t the exit. In a sense t:hen, the main criticism is the 

configuration l~self. 
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Assuming the driver begins his lane change task at Station 171, 

there is sufficient rear visibility and sight distance for the upstream 

gap sampling. While the roadway alignment is curved, this should not 

be a major problem for average road surface conditions. However, the 

bridge .areas are potential skid areas as noted by Signs 5 and 7 in 

Figures H-IO and H-ll, and this will increase the hazard of the lane 

change task in some instances. The distance to the lane drop from this 

point provides approximately 17 seconds for the lane change maneuver, 

The safe completion of the lane change task depends on the lane 

distribution of speed and traffic volumes. Data based on counts and 

studies for these parameters at this site are not available, Even so, 

they would be of limited value since the existing volumes are not 

representative of the design volumes for the completed I-79. 

The forced merge task arises if the through driver discerns the 

situation too late, or if he is unable to change lanes earlier because 

of unacceptable gaps in the adjacent lane. There is adequate rear 

visibility and sight distance. In order to turn the lane into the 

ramp. a horizontal curve with a radius of about 2,900 feet and super

elevation of 1/2 inch per foot are provided. This can be seen in 

Figure H-l2, where the mainline is a tangent section and the drop lane 

diverges to the right, Hence, the late lane-changing through driver 

must resist the physical tendency of the vehicle to follow the exit 

lane. 

The forced merge recovery area is not easily defined in this con

figuration, but it is assumed to be the section of lane from the start 

of the white lane line to the exit nose in Figure H-12. The length of 

this area is approximately 200 feet, which is clearly inadequate. In 
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this area the driver mUSt cross solid lane lines, construction joints, 

and worn shoulder material (possible evidence of acceleration over the 

shoulder), While there is a paved, lO-foot wide shoulder, the emergency 

recovery area -- the gore -- is restricted by the exit gore post delin

eators and signs. Another maj or in;:idequacy of this exit lane drop 

configuration is that it does not p:rovide at least a short paved sec

tion of lane beyond the gore nose for a continuous merging 'i:1aneuvero 

As noted before, the treeway is not open to the north beyond the 

Kirwin Interchange. As a result. tl~affic volumes are light on the 

freeway at present. Not surprisingly, discussions with the district 

engineers indicate that the lane drop has not been a serious accident 

location, This fact, of course, does not necessarily mean that the 

exit lane drop is not a h~zardous location. 

External considerations relevant in this exit lane drop situation 

include the possible ill etfects of weaving in the two right lanes on 

the approach to the 6XJ..'C 'terminal. Policy requirements in terms of 

design standards contained lU the highway design manual of Pennsy1vania 

do not exist fer lane dLops cit exitE (or at a location between inter

changes). 

eri tical Analysis of Lane_l?rop Alte,rqa...!:ives 

Two preferred alternatives a.re the mainline lane drop and the major 

fork lane drop. As no major fotk occurs at or just beyond the Bridge

ville Interchange, the following brief discussion addresses itself to 

an analysis of the alternatlve of a mainline lane drop located ten to 

thirty stations past the entrance ramp terminal, or at Stations 132 

to 112. 
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shown in Figure.:; H-6 and H-7 J the lane drcp would be located on 

a positive grade and a'C a horiz0ntal curve to the right- The ::.urve con

dition would restrict the driver's forward and rear sight distance" 

Historically, uniavorable operations have been repc~t6d for lane drops 

at horizontal curves. In addition, truck acceleration characteristics 

on the 1.94 pEr~ent grade tihould be cons1dered in terms of the lane 

change and mergeo The emergency recovery area is limited ~n the right 

due to the side slope and gUdld-rail. Thi;s, "moving" the lane drop to 

this curved section past ~he ent.rance ramp doea not appear desirable, 

An external consider at 1... n; an auxi:lary truck climbing lane, begin

ning at Station 108, provides a third lane for slow-TIiov:~ng vlO_hicles 

on the 3.6% grade wb leh begins near St1:F,ion 117 (see Figure H-7) n The 

truck climbing lane is added at l1 faint ';)nly 400 feet beyond the point 

where the lane drop might have been Lc.ated (end e;£ horizontal curve), 

as shown in Figure H-b·. Clearly ~ a lane drop followed by a lane "add" 

in the 400 foot section is a pour design. Therefore p consideration 

should be given to extenciing the three lanes to the point requiring 

the auxiliary lane. 

Cost considex6tions appeal to have been the major factors in the 

evaluaticn of the alternadv~ lane extension to the truck climbing lane. 

Referring to Figures H-14 <:nd H~ 15, the necessary substantial cuts and 

fills would invol';e large construction 208t& for the extension, 

Another cost-reiat-sd iactcr is the length of thE. extension -- 4~700 

feet from the Br~dgeville exit~ the location of the existing lane drop. 

Further, in the present 61tuat1cn, reconstruction of the entrance 

ramp terminal~ shoVir;. Hl Figure. H-14, would be :required, at additional 

cost. 
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Figure H-14 . Bridgeville Entrance Terllll.nal 
at S'Ca t ion 1'-12 

Figure H-15 . View Locking North t rom Station 
108 (Southbound Lanes) 

H-37 

\ 



An example ;:,t -the l>SE- c·f the guidelines, in a worksheet fermat, for 

this situation is glv~n in Table H-5, The relative merits of the exist

ing configurat~on and ~hlee 8~ternat~ves, as framed by the guideline con

siderations, are represEnted by pluses (better) and minuses (poorer). 

It is important to note [hat this evaluation of the alternatives is 

site-specific. Other sets of e~tries would be made for other sites 

since they would vary by 5pecifi~ alternatives, areal considerations, 

unquantified relationshl:r;:-: or [::1e various considerations t and engineer

ing judgment. 

Recommendations 

Based on the o·verall site .analYSiS, corrective recommendations are 

as follows: 

1. Erect 8 l;;ne dl0p Sign - "RIGHT LANE MUST EXIT" - at Station 

165 near the point of lane drop visibility. 

2. Reconstruct the exit gore and terminal area to provide a 

deceleration lane and a tapered areb adjacent to the gore with a taper 

ratio equal to 50:1 (The d~sLdnLe from Lhe end 0% t~per to the 

entrance terminal would be 700 teet,) 

3. Provide ligh[l~g tor the exit te:minal and lane drop. Support 

devices should be 1n acc0LdanLe with new s8rety-ofiented techniques. 

4. Conduct a Ie8'.:>:.biL.ty ;'>'Cudy tor the lane extension of 4,700 

feet to the truck ~limblng lane at Station 108. Evaluate the operations 

of the reconstruc.ted lane drop ;:,.± tel 1-79 is completed in tenus of 

accident data or other saieq ettec~Lene;:;5 me.aSU:fes and mainline 

and entrance tamp 'JC h.mes, 1£: he lane is exte.nded, determ~ne the 

compatibility of the lane drop design at Station 87 with these. guide

lines. A possible signltl~ant part of this study should be the 
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consideration of traffic operations and accidents during winter at the 

bridge locations. 

Discussions with PennDOT district engineers reveal that future 

planned improvements include lighting and reconstruction of the exit 

gore to provide a larger recovery a:rea. These actions are at least con

sistent with the recommendations above. 

Conclusions and Recommendati()Us for Further Research 

It has been stated that lane drop design decisions are affected 

by a number of important considerations and, hence. engineering judg

ment must playa key role in the design decision process. But there 

is an argument for the adoption of "standard" designs based on the 

need to provide for driver expectation of impending lane drops. The 

occasional necessity for deviation from the following suggested design 

statements is, of course, acknowledged. 

1. The right mainline lane drop is preferred. 

2. The mainline lane drop should be located 1,000-3,000 feet 

past the preceding entranCE! ramp terminal. 

3. A 50-70:1 taper ratio (for a l2-foot lane, 600-840 feet 

long tapered sections) should be used for the lane drop 

recovery area. 

4. The numbers of mainline and exit ramp lanes are relatively 

unimportant considerations in the decision on lane drop 

location. 

5. The driver's task to safely complete the lane shift with a 

minimum of flow disruption should be the primary considera

tion in lane drop design. 



6. Effective warning systems -- proper techniques concurrent with 

lane drop visibility of the overall geometry (sight distance, delinea

tion, pavement-shoulder contrast) are critically important and should 

be designed as an integral part of the lane drop configuration. 

7. The exit lane drop should not be an acceptable alternative 

lane drop configuration. (At a minimum, adequate recovery areas should 

be provided.) 

8. Past research studies of alternative lane drop configurations 

must be reviewed carefully, as frequently they do not properly isolate 

and identify the effects of critically important and variable con

ditions. 

9. Lane drops located on horizontal and vertical curves should 

be avoided because of restricted visibility (forward and rear) and 

increased maneuvering problems. 

10. The guidelines presented in this appendix are useful as 

design aids. 

The guidelines, unfortunately, do not contain statements of the 

finite or relative values for each of the considerations. 

Further research is clearly necessary in the areas of sign legends, 

relationships between signing and visibility distances, and lane assign

ment techniques to provide effective warning systems for mainline lane 

drops and lane drops adjacent to exit gores. 
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APPENDIX I 

A FACT SHEET APPROACH TO DISSEMINATING 
FREEWAY DESIGN E}~ERIENCE 

Donald A. Andersen, Bureau of Highway Traffic, The Penn State University 

Jerry E. Bevel, Bureau of Highway Traffic, The Penn State University 
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INTRODUCTION 

Problem Statement 

The field of freeway design deals with large, expensive. and often 

complex end products, Due to the permanency and limited number of these 

projects in one design jurisdiction, very little experimentation is 

possible. For this reason, the high.vay design engineer must supplement 

his own expel ience with the knowledgl3 of others, There are two prin

cipal sources of such knowledge: 

1. Academic research studies, 117hich frequently concentrate on 

developing generalized design guidelines through synthesis 

of operational experience over a large number of sites. 

2. The design experiences (with feedback on subsequent operational 

characteristics) of his peers in specific situations. 

A problem arises, however, in the dissemination of information 

from past design experience" While the findings of research studies 

are usually published and distributed through governmental or institu

tional channels; actual design experience of individual engineers often 

i& not collected, organized or made available to those who wquld find 

such material useful. 

All of this points to the need for a method of gathering, indexing, 

assembling, and publishing informaticln which will permit the freeway 

designer to evaluate his design in comparison with past experience in 

a number of similar situations. This comparison would indicate to him 

which aspects of the previous case studies were similar to his present 

situation. Based on his knowledge of the outcomes of these other case 

studies, the freeway designe:, could assess the probable outcome of 

utilizing various alternat:bre \1esign configurations, 
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The idea for a documented case history "book of fact sheets" was 

conceived at the workshops conducted as a part of this project. (See 

Appendix C for an agenda and list of participants.) From the opinions 

expressed, several goals for such a system were established: 

1. The information gathered should be catalogued or indexed as 

to the specific type of design configuration to allow the design 

engineer to quickly narrow down the number of cases for review. 

2. The information should be concise. Ideally, all the informa

tion for a single site would be placed on one or two pages. 

3. Finally, some sort of central clearinghouse will be needed 

to assemble and distribute the information received from the 

various organizations dealing with freeway design. 

While this paper is concerned mainly with Items 1 and 2 above, some 

attention is given to Item 3 in the Comments and Conclusions section of 

this appendix. 

Objective 

The objective of the study described in this appendix was to develop 

a sample format for indexing and reporting the experiences of design 

engineers, as related to specific freeway design configurations, in such a 

manner that other designers might derive benefit from the earlier exper-

iences. 

Method 

To determine what information is essential in describing the design 

input and operational characteristics of a specific site, an example of 

one such site, a two-lane entrance ramp in Omaha, Nebraska, was studied 

1-2 



in depth. An example of the final fact sheet for this case is presented 

at the end of this report. From this specific case the more general 

format has been developed. 

A second fact sheet, developed ar,Dund a larger scale design exper-

ience, an entire interchange in Illinois, is also included to demonstrate 

the wide applicability of the concept. 

1-3 
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SAMPLE STUDY 

Location and History 

The site used as an example is the Douglas Street (US 6/75) entrance 

ramp to 1-480 in Omaha, Nebraska, as shown in Figure I-I. This location 

was chosen because of one of the authors' familiarity with it and the 

accessibility of information concerning it. This particular location is 

also appropriate because information in each stage of the process proposed 

in the formulation of a typical fact sheet was available. 

Route 1-480 is a major urban freeway in Omaha, varying from four to six 

lanes wide. ~eginning approximately 1.5 miles upstream from the merge 

point under study, 1-480 becomes an elevated freeway. The Douglas Street 

entrance ramp merges with eastbound 1-480 at the west end of the Missouri 

River Bridge. At present there are three other bridges over the Missouri 

River connecting Omaha and Council Bluffs. 

Since its construction in 1966, this entrance ramp and the Interstate 

route it merges with have served three varying functions. To fully under

stand some of the design decisions that were made it is necessary to be 

aware of the changes in paths of through traffic in Omaha over the study 

period. These are illustrated in Figures 1-2, 1-3, and 1-4. 

When first constructed, the entrance ramp carried all eastbound 

traffic passing over the bridge into Iowa. This included cross-country 

traffic on Interstate 80 and local traffic on 1-480, all of which was 

routed on the one-way pair of Dodge and Douglas Streets through the 

central business district of Omaha and across the Missouri River Bridge 

into Council Bluffs, Iowa. 
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Figure I-I. Study Lo ca tion 
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In October of 1970 the elevated section of 1-480 was completed, eliminat-

ing the need for through Interstate traffic to use the one-way pair of Dodge 

and Douglas Streets. At this time the Douglas Street entrance became 

a true entrance ramp as opposed to a through route. 

The current situation developed in December, 1972, when the remaining 

section of 1-80 was opened to traffic. Through traffic on 1-80 is no longer 

routed over 1-480 and past the merge point under study. 

While the completion of the 1-80 route to the south of this location 

should remove the 1-80 traffic from the location of this study, the 1-480 

route remains an important link b~ween the Omaha and Council Bluffs central 

business districts and is also a connection qetween Omaha and Interstate 

29 in Council Bluffs. Commuter traffic remains quite heavy. 

Design Parameters and Limits 

When designed in 1962, it was estimated the 1-480 bridge would carry 

an immediate average daily traffic of 30,830 vehicles. Projections for 

1,984 were an average daily traffic figure of 76,000 and a design hour 

volume of 8,665. Table I-I is a compa-rison of estimated and actual traffic 

volumes. Further design input listed the number of trucks to be 4 percent 

of the total volume, a directional split of 63 percent, and the design 

speed was set at 50 miles per hour. The combined population of the munici-

palities connected by this section of urban freeway was approximately 

360,000 at the time of design. 

In addition to these design criteria, location of a railroad track 

leading to the docks of several warehouses along the Missouri River in 
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Year* 

1962 

1970 

1971 

1973 

1984 

TABLE I-I 

ESTIMATED AND ACTUAL ADT VOLUMES 

Dodge st. 
Exit 

15,415 

23,000 

11,500 

Through 
I-480 

22,100 

Douglas St. 
Entrance 

15,415 

23,000 

13,400 

*1962 - Estimated traffic at time of construction 
1970 - As counted before through 1-480 lanes opened 
1971 - As counted after through 1-480 lanes opened 
1973 - As counted after parallel 1-80 route opened 
1984 - As projected at time of design 

LOCATION OF VEHICLE VOLUME DATA 

1-10 

Total 

30,830 

46,000 

47,000 

40,000 

76,000 

North 



Omaha placed special restrictions on the elevation of the lower end of the 

ramp. (See Figure 1-1.) 

Final Design Configuration 

In order to carry the heavy interim traffic consisting of all east

bound bridge traffic, a two-lane entrance ramp with IS-foot lanes was 

decided on. The ramp was designed to merge with the three-lane elevated 

section of 1-480. The bridge itself is of sufficient width (96 feet) to 

carry only four lanes of traffic in each direction. 

In order to cross the railroad tracks at Ninth Street at grade 

(while maintaining the tracks at the proper elevation for the nearby 

warehouse docks) and rise to the I~I+80 bridge level at the merge point, 

it was necessary to utilize a six pEHcent grade on the entrance ramp. 

This relatively steep grade with an at-grade crossing, was selected as 

an alternative to lengthening the ramp to go over the railroad tracks. 

The documentation of specific design checks concerning levels of 

service and minimum geometric standards for this location is almost non-

existent. The configuration can be checked, however, at several points 

by the use of existing standards at the time of design (1962 - 1964). One 

of these checks involves determining the desirability of using the rela

tiveJ.y short (650 feet) six percent grade. Design standards list a "desir

able maximum" ramp upgrade of seven percent. (AASHO, 1957) 

At the time, it was realized that while automobiles would have rela

tively little trouble accelerating from 25 mph on Douglas Street to a com

fortable merge speed, the problem for trucks accelerating on the upgrade 

would be appreciable. iffiile no aux:l1iary speed-change lane was constructed 
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for the trucks, the two-lane ramp would permit a truck to stay in the 

right-hand lane, which eventually becomes the added lane on the bridge 

structure. By the trucks remaining in the right-hand lane, automobiles 

could use the other ramp lane to attain a speed which would permit them 

to merge with the through traffic. As noted above, the total number of 

trucks for the entire configuration was estimated to be only four percent 

of the total volume. 

Snow sensors and heating cables were installed in the ramp at the 

time of construction to offset adverse climatic conditions. The extent 

of use of these devices is unknown to this writer. 

Another design check involves comparing the capacity of the roadway 

to actual or projected volumes. During the first step of the staged 

construction, the entrance ramp design volume of all eastbound traffic 

was approximately 2,200 vehicles per hour and a two-lane ramp was considered 

acceptable. 

A level of service of operations can be determined based on the future 

design year and current year traffic volumes. The 1984 design year para

meters were estimated to be a DHV of 8,665 and a directional split (D) of 

63 percent. This implies an eastbound design hour volume of 5,450 vehicles 

(0.63 x 8,665) on the four lanes downstream from the merge point. 

At the time or design, the 1965 edition of the Highway Capacity Manual 

was not yet in use but is referred to in this section for a relative com

parison. Table 9-1 of the above publication gives a maximum service volume 

of 5,600 vehicles per hour for a 70 mph average highway speed and a Peak 

Hour Factor of 0.77 at Level of Service "D." Because the level of service 
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criteria in the Highway Capacity Manual is based on the reduction in operat

ing speed incurred by increased traffic volumes, adjustments must he made 

for attainable average highway speeds less than the base value of 70 mph. 

While the design speed of the configuration is 50 mph, the weighted average 

highway speed for the overall highway facility is estimated to approach 60 

mph. Applying this value to Table 9-1 (HCM) gives a maximum service 

volume of 4,900 vehicles per hour at LI;vel of Service "D." This indicates 

that because the projected volume is greater than the maximum service vol

ume at "D," the Level of Service will be "E" (nearing full capacity) by 

1984. 

In addition to this "across all lanes" volume check, the merge capa

ci ty can also be calculated using curnmt methods. ~y following the method 

described on Page 226 of the 1965 High\Jay Capacity Manual a ramp volume 

of 2,630 and a through volume of 2,820 gives a merging volume of 1,900 

vehicles. This is slightly less than the full capacity volume for merging 

of 2,000 vehicles per hour. From thesE~ checks it appears that the design 

configuration will be operating at Level of Service "E" by the future 

design year (1984). 

Similar checks can also be performed to determine the level of service 

for the most recent complete traffic data as collected in December, 1972. 

By assuming that the hourly volume is proportional to the ADT, a total 

hourly volume of 5,360 may be calculatE!d. Applying the 63 percent direc

tional split leaves an hourly volume of 3,390 vehicles eastbound. The 

maximum service volume is 2,880 at Level of Service "e" and 4,900 at Level 

of Service liD," indicating that in 1972 the design configuration was operat

i ng at Level of Service "D." Since this time the opening of a parallel 
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route has reduced these volumes sufficiently (see Table I-I) to revert 

to Level of Service "C." 

The closing of one of the through lanes (Figure 1-6) eliminates the 

need for determining the merging characteristics as calculated for the 

design year. The number of lanes up- and downstream from the original 

merge point are now equal. 

Evaluation of Operating Characteristics 

While functioning as the only entrance to I-480, this design configura

tion worked quite well, even with the average daily traffic reaching 

approximately 23,000 vehicles. 

With the opening of the through lanes of 1-480 the ramp volume was 

reduced to an average daily traffic of 13,400 vehicles. It was apparent, 

however, that traffic from Douglas Street was having some difficulty see

ing and merging with the through 1-480 traffic. Evidence of this came 

to light mostly in the form of public expression of concern over "close 

calls" at this location. 

There appeared to be two causes of the merging problem: 

1. The six percent grade, coupled with the .parapets on the ramp and 

elevated section of roadway, prevent the two streams of traffic 

from seeing each other until they are very near the merge point. 

2. Shortly dmV1lstream from the merge point, the width of the bridge 

is sufficient for only four lanes of traffic. Since the two

lane ramp merges with three through lanes, this necessitates a 

lane drop very near the merge point. 

With this configuration, during peak volume periods when vehicles 

occupied the three through lanes a majority of the time, the addition of 
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two lanes of merging traffic without proper warning created a major problem. 

This was compounded by the reduction in the number of lanes from five to 

four shortly after the merge. 

A review of the accident records indicates that since the opening of 

1-480 to through traffic in November, 1970, five reportable accidents 

occurred which were directly related to the merge problem. Figure 1-5 is 

a collision diagram showing the relative location and circumstances of 

these accidents. The relative infrequency of accidents in comparison to 

the adverse public opinion may be due to the behavior of the drivers dur

ing peak traffic hours when the amount of merging traffic is highest. At 

this time the bulk of the ramp traffic is comprised of commuters who are 

somewhat familiar with the problem and possibly exercise more caution than 

someone who is less '\<lell acquainted with the location. 

Other indications of traffic problems at this location are limited. 

The utilization of erratic maneuver or similar studies is greatly hampered 

by the lack of an observation post from which the merging traffic may be 

viewed. 

Remedial Action 

Faced with what they considered to be a legitimate public complaint, 

Nebraska Department of Roads officials set about determining what remedial 

action could be taken. Relying on operational changes only, the decision 

was made to close one lane of either the ramp or through roadway in order 

to move the lane drop to a less hazardous location. Because the two-lane 

ramp had been initially designed to carry the total 1-480 eastbound 

traffic and now was carrying only local merging traffic, a first considera

tion ,'laS to close a lane of the entrance ramp. Before making any changes, 
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however, an eight-hour volume count by lane was performed at the merge 

point. The results of this traffic study are shown in Table 1-2. As 

expected, the 4:00 p.m. to 5:00 p.m. and 5:00 p.m. to 6:00 p.m. periods 

reflected a heavy commuter traffic flo'W. 

Examination of the traffic volumes by lane indicated that, contrary 

to what had been expected, the through lane closest to the merging traffic 

was actually carrying a relatively light traffic volume. This was pro

bably due to the tendency of local drivers to avoid the right-hand through 

lane which was affected most by the merging traffic. 

Based on these traffic counts it was decided that closing of the low 

volume lane of 1-480 would not appreciably degrade operations on the 

through roadway and would be a better solution than creating a single 

lane entrance. Late in 1972 pavement markings and signs were installed 

to discourage drivers from using the 1-·480 lane nearest the entrance ramp. 

The changes are shown in Figure 1-6. S'Jfficient time has not passed since 

then to adequately judge the effectiveness of these changes. 
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FACT SHEET FORMAT DEVELOPMENT 

Using the above study as an example, a concise format for assembling 

the assorted information can now be proposed. This format should include 

the information needed for indexing, comparing, and evaluating the design 

configuration. 

Indexing Information 

It is this writer's purpose to suggest a form for the index rather 

than construct the entire indexing system. Suggestions for further study 

concerning an indexing system are given in the Comments and Conclusions 

section. 

Two subsystems should provide access to these individual case studies. 

The first of these will essentially group all design configurations by 

type. For example, all experiences dealing with left-hand exits would be 

titled: "Exits, Left-Hand" and filed as such. 

The use of key words will provide a reference system concerning design 

considerations rather than design configurations. For example, the fact 

sheet user may wish to review all cases involving sight distance problems 

on entrance ramps. Rather than reviewing all cases filed under "Entrance 

Ramps," he could instead find "Sight-Distance" and "Entrance Ramps" in the 

key word index and thereby select only those entrance ramp cases where 

sight distance was evaluated. 

Comparative Information 

The next portion of the case study review should contain the necessary 

information for the designer to be able to compare his design situation 

with that of the case study. 
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Before listing some of these iten:.s it may be appropriate to discuss 

two types of design criteria. The concept of this paper is based on the 

need for supplying information on peer design experience to the individual 

who has encountered a new problem in freeway design. These problems 

usually arise when some constraint is placed on the design project, such 

as a heavy turn volume, lack of adequate right-of-way, or some similar 

situation. It is at this point that standard design features, such as 

right-hand exits and entrances and single-lane entrances, must be abandoned 

because they do not satisfy the existing conditions. For this reason it is 

obvious that in addition to the "Gener.al Design Features," these limiting 

condi tions, referred to in this paper ·as "Special Conditions," must be 

included in the reporting format. 

Listed as General Design Features should be projected traffic volumes, 

proximity of upstream and downstream exits and entrances, percentage of 

trucks, directional split information, design speeds and the number of 

lanes downstream and upstream. Also included should be information con

cerning the general area (such as whether it is urban or rural) and the 

type of traffic expected (such as the proportions of commuter or through 

traffic). These general criteria for the Omaha study are listed in the 

section entitled General Design Features in the fact sheet at the end of this 

appendix. 

The special conditions for this study were twofold. First, due to 

staged construction the entrance ramp was designed as a two-lane ramp to 

initially carry the entire eastbound bridge traffic prior to construction 

of the through roadway upstream. Secondly~ the grade on the entrance 

ramp was governed by the elevations of the railroad tracks at the bottom 
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of the ramp and the elevated roadway at the top. These points are dis

cussed in the Final Design Section above and are summarized on the "Fact 

Sheet." 

The specific design criteria listed in the "Fact Sheet" for the Omaha 

study are probably not sufficient to describe all types of design con

figurations (i.e., lane drops, left exits, etc.), To list all possible 

design criteria is beyond the scope of this study, \{hat is intended 

here, however, is an attempt ~t ordering the types of info:rmation that 

would go into the preparation of a fact sheet. 

Final Desigp. Description. 

After listing the design parameters the final design configuration 

should be described. Dimensions and distances should be included if 

they are critical in describing the configuration. In addition to this 

description, a sketch or photograph should be added to further clarify 

the situation. 

Operational Evaluation 

The next section of the fact sheet should contain an appraisal of 

how the design configuration performed after being opened to traffic. 

This assessment may have to be of a subjective nature, based upon the opin

ion of various high\"ay officials. Other than these opinions, very Ii ttle 

evidence is usually available on which to judge the adequacy of a design 

configuration. Tl-e determination of adequacy is suggested by this author 

as subject matter for further study. 

If the design is de.terminecl as adequate, this "fact" would be entered 

o.n the fact sheet and this portion of the fact sheet would be complete. 

1-22 



However, if the design operated less than optimally, the fact sheet should 

contain information concerning how it was judged as such and what if any-

thing was done to correct the situation. In general, it appears that 

public opinion and a high accident rate may be the predominant indicators 

of a lower performance design configuration. Other factors such as the 

results from erratic maneuver or "near miss" studies will provide further 

operational information, if available. 

After listing the problems incurred, any remedial action taken to 

improve the situation should be explained. In the Omaha study, for example, 

traffic was discouraged from using one of the lanes of the through roadway 

(1-480). This action was determined Gn the basis of a lane-by-lane vehicle 

count which indicated that the closing of the one through lane would not 

hamper the freeway's operation appreciably. 

Ideally, a subsequent evaluation of the "success" of the remedial mea-

sures would follow. In this instance the data are not yet available. 

Lessons Learned 

The final section of the fact sheet should contain the designer's 

comments concerning what he felt \Vas leariled in this design experience. 

These comments may refer to both better-than-expected and worse-than-expected 

results, and should treat individual design considerations such as sight 

distance, grades, lane drops, etc. 
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COMMENTS fu~D CONCLUSIONS 

Further Study Needs 

While this appendix sets forth a format for the Fact Sheet, further 

study will be needed before this system can be put into use. This will 

include developing a system for indexing all design configurations and pre

paring a list of key words for referencing specific design considerations. 

A pilot study in which several Fact Sheets are prepared and then distributed 

to designers throughout the profession for their criticism may be required 

to assess the potential benefits. 

Conclusions 

The success of this type of design aid is dependent on several factors. 

Each Fact Sheet must contain sufficient information to describe the design 

configuration fully. From the sample study it is apparent that the amount 

of information available decreases with time due to changes in key per

sonnel and a general lack of documented design decisions. For this reason 

the analysis of a design configuration should be performed as soon as 

possible after it has been implemented in order to preserve the details 

concerning design decision. Also, the organization which will be needed for 

assembling, publishing and distributing the Fact Sheets may wish to supply 

data collection teams to ensure the quality and consistency of the reports. 

Participation in the program must be on a large scale basis to provide 

a sufficient number of comparative reports on all types of design con

figurations. 



EXAMPLE FACT SHEET 1 
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Entrance Ramp, Two Lane 

Location: 

US 6/75 (Douglas Street) entrance ramp to Route 1-480 at 
Missouri River Bridge connecting Omaha, Nebraska, and Council 
Bluffs, Iowa. ~ 

Figure 1 . Location 

General Design Features: 

Average Daily Traffic on the bridge at the time of design (1962) 
-- 30,830 vehicles . All eastbound traffic to be carried solely 
on the entrance ramp. 

Projected volumes for 1984 -- ADT of 76,000 and DHV of 8,665. 
Entrance ramp DHV of 2,630. 

Trucks = 4% 

Directional Split = 63% 

Design Speed, through road = 50 mph 

Nearest Exit -- 0. 35 miles downstream 

Nearest Entrance -- 0.39 miles upstream 
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· Area Type -- Urban with heavy commuter traffic 

Combined population of muncipalities ;:::: 360,000 

Special Conditions: 

· Due to staged construction, the entrance ramp was required to 
carryall eastbound bridge traffic until completion of the up
stream through lanes. 

The bridge is limited to four lanes in each direction. 

• The elevation of the bottom and the length of the entrance ramp 
were dictated by the location of railroad tracks at Ninth Street 
at the beginning of the ramp. (See Figure 1.) 

Final Design: 

· See Figure 1. 

The ramp is on a 6% upgrade and has two IS-foot lanes. 

There are three through lanes prior to the merge and four lanes, 
total, after the merge. 

• There are 3-ft. solid parapets along both the elevated freeway 
and bridge. 

Operational Evaluation: 

After the through lanes we:ce opened, a merging problem was created 
by the limited sight distance; a result of the grade on the entrance 
ramp and the parapets on the roadways. 

The reduction in the numbe;c of lanes soon after the merge point 
added to the problem. Evaluation based mainly on public opinion 
and accident records. (Figure 2 shows the accidents definitely 
trace'd to the merging problem.) 

1-4flO Eastbound 

-----------------..--~ 

05-27-72-LW 

-0 7-1 8-7..!.::...NW 

LI;GEND 

- Pl'Operty Damage Accident 

- Nonfatal Accidenl 

- Merging Collis 1 on 

- Merge Related Collision 

--------::-
----~ 

I - Icy Road Surface 
L - Daylight Hours 
N - Dark Hours 
D - Dry RGad Surface 
W - Wet Road Surface 
F - Driver Residence 

Beyond 25 Miles 
R - Driver Residence Lea8 

than 25 Mil es 

---

Figure 2. Collision Diagram 
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Remedial Action: 

• A lane-by-lane vehicle volume count was made to determine the actual 
traffic distribution. The results of this count are shown in Figure 3. 

• Based on this traffic data, pavement markings and signs were in
stalled to discourage through I-480 traffic from using the lane 
nearest the entrance ramp. The pavement markings are shown in 
Figure 3. 

North 

176 

771 

1049 

999 

674 

Added Pavement 
Markings 

Afternoon peak-hour volume counts before pavement 
markings were added. 

Figure 3. Volume Counts and Corrective Measures 

Evaluation After Remedial Action: 

• Not available at this time. 

Lessons Learned: 

• Lane Drop. The lane drop very near the merge point (see Figure 2) 
was unsatisfactory. A decision on a second maneuver (lane change 
due to lane drop) was required immediately after completion of 
the first maneuver (merge), with virtually no time for information 
processing. Remedial action at this location included moving the 
lane drop -- eliminating the merge. (See Figure 3.) 

• Grades, Entrance Ramp. The relatively steep grade (six percent) 
was a major factor in the unsatisfactory operations. It added to 
the merge problem created by the restricted sight distance and 
sudden lane drop. 
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• Sight Distance. Sight distance at the merge point was not suffi
cient. It was restricted by the use of parapets on the entrance 
ramp and elevated through roadway. This problem was compounded 
by the fairly steep (six percent) grade on the entrance ramp. 

• Entrance, Two Lane. The two-lane entrance ramp did not function 
adequately, It might have fun,ctioned better if the lane drop had 
been moved further downstream ,and the rear and forward sight dis
tances had been longer. 

Key Words for this Fact Sheet: 

• Entrance Ramp 

· Grade 

• Lane Drop 

• Sight Distance 

• Two-Lane Entrance 
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EXAMPLE FACT SHEET 2 
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Cloverleaf Interchange Complex 

Location 

A full cloverleaf interchange with collector-distributor roads 

was selected for the interchange at the intersection of three highways 

(Interstate 270 and Illinois 203 and U.S. By-Pass 40 and 66) and four 

railroad tracks, at essentially the same point. See Figure 1 on 

page 1-38 for a general highway map of the area surrounding the inter

change. The map was made in 1965. 

General Design Features 

The highways in the area are still essentially the same. A few 

new residences and two mobile home parks (approximately 200 units) 

have been built in the immediate area of the interchange since the 

map was made. There are now no service facilities in the immediate 

area surrounding the Interstate 270 and Illinois 203 Interchange; but 

there are several service facilities at the interchanges of Interstate 

270 and Illinois 3 and Interstate 270 and Illinois Ill, which are 1.7 

and 1.5 miles respectively from the subject interchange. Intersta·te 

270, the Illinois 203 Interchange, and the Illinois 3 Interchange were 

opened in 1962; and the Illinois 111 Interchange was opened in 1963. 

Granite City, which is two miles south of Interstate 270, is the pre

dominant city in the immediate area of the interchange. ;Interstate 270 

is the north by-pass around St. Louis, Missouri. (The Interstate 270 and 

Illinois 203 Interchange is four miles east of the Mississippi River.) 

The terrain in the area is level. 
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See Figure 2 on Page 1-39 for a plan of the subject interchange. 

Before Interstate 270 was opened to traffic, U.S. By-Pass 40 and 66 

was the dominant east-west route in the area (it is now primarily a local 

and service road, its bridge across the Mississippi River is closed; the 

route is designated as FAP 5 on all figures contained in this report). 

In addition to providing route continuity to both the Illinois 203 and 

FAP 5 traffic and access to Interstate 270, the particular interchange 

also serves some of the local traffic. 

The particular design incorporated is unique in this area because 

of the collector-distributor roads. and the primary purpose the roads 

serves (i.e., continuing Illinois 203 and FAP 5 through the Interstate 

without having to utilize an at-grade railroad crossing for them, either 

before, or after, crossing Interstate 270). The interchange is several 

miles from the heavily populated areas near St. Louis, and the curbed 

islands between the Interstate and the collector-distributor roads are 

unusual for this area. 

The Interstate 270 and Illinois 203 Interchange was not chosen for 

evaluation because it was known as a problem location; rather, it was 

studied because of its uniqueness. 

Volume's 

See Figure 3 on Page 1-40 for the composite 1971 average daily traffic 

at the subject interchange and two other near-by interchanges', also on 

Interstate 270. The ADT's at the two near-by interchanges (at Illinois 3 

and Illinois 111) are also given to aid in explaining the traffic dis

tribution in the area. 1971 ADT's are used because accident data are also 

from, and prior to, 1971. 
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The following comments pertain only to the subject interchange. 

The east-west traffic distribution on Interstate 270 is almost equal. 

The Peak Hour Design Volume is 12% of the ADT. The percentage trucks 

on Interstate 270 varies from almost 50% of the total traffic during 

the early morning hours to as little as 8% during peak hours; the per

centage is taken as 12% during the design hour. On Interstate 270, 

approximately 25% of the ADT is trucks. The truck percentage on 

Illinois 203, FAP 5, the collector-distributor roads, and the ramps is 

much less than on Interstate 270. Although the ADT on Interstate 270 

increased over 75% between 1966 and 1971, the ADT's on Illinois 203 

and FAP 5 decreased. 

Speeds 

See Table 1 on Page 1-41 for posted and observed speeds. The inte~

state spot speed study was not conducted at the subject interchange; 

however, the people responsible for the operation of the Illinois 203 

Interchange feel that a study there would yield essentially the same 

results (they cited the "unwritten law" by which law enforcement officers 

allow drivers 5 MPH over the posted speed limit). The speed study was 

conducted at a site near the subject interchange, and was made during 

the day time. 

Levels of Service 

On Interstate 270, level of service B exits throughout the inter

change during the peak periods (level of service A is present during 

most of the day). P'or the merging of the collector-distributor roads 

and the interstate, level of service A exists; and for the diverging of 
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the interstate and the collector-distributor roads, level of service A is 

also present. The service levels for the remainder of the interchange 

are comparable to those which exist on the Interstate. 

Horizontal Curvature 

See Table 2 on Page 1-43 for horizontal curve information. Curve ~ata 

is shown for the Interstate 270 main lines, the ramps, and pertinent 

pOints on the collector-distributor roadways. In this area, because of 

occasional snow and ice in the winter months, a maximum supere1evation 

rate of 0.08 foot per foot is used. The superelevation rates used for 

some of the curves appear to be a little low; however, the entire inter

change is comfortable to drive at the posted speeds, and no apparent pro

blems attributable to the low rates have been discovered. 

Vertical Curvature 

See Table 3 on Page 1-44 for vertical curve information. The eleva

tions of the collector-distributor roads are controlled by the Interstate 

270 roadways, and' thus differ in elevation from the roadways only because 

of transverse slope. Adequate stopping sight distance has been provided 

throughout the interchange. 

Roadway, Ramp, and Shoulder Widths 

See Table 4 on Page 1-45 for roadway, shoulder and ramp widths. Width 

information is shown only for particular cross-sections where a signifi

cant change occurs, or terminates. Note that the collector-distributor 

roads are 22 feet wide between the center two ramps on each side of the 

Interstate. 
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Acceleration and Deceleration Lanes 

Deceleration lanes 580 ft. long are provided for the exiting Inter

state traffic, and 800 feet acceleration lanes are provided for the enter

ing traffic. 

Signing 

On Interstate 270, there are "Illinois 203 -- Granite City -- Exit 

3/4 Mile" and "Illinois 203 -- Granite City -- Right Lane" signs on both 

approaches to the interchange (the latter signs are about 1,000 feet from 

the beginnings of the deceleration lanes). Signing for each of the six 

exits (from Interstate 270 to the collector-distributor roads and from 

the collector-distributor roads to the ramps) is mounted on trusses. 

See Figure 5 on page 1-46 for the locations of the six trusses, and see 

Figure 6 and 7 on pages 1-48 and 1-49 for photographs of four of them. 

The signs on the trusses are illuminated at night. On Interstate 270 

and the collector-distributor roads, all of the route and destination 

signs pertain to Illinois 203 and Granite City. 

The signing for the remainder of the interchange is also good; and 

considering the fact that there are four connecting legs to the inter

change, the total number of signs have been held to a practical limit. 

The signing which now exists at the interchanges of Interstate 270 and 

Illinois 203, Illinois 3, and Illinois 111, was installed under a single 

contract in 1965. 

Accidents 

See Table 5 on page 1-47 for 1971 accident data, and see Figure 5 

on page I-46 for accident locations for 1970 and 1971. A property damage 

accident is any reported accident in which an injury or fatality does not 
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occur; and a personal injury accident is any accident in which at least 

one person complains of an,injury, but no fatalities occur. Of the 

sixteen accidents which occurred at the interchange in 1971, seven were 

property damage only, eight involved personal injury, and there was one 

fatal accident (in which a pedestrian was involved). Also, of the six

teen accidents, twelve occurred on Interstate 270, one occurred on a 

ramp, and three were recorded on the connecting roads. 

For 1970, there were six property damage and seven personal injury 

accidents at the interchange. Of the total of thirteen, seven occurred 

on Interstate 270, two occurred on ramps, three were on the connecting 

roads, and one was on a collector-distributor road. In 1969, there were 

nine property damage, one personal injury, and one fatal accident (nine 

of the accidents were on Interstate 270, and the other two were on the 

connecting roads). In 1968, there were seven property damage and four 

personal injury accidents (ten occurred on Interstate 270 and the other 

one occurred on a connecting road). 

Comments 

Comments by all the people contacted concerning the operation of the 

interchange were favorable. A state trooper said that most of the people 

who used the interchange were from the local area, and thus were familiar 

enough with its operation that ve.ry fe.w problems existed. 

The responsible traffic engineering people were very satisfied with 

the operational qualities of the interchange. They feel the interchange 

will satisfactorily handle several times the present traffic volumes. 
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* Both Directions Combined. 
** On Collector-Distributor Road. 

Figure 3. Composite 1971 Average Daily Traffic 
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TABLE 2 

HORIZONTAL CURVE DATA 

~-----~'1'--'-
.j..J .j..J 

(l) -Ie rx.. rx.. I c:-
H -Ie '-' '-' O· 
~ C ~.j..J 
.j..Joj( 0 .c til 1.j..J!'r.o 
rd .j..J oM .j..J ~ H rd-
:>C .j..J bO 'ri QJ:>' 
H'ri rd C 'ij p.!Il.j..J 

1 ~ 0 .j..J Q) rd ~..--lrx.. I up.., {/) ....:I ~ t/lQ)'-' 

1-----·--·---·-.. ---·---,·.·- - .-----
IAA=PC 295+59 581 6273 
I AB=PRC 301+40 
!AC=PRC 305+83 443 2865 
!AD=PT 307+01 119 1910 
I AE=PC 307+30= 
I 0+00 R4 226 1080 0.06 
I AF=PCC 2+26 R4 !; 294 430 0 06 l AG=PT 5+21 R4 :: . 

11~:~~ ~!i~ ~~~I 277 310 0.06 

IAJ~rc-C-2+91-R3 1456 150 0 08 
AK=PCC 7+47 R3 • 
AL=PT 9+47 R3 200 1910 0.08 

=317+04~ __ -L _____ L-___ ~ 
I-AM~=-=P-C-+-3"":1:"':40'-'+-::0:-::5-'-

50' Rounding AN=PT 314+55 
~PC- -j-25+6C)=-1----,---·- -.,..-----i 

0+00 R7 172 690 0.08 
AR=PCC 1+72 R7 434 150 0.08 
AS=PT 6+06 R7 
~pc--f-5+i 4-"R8-l---+--'~--

AU=PT 7+76 R8 201 230 0.06 
p~V=PC-f-l0+69 R8 135 

I
AW=PCC 12+04 R8 230 0.06 
AX=PT 13+26 R8 122 1080 0.06 

I =333+48 
~- --'- - ... _ .... ;-"- ----t----.-I--~ 

~
I AY=PC 327+85 350 2981 0 02 

AZ=PT 331+28 . 
BA.;;iC -~-J4+4-6 I BB=PCC 337+78 

'BC=PRC 338+90 
BD=PRC 339+50 
BE=PT 343+69 

336 
115 

61 
426 

3820 
1174 
1174 
3086 

~~:;~ -~~-~:~-ri-I-114-7s'26 
! BH=PT 347+44 1

136 1526 

0.02 
0.02 
0.02 
0.02 

--~--""------~---~~-'---5--~--§1 
~ C .... .j..J! 

rd .j..J .... .j..J ;::I H rd-
:>c .j..J bO· ... QJ:>' 
.j..J-K 0 .c UJ 1.j..J~~ 

H-ri rd ~ 'ij p.Q).j..J 

~EA" .. ;~D2.:+25 H .::l.il 0:"', 
jEB=PT 344+18 1609 3820 0.02 

-~~--~~--l--~ 
:WA';;PC -3"27+52 1609 
IWB~~_~43+78 3820 0.02 
B1=PC 349+07 586 6273 
BJ=PRC 343+20 302 6668 
~K::P.T'_1-340±JJ_I-_' _______ ' 
BL=PC 339+76 215 1910 
BM=PCC 337+56 346 3820 

---
0.02 ( 
0.02 I BN=PT 334+06 ~ .. __ ;-_~- ............. -+--.!----1---...., 

BN=PC 334+06= I 
0+00 R5 236[1 690 0 .08 

;;;_i~c-~~~~1~._~:5~ 150 0.08 

I 
BS=PC 5+75 R5 I 4 
BT=PT 10+40 R5! 65 310 0.06 

fBu=i)C-"l+9-1 R6 I 
IBV=PCC 6+84 R6 I 493 300 0.06 
!BW=PCC 9+35 R6 251 150 0.08 
I 

!BX=PT 11+53 R6 218 1910 0.08 
~ =326+13 
i-----,-- -,--.-- .-==-:---1---+-----\----1 I BY=PC 317+73= 
I 0+00 R2 163 690 0.08 
I BZ=PCC 1+63 R2 436 I C~:~_!- _5_-J::?9.Y:2=--.'I--_t.--

1SO 
0.08 

J~;~- _~:~;.--~t- ._~_~ __ 430 0.06 
CD=PC 9+94 R1 
CE=PCC 12+35 R1 241 430 0.06 
CF=PT 17+01 R1 465 6200 0.06 

=304+35 I-::-:::-... .,_~.-_.- ...... _.1--..... ~"' ...... -._- ._-

CG=PC 310+80 I 

Ig:~t'-m~~ ;;~~;;;ing 
! CK=PT 296+35 ____ L_~_~ 

*Refer to Figure 4 on page 1-42 for curvature point location. 
**Stationing is from Interstate 270 centerline unless station number is 

followed by an "R" and a number which designates a ramp station. 

1-42 



TABLE 3 

VERTICAL CURVE DATA 

Point of Elevation Length Grade(l) Grade(2) 
Intersection* Station** (Ft.) (Ft.) (%) (%) 

VA 303+25 413.40 500 -0.20 +3.00 
VB 320+20 464.25 1440 +3.00 -0.72 
VC 330+17 457.07 400 -0.72 -0.48 
VD 342+15 451. 32 1000 -0.48 -3.00 
VE 349+56 429.09 400 -3.00 -0.20 
VF 3+48 R4 432.47 200 +1.45 -2.07 
VG 9+50 R4 420.00 300 -2.07 +2.30 
VH 1+50 R3 424.34 240 -1.00 +3.70 
VI 6+29 R3 442.06 200 +3.70 +3.44 
VJ 2+85 R7 453.33 200 -3.00 -6.00 
VK 6+75 R7 429.93 150 -6.00 -3.00 
VL 10+00 R7 420.18 120 -3.00 +0.80 
VM 1+00 R8 419.65 120 -0.80 +3.00 
VN 3+00 R8 425.65 100 +3.00 +4.00 
VP 10+15 R8 454.25 200 +4.00 +0.90 
VR 3+89 R5 452.55 300 -0.90 -5.50 
vs 8+75 R5 425.82 310 -5.50 +0.70 
VT 1+34 R6 427.04 180 -0.70 +4.00 
VU 7+97 R6 453.56 200 +4.00 +2.05 
VV 2+50 R2 444.12 150 -4.85 -5.50 
VW 6+00 R2 424.86 350 -5.50 +1.00 
VX 6+25 R1 416.86 300 -1.90 +3.41 
VY 10+54 R1 431.48 200 +3.41 -1.40 

*Refer to Figure 4 on page 1-42 for point of intersection location. 
Points of intersection for curves on Interstate 270 are shown in the 
median on Figure 4 because both the eastbound and westbound roadways 
are at the same elevation. 

**Stationing is for Interstate 270 unless station number is followed 
by an "R" and a number which designates a ramp station. 
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APPENDIX J: CLASSIFICATION AND INTERCHANGE INVENTORIES 

Interchange_Classification Techni~ue9 

Background and Needs 

The prospectus o~iginally furnished on this project stated that "research 

is needed which will provide the design engineer with a systematic approach 

to major interchange design." Later it continued~ "some recent designs have 

suffered the title 'a can of worms' because this type of design does not fit 

a conventional classification and is often the result of years of compromises 

in finalizing the design." Most descriptive writeups on interchange classifi

;~cion are primarily discussions of various configurations which could be 

utilized in handlir.g intersecting freeways. The AASHO (1957) "Redbook" devotes 

pages 494-515 to discussion of types and varieties of interchanges. As soon 

as specific sites enter the discussion~ however~ it becomes clear that inter

-:har.ges are seldom dt.'plicated in exact detail in any "standard" configuration. 

The prospectus also stated, "the operational characteristics, if measured, 

w0L~d provide an indication of how well a facility was accomplishing its 

t~nLLion 01 safely ~0~ing traffic. The measured operational characteristics 

':r,:anJur,ction with the inter-change costs would facilitate the economic 

;~3iysis which wc~ld give designers a more rational approach to future designs." 

And later, " while there is evolution in major interchange design, it is 

based more on expe~ience and engineering judgment than on research with the 

me",s'G,':ed pe:o:fo:mance of existing interchanges. , Much of the design work 

~ppc.Et.:S LO o!:"iginate independently of experience in different areas of the 

Part or the pu~poee and scope statement in the original prospectus was: 

"considering the great:. lack of written information on freeway-to-freeway 
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'H~~d)anges, a class]~£lcation scheme should be developed to encompass the 

~nterch&nges now in cperdLlon and in the preconstruction stage. A 

j".j,':;f1H~L,tal evah;,aticn elf rhe various design configurations and practices 

~ll8uld be made whereve: pJssible--the purpose being to delineate the relative 

,,",' ~[S in meeting the tunct!ons of the major interchange." 

1he statement :Jt wCf'k in the prospectus included "develop a comprehensive 

t'iSSlficclt:l_:m scheme of major interchanges including new designs not yet 

JGS t ~ 'J ~ red, It and "~eview the operational problems associated with maj or 

n[e~changes and provide recommendations that will minimize the operational 

p -;blems-" This latte! task implies that standardization of interchanges or 

;'-:,' '--5 of interchanges would be possible if enough information were available 

_n the proper form to allow setting of optimal standard designs. 

Ie seems clear f~om the prospectus, that its writers considered a 

iq: E'l:ensi ve classl f i:a t:Cin system both of potential value to designers 

~Ga iE~Eible in a p:actic~~ sense. This section considers these points and 

£' '.b1e alte:rr.at::.ve& to a -:Lassification system as such, which might be 

~~ds:ed in £~lling the needs of designers and others concerned with road 

There have bee~ st~dies of interchange classification systems, such as 

~I,iL of Takebe (i969; which p:esented a catalog of interchange types based 

U[l lh0 systematic ar[angeme~t cf basic forms of ramps and ramp patterns. A 

_"'i'iJt:: ~f. -.lIhec inr.e~ch2r.6e c,lassirication techniques (e.g" Leisch, 1971, 

'Ii!.) have been p:cop-:':6eCl, but thete are serious problems with systematic 

; ~~_PtS co analyze every posslb1e pattern of interchange composition through 

""._, EC"',Olc sYStemiL::ClOl'l, In prac.rice, the various finished patterns have 

:)~C~ ~~_:~ea by medrrs ~t trial and erlor or evolution and engineering 

; x; ,_ ',_,-:n'.:6 t;) E it SpE ,_:... t ;_~ .: equirements of the site. An analysis of existing 
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Reproduced from 
best available copy. 

1<·"'·3C .. S mighc be more PCC;dllC'" VE fOl use in design ac:i:.llri.tL"·; ,. 11. c·~ ..... e related 

[,e r e r.losely to the p:.ocess e5 by which the conf igur ation \.J8S d'.' unI1y produced. 

'hlt:'_Lives of Class:i.iLat:;'on Sc.hemes 
---~------

A clasSlfiLdtio~ s:heme or descriptive technique for interchanges and 

c.bel: liariat:i.ons would be most p~actical and useful if a variety of objectives 

'.ic-~._e met. The system sh::I.:ld: 

1 Provide the desi~ne' with lelevant details of a wide variety of 

previous solutions to specific design problems for consideration 

in solving a gi~en p!oblem. 

2. PrOVide hiSLJr:cal data on specific features and appurtenances re-

iaLed to sarety, :pet3tions, maintenance, life, repairability, and 

appE"L'ance _ Th is must permit updating of files periodically to 

allow p:edlcL.ve ill~deling of various features in regard to operation 

0: lo~g term coS~· 

j. Pccser:.t sele.:~ed past p{:)posed solutions which, although not con-

str0cted, ffi~y provide useful ideas in a given problem. Data may 

ha~e be~n de:e:cped :n preliminary design phases of rejected 

s.Jl.t1GCS wh~:h w:ll be useful for later planning and design work 

~. P~oJide data ~n 'elative costs and other advantages and disadvantages 

:; f ~:he p:)ssib ~e d:~ ce.:native solutions to a given problem. This would 

::..Ltow mCi:e ,)bJ2C(i,;e decision making based on trade-off informa-

tl~n, e~en (~~~gh trarie-otfs can not always be stated in dollar 

'.;alues. The JE~~slon6 :emain human functions, not automatic ones, 

J~ AId l~n stdndA,~dl2::.:l6 th.Jse aspects of design which are important 

~_n ci~.',er h('hd\;i:.;' ;:i" ~:,h:Jwn by previous experience with a given 
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design aspe'~ '.:.. CJ,F-'2r sely, where sa tisfac tory per fonnance does 

not appea~ to be ~ela:ed to variations of certain features, greater 

flexibil~ty ~s ai~~wed the designer. 

6. Provide inL, _.TI& t l8n fo{ possible modifications or reconstruction 

where Gpe':3t..L~,n& are currently substandard or inappropriate compared 

to traffic l~,.lcr.& and outlets (a bottleneck or excess localized 

capacity), 

7. Facilitate maintenance by showing location of signs, fences, guard

rails, lumir.alres, etc" and histories of each on performance, 

damage type, freque~cy of failure, and repair delay and cost. 

8. Make use of data from all regions of the U.S. and from foreign 

experience" Common terminology, definitions, and procedures would 

be necessary Ie:: (and facilitated by) widespread application. 

9. Be of reasonable initial cost and favorable benefit-cost ratio in 

the long te.(mc 

10. Be readily accessible to potential users, with reasonable personnel 

and training deffiaads. 

Alternatives in Classi t L, .• ':; tlon or Description Schemes 

The alternati'Jes LC d comprehensive, formalized classification system 

include: 

1. A detailed _c\ent~~y of existing and proposed designs in the form 

of a compL tu g:: aphi:~s system which allows display and comparison 

of a wlrle v~:etj ~f 801~tions to a given problem in a short 

peIiod c·t tLne ar;d proilides amplifying information in various 

access:i.ble 2..E. eiE.1S '~r detaiL This alternative has been explored 

and is ~epcrted ~s the MIDCAS feasibility study later in this 

section. 
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2. A film inventory of existing roads and interchanges with a method 

for rapid access to any given roadway plus a cross-indexing system 

which allows location of a specific type of problem or a solution 

to a specific set of design problems for comparison. A film 

inventory probably should include both aerial views of complex 

roadway networks and driver's-eye views of all roadways and ramps. 

hxisting photolog systems are discussed later in this chapter. 

3. A "design catalog" which illustrates common and proposed solutions 

to specific design problems. Designers would be able to consider 

a reasonable number of "standard" designs which would be usable 

with or without minor modifications for adaptation to local 

conditions. Such a catalog would aid development of a common 

nomenclature and would encourage use of solutions which are in accord 

with driver expectations. It would be limited to ramps and inter

sections and could not include large amounts of detail if it were 

to be kept to a practical size. It has also been suggested that a 

design catalog could be useful in public planning meetings for 

illustrating a proposed solution where a model or perspective 

drawings do not yet exist. This alternative is not discussed 

further in this document. 

4, Increased frequency and utilization of design seminars and design 

workshops in which current methods and problems are disseminated 

effectively throughout the country with a minimum of delay and 

ambiguity, and with emphasis on timely, relevant problems in decision 

making and implementation. Such wo!kshops may need to be 

supplemented by design newsletters aimed at a specific design 

community--a small, well-defined population, distributed nationwide. 
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5. An expanded set of definitions to supplement and stanclarclize the 

references used by schools, consultants, for planning, and in 

construction groups, to make the present system of informal 

classifications more consistent throughout the country and more 

useful for publication and for comparative uses. Several glossaries 

·have been used for highway engineering purposes but none is both 

universally used and comprehensive. It seems likely that this 

alternative is actually a desirable supplement to any system and, 

though not a major aid in designing as such, probably is necessary 

for improved communications and thus improved dissemination of 

design-related information. Most formalized or computerized systems 

would provide standardized terminology since their operation depends 

upon explicit definition of the elements involved (e.g" see 

"Definitions of Roadway Segments" used for illustration later in this 

chapter). Techniques which do not contain a text format, such as 

photologging, do not attack the problems of terminology directly. 

Descriptors Versus Classiflcation 

Rather than a comprehensive classification scheme of major interchanges, 

it seems more appropriate to consider an interchange descriptor system which 

is basically an inventory of existing (and perhaps proposed) designs, 

including objective statements of the operational characteristics of all 

types, the cost, and rationale for unusual features, plus the characteristics 

of traffic, turning volumes, weather, and local d,-iver idiosyncrasies in 

behavior or route preferencee It seems logical that such a detailed inventory 

would make use of computerized storage and graphics and be maintained by a 

single central agency for use by designers as they deem necessary through 

remote access devices. In this concept, the basic design process remains 
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one of logic, experience, and judgment, but objective c\"iC'c-~cc becofl£s 

accessible to supplement experience and memory of details, boti! for use in 

designing and for ensuring "good" designs are accepted by the decision makers 

and the public where costs may be questionedc 

A new tool of this kind may be met wit:h some skepticism both among 

large design firms, whose feeling is that experience has taught most of the 

necessary lessons, and among small design g~oups who feel they do not have 

major design problems, For this reason, a careful evaluation of the potential 

of a compute~ graphics interchange descriptor system must include more than 

opinions from operating design engineering groups, On the other hand, there 

is a tendency among the advocates of computer systems to promise more than 

can be delivered in a reasonable time and with practical costs, so that the 

feasibility of such an ~nventory must be coupled with a cost-benefit 

analysis before it can be implemented on a lacge scale. It must be clear, 

however, that a computer g:':'aphics descript:or system is not a computerized 

design system: it is a much simpler, concise, and limited compilation of 

data which would be useful for design and other highway-related uses, 

Whether computer graphics are appropriate for the descriptor system 

as it is envis:ioned he:ce depends on the extent of programing and computer 

time charges involved" It is possible, in concept, to exploit the 

accounting and storing capabilities of the computer and couple them with the 

l&lents of an experienced designer to develop a design which fits precisely 

into the economic, operational, topographic, and social requirements of any 

€'nvironmenL Because much of the input data which serve as models or 

criteria for design choices are uns~able or controversial (such as land 

values, convenience, worth of historic features, local ecology, etc.), 

criteria which enter into the design comparison may not be fixed well enough 

for a mathematical algorithm which p-:oduces the "best" solution to a given 
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set of problems and constraints. Cumprerlenslve, formc<i_~J! [(; .>.1::01: ~<,d 

design systems have been explored (see Walker, 1972; May an~ J~mes, 1973; 

Beilfuss, 1973; NCHRP, 1972) but "automatic design," though feasible, is 

still beyond the present state of development, Rather than being an 

automatic design technique, the interchange descriptor system would provide 

a systematized listing of rhe considerations that go into the design 

process from a numbe1: of existing instances so that comparisons to the 

situation under study could be made. The trade-off process, although not 

bypassed, would be simplified by presenting facts in standardized form, 

as much as possible, for more direct comparison of the pros and cons of any 

given configt.:cation, ramp type, or variation from "standard." A descriptor 

inventory syst.em would provide a common "hopper" for collection of known 

facts as they become available. Improved data, new techniques, and further 

data can be added at any time it seems desirable, 

A Recent The0:, etical Ana1YE-ls of Interchanges 

Takebe (1969), in his theo~etical analysis of interchange composition, 

illustrates the (~omplexity of dE.sc~ibing all possible configurations in 

intersect~on roadway patterns. That paper conta:'ns a summary of the basic 

pat terns \-lh:Lch shows 193 dHfeZ'er.t patterns, Takebe states "these are 

substantially all of thE. basic paLterns practically usable, except for 

asymmetric paLterr:s. " Although 78 of the patterns were said to be 

found in the liLerat0~e of existing interchange structures, it has already 

been pointed out that a very large po~tion of all pra~tical interchanges are 

asymmetric bec.ause of local requirements and land use patterns. 

Takebe lists a va,~ iety of inter :ha:-.ge maneuvers, ramp sequence arrange

rr,ents ~ ramp fez-ms, and ramp connee tion configurations. He has assigned codes 

!_o each of t.b~se;a! ious types and has suggested that the va;cious combinations 
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of types can be evaluated in terms of undesirable, good, better, or best. 

It seems llkely th;;t. in most cases, the sale source of such evaluations 

is meant to be subjecc~\.e impressions by experienced designersG Thus Takebe's 

analysis, although it is m::l::::e thorough than previous attempts at classifying 

interchanges, illustrates the two basic problems in classification: the 

system must be compiicated to include all the possible variations, and the 

evaluation of the relative meri~s of the various configurations is still a 

very crude and uncrganized p~ocess. Takebe's study makes it obvious that 

practical usefulness cf such complicated classification schemes will very 

quickly suggest cump'Jter storage and access systems, coupled with graphic 

displays. 

Another serious problem in Takebe's analysis is illustrated by 

Figure 4-1 (his Figure 8) showing schematics of two interchanges which 

appear very diffe.~ent but wh~.ch Takebe says a:ce "topologically identical." 

Since the drivers negot!ating these two interchanges meet entirely different 

conditions of ramp length, sight distance, radius of curvature, and distance 

between success!~e :amps, there ale bound to be wide operational differences 

even tho\.:gh they 6,::~ Lopol:).s:.cally identicaL A classification scheme which 

has no distincti:::::-. b£twe2n these two patterns, which are very different from 

the ope~ator's uiewpc!~L: ~a~ses questions as to why a classification scheme 

is desired, PertJ&r).:i thE. TIl,)St :'mpOl"tant answer is that classification should 

be usef~l fo~ p~ed~(ting or describing operational characteristics. 

The roregoing d:.sc:Jssion i5 not meant to discount the efforts of Takebe, 

but rather to indicate a need to extend them into a more useful tool for the 

designer. The des~gn p~ocess often is cne of fittingr-amps into an area with 

many constra:nts, :ath~{ than one of selecting a pattern for the entire 

interchange 1'h(.;5 Lhe ::~8.ssi£ication scheme which allows retrieval of 

operational cha(Oi.ctE.~::'.5tic& of various types of ramps, in the context of a 
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variety of lnr.en:.hanges, "IOU Ltl cnabLi~ a de:;! gller 1:0 i.lV" ;\1 '. (i," i ,.;10..), ·,3 

which have proven to have po a! operational characteristics an~ to select 

those with conditions ~onduLive to smooth operatlon. A catalog of possible 

configurations, sLeh as presented in Takebe's Appendix I, may be useful to 

the designer in preparing preliminary sketches since it contains a large 

number of possible confi.guratl-ons which might otherwise not be attempt.focI in 

a particular solution· However, a formalized system of developi.ng and 

cataloging the operational characteristics, cost, maintenance, and accident 

histories should be added so that the designer is better able to consider 

the tradeoffs in various alternative configurations, 

Although undoubtedly there are examples of "classical," perfectly 

symmetric cloverleafs or directional interchanges, they are not common and 

are generally not tea5~bie !n urban or highly developed areas. Intensive 

land use is accompa~2Ed by points with social and historical interest or 

by political pressu~' Sb wh:;...::h ~sually require compromises of various types, 

modifying the classl:al designs and sometimes making them all but unrecogniz

able, Practicing dEsign e:ngiu.eer-s on the higher levels, however (based upon 

the reaction of pa:tic~pa~cs ln workshops held during this project), maintain 

that there really a~e oniy thlse types of interchanges: the cloverleaf, the 

directional, and r.he d:camGnd; moreover when the interchange is freeway-to

freeway, diamonds a:r;d often even clover leafs are considered inappropriate 

for the high voL,mes ,;.n':) speeds. Since therl~ a:ce at most three types of 

interchanges (except: fer: uuly unique designs such as the "turbine" of 

Breuning (1958)), It: n0 Lcnger makes sense to discuss classifications of 

interchange .~~£e.s, bJ:( 'a.rhet the variations among interchanges, or the ,-rays 

they vary fram the ba.s!~ ~na, two, or three types. The variations often 

consist of chfinge6 lL . 2.mp lc".:..~tion, "minor" vax lations in geometry, and 

patte.rns ot. exits ae,: e,"iL::,:,nres necessary to accommodate local r'equirements 

of land use, \lv.L.me 'Iar 1..8t.ions, local access, and esthc'C::.cs, 
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Since any free\\ay-to-freeHay interchange requir(;.s at: least four through 

movements and eight ctrning mOvements plus local access, the number of 

vaT iations among the {a;:rips or turning roadways immediately becomes large. 

A large number Clf re~ati;ely small variations dictates a great amount of 

detail and complexity if the minor variations are going to be compared, 

each one to each Othei, for operational qualities, cost, and similar 

characte!istics at interest to designers, planners, and decision makers. 

There are many anecdotes, though little formal evidence, to indicate that 

ce::tain !lml-not variatlons" in geometry, signing, or driver decision points 

can ha've strong influer.ce on traffic flow, safety, or convenience o The 

increasing complexity of highway networks as paits of societal systems 

make it highly desirable that formal evidence be gathered for orderly and 

economical develop~ent 

Accidents and GeGmfL{~~ or Traffic Characte~istics: A Recent Study 

A paper by BrOwner (1971), based on the ar.alysis of geometric and 

traffic cha~a~te~jElics at the interstate system in terms of accidents by 

Cirillo et a1, U912j, .'I.tbdy illustrateE the problem of operattonal 

analyses Whllh arrempt (0 _elate accidents to geomeLlic and other character

istics of !cad~ays a:.d iG!efsections. Data we:e collected from 20 states 

over t.he pe'.lcQ 1 ... Jll, ~9~9 tc 1965, A total of L,28? study sections resulted, 

of which l,ldl aC.<"'l.::.1.1 we:-e Lseci in intelchaIi.ge modeling. A study unit 

was defined as Or,e .. _jlp;.:,ne.nt at a study sel ti<:>rL such as a loop or other ramp. 

Approxirr,dt.ely i4,OOO stl,d)..:r:.its were received hem the 20 states but were 

ruL.ed dOv.T T,,) ~4,bj5 5"('_d; Jnits for a v&:Ciety of ::easons. Over 100 

va(l~b]eE ~e/e t~st~d ~~ ~he pilot modeling in this project to determine 

those V~.ibbLES ~h~ch WE_E ~Elevant to accidents. There were 13 types of 

stl-d) v:',:LE. :cclc,!:f.. r:.'e U;I1lp~type u,iits, fov:: typE.S of speed change lane 
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Reproduced from 
best available co 

units, and four types of mainline units. Many of the roadways, though they 

were interstate highways, were designed to older specifications, The inter-

section types included full and partial cloverleafs, three-leg or trumpet 

intersections, full and half diamonds, and full slip-ramp diamonds. Major 

interchanges probably would not now be considered to include any of the 

diamond interchange5 

In spite of the relatively large number of variables and data points 

considered in this stedy. specific conclusions were difficult to arrive 

at, There were problems in techniques of reporting, differences in methods 

of collecting data s differences in design standards and execution of con-

struction, and many oth€;:, variables which were not taken into account but 

which may ultimately prove ~elevant to accident frequencies, In the study 

by Cirillo et aL (19;2), e.er 100 variables in geometric and traffic 

characte£isLics we~e ~n61dered but many major factors such as driver 

behavior, vet:cle c~~dltlGn, bud weather conditions were not considered. The 

most important single reEult is a very low fraction of variance in accidents 

which can be e:xpla~,nc.d by geometric variables. This percentage varies from 

5% to 20% on 8petJL1~ s .dy ~n~ts, and probably has a maximum of about 9% 

on inter(hang~s as a wh~~e. B~cause of the already high standards for 

interstate cOnBt:u:[-~~, they concluded, changes in geometries should not be 

expected to c~aLge the ~ .. ldent picture appreciably. 

The ave:o.ge da:. "-;I 1 c; r I '.:. lADT) gave the highest simple correlation of 

any variable testeci wll:h (be number of accidents. Accidents increase with 

the traifl: \olumes ~~tll ~he traffic volumes starts to approach capacity, 

then the accidelLt .: {, LC'.6 ~Ij \:.p rather sharply, espedally when level of 

service F (stop a~j g ! .~ approached. 
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Other conclusions were that, although commercial vehicles are involved 

in fewer accidents than their proportion of traffic, they probably increased 

accident rates because they add to the congestion (larger sizes) and they 

negatively influence automobile driver behavior. Also, drivers of out of 

state vehicles were found to have fewer accidents than their proportion of 

the total traffic, implying that lack of familiarity is not especially 

important when good design standards have been set. 

Although the death rate on interstate highways is less than half that 

of the average of all highways and less than one-third of that on rural or 

secondary roads, the high vehicle-mile rates on interstates will continue 

to contribute a large number of total fatalities and injuries. 

The study by Cirillo et al. (1972), as detailed as it was, is still 

insufficient to determine the long-term effects of specific design variables 

and combinations of design variables and other conditions on accident rates. 

It seems unlikely that ADT can be kept below the high accident rate values 

in many areas. Other techniques will be necessary for reducing accidents. 

It is important to note that, with many of the geometric variables, the 

correlations showed some. effects opposite to those expected from common 

expert:: engir,eeting judgn,erlL While there is undoubtedly a portion of such 

conclusions which is based on inadequate models or insufficient sample sizes, 

there is probably a s~gnLiicant number of cases where engineering judgment 

is not sufticlent, espec_Cilly when such judgments are made from data 

collected remotely, It is very likely that important variables or special 

circumstances a~e ~vt included in the data. It is also possible that the 

logic followed ~_n tenting certain conclusions from engineering judgments 

is erroneous. More llkely, erroneous conclusions result from lack of full 

consideration of all ~elevQnt input information. These are the kinds of 
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findings which are most likely to be important in a long-term effect on safety 

in the design community: if engineering judgment is found to result in 

erroneous conclusions among the most experienced designers, there undoubtedly 

are a large number of areas where less experienced designers in more remote 

locations are making greater numbers of errors. A more comprehensive, 

continuously updated system of data gathering and analysis would allow 

discovery of fallacious engineering assessments and discovery of variables 

which may not currently be considered important or are not properly weighted 

in determining specific judgments. This is obviously a complex undertaking 

requiring considerable investments in time and money before any payoff can 

be expected. However it promises to provide substantial payoffs which can 

not be obtained in less ambitious programs. 

Design Community Reaction to Classification Schemes and Standardization 

Standardization and classification were discussed as two topics within 

one session in each of the two workshops held for this project. In general, 

the representatives of the design community tended to feel that there should 

be some standardization of ramp design and some aspects of interchange 

component design but no strict adherance to one or more "standard" inter

change designs. It may be possible to standardize many interchange parts 

or patterns to some extent, and then mix the parts as necessary to provide 

a suitable solution to a given interchange problem. 

A major objection to standardization is that it tends to result in the 

setting of minimums and the subsequent building to those minimums rather 

than to better standards, even where they might easily be met. Standardiza

tion tends to stifle free thought, although from the driver's point of view, 

routine-appearing solutions are usually desirable. 
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A participant from California felt that it is not now possible to get 

specific ammunition to fight for a standard. Whereas many decisions used to 

be made intuitively, there is now greater legislative and public pressure to 

justify more expensive designs. In many cases the data to justify "better" 

design solutions are not available. He pointed out that there is not enough 

information to build a good case for many decisions which have already been 

made. Desired traffic projections have become meaningless in many metropolitan 

areas, so that freeways and interchanges are built for specific portions of 

the demand rather than to meet some future demand level. This is done while 

maintaining a sense of balance in economics and in other considerations, 

but attempting to build a whole facility which will operate at a consistent 

level throughout. 

A participant from Pennsylvania felt that standardization probably could 

come first in the form of desirable guidelines, perhaps with a listing of 

priorities such that the best designs can be held as a goal, with certain 

lower levels of design permitted where necessary, and a minimum design 

specification which should be met at all costs. In those cases where 

minimum designs cannot be met, serious consideration should be given to 

cancelling at least that part of the project entirely. In a few recent 

cases, ramps which could not be designed to reasonable standards were omitted 

so that specific turning movements could not be made within those interchanges. 

The definit:ion of "reasonable" was not established and must depend upon 

operational data and criteria. 

Designs which have been used in the past have met with certain objec

tions even though they seem to work reasonably well. For example, Texas 

uses an X-pattern ramp which presents signing problems and raises several 

objections from a theoretical viewpoint. However they have fairly good 

operational records and seem to provide service equivalent to more elaborate 
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designs in view of the present demand. Should the demand increase, however, 

it is possible that serious operational problems would be encountered. 

Standard configurations would eliminate many of the problems in signing 

since the standard would be developed with signing in mind from the begin

ning. However, standards which are formulated in great enough detail to 

include signing do not allow for variations in terrain, soil, and problems 

of right of way which often are important. 

Standardization probably should start from the point of view of the 

driver, so that as he looks ahead he receives the proper impression of the 

upcoming situations related to his changing speed or lanes and his turning 

movements. Since this kind of consideration would require standardization 

of vertical as well as horizontal curvatures, it seems unlikely that true 

standardization can ever be implemented. Features, such as elevated 

approaches to an intersection to provide the driver with more of a plan 

view of exits, can only be recommended, not required. 

While it may not be possible to standardize all aspects of an inter

change configuration, there are specific problems in sight distance and 

obstruction of line of sight which can be predicted. For the most part, 

these already are familiar to the experienced designer, but the total 

c,)nfiguration from the viewpoint of the driver may not be appreciated from 

drawings alone and may require various types of models or design aids. 

While standardization of configurations may not be practical, it was 

agreed that there are still areas where standardization of terminology would 

be useful. Ramps, connecting roadways, indirect versus direct ramps, and 

similar terms may cover more than one meaning, and some are used with 

different meanings in different parts of the country. It is likely that 

standardization of such terms will require a sustained and active effort, 
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including the use of seminars where specific configurations are discus3ed 

to illustrate the differences and the specific meanings. 

It was pointed out during the workshop that standardization can be 

interpreted in two ways: the driver may knmv what to do through standardiza

tion of design, or he may know from provision of standard techniques for 

insuring good visibility and sight distance. Thus he may know how to drive 

a given design because "right turn ramps always come before left turn rarr,ps," 

or he may know how to obtain information for negotiating specific designs. 

Once again there was no clear source of data for determining "successful" 

designs or for objective comparison of alternative design solutions: a 

notoriously unfortunate operation will become known to be design community, 

but the features responsible for the problems may be harder to identify. 

There are many specific features of existing roadways for which there 

are no good data on operation. For example, there is very little known 

about the capacity of loops, both one lane and two lane. One two-lane loop 

in Long Island handles 1500 vph, far above manual guidelines. Loops may 

provide large savings in construction costs compared to direct ramps. If 

the weaving problem is eliminated through the use of collector-distributor 

roads, it is possible that the additional cost for directional ramps is not 

necessary for the relatively small increase in traffic flow they allow. A 

variety of independent studies have been made on specific features of this 

type across the country, but there has been no coordinated attempt to compile 

this kind of information in a central data bank which would allow comparisons 

of various features. Thus the trade-off evaluation is made based on the 

experience of the individuals involved, usually with little hard data to 

substantiate the value of specific features which "facilitate" flow or 

"improve" operation, 
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The Federal Highway Administration representatives felt that significant 

advances had been made in the last few years in standardizing some desirable 

features of entrances and exits. Interchanges are seldom designed without 

providing for all movements, regardless of demand. These ramps tend to be 

in more standard locations in an interchange, and left off-ramps are 

generally prohibited. California has a standard policy of use of collector

distributor roads, standard radii, and similar standard components in the 

cloverleaf. 

Standardization may lead to the use of costly features where they are 

not actually required. For example, in high density traffic with many heavy 

trucks, overhead sign bridges often must be supplemented with median or 

shoulder signing. To require such multiple signing everywhere would be 

very costly. 

With regard to the inventory system, two questions were raised: to what 

extent will an inventory system support design efforts, and what other 

benefits would arise from inventory system. It seems clear from accident 

investigations that it is the interrelationship of several features, not 

a single element, which contributes to accidents. Routine accident reporting 

seldom considers such interrelationships. 

One of the consultants felt that an inventory could ultimately be used 

for driver training and even driver licensing to insu~e reasonable behavior 

in interchanges. He pointed out, however, that a comprehensive system 

could provide data which might be used against the highway authority in 

court cases where a feature has clearly shown itself to be hazardous. ~~ile 

such uses are conceivable, the identification of hazardous locations is 

obviously a first step toward remedying such conditions, and this is a 

standard function of a highway agency which is currently being more 
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widely accepted. For example, a recent decision of the California Supreme 

Court* against the state held that a design to the accepted standards of 

1942 was outdated by 1972: when the state knows or should have known that 

changed physical conditions have produced a dangerous condition it must 

act to correct it. A systematic procedure for identifying such problems 

and at least scheduling corrective action seems to be a necessary legal 

defensive requirement. New York and Illinois courts also have accepted 

the concept of liability for changed conditions. 

A detailed classification system or complicated inventory was generally 

felt to be useful for research purposes, but too complicated or time 

consuming to utilize in design tasks. This kind of conservative reaction 

is understandable, but new tools often take considerable selling, even 

where they are enthusiastically utilized after a transition period. It 

was pointed out that, although the computer requires a large amount of 

detailed data in complicated, coded formats, the USer requires only a 

knowledge of which buttons to push to obtain pictures and text, and he 

never encounters the vast majority of the data which is required by the 

computerized system, Designers are not programmers nor should they be, 

but a programmer can ease the task of the designer and provide him a means 

of obtaining information which is not otherwise available to him in a con

venient form. 

It was suggested that the new capacity manual is a large volume which 

is neither convenient nor simple to use; there is danger of an inventory 

system or classification system also being too cumbersome for its practical 

benefit. A system based on computer graphics obviously must be user-oriented 

and self-instructing to avoid such a possibility. 

*Baldwin v. California, 491P. 2d 1121 (1972). 
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It was pointed out that accident clusters which have already been 

identified might be evaluated in terms of physical features present to pro

vide information on combinations of features which are undesirable in general, 

though not obviously so from outward indications. A new, national standard 

on such accident analyses could be maintained without a form of inventory, 

although the inventory would include this information. Any reconstruction 

because of poor accident records would obviously require more than informa

tion from a computer file. Detailed investigations and analyses of the 

site would obviously be necessary, even though suggested solutions may be 

derived from inventory data. 

In the second workshop session on standardization and classification it 

was pointed out that there is a lack of information as to what is "good" 

driver behavior and performance in negotiating an interchange (and else

where). The operation on any segment depends on the segments preceding 

and following it rather than just the segment itself. Thus it is important 

that any analysis of roadway systems allow for inspection of the site and 

other areas near the site which may have influenced driver behavior. Pin

pointing accident locations by reference systems which are available to both 

the involved motorists and the inventory analyst are obviously important 

for any studies of causation. 

There were several other comments suggesting that the details of history 

and the fine-grain information of construction details may not generally be 

useful to design engineers. It was agreed, however, that there is no source 

of feedback on the operations of specific road segments except through 

"experience". Some agencies make it a policy to have design staff visit 

and review finished projects to provide some operations feedback; most do 

not make any provisions for any regular, direct feedback from operations to 

design. 
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Another topic brought up in the workshop was the fact of driver 

experience and habits which vary on regional basis. Even with the recent 

greater communication and greater amounts of travel, regional variations 

are a fact of life to be considered in setting standards for driver inter

pretation and behavior which might have been derived by "averaging" typical 

requirement from widely dispersed sources. Although some of this variation 

could be included as local descriptive information on an inventory, there 

is a limit to the number of variables which can be covered. 

There was considerable discussion of design philosophy: is a given 

interchange type assumed and modified, or are individual problems solved and 

then combined to an overall unit? Some agencies begin with a cloverleaf 

and work upward if necessary, and others assume a directional interchange 

and work downward toward less expensive configurations. Although design 

basically attempts to eliminate all bottlenecks, the natures of the inter

change and the cross-country freeway are different, so that interchanges 

inherently become impedances. The question remains as to what degree of 

impedance is acceptable for a given cost. 

Improving feedback may require face-to-face meetings, but a more formal 

system such as an inventory might also be useful as a common basis. There 

is a continuing problem of exposing young designers to past projects, 

including past mistakes. Such training programs really have not been 

analyzed or objectives in this area established. The design process is 

seldom the idealized one of connecting two proposed roadways with optimum 

conditions for t~affic. Many times the designer is forced to live with a 

number of accomplished decisions on details. Given these constraints, an 

inventory would be useful if it could offer instances of designs which met 

some of these constraints and continued to operate in a satisfactory manner, 

as well as some which were not satisfactory because of some specific combina

tion of conditions. 
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Highway planning is obviously an extremely complex process. It was 

suggested that, until each man in this planning process can appreciate the 

positions of all the other people involved, there can be no progress towards 

a smoothly working system. Although pressures may be strong, decisions which 

have already been made are sometimes not irrevocable in the light of strong 

evidence, and the decision not to build at all when only a poor design is 

possible remains to be considered. 

Taragin of the Federal Highway Administration described a German group 

of professionals who attempt to look at proposed designs from several points 

of view to provide this kind of integration. This is a new procedure, and 

its long-range effectiveness has not yet been established, although there 

is great enthusiasm about its potential. The problems are basically 

those of communicating a large number of details to and from groups with 

diverse backgrounds, While sketches, workshops, drawings, hearings, and 

models are used to facilitate such communications, the problems are by no 

means solved in terms of conveying concepts and problems in reasonable 

time to provide satisfactory understanding among these groups. 

A post-session questionnaire was administered after each of the sessions 

on standardization and classification. A general description of the opinions 

expressed on these questionnaires follows. 

Standardization was generally felt to apply to only about half of the 

general features of major interchange. "Standardization" may not have any 

meaning to the drivers, even if it is practiced on the design level. Those 

aspects which effect driver expectancies should he treated in as uniform a 

manner as possible, but it is not practical to standardize all shapes and 

configurations. Although it is generally felt that standardization does make 

a difference in driver behavior, there is no definitive evidence to support 

this or to define the degree of standardization or consistency which is desirable~ 
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If a number of standards were adopted, it would be necessary to adapt 

these standards for local conditions and details. The workshops were divided 

on whether adaptation would compromise the standards, essentially making them 

meaningless on the whole. Definitions and further data are obviously 

necessary before such questions can be resolved. 

The opinion of the workshop participants was also approximately evenly 

divided on the idea of a formal classification system or detailed inventory. 

Generally, the classification system was not seen to fill any obvious needs, 

while the inventory was considerably more acceptable as a helpful concept. 

A conversational classification system was felt to be sufficient. It was 

generally agreed that an inventory system is necessary for meaningful 

research in several areas of interest to design. Direct use in design or 

location tasks was mentioned, but not by the majority of respondants. 

The next topic considered by the workshop was improvement of the feed

back provided to designers. Here it was agreed that the computerized 

inventory system would be useful, although in-depth investigation teams and 

site visits by designers or periodic feedback from traffic operations to 

designers were also mentioned. 

The addition of computer graphics to a computer inventory was not felt 

to be necessary, although about half indicated it was desirable. This is 

somewhat surprising, since the discussion made it obvious that sketches 

begin to appear very early in conversations about design features, especially 

interchanges. It does not seem probable that a system without computer 

graphics would be as acceptable as one with this capability, providing the 

graphics are an integral part of the system and are not added at large 

additional expense. 
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When asked whether a computer inventory system would be cost effective t 

the workshops tended to be negative: approximately half said no, half said 

yes or maybe. The concern was basically for the cost t based on experience 

with overruns in a few computer-based projects in the past. 

The concept of a federal reference system or computer data bank on all 

interchanges was somewhat more acceptable. There was some concern regarding 

the handling of regional problems, but the major concern was that individual 

agencies would be slow to make use of a federal system on a regular basis. 

It was emphasized that such a system would have to be convenient for users 

and well designed to encourage its use. The fact that information exists 

is not sufficient; there must be a concerted selling effort to overcome a 

natural tendency to use established methods and less sophisticated techniques. 

As mentioned previously, this kind of a conservative reaction is under

standable and expected. A system must be able to offer benefits which are 

obviously greater than those of the present system without increasing the 

costs or involving any inconvenience in obtaining the new information. 

Stored-Image Roadway Inventories 

Photo logging 

Photologging, the systematic filming of finished roadway at short 

intervals, provides much of the information needed for planning, problem 

analysis, maintenance, and similar concerns related to highways. While 

photologs usually cover all roadways, they can be useful in the study of 

interchanges as a separate or integral part. The discussion is included 

here to illustrate a technique of detailed description which is already well 

developed and practical. An extended interchange photolog, on a nation-

or world-wide basis, is a viable alternative to a more formal system of 
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classification, although photologs lack the quantified data and cross 

referencing which are desirable. 

Several State Highway Departments (Baker, Case, & Hulbert, 1971) began 

filming their state highways as early as 1965. The film logs have been useq 

by many groups, and the highway divisions are generally well satisfied with 

the results. Uses include various checks and surveys of speed zones, school 

zones, curve symbols and recommended speeds, channelization, sign location, 

accident sites, landscape planning, driveways, drainqge patterns, guardrai~ 

locations and sequences, and the location of buildings. These films are 

available for administrative, maintenance, traffic engineering, and planning 

uses, and are updated as new construction or modifications to the highways 

are made. New uses are continually found for the film records,* and they may 

be useful in evaluating past designs or for refining proposed designs. 

Interchanges make up a small part of the photolog but access is convenient. 

The designer can "drive through" an interchange photolog, but detailed data 

must be sought elsewhere. 

The photolog records are made on l6mm or 35mm color negative film with 

one frame every 1/100 of a mile (52.8 feet). Color is considered necessary, 

but opinion on film size is divided. A wide-angle lens usually is used, and 

the filming is often done at about 40 mph, although up to 70 mph is attain-

able under special conditions. The camera is mounted in a standard sedan 

or light van with suitable electrical equipment installed. The camera may 

be mounted in front of the passenger seat and aimed through the windshield, 

*A Second Seminar on Optical Instrumentation for Highway Engineers was planned 
for 11-12 April 1973, too late for inclusion in this report. Sessions were 
planned for reports of aspects of photologging including use in North Carolina, 
West Virginia, Canada, U.S. Forest Service, urban San Diego, and Washington. 
Proceedings can be obtained from SPIE Seminar Registration Committee, Box 288, 
Redondo Beach, California 90277. FHWA and ITE were Co-Sponsors. Further 
information can also be obtained from W. T. Baker, FHWA Office of Traffic 
Operations. 
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often 2° or 10° to the right of parallel with the roadway. The film is 

tripped by an impulse usually derived from the speedometer cable with frequent 

manual cross-referencing to the existing mile markers or other reference 

systems existing in the road system. 

The filming usually requires a driver and a camera operator, although 

Montana has used a single operator/driver. Since filming is done in both 

directions, each mile of highway results in 2 miles of filming or 200 frames. 

Filming can be done at rates of up to 40 miles of highway per operating hour, 

or 300 miles of highway in a single day. Averages are considerably less than 

this, obviously. In most cases the film is commercially processed and then 

edited in the negative before printing. The films are prepared for filing 

in 100-1,000 ft. rolls or in cartridges with approximately 100 feet of film 

or 40 miles of highway in each cartridge. The films may be viewed or printed 

on standard 16mm or 35mm microfilm projectors and reader-printers. Single 

frames may be studied and rapidly located in equipment such as the Kodak 

Recordak Lodestar l6mm microfilm projector and the Vanguard Motion Analyzer. 

The cost of the systems varies depending on film size and equipment. 

The addition of a data section on each frame raises both the utility of 

the finished film and the price for equipment. Prices vary from approximately 

$12,600, for l6mm film without a data block, up to about $200,000 for 35mm 

with extensive datd (e.g" the California system) printed on each frame. 

Although these costs are very rough since most are based upon initial 

implementation of new systems, it appears that the choice of film size 

results in a 2:1 overall cost difference, but addition of a data block on 

each frame can also double costs. 

California has made use of photologging since 1968. The image of a 

data panel is added to each frame through a series of mirrors and an Adtrol 

Photo-Digital recording system which places 15 rows of binary coded decimal (BCD) 
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numbers in the top of the picture. A fifth wheel is uaed for measuring 

distance and triggering the camera, but the inconvenience associated with 

the fifth wheel makes the great distance accuracy (+ 0.5%) of questionable 

value. 

BCD data appearing at the top of each frame are large enough to be 

read from the 35mm frame without equipment if necessary, although a 

Vanguard Motion Analyzer projector is normally use~. It allows projection 

at any rate up to 24 frames per second and provides a feeling of motion 

along the roadway from 0 to 800 mph. The BCD information includes the 

date, county, route number, district, and odometer reading. Additional 

data may be entered directly from a control panel during the film making. 

Film, after editing, is kept by each district while the negative 

and a second copy are usually retained in the state highway headquarters. 

Each district in California has 50 to 80 rolls of film, with 40 to 64 miles 

of its assigned highvlays per roll, and a Vanguard projector. The head

({Jarters film library consists of 30,000 miles of filming on 686 rolls with 

&n average of 44 miles per roll. A duplicate set costs approximately $20,000. 

The districts in California claim that they can get 85-90% of all the 

GaLa needed for t;caffic accident analysis in intersections from the films, 

Ea,i:1g approximately five hours of field work for each hour of viewing. 

Ille legal section is able to provide conclusive photographic evidence of 

the conditions of roadways which often results in the court throwing out 

c~ses brought against the department. Nearly every group viewing the photo

log has found some use that can save them time and money. In California, 

the average benefit-cost ratio is estimated at 4 to 1 in the various uses. 

]n addition to state employees, city and county officials, outdoor 

advertising firms, and private traffic researchers have found the photolog 

'.:lLuable. 
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The Washington State Department of Highways also has a photo logging 

p~ogram and 35% of the 5,000 state highway miles was filmed by the end of 

1971. This system is installed in a van and uses a Flight Research System. 

The camera aims through the window 55 inches above the ground, aligned two 

degrees to the right. 

Montana also does photologging with a 35mm format. Using 35mm color 

negative master, it is possible to produce either 3Smm or 16mm positives. 

and individual prints can be made in either color or in black and white from 

any frame. 

The Montana system is operated by a single operator and driver. This 

one man can photolog an average of 250 miles a day, gathering notes with a 

small tape recorder during the logging operation for coordination later 

wi th the films. 

In Montana, the films are stored in lOa-foot rolls which cover approxi

mately 16 miles of highway in one direction of travel. A book of primary 

highway maps becomes the directory for locating any specific portion of the 

highway and the roll of film containing it. 

Montana has found that the photolog is particularly valuable after a 

h~ghway has been rebuilt and claims for damages are made by the property 

owners. In litagation, the photographic evidence supports the engineer's 

testimony in court and becomes a source of evidence which often results in 

a favorable verdict for the highway department. 

A bonus feature was found in the Montana system, when it was discovered 

that the negative aerial reconnaissance and mapping photographs in Montana'~ 

files could be copied onto microfilm and used in the same reader-printer 

which is needed for the photologging system. Montana has 50,000 9" x 9" 

aerial negatives, and approximately 5,000 negatives are added to the files 

each year. The quality of the microfilm reproductions is suprisingly good, 
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and all the aerial negatives were microfilmed at a cost of less than $1,000, 

requiring a very small amount of storage and much better accessibility. For 

high quality prints, a microfilm printer copy is sent along with the neg~tive 

roll to the commercial printers for positive identification of the frame 

desired. 

Arizona developed the ALISS (Accident Location Identification and 

Surveillance System), which is a computerized record system used with the 

l6mm photolog (the Highway Optical Data System) to provide a computerized 

roadway inventory file which is periodically updated. A data panel is 

included in the bottom quarter of the Arizona photolog film frame. It 

includes route number, route direction, date, altimeter, gyrocompass, clock, 

speedometer, and two mechanical counters which indicate the state mile-

post system number and distance in miles for each exposure. 

The Arizona traffic engineering section developed a computerized 

record system for uaffic control devices and aids. It was found that ip 

t.he older manual records, approximately 40% of the data were invalid. The 

Highway Optical Data System (photo1og) is used to bring the sign records 

up to date, The maindne sign file consisted of 38,000 records. This 

was validated and updated to the date of the photography, and coded in a 

,~omputer storage system in less than 90 days using summer-aids or students 

who had no previous experience in this work. Compared to past records of 

updating by conventional field survey of signs, it was estimated that there 

was a saving of 5 months of time and $24,000 using the photo1og system. A 

civil engineering technician supervisor and an electronic technician are 

assigned full-time to operate, maintain, and modify the equipment, and to 

provide for the film processing and storage. 

Table J-1 compares some of the costs and features J:'eported by six a~ates 

using photolog systems. Many additional states have begun photologging 
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and new systems are being developed, so that costs and techniques listed 

in Table 4-1 can only be rough indications of these features. Approxi

mately 36 states have or are planning photolog record systems. 

Time-Lapse Television 

The time-lapse video mode is differentiated from the continuous video 

mode in that the recording tape travel speed is reduced, recording fewer 

frames in a given time period. When the tape is played back at normal 

speed the action is faster than normal. 

This time-compression feature is useful for studying long-term changes 

or low frequency events as well as for storing a series of views along a 

roadway. Unlike film, video recording have serious resolution proble~s 

which limit legibility of small signs and license numbers. No processing 

is required, however, so that instant replay and retakes are routine. The 

cost tends to be higher with video recorded inventories, though tapes are 

reusable where a permanent record is not needed. 

Time-lapse video recording does have potential for studying operation~ 

or physical features of interest to the designer where time compression is 

desired. Recording speed reduction ratios of up to 61:1 have been used, 

This ratio is useful for following the progress of construction, since a 

full week's work can be viewed in less than 45 minutes on a finished tape. 

Other intermediate time ratios have been used such as 29:1 for hazardous 

rural intersection monitoring, and 5:1 or 3:1 for medium and heavy traffic 

volumes. A recording ratio of 5:1 permits five hours of recording tape to be 

played back in one hour at normal speed. This is probably the most useful 

single speed for time-lapse recording, allowing most of the information 

that is usually obtained from field studies to be extracted from the tape. 

In one study (Baker et al., 1971, p. 33-38) a total of 22 separate 

items of data were extracted from a 5:1 time-lapse video tape, including 
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traffic volume per lane, number of weaving manuevers, encroachments within 

the gore area, vehicle classification, and pedestrian-vehicle conflicts. 

It was estimated that a crew of ten men would be required to obtain this 

data by field means. Only one field man was necessary for the video 

recording, and data reduction was accomplished by two men in an office 

during one 8-hour day since they could replay the tape as many times as 

necessary to extract the desired information. Obviously the time compression 

and the portability of such systems make them very useful for presentation 

to public groups or officials, eliminating the need for site visits. 

In this study, a 10-speed Odetics model VTL3l0 was used. The complete 

system cost was approximately $4,000. Improved equipment is continuously 

being developed for such special applications. Some units, e.g., Flight 

Research Inc. of Richmond, Virginia, provide commercially available units 

which include an odometer or other data within each frame. A standard 

reel of video tape is 2,400 feet in length and lasts one hour at normal 

speed. Up to 61 hours of recording is thus possible with a 61:1 time-lapse 

ratio in automatic equipment. 

Major Intecchange Design Computer Access System (MIDCAS) 

Introduction and Objectives 

Up to the present time, the design of major highway interchanges has been 

dictated mostly by site- and task-specific considerations. To be sure, some 

highway planners benefit from previously conceived and implemented designs, 

and experienced designers usually are able to make sound decisions in novel 

situations, given enough study, but at this time there is no facility 

available for the systematic comparison of extant highway interchanges on a 

nationwide basis. Local studies, such as May and James (1972) on the cost 

effectiveness of adding lanes to freeways, can provide some of this data, 
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but a more generalized system is needed for broad use. Such a system would 

obviously facilitate highway planning and design in that previous designs 

could be evaluated, copied in part or whole, rejected, or at least assessed 

en good and bad design features. A comprehensive inventory of physical 

lnterchanges would also incorporate operational, historical, and cost data 

which would be valuable in decisions related to various design alternatives. 

The MIDCAS approach is intended to keep equipment and programing costs low 

compared to the ultimate benefits. Potential benefit is expected not only 

for the engineer but for those interested in driver behavior and community 

development as well, since the test of a design is its ultimate operation, 

safety, and public satisfaction. The available hardware base described below 

allows not only rapid comparison of behavioral and engineering design 

pcirameters in text form, but it presents visual, diagLamatic comparison as 

well. This is not a computer des~gn system, but an aid to the designer and 

others utilizing computer storage and graphics. 

The MIDCAS is an on-line, interactive computer graphics storage and 

display system designed to allow easy access and compcrison of interchange 

design features, both as schematic diagrams and in the form of listings of 

ielevant operational, engineering, and behavioral parameters and data 

collected on a number of major highway interchanges-

Background 

In practice, the design of any connecting roadway is not done in is01a

Lion. Through a series of sketches and modifications, the set of interacting 

paths are integrated into a workable scheme. One of the basic problems in 

designing a classification or descriptor system is that there is no single, 

straightforward, step-by-step procedure by which designs are developed. If 

the basic steps could be enumerated and put in a hierarchy of some type (as 
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discussed in another chapter of this report), then it would be possible to 

structure a descriptive system based on these steps with provisions for 

integrating the various steps and for combining the intermediate outcomes 

c.f each step. 

It will become obvious when the details of the descriptor system are 

discussed, that it will be extremely difficult to simplify this system so 

that it can be used without reference to tables, computer output devices, 

0: sketches. A system of "levels" of descriptor is intended to simplify the 

extraction of anyone type of data for a specific design consideration. 

Briefly, levels start with the interchange as part of a highway network 

(level 0), proceed to the interchange and its turning maneuvers (level 1), 

through individual turning maneuvers (level 2), individual ramp or feature 

specifications (level 3), to historical and detailed maintenance data on 

each feature (levels 4, 5, 6, etc.). 

While the complete descriptor in coded form may fill several pages, the 

oescriptor level which is of interest. for any specific decision or criterion 

consists of only a line or t,,70 which can be decoded with reasonable effort 

f:om the coded version, or displayed on the system graphics terminal in 

either pictorial form or as descriptive text. In either case, a paper copy 

on anything displayed of the graphics terminal can be obtained immediately. 

There are at least two approaches to solving design problems: the 

bolution of individual problems by means of a computer program which integrates 

the requirements and shows the possibilities, and a detailed inventory of 

existing interchange descriptions and a method for showing existing designs 

which most completely fill the requirements of a new situation. It is 

likely that the most versatile system would combine some features from each 

ci these approaches, but it is unlikely that a truly "computer-designed" 

interchange will ever become feasible in view of the large number of inter

acting variables usually present. 
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The inventory-matching technique requires the detailed specification 

of all of the major existing interchanges with a complete discussion of the 

costs of construction, the advantages and disadvantages in operation and 

maintenance, and the amount of land and type of structures required. In 

this way, for example, maximum use of experience can be made, and such things 

as the solution of the interse~tion of two roadways which make a very small 

angle to each other can be considered separately from those in which the 

intersection angles are close to 90°. While the number of interchanges which 

now exist is not extremely large, interchanges from other countries can 

supplement such an inventory even to the extent of displaying mirror images 

of the left-hand traffic interchanges from Japan and Britain. Computer 

graphics displays rotate in space at the command of 3 simp~e controls so 

that left-hand and right-hand patterns are immediately interchangeable. 

It is possible that an inventory-matching technique could be of such a 

5~ope as to be manageable without computer assistance. It is possible to 

design a system of flow charts or cross references which would allow selec

t.ion of solutions which have been tried in the past for specific problems. 

While this would not necessarily include all ~he possible combinations 

aud configurations, it is very likely that the ingenuity displayed in the 

total number of existing exchanges could be made more readily accessible 

to designers with everyday problems. Such a paper-based system provides 

significant disadvantages in expanding, e~iting, and up-dating, however, 

and it would be likely to cost more than a machine-based system in a short 

period of time. 

The computer-aided design of interchanges, while more complicated than 

the inventory-matching technique, is well within the realm of possibility 

with today's computers (see Walker, 1972; -NCHRP 20-8, 1972; Beilfuss, 1973). 

At this point it is assumed that the time advantage alone probably would not 
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justify computerized designs since hearings, reviews, and approvals are 

more limiting than the drafting time requirements. The larger number of 

considerations which can be integrated by a computer seems to promise a 

more rational and economical solution to the extremely cumbersome series 

of detailed solutions. Once a ramp is chosen in any design, the choice 

of other ramps between roadways is somewhat restricted. When two ramps 

or roadways cross the same area, it becomes necessary to elevate, depress, 

or reroute one or both of the roadways. The cost of level separation versus 

circumventing can be estimated in terms of structures and roadway lengths. 

Where a level change is required, a minimum ramp length is dictated for 

moving from one level to another. In the same way, given any assumed design 

speed, the change of direction of a given angle requires a minimum arc length 

and radius of curvature. Acceleration and deceleration tapers depend on 

curvature, grade, exit speed, number of lanes diverging, and other factors. 

Most of these factors are predictible, within limits, in a given situation, 

&:ld a mathematical model to solve such interacting requirements should be 

possibl.e. 

Summaries of operational charaeteristics can be modeled on the computer 

GS well. For example, weaving areas are generally undesirable. If an 

operational "price" can be assigned to each of the weaves of various lengths 

tin terms of accidents, tie-ups, maintenance, public complaints, etc.), the 

disadvantage can be weighed against other costs such as a more elaborate 

ramp design. As the distance between conflicting ramps increases, what was 

a weave now becomes two separate maneuvers. While there is no exact cutoff 

point for every situation, such things as number of lanes, grade, angle of 

e~trance or diverge, etc., can be used to formulate a model for predicting 

operational disadvantages. May and James (1972) have developed a systems 

analysis for optimal expansion of certain California freeways based on cost 
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effectiveness. While this is somewhat more specialized than a computer 

based inventory, some of their data and techniques would probably be valuable 

in developing such an inventory. 

Computer-aided design in the broader sense of computer-calculated 

solutions to new problems is a separate, more complex, and largely independent 

possibility well beyond the scope of the current project. The MID CAS demon

stration project which is described in this section is intended to illustrate 

the more practical computer graphics inventory and data access concept which 

c.an be implemented on available equipment with minimal programing investments. 

It offers promise of more objective, rational, and defensible decisions during 

the design process without restricting the engineer~s creative activities 

and without the imposition of strict procedures or additional rules upon 

the design community. 

Hardware--ADAGE 

The hardwar.e used in the MIDCAS demonstration is an ADAGE Model 30 

GRAPHICS TERHINAL and associated peripheral equipment manufactured by ADAGE, 

INC. Boston, Mass. The computer section or "core" has 16k bytes of memory. 

Other equipment, such as the PDP-9 computes with graphic terminals (Savage 

e, al" 1971), is available. No attempt was made to evaluate the relative 

merits of the alternatives since the ADAGE system and student operators 

were conveniently available. Incorporated in this graphics system is a 10" 

x 10" CRT Scope for schematic and text displays, a disk pack for auxiliary 

storage, an alphanumeric keyboard (ANK) for input and system control, an 

Analog Data Tablp.t for direct on-scope drawing, a teletype with paper tape 

punch and reader for input and output, and an electrostatic printer for hard 

copies of any scope displays either diagramatic images or text. Images of 

~ny sort displayed on the scope are under the programatic control of any of 
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several devices: light pen, function switches, variable control dials, 

analog data tablet, and joystick. Figure J-2 shows some of these units for 

use by the ADAGE operator. ClockwisE~ from the far left they are: printer

plotter, teletype, operator instruction book, function switch box (the two 

foot ped.als are also function switchE~s), joystick, alphanumeric keyboard, 

graphics display scope, light pen (upper right corner of scope), and 

variable control dials, The analog data tablet is stored under the table 

on the right. A polaroid camera is also available for photos of the scope 

picture. The cabinet on the right contains two disc memory packs. 

Operator Control Panel. The Operator Control Panel provides controls 

tor powering the ADAGE Graphics Terminal and initiating the Resident Monitor, 

an internal control program. It is part of the main equipment frame which 

is about 3' x 7' and 5' high. 

Printer-Plotter. The Printer-Plotter is a high-speed electrostatic 

device which is capable of printing alphanumeric text as well as graphic 

data. An important aspect of the pr:inter-plot+:er is its capability to repro

duce a hard copy of any picture which appears on the Graphics Display Scope. 

Tel~. A standard Teletype is the primary input-output device of the 

ADAGE Graphics Terminal and consists of a keyboard and a paper tape reader 

and punch. The ADAGE Loader is bootstrap-loaded by the paper tape reader 

in preparation for normal operation. Paper tapes produced by the teletype 

are used for input to the System Scratch Pad, a temporary storage area. The 

paper tape punch produces hard copies of information which then can be 

entered into the system at any time later. Remote Job Entry (RJE) files 

may be output to teletype, resulting in ADAGE-compatable tapes. Resident 

Monitor commands are entered via the teletype to control the operation of 

the system. 

J-39 



Figure J-2. ADAGE Operator Equipment and Controls 
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Function Switches. The Function Switches device consist of 16 keys in 

a small box, and two foot pedals. The function keys and foot pedals are 

identical in their input capabilities and may be read by a program at any 

time. The PULSEl switch, which is mounted on the small box with the func

tion switches, is wired in parallel with the PULSEI switch on the Operator 

Control Panel and is useful in controlling or terminating program operations. 

Joystick, The Joystick is a device for manually entering three

dimensional information. Two dimensions are obtained by moving the handle 

in any direction left and right and back and forth. The third dimension 

input is obtained by twisting the handle. 

Alphanumeric Keyboard. This keyboard is similar in function and key 

layout to the teletype keyboard, except that all 128 of the standard (ASCII) 

codes can be generated. The keyboard provides a more responsive typing 

facility than the teletype keyboard and is conveniently located beneath 

the Scope display. 

Graphics Display Scope. The Scope has precision viewing in a 10" x 10" 

~rea. All necessary adjustment controls are located behind a panel at the 

base of the scope. The x-axis is positioned left to right and the y-axis 

is positioned bottom to top on the scope face. The z-axis is positioned 

trom the back of the scope toward the viewer, and z values are used for 

lntensity control to give depth cuing. 

Light Pen. The Light Pen is an input device which is used in conjunc

tion with the Graphics Display Scope. The Light Pen has a fingertip switch 

on the pen barrel, which when depressed produces a light pen "hit" or 

computer interrupt each time a light pulse is detected. An operator thus can 

instruct the computer to operate on any specific part of an image being 

dIsplayed. 
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Variable Control Dials. The Variable Control Dials input device consists 

of a box with six multiple-turn potentiometers. The position of each 

potentiometer may be sampled by a program at any time. The potentiometers 

are useful for continuous changing of program variables, such as rotation of 

displayed images or parts of images around any axes in space, shifting 

images, or changing scale factors. 

Analog Data Tablet. The Analog Data Tablet is a device for entering 

two-dimensional information. The 10" x 10" transparent glass working surface 

of the tablet allows sketches, curves, and graphs to be traced for input. 

The pen's stylus is part of a pressure switch which is engaged by depressing 

the pen lightly during normal tracing operations; a small click signals 

activation. The tablet may be used for free drawings or graphic inputs. 

The pressure switch activation and stylus contact with the tablet are 

necessary for input to the routine which samples the data tablet and reads 

the coordinates of the stylus position. 

Disk Memory Unit. The Disk Memory Unit allows the attachment and control 

of random access storage devices. The unit provides for the control of 

reading, writing, formatting, and status information on programs during 

development or in routine use. Individual disk packs may be mounted and 

d~smounted quickly as the information requirements of a programmer change. 

Equipment Modifications and Alternatives 

The ADAGE Graphics system currently active at Penn State University 

has several additional capabilities above that of the basic system outlined 

above. Through interfacing with our IBM 370/165, a tremendous calculation 

and storage capability has been added. In addition, through this interface, 

a tie-in with a CalComp Plotter is possible, allowing larger and better 

quality hard copies of CRT Scope images. The relatively large incremental 
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step on the ADAGE Printer-Plotter results in a noticeable zig-zag or step 

effect on the image which is not seen on the CalComp Plotter or on photo

graphs taken of the CRT Scope images. 

Currently under development at Penn State is an add-on capability 

involving stereo-pairs for true three-·dimensional viewing of scope images. 

This system should represent an improvement over the present three-dimensional 

viewing capability of the basic ADAGE system in which depth is simulated to 

some extent by variations in intensity. 

The basic ADAGE system outlined in the first part of this section has 

an approximate cost of $250,000. This includes a 16k memory, scope, disk

driver, electrostatic printer, and peripheral I/O and control devices. The 

requirement of the MIDCAS system are easily met by this basic system which, 

in terms of core size, a~tually represents a higher capability than necessary. 

An operator training program is being devised which will consist of several 

Super 8 sound movie cartridges which can be studied at the student's con

venience. 

It is likely that a less expensive system could be assembled for MIDCAS 

if a dedicated (single purpose) system with expandable memory were used. 

Small computers are now performing a large variety of such specialized tasks, 

with basic systems starting in the modest $25,000-$50,000 range, less pro

graming (in Fortran IV, usually). 

The computer' program for the ADAGE MIDCAS feasibility study consists 

of approximately 1000 lines (8") of text on the printer-plotter including 

liberal commenting and the coordinates of the West Shore Interchange segments. 

While it has not been developed far enough to be useful in a practical 

system, the contractor will make copies of the program available to anyone 

who is interested in this level of detail. 
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The next sections illustrate the steps an operator goes through in 

actually producing displays from the computer memory. This seems 

involved, but requires mastery of only a few rules which appear more com

plicated on paper than in practice. Before the segments are described and 

their use discussed, a series of definitions is given. These definitions 

are fundamental to the success of any inventory system and must be thoroughly 

examined to assure the unambiguous, comprehensive, and widely accepted 

terminology necessary for success in a nationwide (or worldwide) system. 

General Operating Procedure--MIDCAS on ADAGE 

System Power-On and Start Up. To power on the hardware system (ADAGE 

Model 30 Graphics Computer) the procedure is as follows. 

(1) On the Operator's Control Panel (OCP): (a) depress the HALT button, 

(b) then depress the RESET button. 

(2) On the disk drive, after the Power On button is lit, two disk packs 

are mounted, and BOTH WRITE PROTECT BUTTONS ARE LIT: (a) depress 

START. (The Ready light should come on and the disks should attain 

full speed within 30 sec.), (b) THEN TURN THE WRITE PROTECT SWITCH FOR 

PACKO (right side) OFF. This allows the programmer to change the contents 

of Disk 0 memory. 

(3) ON THE CRT SCOPE CONSOLE: (a) TURN THE POWER SWITCH ON (WARMUP TAKES 

APPROX. 1 MIN 0 ) 

(4) ON THE OCP (operators control panel): (a) Depress HALT, (b) Depress 

RESET. (c) Depress RUN, Cd) depress THE FAR RIGHT BUTTON ON THE TOP 

ROW OF BUTTONS, (e) DEPRESS PULSEl. The message'MO/DA/YR = should 

appear on the CRT scope face. If nothing appears turn the intensity up. 

(If a bright spot appears turn the CRT scope off and call a staff 

consultant.), (0 TYPE IN THE CURRENT DATE IN THE FORM: 6/14/72 
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followed by a carriage return (CR). The symbols (CR) will indicate 

carr:i,age return in the steps below). At this point a message should 

appear giving the monitor version. If no message appears try step 4 

again and/or call a staff programmer. 

(5) At the Alphanumeric Keyboard (ANK): (a) Type' in' RESET- ("CRT1," , 102) I 

(b) Type EDIT!, (c) Type 022«CR), (d) Type 1, - y (CR). This w~ll 

cause a list of MIDCAS Interchanges to appear on the scope. S$lect 

the interchange desired en) note its code letters and proceed. 

(e) Type: n, - y (CR) to access the desired interchange program, 

(f) Type: B (CR), (g) Type: FORTN!, (h) Type: - , ~ET ("0BJPK," 102) I" 

(i) Type: LOAD ("Interchan&e, code letters", (4,.101,102» (a set of 

messages should appear, one line of which contains the interchange 

CODE LETTERS), (j) Type: XXXX!L (XXXXX = interchange's code letters) 

The Interchange J)iagram (Figure 4-3, a schematic of the scope display) 

will appear on the scope. 

MIDCAS Control. [After an operator has powered on the ADAGE computer 

and accessed the MIDCAS program, a schematic diagram of a major interchange 

will appear on the screen.] Each line represents a single lane of roadw4Y. 

not lane boundaries. Each roadway, either single or multilane, is divided 

into critical road segments, described below, which are delineated by dots -- -
at the beginning and end of each segment. A critical road segment represen~, 

a portion of a roadway (single or multilane) for which important design and 

behavioral parameters are available for access. The present version dis-

plays all elements as straight lines» though curved lines could be added by 

more elaborate input procedures. 
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Operating Procedure. 

(1) Schematic Diagram Manipulation 

A. 3-Dimensional viewing: The major interchange diagram accessed 

may be rotated in 3 axes for viewing from any angle. Figure J-4 

shows a "helicopter's eye-view" of the interchange approaching from the 

north on highway 81. The display has also been inverted (left to right) 

to show how this would work on left-hand traffic. This is a 

printer-plotter copy with its characteristic zig-zag appearance. 

The following controls manipulate rotation. 

1) VARIABLE CONTROL DIAL A = X-axis rotation 

2) VARIABLE CONTROL DIAL B 

3) VARIABLE CONTROL DIAL C 

Y-axis rotation 

Z-axis rotation 

B. Scale size (not in present program version): Allows continuous 

expansion or contraction of diagram size. 

(2) Text Road Segment Description 

To access the text listing characteristics of a selected road 

segment the light pen (LTPEN) is employed as follows: 

A. Touch the tip of the light pen to the segment desired 

B. Press the white button on the side of the light pen 

C. The schematic will be replaced with a listing of information 

on the selected road segment as in Figure J-5, a printer-plotter 

copy. If not repeat steps #1 and #2 above. The road segment 

index number will also be typed out on the TTY. Note that some 

items such as segment and page numbers are "base 8," so that 

counting is 1, 2, 3, 4, 5, 6, 7, 10, 11 . , • 17,20,21 .• 

This can be changed for convenience to the normal "base 10" if 

desired. 
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Figure J-4. Inverted Display Viewed from the North on Highway 81 
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Figure J-5. Roadway Segment Data Display in Response 
to Light Pen Selection Command 
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(3) Returning to Diagram 

A return to the interchange diagram is accomplished by pressing 

FUNCTION SWITCH #1. The scope will again display Figure J-3. 

Some Definitions of Roadway Segments (Tentative, for demonstration use only) 

Acceleration lane - A speed change lane for the purpose of: 

a) enabling a vehicle entering a roadway to increase its speed to a 

rate at which it can more safely merge with through traffic. 

b) providing the necessary merging distance. 

c) giving the main roadway traffic the necessary time and distance to 

make appropriate adjustments. 

Approach - That portion of an intersection leg which is used by traffic 

approaching the intersection. 

Arterial Highway - A highway primarily for through traffic, usually on a 

continuous route. 

Auxiliary Lane - The portion of roadway adjoining the traveled way for 

parking, speed change, or for other purposes supplementary to the 

through traffic movement. 

Capacity - The maximum number of vehicles which has a reasonable expectation 

of passing over a given section of a lane or a roadway in one direction 

(or in both directions for a two-lane or a thr~e-1ane highway) during a 

given time period under prevailing roadway and traffic conditions. 

Collector-Distributor Road - An auxiliary road, separated laterally from but 

generally parallel to the through roadway, which serves to collect and 

distribute traffic from ramps or other access roads connecting the 

major through roadways of an interchange. 

Deceleration Lane - A speed change lane for the purpose of enabling a 

vehicle that is to make an exit turn from a roadway to slow to the safe 

maneuvering speed after it has left the main stream of faster-moving vehicles. 
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Direct Ramp - Any road connecting major roadways of an interchange that allows 

the least possible change in direction in right turns (right lane exit, 

right lane entry) or left turn (left lane exit, left lane entry) in 

maneuvering from one major road to another. 

Exit Tape - The section adjacent to the main roadway from the widening for 

an exit roadway up to the point where the ramp proper begins. 

Expressway - A divided arterial highway for through traffic with full or 

partial control of access and generally with grade separations at 

major intersections. 

Freeway - An expressway with full control of access. 

Full Cloverleaf - An interchange with a full complement of ramps (all turns 

provided for) with a separate one-way ramp for each turning movement. 

Direct left turns are not possible, but rather must use a loop ramp 

and exit on the right. Drivers desiring to turn left are required to 

travel beyond the point of the through road intersection and turn right 

through about 270°. Right turns are accommodated by direct ramps. 

Grade - The longitudinal slope of the roadway expressed in percent, (derived 

from the ratio of height to length). 

Gore - The area immediately surrounding the choice point where one road pro

vides two optional directions of travel. 

Highway - A way between prominent termini in rural or urban areas where 

there is comparatively little access or egress. 

Intersection - The general area where two or more highways join or cross. 

Lane Number - On any roadway, the lane on the extreme right of available, 

full-width adjacent lanes for the traffic flow in a direction is 

numbered "1"" Other lanes for traffic in the same direction are 

numbered in an increasing manner from right to left ("lane Nil). It 

is assumed that turning movements most often originate from lane 1, 
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that lane 2 through lane (N-l) are for through traffic, and that lane N 

is primarily for overtaking. 

Loop Ramp - A ramp with a circular shape that connects major roadways inter

secting at near right angles. It requires approximately a 270 0 change 

in vehicle heading during the transition from one roadway to the other. 

Main Roadway (MRD) - The through roadways in an intersection, excluding 

turning or access roadways. 

Median - That portion of a divided highway separating the traveled ways for 

traffic in opposite directions. 

Merge Area - That section where traffic from two lanes blend into a single 

lane of normal width, usually associated with an entrance ramp. 

Ramp - An interconnecting roadway of a traffic interchange, or any connec-

tion between highways at different levels, or between parallel highways, 

on which vehicles may enter or leave a designated roadway. 

Ramp Width - The wid~h of a ramp is measured from edge to edge on the pave

ment intended for constant traffic use. 

Road - Any stretch of pavement or strip of land regularly used for moving 

vehicular traffic 

Shoulder - That portion of a roadway between the outer edge of the through 

traffic pavement and the curb or the point of intersection of the slope 

lines at the outer edge of the roadway and the fill, ditch, or median 

slope, for the accommodation of stopped vehicles, for emergency use, and 

for lateral support, 

Sight Distance - The length of highway ahead to which an object 30" high is 

visible to the driver. 

Speed Change Lane - An auxiliary lane, including tapered areas, primarily 

for the acceleration or deceleration of vehicles entering or leaving 

the through traffic lanes. 
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Super Elevation - The tangent of the angle formed by the intersection of the 

plane of the road surface with the level plane in a cross-section view. 

Horizontally curved roadways are superelevated to offset the tendency 

of vehicles to slide outward under centrifugal acceleration. 

Surface Condition - State or characteristics of road: dry, wet, icy, snow

covered, rough, smooth, muddy, t.raffic-worn, broken surface, etc. 

Taper - The ratio of length to width of a speed-change lane which is uniformly 

increasing or decreasing in width. 

Traffic Lane - A strip of roadway intended to accommodate a single line of 

moving vehicles. 

Volume - The number of vehicles that pass a given point on a section of a 

lane or roadway during a given time period. 

Weave, Weaving - The crossing of traffic streams moving in the same general 

direction, most often involved in merging and diverging. Usually 

(in a right entrance immediately followed by a right exit) exiting 

traffic is changing lanes rightward while entering traffic is changing 

lanes leftwa~d, posing possible conflicts. 

Feasibility Study IEterchange: An example of some of the data in the 

catalog of available major interchanges which would comprise the operational 

MIDCAS system 

West Shore Interchange (Routes 81 and 11-15, Harrisburg, Pa.) 

To illustrate the use of the suggested MIDCAS system, the West Shore 

Interchange was diVIded into 46 "road segments" as indicated in the list 

below. Each road segment which may be made up of 1 or more "road elements lf 

and represents a portion of a major road, ramp, or collector-distributor (C-D) 
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road which, for engineering, operation, maintenance or driver behavior 

reasons, is necessarily or conveniently distinct from other segments. 

The relevant descriptive parameters delineated are individually accessible 

as described in the section on "General Operating Procedure." Detailed 

analysis and data shown in this illustrative example are fictitious. 

Some of the information may be available from existing records, but it is 

not readily located or accessible. An accurate compilation was not judged 

necessary for demonstrating the capabilities of the system. 

Segmenting the Roadways. The following road segment numbers are those 

listed by the MIDCAS program upon accessing a particular road segment. The 

entire list is referred to as "Levell text." Each line represents Level 2 

data, both as "Level 2 Graphics" (the picture of the sequence of elements) 

and as "Level 2 text" (a descriptive text on features of that segment as 

seen in figure 4-5 above) 0 Figure J-6 indicates which portions of the 

interchange each segment represents. 

Each segment is stated in 1 to 4 parts in the form: [Segment number/] 

[Route or segment name/] [amplifying descriptive data (as necessary)/] 

[end point station numbers*/] 

1. MRDI/ route 11-15/ 2 northbound, 2 southbound, with median/ 00.00-38.50/* 
2. MRDI/ route 11-15/ 2 northbound, 2 southbound, with median/ 38.50-48.00/ 
3. MRDl/ route 11-15/ 2 northbound, 2 southbound, with median/ 48.00-66.50/ 
40 MRDI/ route 11-15/ 2 northbound, 2 southbound, with median/ 66.50-76.50/ 
5, MRD1/ route 11-15/ 2 northbound, 2 southbound, with median/ 76.50-85.80/ 
6" MRD2/ route 81/ ·3 northbound, 3 southbound/ 00.00-25.50/ 
i. MRD2/ route 81/ 3 northbound, 3 southbound/ 25.50-36.70/ 
8, MRD2/ route 81/ 3 northbound, 3 southbound/ 36.70-45.10/ 
9. MRD2/ route 81/ 3 northbound, 3 southbound/ 45.10-73.20/ 

10. Exit taper/ route 81 northbound to direct ramp to 11-15 southbound or 
collectvr-distributor/ 04.20-22.50/ 

lL Gorel direct ramp to 11-15 southbound and extra lane (collector-distributor) / 
22.50-26.00,00.00-04.00/ 

"(Some fictitious station numbers have been added for tflis example. 

J-54 



y I V
I 

V
1 

SO
UT

H~
, 

C
A

R
L

IS
L

E
, 

PA
. 
~
~
 

W
ES

T 
SH

OR
E 

IN
TE

RC
HA

NG
E 

H
A

G
E

R
S

T
O

W
N

, 
M

D
. 

..
.,

 
y 

H
A

R
R

IS
B

U
R

G
, 

PA
. 

C
A

M
P

 H
IL

L
, 

P
A

. 
G

E
T

T
Y

S
B

U
R

G
, 

P
A

. 

Se
gm

en
t 

Te
rm

in
al

s 
0

4
 

o 
12

 
0 

o 
50

0'
 

10
00

' 
1

"
"
I,

,,
,1

 
III

 =
 1

00
0'

 
A

pp
ro

x.
 S

ca
le

 

t 

Q
2 Q
3 

~
 1

1I
II 
~A

RR
IS

BU
RG

 
P

A
 

N
O

R
TH

 ~
 ~
Y
r
C
U
S
E
'
 N.

 Y.
 

. 

F
ig

u
re

 
J
-6

. 
S

eg
m

en
t 

N
u

m
b

er
s 

fo
r 

I
ll

u
s
tr

a
ti

v
e
 

In
te

rc
h

a
n

g
e
 

E
x

am
p

le
 

N
 

LE
W

IS
T

O
W

N
, 

P
A

. 
B

IN
G

H
A

M
T

O
N

, 
N

.Y
. 

p
--



12. Direct ramp/ 81 northbound to 11-15 southbound/ 04.00-16.50/ 
13. Entrance taper/ to route 11-15 southbound/ 16.50-31.00/ 
14. Collector-distributor link/ from 81 northbound/ 26.00-31.70/ 
15. Merging areal loop ramp and collector-distributor from 81 southbound/ 

31. 70-34.40/ 
16. Loop ramp/ route 11-15 southbound to route 81 northbound/ 
17. Exit taper gore/ route 11-15 southbound to loop ramp/ 
18. Weave areal on overpass adjacent to route 11-15 southbound/ 
19. Entrance taper/ to route 11-15 southbound/ 
20. Loop ramp/ route 81 southbound to route 11-15 southbound/ 
21. Gore areal 81 southbound collector-distributor and loop ramp junction/ 
22. Collector-distributor link/ to 81 southbound/ 
23. Merge areal loop ramp and collector-distributor to 81 southbound/ 
24. Entrance taper/ to route 81 southbound from 11-15 via direct connecting 

ramp/ 
25. Direct ramp/ route 11-15 southbound to route 81 southbound/ 
26. Exit taper gore/ route 11-15 southbound to direct ramp to 81 southbound/ 
27. Collector-distributor link/ weaving areal under bridge adjacent to 

route 81 southbound/ 
28. Merge areal loop ramp and collector-distributor on 81 southbound/ 
29. Loop ramp/ route 11-15 northbound to route 81 southbound/ 
~O. Exit taper/ route 11-15 northbound to loop ramp to 81 southbound/ 
31. Weaving areal loop to 81 on 11-15 northbound on overpass/ 
32. Collector-distributor 1ink/ from 81 southbound/ 
33. Gore areal direct ramp to 11-15 northbound and collector-distributor 

on 81 southbound/ 
34. Exit taper/ route 81 southbound to direct ramp and co11ector-distrib1Jtor/ 
35, Direct ramp/ rou~e 81 southbound to route 11-15 northbound/ 
36. Entrance taper/ on to route 11-15 northbound from direct ramp/ 
~7. Entrance taper/ on to route 11-15 northbound from loop ramp/ 
38. Loop ramp/ route 81 northbound to route 11-15 northbound/ 
~9. Gore areal loop ramp and collector-distributor on 81 northbound/ 
40. Collector-distributor 1ink/ under bridge on 81 northbound/ 
41. Weaving areal loop from 81 on 11-15 northbound on overpass/ 
&2. Collector-distributor 1ink/ to 81 northbound/ 
43. Merge areal junction collector-distributor on 81 northbound and direct 

ramp from 11-15 northbound/ 
44. Direct ramp/ route 11-15 northbound to route 81 northbound/ 
45. Entrance taper/ on to route 81 northbound from direct ramp/ 
46. Exit taper/ route 11-15 northbound to direct ramp/ 

The System in Use 

A user interested in a portion of a specific interchange calls up* its 

level 1 (overall) graphic image by typing in an index code. When he wishes 

*The basic overall and segment displays, segment deletion, and segment text 
call up were demonstrated on the ADAGE equipment. Much of rest of this dis
Cl,ssion is conceptual and has not been programed, although ADAGE equipment 
would permit such features. 
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to study a particular feature of one segment in this roadway, such as accident 

history, cost, or maintenance, he touches the Light Pen to the segment of 

interest. The level 2 display then sho,~s only that segment, in an appropriate 

scale, and a text of general descriptive data (as shown above in Figure 4-5). 

By touching the Light Pen to key words in this text the operator can cause 

lower levels of detail to be displayed on the topic of interest. Line 

drawings accompany the lower level texts, where appropriate. 

The MID CAS user may require instances of specific characteristics rather 

than information on a segment of roadway he already has identified. In this 

case a search is initiated which matches his list of descriptor levels to 

chose contained in the inventory. The initial output is a number indicating 

how many instances the search has locatt~d. If this number is too small or 

too large he shortens (less specific) or lengthens (more specific) the 

descriptor list, respectively. He then cycles through each of the level 1 

displays to look at each instance and he may call up those lower levels which 

may be of interest to him. 

Often needs arise, related to signing, accidents, or driver behavior, 

which logically involve the choice points and the paths a driver may encounter 

while he negotiates the interchange. A series of "maneuver sequences" are 

defined in terms of the successive segments which are transversed. Since 

there are variations in the ways drivers enter, exit, and track on portioes of 

the roadway, provisions are made for ideal or average paths, allowable options, 

and undesirable (erratic) paths in the maneuver sequences. Expanded sequences 

may be formed to extend the basic sequence upstream or downstream to study the 

possible effects of interaction or delayed influences, Thus a site with a 

high accident rate may be downstream a considerable distance from the road 

features which actually influence driver behavior in an undesirable way. Up

stream or backward expansion of the manuever sequence allows inspection of such 

features. 
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Maneuver sequences (Seq) are numbered by convention as follows: Ml-M3 

are the left turning movement (L), through movement (T), and right turning 

movement (R), respectively, for the highway which is leading in the direc-

tion closest to true North at the point of intersection of the crossing 

through roadways. M4-M6 refer to L, T, R of the most Southerly roadway 

(always opposite Ml-M3), M7-M9 to most Easterly, and MlO-Ml2 to most Westerly 

road. More or fewer than 12 are, of course, possible in some interchanges. 

The format of the descriptive text is: link/seq/link. Any number of 

links may be added to the ends of a sequence (but the two end links 

themselves are not displayed on ADAGE). When a seg is expanded, the original 

links are incorporated into a larger seq, and the next adjacent segment is 

shown as linking the expanded sequence to the interchange system. For 

example: 

Seq "Mn" (as listed): C/D,E,(F-)*,G/H (only D,E,F,&G are 
displayed) 

Backward expanded Seq "MnXl": 
Two element backward expansion "MnX2": 

Forward expanded Seq "MnZl": 
Two element forward expansion "MnZ2": 
Expanded in both directions "MnXlZ2": 

To show options call "MnX0": 
For erratic options call "MnZ0": 

For both option types call "Mnx(ilz0": 
For both options, double expansion "MnX0lZ~l": 

B/C,D,E,(F-),G/H 
A/B,C,D,E,(F-),G/H 
C/D,E,(F-),G,H/I 
C/D,E,(F-),G,H,I/J 
B/C,D,E,(F-),G,H,I/J, etc. 
C/D,E,(L),(M),(F-),G/H 
C/D,E,(F-),(-Q),(-R),G/H 
C/D,E,(L),(M),(F-),(-Q),C-R),G/H 
B/C,D,(L),(M),(F-),(-Q),(-R),G,H/I 

* { ) indicates option, depending upon track followed. Only options of the 
form eX-) are displayed when basic sequence is called up: other options 
(X) are displayed in expansion "X0," and (-X) in expansion "z0". 

(X-) indicates common erratic maneuvers exclude this segment, i.e., this seg
ment should be used ordinarily for this maneuver. 

(-X) indic.ates common erratic maneuvers include this segment, i.e., this seg.
ment should not be used ordinarily for this maneuver. 
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The Maneuver Sequences for West Shote Interchange, Pa. are: 

Ml Seq: IlN-15N/Ol,(41),(31-),30,29,28,27,21,22,23,24,06/81S 
(Northbound 11-15 turning leftward to 81 Southbound: segments 01 ..• 06 
are displayed) 

M2 Seq: 11N-15N/01,02,03,04,05/11N-15N 
M3 Seq: 11N-15N/01,46,44,43,45,09/81N 
M4 Seq: 11S-15S/05,04,03,02,(01),(-19),(18-),17,16,15,40,39,42,43,45,09/81N 
M5 Seq: 11S-15S/05,04,03,02,01/11S-158 
M6 Seq: I1S-15S/05,04,03,26,25,23,24,06/81S 
M7 Seq: 81N/06,10,11,14,15,40,39,38,37,(01),(41-),(31),(02-),(-30),03,04, 

05/11N-15N 
M8 Seq: 81N/06,07,08,09/81N 
M9 Seq: 81N/06,10,11,12,13,01/1lS-1SS 

MID Seq: 81S/09,34,33,32,28,27,21,20,19,(18-),(-17),13,01/11S-15S 
MIl Seq: 815/09,08,07,06/8lS 
M12 Seq: 81S/09,33,35,36,03,04,05/11N-15N 

Conclusions 

Through manipulations of levels, searches, maneuver sequences, displays, 

and texts, the designer (or maintenance engineer, signing section, planner, 

etc.) can refer to any level of data or any specific feature contained in the 

inventory. Periodic updating in one central file adds to the historical 

oata and modifies the operational parameters as appropriate. Remote 

rerminals allow personnel in district offices to use the common central storage 

file to study ccnst~uction throughout the world without travel and without 

requiring file updating, except for locally obtained data. Much of the 

experience of the entIre design community is readily available to each agency 

!~quiring it in objective, current form. After a period of study on such a 

system, spe~ific questiJns will be pinpointed and correspondence or site 

~isits can then proceed on a more definitive, advanced level where judgment 

and experience arE required. The inventory system has shown the engineer 

where to look and has provided quantitative data (which might not be readily 

a~cessible eveG to [he designers of an existing interchange) to help him 

decide which alternatives are most viable for consideration in his design 

p!oblem with all of lts constrictions. 
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A static reference system, such as a manual or compilation of photographs, 

is limited in its versatility, accessibility, comprehensiveness, and in its 

ability to remain current, Computer graphics systems may, if designed with the 

user and reasonable costs in mind, provide a tool for optimizing designs based 

on full utilization of the data and experience of a much larger design com

munity than possible in the traditional approaches or minor variations of them. 

J-60 



APPENDIX K 

WORKSHOP DISCUSSION ON 
DESIGN CRITERIA 

William L. Raymond, Jr., Gannett, Fleming, Corddry and Carpenter, Inc. 

K-i 



CONTENTS 

Page 

Design Speed . . . . . . • . • . . • . . . . • . . . • .. K-l 

Left Exits . . 

Left Entrances 

Loop Ramps 

Exit Ramps 

Entrance Ramp Configuration 

Weaving Sections . • . . 

Lane Drops and Lane Balance 

Route Continuity 

Exit Terminals . . 

Entrance Terminals 

Multi-Lane Exits . 

Multi-Lane Entrances 

K-ii 

K-l 

K-3 

K-3 

K-8 

K-9 

K-ll 

K-14 

K-19 

K-22 

K-23 

K~-25 

K-27 



K-l 

K-2 

K-3 

K-4 

K-S 

K-6 

K-7 

K-8 

K-9 

K-lO 

K-ll 

K-12 

K-l 

FIGURES 

Cloverleaf Interchanges . . . . . . . . . . 

Designers' Preferences for Weaving Lengths 
in Cloverleaf Interchanges • . • . • . 

Designers' Preferences for Gore-to-Gore 
Distances -- Exits . . . . . . . . . . 

Designers' Preferences for Gore-to-Gore 
Distances -- Entrances · · · . · 
Lane Drops: Three Lanes to Two, with 
a One-Lane Exit · 
Lane Drops: Four Lanes to Three, with 
a One-Lane Exit · . · · · · 
Lane Drops: Four Lanes to Three, with 
a Two-Lane Exit · . · · · · 
Lane Balance within an Interchange · 
Route Continuity: "y" Interchange · 
Major Fork Configurations · 
Major Fork with Truck Lane 

Dimensions for Two-Lane Entrances . · 

TABLES 

Mean Values of Weaving Lengths for 
Cloverleaf Interchanges . . . . . . 

K- iii 

· 

· 
· 

· 

· 

· 

· 

· 
· 
· 

· 

· 

· 

· 

· 

· 
· 

K-S 

K-l 

K-lO 

· · · · K-12 

· · · · K-lS 

· · · K-lS 

· · · · K-lS 

· · K-17 

· · · K-20 

K-26 

K-28 

· · · · K-30 

K-6 





APPENDIX K: WORKSHOP DISCUSSION ON DESIGN CRITERIA 

A major portion of the workshop discussion was centered upon the 

design criteria for major interchanges, particularly the various design 

components. The subsequent sections of this Appendix present the per

tinent workshop comments on each of the principal items discussed in 

Chapter 3 of the Report. References to figures having a number beginning 

with a 3 refer to figures in Chapter 3 of the Report, while a figure with 

a number beginning with the letter K appears in this Appendix. 

Design Speed 

In the pre-workshop questionnaire, one of the most frequently men

tioned differences between the design of major interchanges and other 

interchanges was that higher ramp speeds must be maintained. Mr. Housworth 

(Texas)l noted that the cross-country dirver simply does not expect a 30-

mph ramp speed at the exit from an 80- or 90-mph freeway. Both Mr. Hall 

(California) and Mr. Gazda (Illinois) indicated that in rural areas they 

build cloverleaf interchanges (25- to 35-mph design speed) since they will 

not have sufficient turning volumes in the foreseeable future to economi-

cally justify massive four-level direct connection interchanges (40- to 

50-mph design speed). 

Left Exits 

The results of the workshop discussion and the pre-workshop question

naire clearly indicated that left-hand exits were held in low regard by 

lSee Appendix C for a complete list of workshop participants. 
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the majority of designers. Mr. Housworth (Texas) stated that left exits 

may not be a problem on lightly travelled four-lane freeways, but with 

six-, eight- and ten-lane freeways, they create serious weaving problems. 

Mr. Hall (California) noted that the major problem is on the mainline 

approach to the left-hand exit, more so than on the ramp itself. He also 

said that California's experiences demonstrated that where a minor movement 

exits left at a freeway-to-freeway interchange, poor operating condi

tions result. 

Nevertheless, when it was suggested that left exits be prohibited by 

federa~ standards, 82 percent of the participants indicated they should 

not be banned since there were situations where they were the most accept

able alternative. The questionnaire results indicate that the higher the 

percentage of left turning traffic in the approach traffic stream, the 

greater the acceptability of left exits. When more than half the approach 

traffic or the numbered route turns left, a two-lane turning roadway is 

required, the left exit becomes a "major fork," and this is deemed accept

able. 

It was the consensus of the workshop participants that a long, parallel 

type deceleration lane should be utilized in conjunction with left exits 

to afford the turning traffic an opportunity to move out of the high speed 

lane well in advance of the exit point. Two-lane left exits should be 

treated as major forks. 

Economics plays an important role in the designers' decisions as to 

whether or not to utilize left exit ramps. When confronted with a savings 

of $100,000 in selecting a left- as opposed to a right-hand exit in a 

particular questionnaire situation, over three-fourths of the designers 
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indicated they would not use the left exit. However, if the savings were 

to be $500,000, sixty percent would USe the left exit. 

Left Entrances 

All the designers at the workshops agreed that entrance ramps from 

the left having a standard tapered acceleration lane (as shown in Figure 3-3) 

should almost never be used. However, three-quarters of the workshop 

attendees considered this design acceptable when an additional full lane 

is added to the through roadway downstream from the left entrance (as 

shown in Figure 3-4). The arrangements in Figure 3-4 will operate satis

factorily, it was noted, provided there are no downstream right-hand exits 

within about a mile of the left entrance which would require "forced" 

weaving across all the freeway lanes. It was the consensus that the use 

of left entrances should be restricted to those locations where the enter

ing traffic volume was nearly equal to or greater than the through freeway 

traffic volume. Under these conditions the entrance ramp would have two 

or more lanes and at least one additional lane would be required on the 

freeway ahead. Mr. Hall (California) argued that the speed on left entrance 

ramps should be comparable to the mainline speed and the merging volume 

should be on the order of 2000 to 3000 vph. The recommended geometries 

for multi-lane entrance ramps are discussed in the subsequent section on 

Branch Connections. 

Loop Ramps 

The subject of loop ramps, and particularly cloverleafs for freeway-to

freeway interchanges, elicited lively discussions at the workshop sessions. 

Mr. Housworth (Texas) stated that only direct connections (including semi

direct) should be used at major interchanges. He said cloverleafs cannot 
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handle the freeway-to-freeway turning movements. Mr. Gray (Ohio) said it 

should be a "regulation" that you do not exit one freeway to another through 

a loop ramp. Mr. Gazda (Illinois) strongly disagreed, stating that in his 

state they do not believe that freeway-to-freeway movements have to be 

handled by direct connections, and that in the rural parts of the state 

the minor turning movements can be adequately handled by loop ramps. Mr. 

Sigal (New York) agreed with Gazda on the condition that weaving be removed 

from the mainline through the use of collector-distributor roads on both 

freeways (See Figure K-1). Mr. Gazda replied that from the overall cost

effectiveness standpoint, low turning volumes encountered in rural areas 

do not justify collector-distributor roads in every case. Mr. Hall (California) 

indicated they use cloverleaf interchanges with collector-distributor roads 

in rural areas. In many cases, where traffic volumes are low and no major 

development is expected, cloverleafs appear to be a workable alternative for 

20 or 30 years. He also noted that in addition to the weaving problem, 

two adjacent loops made it impossible or at least impractical to provide 

adequate acceleration and deceleration distances. Therefore, collector-roads 

are Inandatory for two adjacent loop ramps. Mr. Housworth said Texas often 

considers putting in direct interchanges in rural areas with low volumes 

simply because the cross country driver does not expect 30 mile-per-hour 

ramps at the end of their 80 or 90 mi1e-per-hour freeway. 

Mr. Loutzenheiser (FHWA) noted that at the "Dynamic Design for Safety 

Seminars" the question of weaving on major interchanges was discussed at 

some length. It appeared that the representatives from those states 

with major urban concentrations were opposed to weaving sections on major 

interchanges, but that those representatives of less populated states, 

such as Utah, Montana, etc., did not share this belief. It was Mr. 

K-4 



~
 

I 1I
1 

(a
) 

(b
) 

W
ith

ou
t 

C
-0

 R
oa

ds
 

W
ith

 
C

 -
0 

R
oa

ds
 

F
ig

u
re

 
K

-l
. 

C
lo

v
e
rl

e
a
f 

In
te

rc
h

a
n

g
e
s 



Lautzenheiser's opinion that perhaps the smaller states were correct in 

assessing their problem in the way that they did. 

The pre-workshop questionnaire asked the designers to indicate the 

minimum and desirable weaving distance, D, between entrance and exit noses 

(as shown in Figure 3-5) for mainline design speeds of 70 and 50 miles 

per hour, and (in Figure 3-6) for collector-distributor road design speeds 

of 50 and 35 miles per hour. Figure K-2 shows how the 20 questionnaire 

respondents answered. The greater variation between the shortest length 

and the longest length, particularly for the weaving section adjacent to 

the mainline roadway, indicates that there is little agreement between 

experienced highway engineers on the specifics of cloverleaf design. The 

mean values of D indicated by the respondents are shown in Table K-l. 

TABLE K-l 

MEAN VALUES OF WEAVING LENGTHS 
FOR CLOVERLEAF INTERCHANGES 

Minimum Desirable 

Mainline - 70 mph design speed 1000' 1500' 

Mainline - 50 mph design speed 700' 1000' 

C-D Road - 50 mph design speed 600' 1000' 

C-D Road - 35 mph design speed 500' 700' 

In addition to low design speeds and short weaving lengths, some of 

the other problems associated with loop ramps, as indicated by the workshop 

participants are: 
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(1) Restricted capacity - 800 to 1000 vph. 

(2) Loops require more maintenance, particularly from 

trucks riding on the shoulder. 

(3) The exit point is not readily visible when it is beyond 

an overpass structure. 

(4) Signing and lighting of loops is difficult. 

(5) Truck loads tend to shift on small radius loops. 

(6) Terminal geometries are a problem in a cloverleaf but 

not in a isolated loop ramp, 

Exit Ramps 

It was the consensus of the workshop participants that a single exit, 

as illustrated in Figure 3-7(d), is the most desirable configuration for 

exits from a freeway. The pre-workshop questionnaire indicated that over 

85 percent of the designers used the single exit more than one-third of 

the time while less than 30 percent stated that they used one of the double 

exit configurations more than one-third of the time. The major advantages 

of the single exits noted by the participants were that they greatly simplify 

signing, reduce driver confusion and hesitation at ramp terminals, and 

minimize the number of decisions to be made on the mainline. A few designers 

indicated that the single exit design may result in higher construction and 

right-of-way costs and that complex routing at an interchange may overload 

the direction signs. 

It was noted that with the single exit design, when the exiting 

volume requires a two-lane exit ramp, a weaving section on the ramp 

between the exit terminal and the form may be created. The two-lane 

exit is more complicated and generally costs more than two one-lane 

exits. It also may be necessary to drop one of the through traffic 
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lanes at the two lane exit for lane balance. However, even with these 

problems, over 60 percent of the participants still preferred the 

single exit configuration for two-lane exits over the two exit design. 

Mr. Sigal (N.Y.) objected to the two exit configuration shown 

in Figure 3-7(c), stating that drivers were familiar with inter

changes with single exits on the right, with the right turn first 

and the left turn second. Mr. Housworth (Tex.) said that this is not 

really a problem because drivers are basically "sign followers" and 

that most people follow signs without thinking about the shape of the 

interchange, Mr. Alexander (FHWA) stated that the problem with this 

logiC is that while most drivers are sign followers, there are others 

who are not, Some drivers will get off on the first off-ramp, then 

see that it starts tu~ni~g left. and panic. It is not appropriate. he 

contended, to design solely on the basis of appealing to "most people." 

In the pre-workshop questionnaire, the designers were asked to indi

cate the minimum and desirable distances 'D' between noses for the con

figurations shown in Figure 3-7. There was little agreement among the 

21 respondents, although this may have been due to different assumed 

design speeds on the mainline. Figure K-3 shows the distribution of these 

distances and also the mean and median values. It is worth noting that 

the median and mean values appraoch the AASHO values for an 80 mph design 

speed, as noted in Table 3-4 -- even for Figure 3-7(d) where the design 

speed would obviously be considered lower. 

Entrance Ramp Configuration 

The pre-workshop questionnaire indicated that both the one entrance 

and two entrance configurations, Figures 3-9(a) and (b), are frequently 

used but that there was a decided preference for the one entrance design. 

When the turning traffic volume in Figure 3-9(b) requires a two-lane entrance, 
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more than half the designers still preferred the one entrance configuration. 

If each of the turning roadways carry 1000 vehicles per hour, several of 

the participants indicated they would not use Figure 3-9(b) unless another 

lane is added to the mainline. Mr. Alexander (FHWA) did not see how one 

could justify not adding another lane if 2,000 vehicles per hour enter 

(further discussion on this point is included in a subsequent section 

on lane balance and lane drops). Mr. Sigal (N.Y.) noted that the double 

entrance configuration does solve many of the problems involved with two

lane, single entrance designs. 

Each of the participants was asked in the pre-workshop questionnaire 

what they personally considered to be the minimum and desirable distance 

'D' between successive entrance ramp terminals shown in Figure 3-9(a) and 

(b). Figure K-4 shows the distribution of these distances, together with 

the mean and median values. From these data, it is noted that many of 

the participants believe the distances recommended by AASHO, shown in 

Table 3-4, are not long enough for acceptable traffic operation. The 

great variation in the minimum and desirable distances indicates that the 

designers and operation personnel do not agree among themselves what these 

dimensions should be. 

Weaving Sections 

The majority of the workshop participants were critical of weaving 

sections on the mainline, judging them poor from both an operational and 

a safety viewpoint. A few contended that in rural areas with low traffic 

volumes, 300-500 weaving vehicles per hour and less than 1000 through 

vehicles per hour, Figure 3-5 would be acceptable if adequate weaving 

length is provided. Mr. Hall (California) noted that his state was modifying 
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some of their existing cloverleaf interchanges by utilizing the shoulder 

and striping so they had a free lane for the entrance ramp beyond the 

exit terminal. The two auxiliary lanes in the weaving area were helping 

a great deal, he noted. 

It was observed that when the loop ramps in a cloverleaf have 

adequate capacity for the turning traffic volumes, the weaving sec

tion on collector-distributor usually operates satisfactorily. 

Several designers stated that a prinCipal weaving problem in 

the vicinity of major interchanges, particularly in urban areas, 

is the presence of local entrances and exits within less than one

half mile of the major off- and on-movement where the mainline roadway 

becomes the weaving section. Mr. Biggs (Tex.) stated that in almost 

EvelY major interchange in Houston an entrance ramp is located approx

imately 1,000 feet upstream from a major interchange and an exit 

ramp is located approximately 800 feet downstream from a major inter

change. This condition is made worse when two adjacent major inter-

changes utilize the mainline for the weaving section as in the offset T 

interchanges shown in Figure 3-10. It was the consensus that this config

uration should never be built, even if the weaving length were over one 

mile long. Mr. Fields (Ohio) indicated that one of the problems asso

ciated with using the mainline as a weaving section is the inability 

to advise the driver of the length available to make the weave and how 

many lanes he must change to the left or to the right in order to be in 

the proper lane to make his exit. 
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Regarding the method and procedures outlined ·in the Highway Capa

city Manual (1965) chapter on weaving, the participants concurred 

that the weaving section computations were adequate in urban areas 

but inadequate in rural areas. Mr. Housworth (Tex.) noted that the 

level of service provided by these computations was not always high. 

Lane Drops and Lane Balance 

It was emphasized in the workshop that in any discussion of lane 

drops it is essential to differentiate between basic freeway lanes and 

auxiliary lanes. It was the consensus that auxiliary lanes which begin at 

the preceding upstream entrance can be dropped at a major interchange 

exit without any special lane drop treatment. However, the dropping of 

a basic through freeway lane requires special consideration, whether it occurs 

at an interchange exit or beyond the effect of the interchange area. 

Figure K-5 shows three geometric configurations for a reduction from 

three through traffic lanes to two lanes at a single lane exit ramp. 

Figure K-6 indicates similar lane drops from four lanes to three lanes and 

Figure K-7 shows lane drops from four lanes to three at a two-lane exit 

ramp. The participants at the workshop were asked to rank the configura

tions in each of these figures in order of personal preference. In all 

three cases the majority favored dropping the through lane beyond the 

interchange, but 35 percent favored dropping the right lane in Figure K-6 

and approximately 45 percent preferred dropping the right lane in Figures 

K-5 and K-7. Only one of the twenty-seven participants preferred to drop 

the left lane in each of the three figures. 

Mr. Loutzenheiser (FHWA) stated that lane drops are a practical con

sideration and no formula or equation will help decide where to design 

the lane drop. Because of geometric and operational specifics, the lane 
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drop is usually designed beyond the interchange. Mr. Gazda (Illinois) 

suggested that one reason for dropping a lane just beyond an exit ramp 

is that drivers handle the maneuver better because they expect more 

unusual maneuvers at the exit gore area. 

When the lane drop is located beyond the influence of the inter

change, it was almost unanimous among the participants that the right 

lane was the most desirable lane to be dropped. It was noted that the 

merge from the right was safer and what the drivers expect. It was 

further argued that the high speed traffic in the left lane should not 

be disrupted by a lane drop and that rear visibility is poorer when merg

ing to the right as compared to merging to the left. 

The few indicating a preference for the left side lane drop 

noted that there was usually less traffic in the left lan~particularly 

during off-peak hours,and consequently less lane changing required. 

it was also pointed out that if a future median lane was to be added 

ahead~ the left side was the natural place to drop the lane, 

None of the participants favored dropping one of the interior 

lanes since this puts a squeeze play on all drivers, 

Thare was general agreement that the essential factors for good 

~perational characteristics are good visibility (~t least desirable 

s~ght distance),tangent alignment~ preferably toward the far end of 

sag vertical curves,and adequate advanced signing to advise the 

stranger of impending lane drop. 

Considerable discussion centered about whether a lane should be 

dropped at an exit ramp in an interchange if a lane was to be added 

beyond an entrance ramp. Figure K-8 shows two alternative treatments 

of a four-lane through roadway at a major interchange with high volume 
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exit and entrance ramps: Figure K-8(a) has no lane drop, while 

Figure K-8(b) shows a reduction to three lanes between the exit and 

entrance ramps. Mr. Sigal (N.Y.) stated he was definately opposed to 

droPFing a lane at an exit and then picking it up at the next entrance. 

He would carry the same number of lanes through the interchange regard

less of the volume. Mr. Hall (Cal.) said that all of the problems 

~n the Los Angeles area have come up in the situation illustrated 

in Figure K-8(b). Mr. Gray (Ohio) indicated that in the past designs 

were based strictly on volumes, but now more attention is paid to 

vperations. 

A recent gore area study indicated that signing is a problem when 

lane drops occur in conjunction with exits. Some drivers interpret 

"EXIT ONLY" signs to mean that if one cares to exit he can do so only 

ttom that lane but that the sign does not indicate a lane drop. Mr. 

Blgg& said Texas uses a separate black in white overhead sign reading, 

"RIGHT LANE MUST EXIT." Texas has discontinued the use of "EXIT ONLY" 

S.lgns. 

A discussion of the geometric design of a lane drop beyond an 

t:xH ramp indi.cated that about half the participants would begin a 

:aper at the ramp nose while the other half would provide a full-width 

€6Cape lane, varying in length from 150 to 1,000 feet, before starting 

the taper. Mro Gazda (Ill.) opined that with full-width paved shoulders 

(which can serve as a recovery area), the full-width escape lane is not 

necessary. The taper rate preferred at lane drops varied from 30:1 

to 100:1, with 50:1 the most frequently mentioned. One respondent to 

the pte-workshop questionnaire recommended a taper length equal to 

the "design speed" times the "lane width." This results in a 50:1 
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taper for 50 mph design speed and correspondingly flatter tapers for 

higher design speeds. 

Route Continuity 

Mr. Hall (California) introduced another variable in interchange 

design, map relatability, which he defined as the direction the traveler 

would expect to go. He observed that interchange designers should per

haps consider the driver who expects to make a right turn from consult

ing his map. The question was posed as to how many people are concerned 

with map relatability when they drive. Most workshop participants felt 

that this type of driver represents a small percentage of the freeway user 

population. 

Mr, Fields (Ohio) suggested that lane continuity was more important 

than map relatability. He argued that once a driver is in a particular 

lane he prefers to stay in that lane in order to continue on that route. 

Ditticulties arise when a driver is required to change lanes in order 

to follow a particular route. 

Mr. Gazda (Ill.) noted that Illinois relies on pavement jointing 

to convey messages to the driver. When the through route contains 

a lower traffic volume than a turning roadway, Illinois designers give 

the through route the preferential pavement jointing, making the exiting 

driver cross the pavement joints to get to his destination. 

Three alternate configurations for a Y interchange were presented 

to the workshop participants for discussion. Figure K-9(b) follows 

the concept of route continuity. Mr. Churchill (Fla,) was of the opin

Ion that it is difficult to make a selection among the alternatives 

without traffic volumes being known. Mr. Hall (Cal.) stated that the per

centage split in volume would be the factor determining which type to 
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adopt: with a 50-50 split, he favored Figures K-9(a) or (b); with a 

30-70 split favoring Route 2, he preferred the configuration in 

Figure K-9(c). Mr. Foster (Wash,) indicated that if the volumes were 

widely divergent, he would design according to volume, However, the 

character of the two routes also comes into play. If both routes 

are inter&tate routes, traffic volume would govern. If one route 

was 1nterstate and the other a state or federal primary, they would 

deSign the interchange so the interstate route appeared continuous. 

The traffic volumes would have to be extremely high on the secondary 

~oute to adopt a design which would make the interstate route appear to 

eX1t. 

It was noted by Mr. Housworth (Tex.) and seconded by Mr. Kenyon 

(N.Y.) that visibility plays an importan.t role in whether or not an 

~nterchange operates satisfactorily, regardless of route continuity, 

Mr. Loutzenheiser (FHWA) defended t.he route continuity concept, 

but noted that the current route numberl.ng system is not adequate to 

adopt this kind of a policy through an urban area. It was noted that 

with the current practice of utilizing the 200 and 400 series for by-

pass interstate routes, a driver following a numbered route may be led 

directly through a major city rather than directed to a by-pass around the 

city. 

Mr, Loutzenheiser (FHWA) stated that Mr~ Leisch's philosophy was 

based on minimizing lane changes as much as possible and that route 

continuity would lead to signing which would be more easily understood. 

He concluded that there is something to be said for route continuity 

1n that it would aid traffic flow, improve efficiency, and reduce acci

dents if one could attain this kind of continuity. 
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Exit Terminals 

It was the consensus of the workshop participants that for freeway

to-freeway interchanges, where ramp traffic is generally free flowing, 

the tapered type deceleration lane is superior to the parallel type 

because it is consistent with the path that most drivers follow. However, 

there are several notable exceptions where the parallel type is considered 

the preferred design. These exceptions include the following: 

(1) When the mainline roadway is on a horizontal curve and the 

exit ramp is tangential to the curve. 

(2) When the sight distance to the exit area is restricted by 

either vertical or horizontal curvature and it is desirable to provide 

a "shadowed" area for the decelerating vehicles off the mainline. 

(3) When the exit ramp is a loop, with a considerably lower 

design speed than the mainline roadway. 

(4) For high volume ramps, particularly those requiring multi-lane 

tamps 0 

(5) For all exits from the left or high speed lane. 

Mr. Gazda stated that Illinois uses the tapered exit terminal for 

single lane ramps except where a capacity problem existse When a capa

c1ty analysis indicates that the level of service at the exit gore 

drops below the level of service of the freeway, they provide a parallel 

auxiliary lane approximately 2,500 feet long, if possible. Mr. Hall 

1ndlcated ~hat California has used a parallel deceleration lane on con

gested freeways even though turning volumes were only 700 vph. Opera

tional and capacity advantages can be gained, since in this situation 

drivers will move into the deceleration lane earlier. 
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The comment was frequently made that-either the parallel or tapered 

lype deceleration lane can be designed to work properly for single lane 

ex~ts- It was agreed that most multi-lane exits should be designed as 

ma.jor torks. 

There was relatively little discussion on the merits of the several 

types of nose and gore area design. Mr. Churchill (Fla,) noted that 

there is no need for an excale lane in the gore area when a full-width, 

flush, high-type paved shoulder is provided adjacent to the mainline 

roadway. Mr. Gray (Ohio) indicated that the all-paved gore area is 

significantly better from a maintenance standpoint than an inexpensive 

paved shoulder material. 

Entrance Terminals 

It was the consensus of the designers responding to the pre-workshop 

questionnaire that the taperal type entrance, approximately 1,000 feet 

long, is the most desirable except where the mainline is on a steep 

ascending grade and the entrance has a large truck volume. In this latter 

case a parallel entrance, extended to permit the trucks to attain rea

sonable operating speed before merging, should be provided. 

In the workshop discussion, Mr, McCausland (FHWA) noted that the 

recent trend toward flush paved shoulders has done away with many of 

the arguments for the parallel type acceleration lane. One of the 

warrants in the New York State Design Manual for using the parallel lane 

is the existence of curbs adjacent to the ramp pavement, With full width 

paved shoulders, this warrant is negated, Mr. Gazda (Ill.) indicated 

that his preference for the taper design stems from the 1961 AASHO spe

cial study which observes, in part: (1) of the drivers who use speed

change lanes properly, the majority follow a gradually tapered path 
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regardless of the design; (2) many drivers do not know how to use 

speed-change lanes; and (3) direct taper designs tend to encourage 

a larger proportion of drivers to use them properly. 

Mr, Lautzenheiser (FHWA) remarked that the AASHO Committee revis-

ing the "Red Book" tried to get more specific on the choice between the 

parallel and tapered acceleration lanes and did not succeed. He further 

observed that with the taper type design, the driver needs a long flat 

area otfore he reaches the inside double-line point so that the ramp 

Lrattic is practically parallel to, and at the same elevation as, the 

through traffic. From this position his ability to see and judge the 

ma1nline traffic will help to keep him moving ahead and reduce the prob-

ability ot his stopping. Both Mr. Gazda (1110) and Mr~ McCausland (FHWA) 

were in accord that they found no difficulty in using the rear view mir

row when driving a 50:1 taper if the taper extends back beyond the nose. 

Most state representatives concurred that with a 50:1 taper, the 

taper should begin at least 100 feet before the nose, as illustrated in 

Figures 3-l7(b) and (c). Illinois increases this length as the ramp 

design speed decreases. Mr. Sigal (N.Y.) cautioned that at a 50:1 

taper, only four feet of separation are obtained in 200 feet; New York 

uses 2.00 feel: of 3-degree curve back 01 the nose and obtains 18.9 feet 

or separation. Mr. Gazda (Ill.) commented that when a curve precedes 

the gore nose~ drivers tend to cut directly into the traffic stream. 

By eXl:ending the taper as a tangent section back of the nose, the driver 

be~om€8 properly oriented and uses more of the taper length. Mr. 

McCa~eland (FHWA) added that with the taper extended back of the nose, 

the mair.line pavement and shoulder grades control the elevation of the 

appruach ramp, automatically providing adequate rear view sight distance 

at r.he approach to the nose. 
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Multi-Lane Exits 

The question was raised as to the difference between a two-lane exit 

ramp and a major fork. Mr. Loutzenheiser (FHWA) indicated that one way 

to differentiate between the two is the type of design. At a major fork 

there would be something over and above the conventional design for an 

exit. Also, major forks usually occur at major interchanges. Mr. Sigal 

(New York) indicated that at a major fork the two diverging legs are both 

of freeway standards and the design speeds of the two legs are not reduced 

for any appreciable distance. Mr. Gray (Ohio) stated that if the basic 

number of freeway lanes was carried ahead, it is not a major fork. If 

they are not carried ahead, it is a major fork. 

Mr. Hall (Cal1fornia) noted that a full-directional interchange 

most likely will have ,wo-lane exitso A two lane exit without a 

pdia.llel auXl.l1.aty lane often produces "accident traps." California 

uses 2,SOO-toot parallel lanes at two-lane exits, 

A major concern of the workshop participants was the lane striping 

(and cens t.cue tior. J clnts) at multi-lane exits. Mr. Gazda (Ill.) indi

_sted that his state cont~nues the lane lines of the preference route 

roi. reute ~ont~nulty, adding extra lanes on the right for a right exit 

and on the lett to! a lett exit, 

Mr. Al€x~nder (FHWAj asked whether it was common practice to split 

thi.e~ lane6 lnto tWO two-lane roadways with an optional middle lane. 

A sirnl1ar condition may exist where four lanes are split into two- and 

three-lane roadways. Figure K-lO(a) illustrates the optional middle 

lane. Many of the conteree6 expre5sed unhappiness with such a configur

an •. m. ::me. re6.son beir.g that i~ is difficult to sign, Preference was 

given to addlr.g lin extra lane in advance of the split, as shown in 
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Figure K-10. Major Fork Configurations 
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Fi 5ure K-IO(b). Mr. Gazda stated that Illinois uses a length of 1,600 

to 2,500 feet of additional lane in advance of this type of split. 

Mr. Hall (California) noted that a major problem occuring at multi-lane 

exIts, particularly at major forks, on high volume freeways is the 

slower moving commercial vehicles in the right lane which do not make 

the right turn. All other vehicles turning right must weave across 

thE~se slower moving vehicles creating potentially hazardous conditions. 

To alleviate this situation, California has developed a special design 

(shown in Figure K-II) employing a right-exiting left-turn lane for trucks. 

Multi-Lane Entrances 

The subject of two-lane entrances created considerable discussion 

in the two workshop sessions. The participants were asked to rank the 

three merging configurations shown in Figure 3-20. Of the twenty-nine 

respondents, nineteen preferred the outer lane merge, seven preferred 

the non-compulsory merge, and only three indicated the inner lane merge 

as the most desirable. Mr. Hall (California) suggested that the outer 

lane merge and the non-compulsory merge were not entirely simmilar. Mr. 

Lins (Maryland) remarked that the public expects the right or outer lane 

to merge and that the slower moving traffic is generally in the right lane. 

It was noted that while the outer lane merge has an adjacent full paved 

shoulder for an escape lane, the vehicle in the inner merge has no escape 

if ~ gap fails to materialize. Mr. Gazda (Illinois) observed that when 

turObulence occurs during peak hours, the inner lane merge accidents are 

hig1 in number, involve several vehicles, and cause more serious damage 

because of no escape route. 

In the pre-workshop questionnaire, the participants were given a sche

matic drawing of a two-lane entrance where no additional freeway lanes were 
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provided, and asked to indicate the minimum and desirable dimensions for 

the various component parts. Figure K-12 shows this two-lane entrance 

configuration, together with the median, mean, and range of dimensions, 

both minimum and desirable, as recommended by the participants. There 

was fairly good agreement that the taper ratio of 50:1 is both a minimum 

and a desirable standard which governs the dimensions A, B, and C. However, 

there was a wide range of opinion on the length of the parallel auxiliary 

lane (dimension C) between the two merging tapers, with minimum values 

ranging from zero to 2,000 ft. 

It was the consensus that the arrangement in Figure 3-32 would 

~eldom be used, tel if the turning volume requires a two-lane roadway, 

It would be. almost essential to add at least one lane downstream f:rom 

the entrance to provlde adequate capacity. The two exceptions would 

be: (1) where the approac.h volume on the upstream freeway approach 

does n(;t require three lanes, but an extra lane is carried through the 

intErchange to avold a lane drop; and (2) in a Y-type interchange where 

the traffiC volumed06& n~t warrant a two-lane turning roadway, but this 

roadway :1.8 the c.ontinuation of a two-lane freeway roadway with no turn

ing ramps or. [he immedidre vicinity (see the merge in Figure 3-20). 

Mr. Hall ~Cal.) no[ed that at two-lane entrances with high volumes 

In urban aCE;a&, ba[h lanes aLe continued downstream with the outside 

lane. drop~ed 6t the firsL exit and the second lane carried through. 

M{, He US,vOL rh (Tex.) =ald his SLa!:€: car :des the t\Vo-lanes a minimum 

ot 1,800 teet: and u50&1.1) drcps cne l&ne at the next off-ramp, with a 

~ecover} lane. ~[cvlded TExa5 has found the recovery lane is very 

:'.iTlportant for saL.sractory operations" 
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APPENDIX L 

TRAFFIC CONTROL FOR MAJOR INTERCHANGES 

Robert S. Hostetter, Institute For Research 
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APPENDIX L: TRAFFIC CONTROL FOR MAJOR INTERCHANGES 

Introduction 

The purpose of this appendix is to present a discussion of the 

feasibility of lnclud~n~ major intslchanges into freeway control 

schemes. The pIoblem unde..cly1.n;,:; [he I~eed tor such an effort is that 

the congestion frequencJ.y 6xperlECc.ed aX ffiCiJor interchanges often 

affects connecting freEway Ilnks, ~he~eby l1miring or negating the 

control which is exercised upstream of the major interchange. Pro

blems of congestion can be handled EiLher by increasing capacity and/or 

decreasing deffi""nd, l'ie(.h0ds Ie-1." ach:.enng these goals include distri

bution of costs ,Le., taxation, lci.ls. et.c.), land use planning 

and restrictions, hlghway constlLctlor. ~nd an- and off-freeway con

trol. Although traf±ic ~ontLol devices and procedures have long been 

viewed as a means of enhancing ett~cien~y and safety, the exploration 

of freeway concrol as a methcd of manipulating demand and capac.ity has 

barely begun. The requirE-menes ror (flcmilJulatlon are, of course, not 

constant, but rather are generally j:ela'.:ea to the large fluctuations 

In demand which occur du!in& pE&k peri:d 6S Drew (1968, p. 427) 

points out, "clas3i~al conc(01 sysLt::ms Ct.~e employed either to make 

the facility flexible enough ~0 acco~~odate fluctuations in demand or 

to reduce the magnitude of '(he dEmana tlu;;..(.uations, Freeway surveillance 

and conceal are nec8ssar1.ly :ufnH.ed co r.he lat.ter," Because of this, 

it is felt that r.he concept ot i~eew~y contLol 5hould be broadened to 

include "non-clas&ical" c.ont;(~l methods such as lane exclusivity, 

corridor control, ecc, In ether words,r.he concept of traffic control 
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must be broadened to include various other types of traffic manipula-

tions. 

In addition to expanding the concept of control, it is the judg

ment of the project staff (and shared by many of the design and opera

tions experts who participated in the project workshop) that the point 

at which freeway control is considered should be earlier in the design

construction-operation process. The fact that congestion at major 

interchanges reduces or negates the effects of upstream control illus

trates the desirability of considering system-wide application of 

freeway control at early stages of design and planning. Early considera

tion is in lieu of the more traditional approach of employing control 

measures only as a remedial treatment over short sections of freeway 

or at individual "problem" interchanges. This is not to say that 

freeway control should not be used r~medially. On the contrary, the 

inability to forecast traffic demand over the design life of a facility 

makes such application of control not only desirable but mandatory on 

those facilities which are already constructed. As McCausland (1972) 

has pointed out t there has been a general acceptance of the validity 

of control concepts involving application of signal control, area-

wide surveillance and control from a centralized location, and the 

use of surveillance system data for activating real-time motorist in

formation systems. Further, there are empirical results available 

which confirm the general feasibility of such systems. One of the 

deterrents to design stage consideration of control may be attitudinal. 

It was suggested in the Design Workshop that there are those in the 

upper echelons of some state h~_ghway administrations who feel that 

metering, for example, implies substandard design. That this attitude 
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is not shared by the Federal Highway Administratton was brought out 

via reference to a 6-8 month old policy and procedure memorandum (PPM) 

which indicated that federal participation was available for the instal-

lation of conduit for control systems. Further if control systems are 

part of the total design, the control portions of the design qualify 

for federal aid. While consideration of control in the planning and 

design stage is not cornman, there are indications that some progress is 

being made. For example, there are projects in both Texas, California. 

and Washington in which conduit is being provided during initial con-

struction. Also, Illinois has projects in Chicago in which ramp meter-

ing is to be designed into the system and used with the onset of opera-

tion. Finally, Pennsylvania is designing some sign structures to handle 

the load for future lane control signing. It was pointed out by one mem-

ber of the Workshop that in some urban areas it is no longer possible to 

provide alternate facilities as was done in the past and therefore freeway 

controls must be designed into the system for the present market. 

While the negative or apathetic attitudes toward freeway control are 

belng overcome,not all of the problems related to early planning and 

use of control have been overcome. Some city administrations would . 
prefer that the city street system operates well rather than the free-

way system, i.e., since the people who use the freeways are commuters 

and not local voters and taxpayers, Thus, where a metered freeway ramp 

may produce a back-up on city streets, a city-state conflict may arise. 

In spite of problems such as this, and in spite of the fact that 

we certainly do not yet know all there is to know about the operation 

of freeway control system, it was the general consensus of the design 

and operations experts participating in the Design Workshop, that 
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control should in fact be considered in the design stage and that con

trol should be viewed as a systems problem. Further, the participa

tion of FHWA in funding such efforts and the high probability that 

control will be required, argue for preparatory steps (e.g., conduit, 

bridge loads, etc.) being taken in order to reduce the cost and pro

blems of future additions of control hardware. Finally, freeway con

trol concepts should be expanded to include manipulation of demand 

and capacity, and should be considered as a tool to be used to pro

vide greater flexibility for effectively accommodating changing 

traffic patterns. 

In assessing the feasibility of adapting freeway control techno-

logy to the design of major interchanges, we are questioning whether 

or not the technology is capable of being effectively utilized in 

such situations. There exists a critical semantic difference between 

this issue and the more important criterion question, "Will the tech

nology produce the desired effect on traffic operation?" This dis

tinction shapes the discussion which follows inasmuch as it provides 

a framework for dealing with some of the conflicting opinions and 

contradictory experi~nces found in the literature and offered by 

the experts who participated in the Design Workshop. In the profes

sional literature, despite editorial biases which tend to overrepresent 

"positive" research results, one can point to antagonistic instances 

of "relative" success (or failure) in implementing control systems 

which are functionally identical and are employed under essentially 

equivalent field conditions. 

One could elect to be insensitive to failures and contend that if 

a control system "worked" at all, it demonstrated that it is "capable 
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of being used effectively," and is therefore, by definition, "feasible." 

We are, however, concerned not only with "potential" but with expected 

performance. In short, "capability" serves in the role of a minimum 

requirement -- a necessary but not sufficient condition for acceptable 

performance. 

Lacking a history of control applications on major interchanges, 

we must of course rely on extrapolations from controlled non-mqjor 

interchanges; thus, our feasibility assessments will be~ in effect, 

subjective appraisals and discussions of the likelihood that a given 

control feature, configuration, system, etc., will produce the intended 

results when applied to major interchange designs. Our perspective 

is, then, feasibility from a performance point of view.
l 

A major con-

cern in an assessment of feasibility such as we attempted here is 

the manner in which the available research and experience-based expert 

opinion information is to be evaluated and used. In some instances, 

the same type of control system was evaluated using different per-

tormance criteria and it is not clear whether different results 

reflect the differential sensitivity of fue evaluative measures, or 

whether other factors such as geometries may have produced any intra-

scudy differences observed. Also, in Some cases where negative 

results were obtained, it is not clear whether the "failure" was due 

to system hardware operational inadequacies or to informational factors. 

Designers and researchers have demonstrated considerable ingenuity 

in deriving figures of merit for operational performance. The Highway 

Capacity Manual suggests. in addition to capacity. that Level of 

Service, a qualitative index of flow conditions, be used as the major 

performance criterion. Wattleworth et al. (1967) stressed the systems 

lcost criteria, while essential to interchange design decisions, are not 
included in the current feasibility assessment. 
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approach to evaluation of major interchanges with the maximization 

of total output under the "highest quality of traffic service" as 

the best composite criterion. Everall (1972) reviewed some 45 per

formance measures that could be used in evaluating the effects of 

alternative solutions to freeway problems. In evaluating the per

formance of freeway control systems, he specifically identified the 

somewhat universal use of three basic performance parameters: 1) Total 

travel time (vehicle or passenger hours)t 2) Total travel (vehicle 

or passenger miles per unit of time, and 3) Number of accidents (clas

sified by severity types per million vehicle miles). In reviewing 

accomplishments in freeway operations outside the United States, Duff 

(1971) cites a broad range of criterion indices including establish

ing a ceiling or critical value for unexpected delay time, reducing 

driver complaints and irritation, minimization of total time spent 

in the network, etc. 

No matter how sophisticated the engineer becomes in estimating, 

sensing and detecting traffic parameters such as demand, capacity, 

speeds, volumes, densities, etc., the most important aspect of the 

control system is likely to be critical interface in communicating 

command or advisory messages back to the individual driver in a mean

ingful fashion. And, assuming that the driver's understanding of the 

message is in agreement with the intended meaning, there is usually 

still an opportunity for the individual to compromise the system by 

tailing to behave in the indicated direction. Interestingly enough, 

qualitative indices of system performance are generally preferred in 

an apologetic vein despite the fact that they are based upon quantita

tive traffic features. If drivers are to be expected to use the 
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information presented to them, it must, from their perspective, be 

meaningful, timely, and credible. This fact dictates that "informa

tion" oriented studies be evaluated along with hardware studies. 

Several recent efforts have been made in the laboratory to deter

mine driver needs and preferences for freeway traffic information. 

Dudek et a1. (1971) indicated that qualitative information concerning 

the location and degree of congestion is more valuable to the driver 

than quantitative alternatives (such as average travel speeds or 

times between reference points). Moreover, there ~ere indications 

that such information would be used if it were presented in real time. 

Heathington et a1. (1970), in evaluating information alternatives for 

the Freeway Driver Information System, also found that drivers pre

ferred to have real-time information on traffic conditions and that 

descriptive information concerning accidents and speed was preferred 

to quantitative measures such as travel time or delay, 

Two-points should be made here: 

1) That the measures of system performance that the engineer employs 

to evaluate freeway operations are not generally preferred by drivers 

using the system, i,e., several information translation steps may be 

required. 

2) That recent attempts to provide freeway information to drivers 

(particularly to effect alternate routing) have, by and large, satis

fied the requirements for meaningful and timely information if not 

(from the driver's perspective) credible information. 

From a practical point of view, there is no incompatibility in 

the first point since the engineer can consider the driver's informa

tion needs and/or preferences as simply another component of the overall 
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control system to be optimized and continue to evaluate system perform

ance in terms of his own choice of a figure of merit. To the extent 

that he is successful in this optimization, he enhances the probability 

of an overall improvement on performance against his selected criterion 

dimension. The second point is a bit more subtle. We have reached 

an awareness of meaningfulness and timeliness of freeway information 

that has found its way into the field, however, we still observe system 

failures because drivers often times do notdo what they are supposed to 

do. Closed (via signing) freeway lanes are traveled, posted speed 

advisories are ignored, "safe" or "large" gaps are rejected while 

small or hazardous ones are accepted, caution lights are taken as 

indications to accelerate through an intersection, etc. 

Thus, our consideration of feasibility becomes further structured, 

Le.., in order to be useful to design engineers our assessment of feasi

bility must be in terms of what we regard as its two principal compon

ents -- technology (hardware and systems) and driver behavio,r. In view 

of the earlier mention of conflicting expert judgment and the relative 

success or failure of essentially similar systems, the distinction be

tween technological and behavioral components is not surprising when 

considered in the context of the rich variety of individual differences 

in any driver population. In a sort of left-handed manner, this obser

vation really implies that with a few reservations, the scientific 

- and engineering wherewithal exists to develop control hardware which 

theoretically should be able to optimize any system's operation,given 

knowledge of the physical limits and capabilities of its components. 

Since human behavior does not yet lend itself to rigorous, predictable 

outcomes, such sophisticated hardware systems often fall short of 

realizing their design goals. 
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The technological and behavioral aspects of expected performance, 

then, form the basis for the determination of feasibility of applying 

control technology to major interchange design. Since there is an 

infinite variety of design features to major interchanges as well as 

a rich assortment of control techniques and devices, we shall restrict 

our discussion to the technological and behavioral impocations of 

three broad control classifications applied to major interchange 

design in general. With few exceptions, the problems associated with 

major interchange design differ little in kind from those of the non

major interchange. Hence, many of the systems employed to control 

traffic in the non-major setting will yield the same relative success 

in regulating flow when applied to the major interchanges. One of the 

major exceptions is the requirement of major interchanges to provide 

for uninterrupted flow on a multi-lane connecting link. 

While it is not our intention to provide a comprehensive summary 

on freeway control techniques since several relatively recent state-

of-the-art documents exist (Drew, 1968; Duff, 1971; Watt1eworth, 1971; 

Everall, 1972), we shall use such information as a point of departure 

for our statements of feasibility for major interchanges and highlight 

the typical and promising techniques within each of the following con

trol classifications: (1) ramp control, (2) main line control, and (3) 

corridor control. 

Ramp Control 

Closure 

The two types of ramp control which are employed are metering and 

closure. Closure of the connecting roadways of a major interchange is 
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obviously impossible. However, consideration has been given to 

selective closure of local access ramps in a major interchange. In 

response to the question of selective closure of local access ramps, 

59% of the participants at the Design Workshop said that they thought 

this would be a very practical solution. The problems with this solu

tion are both political and logistical. The political problem is 

one of public animosity due to denial of access to the freeway. Of 

note here is the fact that in some cases designs cannot get approved 

at the design stage public hearing unless local access is provided. 

To enhance public acceptance of selective closure, it would perhaps 

help if closures are implemented on a regularly scheduled basis (i.e., 

predictable for the potential local user) and used from the onset of 

operation of the facility. This,of course, assumes that the demand 

profiles are reasonably consistent over time, i.e., from one time of 

day to another and one day of the week to the other. 

The logistics problem is that of physically closing the ramp each 

day unless, of course, some type of electro-mechanical device, e.g .• 

pop-up rubber tube barriers, which could be remotely operated. The 

underlying cause of the logistics problem is that a physical barrier 

is needed because many drivers will not respond to a signed ramp 

closure. For example, Everall (1972) in reviewing a study of signed 

ramp closure, reports that the four ramps signed were running at 77% 

that of normal condition. A possible alternative to the actual physical 

closure may be the use of holographic "visual image barricades." While 

a feasibility study for such a concept has been proposed for wrong-way 

movement controls, the present state of the technology prohibits its 

use. 
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One type of "closure" control appropriate for two-lane major inter

change connections was brought up at the Design Workshop and deserves 

mention here. In the situation where two two-lane roadways merge into 

a three-lane roadway, it was suggested that an improvement in flow 

could perhaps be achieved by closing one lane of either ramp to give 

the higher volume ramp the priority during certain periods of the day. 

Here again, of course, there is the problem of physical closure. 

Finally, there is the obvious possibility of closing ramps in the 

near vicinity of the major interchange, i.e., upstream on-ramps could 

be closed to decrease the demand at the major interchange or down

stream exit ramps could be closed to decrease the effects of a bad 

weaving situation which may be producing turbulence in the major inter

change area. The latter example is a rather specialized situation and 

would be appropriate on very few occasions. 

Metering 

Another feasible modification of existing ramp control techniques 

would be to consider closure as the "zero" end of an adaptive metering 

scheme. We know, for example, that violations of the metering signal 

will increase when the service rate approximates 4 vehicles/minute. 

Thus, if the on-freeway demand increases to the point where the ramp(s) 

must be metered at this level, an integrated control would cause the 

physical closure to be activated, i.e., a "ramp closed" sign would flash 

on and after a suitable accommodation delay for vehicles in the process 

of entering, the pop-up cones would be activated (Pretty, 1972, discusses 

a variation on this integrated control for surface street signing). The 

diverted demand level could then be accommodated at an upstream or 
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downstream ramp thus decreasing the likelihood that it would be closed 

on the basis of the low-criterion service rate. 

Metering, either fixed or adaptive, is usually much more acceptable 

from the public's point of view, In its simplest form (fixed-cycle 

metering) standard 3-aspect or 2-aspect signals are regulated on one 

of several possible fixed-time bases to release entering vehicles. The 

release rate is chosen from historical calculations bf the relation-

ship between downstream capacity to upstream freeway demand and ramp 

vclume. By contrast, traffic-responsive or adaptive control systems 

emp10Y many different:. strategies and component configurations to 

yegulate ramp flow on the bas~s of real-time mainstream traffic condi-

t~on5. Principal among these are strategies which assess downstream 

dematld-capacity ratios over the entire i:cee:way (or shoulder-lane only) 

Of. upstre:.s.m occupancy (usually ~n lane 2) on the one hand; and gap 

ac~eptance control modes on the other, and which on the basis of this 

data, attempt to project the lead ramp vehicle into an acceptable 

ups'C.ream gap. Systems which combine both features are used in Houston 

a7"Ld in Dallas, i, e., demand-:::apaci ty condi dons determine the overall 

iJI.;.'Cer~ng YO;:€ tor the ramp, h0wever, the release of the lead ramp . 
vehi..:.le ciepencis upon the availability of an ac.ceptable upstream gap 

1n the shoulder l.s.ne. 

Two experimental installations display dynamic merging information 

to 1:he ramp driver. Operating in a gap acceptance control mode, the 

IIpac.erll system uses a series of tegular:ly spac.ed signal heads along 

the ramp to convey to the dr1ver the IIspeed" of an available and 

acceptable gap. The driver's task is La pace his vehicle by keeping 

o.br€ast of the illuminc.ted signal. The "Green Bana" system is similar 
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in principle, i.e., the driver maintains his position relative to an 

illuminated moving green band, which, unlike the Pacer, provides addi

tional information on the size, distance, headway and stability of the 

available gap. 

Ramp Control Feasibility 

The issue which currently plagues the designer is whether control 

systems can feasibly be included in the initial design. The answer, 

in the opinion of the experts, is complex. First of all, as mentioned 

previously, design engineers must change their philosophy that the 

implementation of control schemes on facilities of their creation 

represents a failure of design. It does not if the facility is designed 

to provide for the best possible geometric management of traffic within 

the available funds and right-of-way. If within these limitations the 

design capacity of the interchange could accommodate peak-demands over 

the life of the facility, it is doubtful that control schemes could 

significantly improve operations. The difficulty in demand forecasting, 

or, conversely, the inability to provide unlimited funds and rights-of

way for major interchange design (given an acceptable forecast) makes 

for a realization that eventually many designs will show operational 

shortcomings. The design may have been the very best available given 

the design parameters, but interacting relationship between design 

and use may contribute to its subsequent operational deficiency. (That 

is, good designs encourage more drivers to use the facility thereby in

creasing the overall demand, just as adding an extra lane of capacity 

to accommodate an excessive demand adds its own peculiar demand.) 
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Second, control schemes can best be employed to provide balance 

to the overall system. The overall system intended here is the up

stream and downstream portions of the freeway system which influence 

operations in the vicinity of the major interchange or which are, in 

turn, influenced by the major interchange. To the extent that local 

access can be denied, the system will work more efficiently. Given the 

need for local approvals of interchange designs and political pressures. 

however, it is unlikely that local access can be eliminated. Where the 

latter condition exists, ramp controls can provide the required demand 

relief (sometimes, to be sure, at the expense of surface street opera

tions; however, the freeways superiority in moving vehicles should 

justify temporary suboptimization). 

Assuming a characteristic high design for major interchanges, it 

would seem that from the technological point of view, some ramp control 

techniques would be readily adaptable in their present state. Demand 

reductions, the immediate objective of ramp control, is effected regard

less of the type of control exercised; however, traffic responsive systems 

have an advantage over fixed-cycle metering in that they can easily 

adjust to changing mainstream conditions. Integrated traffic responsive 

ramp control, where limits on local metering rates are established on the 

basis of the overall system demand/capacity ratio, leads to better utili

zation of the entire facility. Moreover, these limits can be individually 

increased or decreased in the event of unusual congestion-producing 

incidents. 

One behavioral caution should be noted for metering in a gap

acceptance control mode. Although we can demonstrate that drivers will 

tend to accept "smaller" gaps, our experience with such systems is 
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limited. If we are truly interested in effective performance, we must 

design the gap acceptance logic to conform to the driver's decision 

rules for acceptance (Seguin ~al., 1969 and Worrall et ~., 1967) or 

alternatively educate the driver to rely on the system. It would seem 

that we have not yet progressed sufficiently along either path to the 

point where we might expect that the gap acceptance control mode would 

be superior to a demand/capacity traffic responsive mode based on 

upstream occupancy detection. 

At the present state-of-the-art of adaptive ramp metering systems t 

it would not seem feasible to meter two-lane direct connecting roadways 

(ramps). However, there are sites in Detroit and Los Angeles where two-

lane ramps are being time-metered. One of the problems in metering such 

facilities is that metering frequently requires a storage area and a 

directional interchange cannot provide such a storage area. 

If then, we acknowledge: 1) that many major interchange designs 

will eventually be characterized by excessive demands, 2) that there is 

sufficient justification for suboptimizing on the major arteries inasmuch 

as the freeways have more capacity and can move traffic more efficiently 

than can frontage roads or arterial streets, and 3) that control systems 

can contribute significantly to reducing or eliminating congestion on 

these freeways; then, the inclusion of control systems in initial 

design would seem not only feasible but highly desirable. Additional 

reasons for the inclusion of ramp control in the initial design corne 

from Athol via Moskowitz (1970) where the latter says: 

Patrick Athol has suggested that surveillance, should begin 
the day a freeway is opened to traffic, and ramp controls should 
be exerted before the demand has built up to the point where it 
exceeds capacity. In other words the actual flow on the freeway 
can be held to the design-hour volume if control is exerted early 
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enough, and nobody will be diverted because traffic which is not 
allowed to enter the freeways has (historically) never entered 
the freeway anyway. 

Moskowitz (1970) questions the validity of the historical non-use of 

the facility because the ramp control systems are insensitive to indi-

vidual drivers (who diverted on any given day, may have been users 

aince the opening day). He then supports the concept (although not 

the premises) by demonstrating through a hypothetical example that if 

controls are exerted early enough, de.lays will be imposed very gradually 

thus avoiding ". , 0 the shock that occurs if the ramp flow is reduced 

by several hundred VPH from one day to the next." 

Main Line Control 

Lane Distribution and Speed Control 

While the immediate obj~ctive of ramp control is to relieve con-

gestion by reducing access demand on the facility, the purpose of main 

line control is to regulate existing flow once access has been gained. 

This regulation is usually etfec.ted either by attempting to manipulate 

lane-specific demand via signing or lane closure, or by attempting 

to manipulate speed via signing. Main line control may be implemented 

to maximize throughput and efhciency under restricted capacity condi-

tions produced by accidents, vehicle breakdowns, maintenance or con-

struction, etc. Such control has also been effectively us'e-d. to improve 

merging operations at major interchangeso Most of the operational exper-

ience with main line control via signing has been with overhead mounted 

variable message signs. For the lane closure controls the typical dis-

play employs an illuminated red "X" to indicate that a specific lane 

is closed, or a green arrow to show that the lane is open. The speed 
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control signs usually display the desirable speed. The success with 

main line control has been highly va.riable; however, the problems asso-

ciated with failures to achievE the goals are likely to be informational/ 

behavioral rather than technolcgical. From the technological, informa

tional and behavioral stdndpo1uts, there lS no reason why main line con

trol would not be as feasible on a major lnt8rchange as it would on 

any other type of interchange ~incetlle main line features are the same 

for each type. However, the translation vf the ililformational require

ments into signing could well be ditferent tor an urban major inter

change because of the greater number of guide signs which frequently 

must be used, i.e., the guide signs may compete for the drivers' 

attention. This, however, is a site specitic problem and cannot be 

dealt with here, Since main 1:.ut2: contr'ol &hould not vary much with the 

type of interchange, the results obtained ~n past research are largely 

relevar.t to maj or interchanges, Tht:is, the focus of this section will 

be to provide some j.ndicatioli. of the 'Lesults of such applications and 

to develop some thought6' ae to how main line cont.col might be made more 

effective. 

Based upon a review ot & nu.mbtH of nlain line f:r.eew",y control and 

related informational studies, the ±ollowJ.n6 general criteria for the 

success of main line contruls &re suggested here and will be developed 

in more detail in the following par,:;;,g£aphs: 

1. The desired respense must be clearly conununicated to the 

drivern 

2. It must be communicated with enough lead time for him to 

respond. 

3. The justification (I.e,. congef::,t~on, accident, etc.) for the 

advised response should be provided. 
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4. The justification should be credible (e.g., in real time) and 

provide orientation to event (e.g., congestion, accident) 

which necessitates the desired response. 

5. The relationship between the justifying situation and the 

response should be clear so that the advantage of responding 

in the specified manner is apparent, i.e., so that the driver 

wants to perform the response. 

One final general consideration which deserves mention is that 

the dynamics of major interchange problems impose additional criteria 

on the feasibility of freeway cont~ol. The control should be automat!c 

or at least remotely initiated. Manual placement of cones for lane 

closure does not provide the response time necessary for maximum effec

tiveness in a dynamic environment. Second, the fact that the major 

interchange is a critical node in a complex system suggests that it 

may be necessary to begin control further upstream of the interchange 

then would be required for a non-major interchange. Finally, while 

main line controls have been shown to be useful in a number of applica

tions, they have generally been less consistently successful than 

ramp control in achieving their operational goals, For example, Wattle

worth and Wallace (1968) round that motorists will not reduce their 

speed unless there is &n apparent (visible) reason to do so. A similar 

observation was made by Btewer (1972) when he tried to exercise speed 

control through a maintenance area by forcing a weave, He found that 

during heavy construction activity, better than 50% of the drivers 

traveled below the posted limit through the weave area; however, under 

the same roadway conditions but in the absence of much activity, less 

than 20% complied with the limit. Wingerd (1968) demonstrated that 
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posting minimum speed limits for each lane fails to decrease travel 

time or delay. As volumes approach capacity, drivers reduce their 

speeds to a range between 35 and 45 mph so that minimum speed signs 

have no effect. When operating at least than capacity, the signs result 

in more drivers moving left with an increase in passing on the right 

which was the exact opposite of the desired effect. As Wattleworth 

(1967) notes in his study of main line controls, the effectiveness of 

overhead control signals appears to be a function of the freeway demand. 

One plausible explanation for their lack of effectiveness might be 

that drivers perceive main line displays as "advisory" messages 

rather than as legally sanctioned controls. If no such ambiguity exists, 

we can only assume that drivers who violate these controls are will-

ing to play the odds on being apprehended. Enforcement, however, 

cannot be regarded as the solution; and better methods must be found 

to appeal to the rational side of the driver's nature so that he can 

understand control messages and want to abide by them. In general 

terms, the results of studies such as these were verified by partici

pants in the Design Workshop, who gave many examples of such exper-

ience from operational tests. 

The studies by Dudek et al., (1971) and Heathington et al., (1971) 

focus not upon the effectiveness of the control system ~ se, but upon 

the information aspects of presenting control information to the driver. 

They have examined the kinds of information that drivers say they pre

fer. While there is certainly no assurance that drivers will act 

appropriately given information that conforms to their expressed pre

ferences, the approach seems worthy of continued study if the effec

tiveness of main line control is to be maximized. 
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McCausland (1972) noted that positive closure of freeway lanes via 

the manual placement of traffic cones, such as in the Loutzenheiser 

and Henderson (1972) study of the 1-10 and 1-610 interchange, would 

r.ot be an acceptable solut'ion for a recurring problem unless something 

akin to the remotely operated "pop-up barrier" technology were adapted 

'Co t.he main line lanes. Despite the public acceptance for this type 

GI control (over a two-week test period) McCausland (1972) believes 

that it should not be employed without advance warning information 

geared to day-to-day variations in traffic conditions. 

To the extent that the logic of lane control (as well as other) 

sys~ems can be designed for compatibility with the driver's perferred 

behaviors, system failures will be minimized. Under certain conditions 

dr1vefs will elect to intentionally disregard command functions because 

they lack a visual verification of the need for the indicated control. 

it must be quite simply that driver's do not believe the system. The 

xa~icnale for such skepticism probably originates with the countless 

number ot experiences which each driver has been confronted with, which 

at.~6mpt to control his behavior with little or no apparent justifica

~:i.On, How many tim~s, for example, does a driver wait for the green 

l~ght. at a signallized intersection in the small hours of the morning 

whE.n 'che visibility in all directions is unlimited and the crossing 

t.(atri~ non-existent? How many times is a driver advised of a maximum 

6~Ie speed (that was calculated on the basis of vehicle handling 

~nd s~5pEnsion packages of the 30's, 40's and 50's) on horizontal curves 

tfLa'C he can easily and safely exceed sometimes by an order of magnitude 

ab:vc the posted limit? Further examples are speed limits on sections 

:I empcy multi-lane freeways, flashing school speed-limit signs operat

~ng or. Sundays and holidays, etc., etc. In short, it is little wonder 
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that drivers bring their cynical attitudes to bear on freeway control 

systems, The translation of this attitude into a behavioral rule seems 

to follow the adage, "Burn me once, shame on you; burn me twice, shame 

on me." In the absence of immediate tangible evidence which verifies 

the need for control, drivers are going to behave according to their 

preterences, and they will subject any regulatory system to tests of 

cr~dlbility. To the extent that a verification factor can be designed 

into a real-time control display, system effectiveness will be enhanced. 

To illustrate this "system test" or "driver verification factor," 

we have borrowed a collection of ideas from the discussions held dur

ing t.he Workshop, and from the literature and practice (highway and 

c'cher) and applied them to the alternate routing of the freeway driver 

to avoid a downstream bottleneck. We borrow~for example, the concept 

cr the advisory sign "congestion ahead"; the shape and context of dia

gta.mrclCJ.tic signs; segment analys:is from flow theory; matrix displays 

r'(OITl changeable message signs; centralized computer control; and, 

t:;..nally, "you are here" location maps from department stores and office 

bUl.ldlngb. The key ingredient, strange as it may seem, is the last 

eleIT!ent~ since it. provides the wherewithal for the driver to assess 

i~uediately the accuracy and utility of the message displayed. Let us 

now l.ons::i.der how the systems credibility might be established, using 

a WO!st case situation, i,e., route diversion as opposed to the more 

':;1.mply accomplished lane or speed change. 

In our illustrative situation, let us suppose that we wish to 

!eauce upstream demand and encourage the driver(s) to take an alternate 

IJUCe (rror::.tage road or arterial street) to avoid downstream congestion. 

Vie con accomplish this by informing the driver of the congested condition 
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whlle he s-cill has an opportunity to re-route, i. e., prior to an exit 

~erm~nal. Only instead of simply telling him that there is congestion 

ahead, let's show him via signing where it is ~n relation to him (within 

lim~ts, say 3 to 5 miles ahead). 

Much of what we configure, with the exception of the verification 

racLur, does not differ a great deal from display technology already 

l~ use, Fundamentally, we employ a simple schematic sign of the next 

3 to 5 mi:i.es of freeway and the immediately adjacent frontage road or 

-che hrst and second arterial streets which parallel the freeway. We 

bLeak up the freeway and the sign into corresponding segments which do 

[<,[ r.clVe 'to be of uniform siz~, While it may be appropriate to employ 

--=-egrrlents of uniform length on the freeway itself (perhaps 1/2 mile in 

l.":fi6 'c.h), short,er segments might: be used to represent an entrance ramp 

0{ e~it Lamp se6msnt. Sensors, installed in each segment of interest 

w0~ld teed the da'C& to a centralized computer which would evaluate 

thE Gata in te~ms of the level of service currently provided in each 

b82"r.enL, Real-time information would be fed back to each display 

~lgL. Wlthin each s~gn segment the method of display would be through 

0. •• a.iraL6E.ment: of "b;,lb' sIt superimposed on the back of the through 

[~~vEl lanes and exit terminals (and if de&ired, a singular row for) 

I~vn[~gE ro~ds, etc,), Most likely color could be used to convey the 

"I.~0',.) conditior.s" to the driver. Under a color mode, we would, of 

~CutSt, aLLend to the cultural bias and employ green tor free flow, 

JC.~UW tOi moderate congestion, and red for stop-and-go heavy conges

d~H;' - Flashing red would indicate the presence cmd lociition of an 

unu6uQ~ i~cident like an accident, maintenance operation, vehicle break-

dvwr., c;r law enforcement operation. 

L-22 



Everything thus far exists in one form or another at one place 

or another. The verification feature to be added consists of feeding 

back real-time level-of-service information to the driver who is in 

the process of reading the sign by informing him of conditions in 

the segment in which he and the sign are located. Thus, he need only 

observe conditions in his immediate vicinity and compare these condi

tions to the indica.ted display (the bottom, or "you are here" segment 

of the sign) to establish to some degree the credibility of that infor

mation and, consequently, infor~ation concerning downstream conditions. 

It should be noted that the particular contribution in this dis

cussion is to implore engineers to provide verification information 

.. 0 Lhe driver if real- time displays are to be considered for freeway 

~cntrol, While we do not as a rule subscribe to misleading drivers 

and risking a failure on a "system test" by the drivers, we should note 

.:hat '::vnseLvative display strategies could be employed (in the computer 

60ttware) to indicate in the event of downstream congestion, that con

aH.ions loTI the "you are here" segment are better than he observes them 

0;:;'; be, That is, if he is, in fact. in a condition yellow -- moderate 

c0ngestion condition -- let the sign indicate that this condition is 

:...:;;r.side:ced green-free flow. Thus, we may be able to shift the d·.dver's 

P~lc~p~ual scale of level-of-service with the result that he interprets 

l[,,<2. s~tuo.tion thus, "It they consider these traffic conditions green 

whaL am 1 in for when I get to that yellow or red segment -- better get 

.:rt hare." 

While the ideas presented here do not immediately appear as being 

Le~evant to statements of feasibility, they were presented because it 

18 relt that lane control is feasible within the cu!rent state-of-the

alt and th~t it can .be a powerful tool for prevem:ing or solving 
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conge8~ion problems if the considerations provided here are factored 

into the design of such systems. 

Reveysable Lanes 

Other prevalent forms of main line control are Lane Reversibility 

m",ci. Lane Exclusivity. The obj ective of the tormer is to compensate for 

a serious imbalance in the directional distribution of traffic during 

th~ peak hour. The reversible lane solution, in short, is to devote 

mere than half of a given pavement width to the pre.dominant direction 

GI flow, It should be noted that where other control procedures mani

V",late the demand for a given capacity, reversible lane control manipu

Id.~E.5 c.apacity to accommodate the demand, and it does so in an economical 

!<>.shi(;n (Le" with minimal or no requirement for additional right-of-

Most design applications of the reversible lane concept place the 

d. ... "'i r:adway in the median with the outer freeways operating in a 

r:o~mal. unidirectional fashion, The AASHO* reversible c.oncept restricts 

~):'le l'se v1 the IE-verse-flow freeway to express traffic by denying inter

i~I<,"d.ia.'"io~ dec-e5B points, The Kennedy Expressway in Chicago has an 8-1/2 

itillS cwo-ls.nereversible of this type in the median, In contrast to 

ctu exprE.ss-reversible, some dual roadways like the Seattle facility 

18 ffi~le6 of Interstate 5) provide several interchange points along its 

"::vu;:.e, A major criticism of this latter type is that access to the 

~~nt~r r~ddway is provided by crossover lanes connecting with the outside 

.".6dways which, in effect, increases the weaving volumes on the outside 

i~D~6. Drew (1968) overcomes this problem via a design which provides 

d;.iance and exit ramps directly to the center roadway from the inter-

=1';' ~ tir.g ClOSS streets. Drew's reverse-flow diamond interchange is really 
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a combination of two interchanges, a partial cloverleaf on the reverse

flow center roadway and a diamond on the outside freeway roadways. 

He notes that because the loops of the cloverleaf operate off the 

center dual roadway in the center of the right-of-way instead of off 

the freeway lanes, only slightly more right-of-way is required than 

would be required for a conventional diamond interchange. The freeway 

ramps from the diamond part of the interchange are much as they would 

be in the conventional design; hence, users of the outside roadway are 

provided with the familiar exit-entrance pattern of the conventional 

diamond, whereas on the center reverse flow roadway, the cloverleaf 

continuity is preserved throughout. 

A relatively unique system designed for the Aston Expressway in 

England (left hand drive) (WaLL and Burr, 1972) is the "tidal flow 

system" which provides a very flexible system of lane control since the 

undivided carriageway is seven lanes wide. Normally four lanes carry the 

peak direction flow and three lanes the non-peak direction flows. The 

so-called tidal lane is surfaced with a red asphalt for contrast with 

the black asphalt on the other lanes. 

Maintenance operations, accidents or other unusual incidents are 

easily handled by the system's capability to reverse any combination 

of the center three lanes as needed. The changeable message displays 

on the signal gantry indicate for a given direction lanes open to 

traffic by white arrows and those closed to traffic by red "X"'s. 

Advisory speed limits and destination information (route and place 

names) can be provided for each lane open to traffic. The electronic 

direction signing system has been extended to include control of all 

points of access to the expressway, and by the use of "secret" signs 
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(visible only when illuminated) the road can be automatically closed 

and vehicles diverted on to the most suitable alternative route. 

Under normal operation the tidal lane will have its flow reversed 

every 12 hours using the following computer/TV-monitored, police con-

troller sequence: 

At the controller's instigation, the last gantry in the 
tidal length will first have the vertical arrow over lane 4 
(the center lane) changed to a divert left arrow, and 20 seconds 
later a red cross. Ten seconds after the start, the penultimate 
gantry will switch from vertical arrow to divert left arrow, and 
20 seconds later to a red cross. In this way; the tidal lane will 
be progressively swept clear in an upstream direction, so that 
a~ the end of the progression, red crosses will be displayed on 
both sides of all gantries over the centerlane. Once the police 
controller has examined the tidal lane on the TV system to ensure 
that ~t has cleared and no traff~c remains in it, white vertical 
arrows will replace the red crosses simultaneously on the reverse 
side of every gantry over the centerlane, and four lanes will 
!.hen be available for the other traffic stream. In the event 
of a blockage occurring, e.g., a vehicle breakdown, then the 
tidal lane will remain closed until the obstacle has been removed. 

While reversible lane control is not a method which would have 

widespread application because of the conditions under which it is 

appropriate, it was discussed here because it involves lane control con-

cepts and because there is the definite requirements to design the geo-

metlics related to such control into the system, i.e., this is not a 

C0utlol method which could,in most cases,be used remedially. Thus, 

whe.c6 control is considered in the design stage, it is a method which 

should perhaps be included in overall consideration of the control 

stla~egies which could be employed -- if, of course, directional imbal-

ance is anticipated. 

Exclusive Lanes 

Lane exclusivity refers to the reservation of one or more lanes 

teL a particular class of vehicles, viz. buses and multi-occupant 

L-26 



passenger vehicles. Indirectly, through maximizing the passenger 

~ravel and reducing travel time per passenger, a reserved bus (or 

bus plus multi-occupant vt"\hicle) lane should reduce the demand on the 

tULlllty. This is accomplished theoretically, through encouraging 

0C~~p&nts of single passenger vehicles to join car pools or ride the 

buS. 

Nowhere does the choice of a criterion impact more on the assess

m~n~ o± feasibility than it does when one considers whether the pro

,,15::'0n wE exclusive bus lanes would enhance major interchange opera

~l~ns. Certainly, we must ackno~'ledge the advantages of the reserved 

OtiS lane 1n terms of passenger miles traveled. Hodgkins (1964), for 

€. )l.o,illple, in postulating a lower-volume limit of 200 buses/hr. points 

cu::, that the reserved lane could move approximately 10,000 people/hr. 

:n ~on'rast to the less than 8000 people/hr. that would be accommodated 

..;·n the two adj acent lanes" Drew, in commenting on 'Che underutiliza tion 

or (he re.served lane, attends to volume in terms of vehicles/hr. when 

hE:. ELates that no practical bus frequency can provide enough demand 

LO illl a treeway lanen Martin (1970), in evaluat~ng the greater peak 

t~~r bus concentration in California, viz. the Bay Bridge, concludes 

,ha~ an sxclusive bus lane is not feasible because the increased delay 

~~ ~u~0m~bile users far exceeds the savings to the bus passengers. 

kt ~~ ~xtL6mely doubtful, however, whether the inherent disadvantage 

:.i t...I;.de,cutilized capacity of a bus-only lane will permit any generalized 

~5e ~I this control technique. More recent efforts have attempted 

tv recovery some of the lost capacity by including multi-occupant 

\ehicles in the exclusive lanes. This type of preferential treatment 

WdS mdthematically modeled by Sparks and May (1971) under some rather 
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Repro uC:\ab\e c.OPy· 
best ava' 

severely limiting assumptions; however, the authors felt that the 

"prior~ty-lane" treatments studied showed promise and pointed to the 

~eed for parallel field research to further the development of the 

models. A follow-up study by Capelle et ala (1972) indicated that the 

E.xclus~ve lane for bus and car pool usage was determined to be basically 

sound during commuting hours; however, they noted that the su(;cess of 

the reserved lane concept depends largely on a voluntary compliance on 

(he pctrt of every driver since enforcement is extremely difficult, 

In general, while the feasibility of the exclusive lane is deter-

ift::..ned by the characteristics of the specific freeway, physical al tera-

,-.Lcns may not be required to implement reserved-lane operation, so there 

w:uld appear to be no real technological barriers, One of the major 

cb;;"(:aCLes to exclusive bus' lanes is the requirement and cost to pro-

IJ:::..ce:.he associated exclusive ramps. Otherwise ~ ijperational problems 

;.i.': c: "sually produced. For example, if the median lanes are used for 

'Chi:: exclusive lanes, the bus must weave thru a number of traffic lanes 

:.-n c:.:dc! to enter and/or exit the exclusive lanes., The cost effective-

r,,:'::5 ;jr providing exclusive ramps is still in question since some 

i'-Sl~d.~2S, referred to by Workshop participants, have indicated that 

b,.,se s do not significantly decrease the number of vehicles on the 

1:6t-.w<.iy 0 As an example of the ramp costs for exclusive lanes, it 

:";di:i pointed out at the Workshop that a seven million dollar exclusive 

bus la~e project would have an extra one million dollars added if they 

L::L.J,,~.dt ior exclusive bus ramps, Another aspect of the exclusive bus 

ldn~ problem on which there is disagreement among the experts is whether 

Lhe median lane or the right lane should be used, As mentioned, the 

u~e. 01 the median lane requires additional ramps. The problems with 
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;:he use of the right lane is that it interferes with other exit.ing 

cyattic in that you have to permit other traffic to use that lane for 

eXlting, If the exclusive service would be such that all of the buses 

entered at one interchange and got off at the next, this would not pro

Q_~6 d major problem. However, in many cases the bus lanes are not 

~s~d tor local service but rather are express service lanes from the 

CBD La the outskirts. Perhaps the biggest obstacle to the potential 

opelation of improvements which the exclusive lane offers is the 

~.:ll.nCaLY violations. As Cappelle notes, however, this may be over

(.()rne by a good positive public relations program, It was reported by 

the New York representative at the Workshop that the use of signs to 

prohlblt cars from using exclusive bus lanes is not effective unless 

Q" b..ii,h volume of buses is using that lane. However, California has 

cEp..:rced that drivers will obey such signs. It would a.ppear that 

~het e might be regional differences in complianr.:;e -- a1;:,.hough the 

i;.x::;,e.dence is not yet sufficient to verify such a conclusion. To 

~h:::. EXtent: that the "exclusive" operation can be an intE:gral part of 

"~_'" designs, :i.. ,e" before commuters lane-usage pattexns become relatively 

I L;{Gcl., t.he problem of d:river conformance would be lessened and perhaps 

n[. increase in bus ridership would even be increased" However, since 

~he td.~1.1ity must be built and operated in order to generate the rider

&hl.p (and the possible consequent reduction in private vehicle use), 

'~he "gamble" is obvious. Another form of priority-treatment that 

c.e=erves mention is the provision for exclusive or reserved right 

OMa.ne t;:;.:: buses on two-lane entrance ramps, Traffic is metered in the 

~~Lt lane and the bus is permitted to bypass the ramp queue, This 

<OJ!: ;~em has been successfully implemented in Texas and on both the Harbor 

~~d Hollywood Freeways in California (Gillis, 1970). 
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~n summary, there are still a large number of unresolved questions 

regarding both the design and the cost-effectiveness of exclusive bus 

~ane5. Further, the inclusion of a major interchange into an overall 

5yscem using such control poses even more severe restraints than a 

n:n-major interchange in that the speeds are typically higher and the 

vJlumes are greater. Thus, for example, the problem of bus weaving 

tor er.c.ry and exit become more severe. While we would have to conclude 

chat such inclusion is possible, a great deal more must be known about 

boch the design and operation of exclusive lanes before any determina

(lon cf practicality and cost-effectiveness can be made. 

Co[z~dor Control 

Corzirlcr Control, the conceptual epitome of adaptive control 

,,,r.hE-IDG" :is still too far in its infancy to render any accurate judg

inenc;:, &s to the feasibility of including maj or interchange design in 

z.n ;':\i€.yall cOLridor control scheme. However, there is no reason to 

oei1eve that such a system used to distribute trafric over an entire 

s);:;":bm could not have a facilitative effect upon a mCi.jor interchange 

~c..:.::'cicularly an urban interchange where alternate routes are usually 

6v~~iable. Conceptually a corridor consists of a treeway(s), froncage 

t ;Jads dnd some undefined portion of the arterial Str6et netwoxk which 

parallels the freeway. The objective of corridor (;cntrol is to optimize 

r'i..0w over the entire corridor system. 

Because of its brief history little exists in the way of hard 

research data on "corridor" operations. One of the earlier studies, 

r;e..rronned by Wattleworth (1967) on the Lodge Freeway, evaluated the 

et!ec.ts of ramp metering on freeway operations and about 50 miles of 

o.rterial streets. The net effect was an overall reducticn in "corridor" 
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travel time at little expense to the arterial street system. This 

eayly corridor work was characterized by active manipulation via 

ramp controls and passive observation of the arterial street system 

~as well as the freeway). 

In this and subsequent wOl::k,however t l.t was .reccgn1zed that 

lLnused capaci ty detected in the arterial street 8yst€;m and, or on a 

dcwnsueam pcrt:ion of the freeway (beyond a boUleneck) was of little 

utlliLY unless information concerning its existence could be conveyed 

to 'Che driver. If information on traffic: condit.ions within the corri

der we.re available to the driver aL or before cholce poinLs, he would 

be in a better position to elect an alternate route, The ~se of 

cir~veL corr~unications to minimize travel time within the corridor 

1.::' a~compli5hed by directl.ng some L.caific oft the rreeway to alternate 

:'::Ct..l::6;5 that have available capacity and by dl.rec.Ling some approaching 

t...: o.II1~ t.hat would normally use the freeway to 0.1 t€;!tl&.t.e: arten.a.l 

.L;':;Uc.eb, A scheme for the real-time inLegration at lamp metering and 

cnve:t:El.Cna:ry signs 10c2ted at choice pOl.nts TildE p:oposed by Pz€.tty 

(19)2). Basically, his appraach is to detecL exc~ssiva queue lengths 

0n .,.:,mr.:r:olled ramps (metered on basis of downstream ca.pa(:ity) and 

s;(.1'!,r.c..l. via sign-state changes at each choice polnt: the -luickesr. route 

tv -;:.r.t! next choice point: or downstream ramp 0 The SllC{;Essful Use of 

"c..!.i:idor control to reduce demand on a major interchange rests pri

:'Tla.t.'ily in the degree to which the excessive demand on the major inter

<.nanga is generated by lo.c.al access ramps and/or ramps in the immediate 

Gr&cream vicinity of the interchange. 
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