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APPENDIX H: LANE DROP CASE STUDY

Introduction

Based on the results of the workshop questionnaires on lane drops
and relevant state—of-the-art informarion, the focllowing 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 drcp contiguraticns in order of preference
and assipgn a relative numerical measure or merit based om safety and
operations to each alternarive. In general, the results of the statis-
tical analyses indicate that the experts' respenses have a significant
level of agreement. For Case 1 (see Flgure H-1), the mainline lane drop
is preferred, and is the alternative used most orten in current practice-

For Case 1Il, pictuzed in Figure H~Z, Altsrnarive A is also rated
highest by the experts., Yet, in actual Case I design situaticns,
Alternative B is used most often.

Although A is the preferred alternaiive in Case LIl (see Figure
H-3), the preference fir B 1s nearly equal vo that for A. Additionally,
the merit ratings ot the two alternatives are nearly equal., Again,
however, B shows a clea: dominance in curzeni usage-

In all three cases, the mainline lane drop 1is the preferred alterna-
tive. The right lane d:op at the exit rollows, with slipghtly smaller
rank and merit values. Alrernative C, the leit lane drop at the right
side exit terminal 1is the least preierred alternative. I1ts merit
ratings for all three cases are of simliar magnitude; approximatley one-
third of the ratings fuor A and B. This pattern does not change regardless

ot the number ot lanes ifci the mainline c¢r exi: rcadways-
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The research literature also indicates a preference for the main-
line lane drop. However, the basis ot comparison in some of the
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 pessibility exists
that invalid comparisons of lane drop operations and satfety data are
made in those studies.

The more recent state highway policy positions on lane drop 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 of the state manuals reviewed; in fact,
they rarely discuss lane drop design in dersil. A rew manuals present
their standard designs for lane drops adjacent to exit rterminals.

In Case IV, illustratved by Figure H-4, the experts uaanimously
selected the right lane as the lane which shculd be dropped tor the
mainline lane drop. Unfecrtunately, it 1: not clezr whether trhe left
mainline drop is pretferred over the lane drcp atr the interchange,
However, no respondent qualiried his answer by denoting the right or
left lane in selecting Alternative A in Cases I-111. Further, one
engineer nores that his sctate design agency prefers the mainline lane
drop regardless of side because of their experience with lane drops
at the interchange. The AASHO '"Yellow B:ook" also states thac the left is
less desirable than the right mainline dszcp, bur eitcher is preferable
to the interchange lane drop. It is reascnanle, then, to cenclude
that the left mainline drop is preferred cver the interchange lane drop.

Although Case I involves a three-lane rreeway, and Case LV a four-

lane freeway, the results for Case IV are gssumed to hold for Case I.



sdoxqg sueT sulTuTER ‘H-H 2an8T1j

a

- - - - - - - — —« - — — — =
—t— — — = = = = = — ,—¢ — 39NVHOY¥3IINI—»> —
L T¢ —f e = = = =
S3NV ¢ aNv1 doya—/ SINV1 b—
)
S3INVT 3700IN 3O¥IN—
s . — — T - = = \- - == -
“e- = — = - T — ¢ = 39NVHOYILNI-»—
< - - — —9 — === —
/_sanvn ¢ SINVT & —>
g
_ & __ - - — — — — J— S — — - - _—
- - - = = = = = = D% oNvHOMEINI»—
£ _sanvi ¢ ANV L1437 do¥d— SaNVT b—
v
ANV LHOIY dO¥A —
_ - - — —
T+ T T =T I I T = = ¢ T 39NVHOMIINI>—

‘I
£ _sanvi ¢ SaNVI b —



duced from
tzg:oava‘dab\e copYe

There are two reasons why this assumption appears to be valid. First,
the pattern of the results indicate that the d:irierence between three
or four lanes is not significant in determining isne drzop design pclicy,
Further, one expert states that there is ro dirrerence .n lane drcp
design between a six-lane and eight-lane tzeeway-

Seventy percent of the experts select a i¢ngih berwszen 1,000 and
3,000 feet for the distance between the pricry znierchange entiance ramp
and the start of the lane drop tapered secticn- A value o1 at least one-
half mile is specified in two state menuals- Seventy percent cf the
experts also feel that the lane should usualiy be diopped beyond the
influence of a freeway-to-freeway interchange-

Comments by the experts indicate speca ditfeérenrials »r .ane
distributions are important consideraticne in the decision of the
proper lane to drop- These characrerastice apzear (o have aseal dif-
ferences. More imporrantly, not much sccms to be krcown tepgarding these
characteristics ot the trafric stream in e.atiin o 1ane Azop opera-
tions.

In Case V (two lane drops &t a majer L.rk), the :twe alternatives
shown in Figure H-5 a:te judged nearly equal .n terms cr satety and oper-
ations, with A slightly tavored by the experts- With ~his case being
the only exception, abcut 96 perient teel “hav, tdeally, lane drops
should occur at major tocks. In the literaiurze and discussicn sessions,
major forks were menticned as pcssible tut not &lways practical loca-
tions for lane drcps. (For une thing, rreyuently therz are no major
forks in the vicinity uf the prcposed lanme drop-, Nene cr the design

references present standard designs ror Case V.
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Recovery Area Design

The preferred taper ratics for mainline lane drcps cover a large
range in values, as indicated in Table H-1. It is interesting tc note
that seven out of fifteen respondents answered with identical taper
ratio values for both speed categories. Since the mean has no special
significance, the mode of each category might be intergreted as the
most preferred ratio. For the minimum ratic at both speeds and the
desirable ratio at 60 miles per hcur, the mcde value is 50:1. At 70
miles per hour, the desirable ratic has a mede value of 100:1. However,
there is much less agreement for this value thar fcr the previocus three
categories; accordingly, the median vaiue or 70:1 may be more representa-
tive than the mode value.

Very little infcimaticn can be found .oveiang meiniine lane diop
recovery areas., Iwo state design manuals SUZgEsl Ceper Tatio values
equal to the design speed ci the freeway.- These values are slightly
flatter than would be indicated by the resuits diswussed above,

For the recovery area cr a lane drop edjecent to sn exit gore, the
results in Table H-2 indicate that & rapered sec.icn is preferred over
full-width lane followed by a tapered zecticr. A value cf 50:1 is
representative of the taper ratios p:icvided zir becth recovery area
alternatives. The median value of the wide rzrge =i tull-width lane
lengths is 800 reet,

This analysis indicates that the values presented in the AASHO
"Red Bock'" are quite severe. Further, the figure presented for the
lane drop adjacent tc¢ an exit gore is fcr an exir lane drcp which in-
volves the mainline right lane extending into the exit ramp -- no

auxiliary deceleration lane is provided- in the AASHO "Blue Book' the
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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

6 150", 50:1
7 1,000', 50:1
8 1,000', 50:1
9 50:1
10 100:1
11 800", 70:1
12 1,000', 50:1
13 360', 30:1
14 50:1
15 25:1
16 x?

No value provided.
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TABLE H-2

RECOVERY AREA VALUES FOR LANE DROPS AT THE INTERCHANGE

Design Speced

60 MPH 70 MPH
Experts Minimum Desirable Minimum Desirable
1 70° 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 50
13 50 50 50 50
14 25 40 35 55
15 70 70 70 70

8Values are ratios, e.g., 70:1.
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taper values are apprcximately one-half the values indicated above,
but the full-width lengths are larger; on the order of 1,000 feet.

Most of the state manuals which present exir reicvery area design
recommendations do so by providing standard designs. The State of
Washington, for example, prcvides extensive inizrmation in the form
of typical figures for right side exits and lane drops. This manual
also permits design flexibility, in that the length c¢f the full-width
portion of the recovery area may vary izom O tc 650 feet. While Wash-
ington utilizes a 50:1 taper ratio, Texas speciiies a 100:1 taper as
the desirable value and 50:1 as the min:mum. Generally, the recovery
area design values presented in the reviewed manua.s exhibit a variance
simllar to thcse given by the experts.

The experts emphasized the imporience ui signing in lane drop
situations. Yet the literature and workshop commentary seem te indi-

cate that effective signing techniques ave not universally provided.

Recommended Lane Drop Design suidelines

Because of the basic nature o¢f the lare decp, on unexpected lane
change and/or merge ar high speed is cequired- The tundamental cbjec-
tive cr the designer shculd be, then, 1. maximize rhe probability that
through vehicles in the dropped lane wte able 1o Complete & iane
shiftt safely, with & minimum c¢f flow disruptiorn. The guidelines must
be consistent with that cbjeciive.

In the workshop commentary, the impiriance i driver considerations
15 repeatedly :ntimated by the exper+:. li saditaion, the consideraticn
¢t the drivers' task at the apprca.h and merge -3 pcnsistent with the
above cobjective; therefore 1t s adopied =% ‘he siandpoint of tﬁe guide-~

lines.
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The guidelines provide preterred design configurations and a list
of impcrtant operation and des:ign conditicns, such as hevizontal curva-
ture and merge task parameters. The efrects ci variavions in these
conditions on the design oi rreeway lane drops :s5 discussed. The pur-
pose of the guidelines is to proviae a itramework for the evaluation cf
the pertinent design and cpérat.on londiticns icr a proposea design
configuration in a particulayr design situation. Table H-3 presents a
list of the topics comsidered :n urilizitng the guilderines.

The consideraricns cannct all be guantiried .¥ assigned relative
weights 1n this reporr; consequently, anu experximentasly-derived formula
for lane drop design cannct be presented here. The guidelines, however,
are not intended t¢ replace the design engineers' Fudgment and expertise,
but to supplement his krowledge. Engiree:.zp judgment supplies the sen-—
sitivity in the desipgn process wasch cannot be provided through rigid
design speciticatrions. In this respeci, the enginzer shiuld segard the
guidelines as aids which enable Lidm Yo delermine the compatibility of
a proposed CoONIlguratloin 10k & pParticuasr cesipgnl situziion

A basic assumption :n the development oi the guidelines was that
the roadway conditions 101 & pacilecular deslgn siiuation are more or
less set and the lane d:iop wust be ii+ted .nte the votal design. Site-
specific conditivne ma, be comTr.laing fa.rels in some dezign situa-
tions., Thus, it 1s entirely poscible that the penerall; prefterred alter-
native, the right mainline lace dicp, may ncr be the pioper cheice in a
given situaticm

Three other alternatives are: (1) a lett smainiine lane drop;

(2) a lane diop adjacent (o a ripht-side exit c¢1 an inierihange; and

(3) a lane drop at & majue 12'k. Mejor norks sppess io be scmewhat
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TaBLE H-3

GUIDELINE CONSIDERATIONS

Driver Expectat.on
A. Deciszion pcints

B. Right side crientation

C. Continuous mcvement for threcgh

Warning and Decision-Making Iask
A. Signing

B. Delineation

C. Visibilaty

1. Pavemenr covirast

2. Lighting

3. 31ight distance

vrariic

D. Numbe: and ¢cimplex:ty f decisacns

Lane Change Iask
A. Upstiéam gop SHampiily
L. keas visibiiiuy

Z. Xear sight distance

B. Mainteitanie i vebicle posivion

- Romawe; aiigonent
2. Distance LG re.ciely alta

C. Lane change
L., Urxflcai gap =iée
2. Judgmenl CI LicsSure Tele
3. Lene speeds =nd volumes

4. Tiuck voiuvmes
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IV. Forced Merge Task

A. Upstream gap sampling
1. Rear visibility
2., Rear sight distance
B. Maintenance or vehicle position in laove
1. Roadway alignment
2. Length <f recocvery area
3. Crcssing construction jcints
C. Merge
1. Critical gzp size
2. Judgment of closure rate
3. Lane speeds and volumes
4. Truck wiumes
D. Emergency 1escvery
1., Struciure:
2. Shuulder
V. Externel Lonsidesotviclia
A.  Stage .onstiucilon
B. Cost~ ¢1 iehe €xvensiLn
C. Ove.cii Me.Balte ~Lerarlon
1, Lane @ 20:1Dullliv &% Vatldud vilules
2. Capa ..
3. Diastan. €~ beiween lane dicp ana e€nt.alots and exits
4, Remp - lune-

D. Pol..y vonsr:giuts
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ideal 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 examined in crder of preference: right
mainline lane drop, ieft mainline lane dyop, and right lane drop adja-
cent to an interchange exit. However, the final decision to use any
particular configuration must rest with the design engineer, since
he provides the judgment of relative imporrance among the varying con-
siderations encountered in the design.

The following design guidelines were formulated through a synthesis
of the information available from the questionnaires, workshop discussions,
research literature, and design mantals. First, each of the considera-
tions listed in Table H-3 1s discussed; then lists of advantages and
disadvantages (relat:ve and individual) cf eath ot the three alterna-

tives are presented-

General Considerations in Design of Lane Drops

Driver Expectatiicn

The first ccnsideraction deal:c with i1s driver expectation. Although
the basic lane drop cocurrence is generally unexpected, there appears
to be a difterence in the level of driver surprise between lane drops
at the interchange and past the interchange. The driver regards the
interchange as an area ot ccmplex maneuvers and, therefore he is less
likely to be surprised with the lane drop at the interchange.

Because cf the right side crientaticn fosr merge and diverge man-
euvers in urban areas, the driver is mocre likely to be surprised at a

left lane drop- 1in addition, the driver generally views the left lanes
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as accommodating higher speed through traffic. The provision for con-

tinuous movement of through traffic is impoxtant in this respect.

Warning and Decision-Making Tasks

To aid in the driver's decision-making task, proper warning of the
lane drop must be provided in texrms 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 drop. Delineation tech-
niques complement signs in warning the driver of the lane drop. Existing
information systems do not appear to be entirely satisfactory in texms
of their effectiveness.

A second factor to be considered in design is the visibility of the
lane drop or taper area. At some warning point, visibility of the lane
drop should be available with signing -- permitting the driver 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 simultanecusly.

As noted before, the interchange is a decision point with signs
and conflict points. The inclusion of a lane drop there requires the
driver to process more intormarion and make his decision in a shorter
period of time than at the mainline lane drop; the severity of the pro-
blem is & function cof the cverall 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 desirable 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 longitudinal and lateral vehicle placement. Thé rear
vigibility or field of view is more limited at left side drops, than at

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

ment can restrict rear 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
upstream 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 that 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.

The 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, the driver's judgment of vehicle closure rates
is limited; particularly from the rear and at high speeds. Thus, rela-
tive lane speeds zhould be congidered 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 =znd traffic characteristics (visibility, gap accep-
tance, and relative lane speeds) require consideration in the decision

as to the proper lane to be dropped.

Forced Merge Task

1t the driver has not changed lanes prior to the tapered area, he

is forced te 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
traftic, As betfore, 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 emexrgency recovery area should be provided. Lane drops
at structures not cnly do not provide the emergency area but restrict
movement with conciete abutments or railings. Shoulders should be
designed to allow the d:iver to maintain control of his vehicle and enter
the traffic stream. Careful consideration should be given to roadside

obstructions near the tapered area.

External Considerations

There are, of course, lane drop design considerations external to
the driver task- 1In a program of stage construction, a first-stage
lett lane drip with a widened median appears to be more appropriate

than a xight lane drop. Costs involved in the eventual lane extension
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are a real consideration, 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 any one 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-

» Smoother overall flow and larger capacities because of
more favorable lane distribution than at interchange lane

drops.

Disadvantages:

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

. Usually, smaller gap sizes cccur in right lanes due to
higher volumes at lower speeds. (Truck volumes compound
this problem because of the larger gap sizes required.)

. Less appropriate than left lane drop in stage construction
because of inter:hange recomstruction and alignment change
reguirements.

- Less driver expectation of existence than at the interchange.

. More expensive than interchange lane drop because of lane

extension.
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Left Mainline Lane Drop

Advantages:

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

. Usually, larger gap sizes cccur in left lanes due to lower
volumes at higher speeds. (Greater advantage realized due
to lower number of trucks in left lane.)

. More amenable to stage construction than right lane drop.

. "Spreads'" the decision points, less demand on driver than
interchange lane drop.

. Smocther cverall flow and larger capacities because of

more favorable lane distribution than interchange lane drop.

Disadvantages:

Lower driver expectation than right lane drop because of
right-side crientaticn of drivers.
interrupts high-speed through traffic.

. Limited rear visibility-

. Usually, higher speeds in left lanes increase hazard due
tc driver's iimited judgment ¢f vehicle closure rates,
Lower driver expe:tation of occurxence than at the inter-
change .

More expensive than interchange because of lane extension.

Right Lane Drop Near Exit Terminal

Advantages:

Lower dziver ''surprise' element because he recognizes

interchange as an &rea cf complex maneuvers.



Disadva

Common

Reproduced from %
be& available copy.

. Less costly than mainline lane drop as no lane extension

required-

. Allows for continuous movement of high-speed through traf-
fic in left lane.

. Usually, less hazardous than left lane drop due to lower
speeds in right laues,

ntages:

. Incieases difiiiuity in driver decision-making because of
the increased :nfcrmaticn and task load-

. Usually, smailer gap $3Zes occut in the right lanes due
tc higher volumes and lowe: speeds. Depending on configura-
ticn, ensrance and exit ramp ctrafiic may compound this
preblem-  (Iruck velumes aisc compound the problem because
¢r the la.ge. gap siies ‘hey require.)

. Swa.ler tapscivy and peore: cperatlons through the inter-
Chafige =zre€a lay rte~uli .
Lews apprepeziote thal 1ert lane diop in stage construction
bevourt o1 interchangs secinstrzuciion and alignment change
LEGUL (EMEnLLE -

. Disrupis « zatge number o vehicles than the left drop.

Consideratiomn:

Can signiny znd visibilivy be provided simcltanecusly?

Does the mainiine's horisontal and vertical alignment restrict
rear sigh- distan.e:

Can surticient d.siante be provided trom the lane drop warning
point f.oolurrent siguing and visibility) te the beginning of the

.

[2COVETY al€a wopet 1w o sale lene Change?
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-

Can sufficlent discvance be provided tor the recovery area with
a taper ratio or 50 to 70:17%

I1s construction jcint design coincident with pavement lane
markings?

Can sufficient emergency recovery area be prcvided away from
structures or rcadside obstructicns?

Is the shoulder area sufficient to allow the driver to control
his vehicle and re-enter the traffic stream?

ls there sufficient distances between lane drop recovery areas
and ent:ance or exit terminals to allow for stable flow and

operations:



Lane Drcyp Case Study

This anaitysis of an exiscing 1reewsy section provides an illus-
tration of the practical applicatzieon c¢f the lane drop design guide-
lines. In additicn, the analysis provides insight into the importance
of the consideraticn or the driver's viewpoint and tasks. Further, it
illustrates the diificulr; ot determining the relative importance of
the many roadway and ocperativyg ccnsiderations.

While the guideline: reccmmend the mainline lane drop as the
initial choice (assuming the majcr tcrk opticn 1s¢ net available), this
analysis does nut involve a new design situation and therefore, the
giuldelines' order ot cunsidecaricn Is nor reguired- Generally, the
context of this analysis 1: a4 discussicrn o1 the comparibility of an
exi-ting lane d.0p conligLraliovn aind the guideline consideraticns.

The aata prezented rere weie ..llecved du:ing visits to the site
and che cigrlzant PenuDUI ai-cricy viiice. The rcadway data were pro-
vided by rhe dé-ign engineers in the 10¢m ¢t design plans, profiles,

and misce.lale.lr DCLEs-

Des.ripcion ci the Ficewa: ord intetchalige

The zecticn wf :ivaawsy under .onslidegation 1s a portion of south-
becund Interstate 79, i Penmsylvenis Legisiative Route 1016, in
allegheny County- Ihis seLiicm 01 I.esday iles in the outlying areas
southwes=t of Pritsburgh. At the vime ¢f this wiiring, the freeway
souch vr the Kiswin Hezghis iInters.obenge is open 107 traitic, but the
portion ledaing oorth te Weerern Piit:ourgh ¢ incimplete (see Figure
H~6). 1ihe Cancnsburg .nierhaenge, oot shown on Figure H-6, is located

7.5 miles suutb ot tne Biicgeviile interchange. [he design speed of the

H-2:



6/-1 JO ueld OTIBWLYDS SUTT ‘9-—H 2In3Tjg

%
2
L2
o

abuoyouaju] 004052 ©
SiyBlaH UIMIL, A

abuoyoiajug
3|(1Aabplig

00+80!

00+09l

00+8¢¢
00+gll

00+202

-

H-26



freeway is 70 miles per hour and the posted speed limit is 65 miles
per hour. Three basic lanes of I-79 approach the Bridgeville Inter-
change from the North and two lanes lead away. The horizontal align-
ment is 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
numbers where points of curvature and tangency begin.

At the Bridgeville Interchange, the freeway passes over Pennsylvania
Legislative Route 545, or Pa. 50, which is a four-lane highway at the
interchange. One right exit ramp and one 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 of & new design, driver expectation considerations are
detferred until they are appropriate in the discussion.

The warning perception and decision-making tasks occur in the
approach to the lane drcp. In Table H-4, the signing sequence is given
in terms ¢f the sign legends, corresponding figure numbers, approxi-
mate distance to the lame 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~11 show
the approach rcadway to the interchange. Figure H-12 clearly shows the
exit lane drop at Station 155, where the right mainline lane is extended
into the exit ramp and no auxiliary deceleration lane is provided. The
first indication of animpending lane drop is sign #2, which directs

the through traffic to the left lanes.
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Sign 8 and Exit Lane Drop at
Station 155

Figcre H-13, Signs 9 and 10 at the Exit Gore and
Emergency Recovery Area
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Figure H-10. Signs 5 and 6 and View of Bridge
at Station 173

Figure H-11. Sign 7 and Overpass at Bridgeville
Interchange at Station 160



Figure H-8. 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

Sign Legend

1,

2,

5.

6.

7.

8.

9.

10.

PA 50
EXIT 1 MILE
BRIDGEVILLE

THRU TRAFFIC
KEEP LEFT

BRIDGE FREEZES
BEFORE ROAD
SURFACE

PA 50
BRIDGEVILLE
RIGHT LANE

BRIDGE FREEZES
BEFORE ROAD
SURFACE

EXIT 25

MPH

EXIT (Arrow)
1L

(Arrow)
25 MPH

Color Distance to

Figure Legend/ Lane Drop

Number Background (Miles) Location

Similar White/Green 1.0 Right

to Sign Shoulder

it6

8 White/Green 0.9 Right
Shoulder

Similar White/Green 0.6 Right

to Sign Shoulder

it6

9 Black/Yellow 0.5 Right
Shoulder

10 Black/Yellow 0.4 Right
Shoulder

10 White/Green 0.4 Right
Shoulder

11 Black/Yellow 0.2 Right
Shoulder

12 Black/Yellow 0.0 Ramp
Right
Shoulder

13 White/Green 0.0 Exit
Gore

13 Black/Yellow 0.0 Exit
Gore
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Sign #4, 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 65 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
mainiine lane number cne. Amber reflective markers are posted on the
right side of the ramp and on the exit gore. (The shiny areas outlying
the exit lane in Figure H-11 are caused by the moisture on the pavement.)

The visibility of the lane drop in terms of sight distance is
limited to some extent by the combination of bridge railings, a horizontal
curve with a radius of 7,700 feet, and a crest vertical curve with a
length of 1,040 feet. The ¢rest occurs near Station 171 and the sight
distance 1is assumed to be 1,600 feet, The freeway and lane drop are not
lighted. The ccncrete pavement and asphalt shoulder provide sufficient
surface contrast.,

Is there surficient warning to provide the driver advance knowledge

of the exit lane drop:¢ There is sufficient warning for the exit, but
marginal warning ifcr the exit lane drop itself. One criticism is the
lack of a iane drop warning sign at the point where the geometric
situation becomes visible -- each confirming the other. Advance under-
standing of the conriguration is especially important for the exit lane
drop. Regardless of the side, the unknowing driver will not expect

a basic treeway lane to simultaneously change its function and direction.
In other words, the visipility of the lane drop is not sufficient as a
warning if the driver does not clearly understand the various tasks to
be pertormed at the exit. In a sense then, the main criticism is the

configuration itself.
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Assuming the driver begins his lane change task at Station 171,
there is sufficient rear visgibility 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-10 and H-11, 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 toe 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-12, 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 1s approximately 200 feet, which 1s clearly inadequate. In
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this area the driver must cross sclid lane lines, construction joints,
and worn shoulder material (possible evidence of acceleration over the
shoulder). While there is a paved, l0-fcot wide shoulder, the emergency
recovery area —— the gore —— is restricted by the exit gore post delin-
eators and signs. Another major inadequacy of this exit lane drop
configuration is that it does not provide at least a short paved sec-
tion of lane beyond the gore nose for a continucus merging maneuver.

As noted before, the freeway is not open to the north beyond the
Kirwin Interchange. As a result, traffic 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 hazardous location.

External consideraticns relevant in this exit lane drop situation
include the possible i1ll etfects of weaving in the two right lanes on
the approach to the exit terminal., Policy requirements in terms of
design standards contained in the highway design manual of Pennsylvania
do not exist fcr lane diops at exite (or at a location between inter-

changes) .

Critical Analysis of Lane Drop Alternatives

Two preferred alternatives are the mainline lane drop and the major
fork lane drop. As no major fork occurs at or just beyond the Bridge-
ville Interchange, the following briet discussion addresses itself to
an analysis cof the alternative 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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As shown in Figures H-6 and H-7, the lane drcp would be located on
.a positive grade and ar a horizontal curve to the right. The zurve con-
dition would restrict the driver's forward and rear sight distance.
Historically, uniavcrable operations have been repcrted for lane drops
at horizontal curves. In addition, truck acceleration characteristics
on the 1.94 percent grade should be considered in terms of the lane
change and merge. The emergency recovery area is iimited cn the right
due to the side slcpe and guardrail. Thus, "moving'" the lane drop to
this curved section pas: the enirance ramp does not appear desirable.

An external considerati.n; an avxiliary truck climbing lane, begin-
ning at Station 108, provides a third lane for siow-moving vehicles
on the 3.6% grade which begins near Stavion L17 (see Figure H-7). The
truck climbing lane is added at a peint only 400 feet beyond the point
where the lane drop might have been licated (end of horizontal curve),
as shown in Figure H-6. Clearly, a lane drop followed by a lane "add"
in the 400 foot section is & poor design. Therefore; consideration
should be given to extending the three lanes tc the point requiring
the auxiliary lane,

Cost considerstions appear to have been the majoxr factors iIn the
evaluaticn cf the altermarive lane extension to the truck climbing lane.
Referring to Figures H-1l4 zad H-15, the necessary substantial cuts and
fills would involve large construction costs for the exiension.

Another cost-related facticr is the length of the extensicn -- 4,700
feet from the Bridgeviile exit, the location of the existing lane drop.
Further, in the present situatica, reconstruction ©of the entrance

ramp terminal, shcwn in Figure H-14, would be reguired, at additional

cost.
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Figure H-14. Bridgeville Entrance Terminal
at Scation 142

Figure H-15, View Locking North from Station
108 (Southbound Lanes)



An example of the use c¢f the guidelines, in a worksheet fcrmat, for
this situation is given in Iable H-5. The relative merits of the exist-
ing configuration and th:ee aiternatives, as framed by the guideline con-
siderations, are represented by pluses (better) and minuses (poorer).

It is important to note that this evaluaticn of the alternatives is
site-specific. Other sets ot eatries would be made for other sites
since they would vary by specific alternatives, areal considerations,
unquantified relationshipz cr the various considerations, and engineer-

ing judgment.

Recommendatlons

Based on the overall site analysis, corrective recommendations are
as follows:

1. Erect a lane d:iop 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 aree adjacent to the gore with a taper
ratio equal to 50:1. (The distance from the end o¢f taper to the
entrance terminal would be 700 teer.)

3. Provide lighuirg tor the exit te:sminal and lane drop. Support
devices should be in accov:dance with new sarety-oriented techniques.

4., Conduct a reasibillity study tor the lane extension of 4,700
feet to the truck climbing lane at Station 108, Evaluate the operations
of the reconstructed lane drop sitex 1-79 is completed in terms of
accident data or other saiery efreciiveness measures and mainline
and entrance ramp vclumes, L1f ‘he lane is extended, determine the
compatibility of the lane drop design at Station 87 with these guide-
lines. A possible signiticant parc 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 area, These actions are at least con-

sistent with the recommendations above.

Conclusions and Recommendations 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 play a 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 12-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.
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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 isoclate
and identify the effects of critically important and variable con-
ditiomns.

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 ailds.

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

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



CONTENTS

Introduction « « « ¢« & ¢« o v & . .
Sample Study . . .« o ¢« « & o o . . .
Fact Sheet Format Development . . .
Comments and Conclusions . . . . .
Example Fact Sheet 1 .

Example Fact Sheet 2 . ., . . . . .

I-ii



I-1.
I_2 .

I-3.

I-4.

I-5.

I-6,

I-1.

1-2.

Study Location . .

Interstate 80 Route Before November, 1970

Interstate 80 Route:
December, 1972 . .

Interstate 80 Route Since December, 1972

Collision Diagram . .,

Corrective Measures .

Estimated and Actual ADT Volumes

Hourly Vehicle Volumes

FIGURES

November, 1970 to

TABLES

. .

I-1ii

.

®

I-7
I-8
1-16

I-19

I-10

I-18






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 highway design engineer must supplement
his own experience with the knowledge of others. There are two prin-
cipal sources of such knowledge:

1. Academic research studies, which frequently concentrate on

developing generalized design guldelines 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
is not collected, organized or made available to those who would find
such material useful,

All of this points to the need for a method of gathering, indexing,
assembling, and publishing informaticen which will permit the freeway
designer to evaluate his design in ccomparison 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 designer could assess the probable outcome of

utilizing various alternative Jdesign configurations.



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



in depth. An example of the final fact sheet for this case 1is presented
at the end of this report. From this specific case the more general
format has been developed.

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

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

the wide applicability of the concept.



SAMPLE STUDY

Location and History

The site used as an example is the Douglas Street (US 6/75) entrance
ramp to I-480 in Omaha, Nebraska, as shown in Figure I-1l. 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 I-480 is a major urban freeway in Omaha, varying from four to six
lanes wide. Beginning approximately 1.5 miles upstream from the merge
point under study, I-480 becomes an elevated freeway. The Douglas Street
entrance ramp merges with eastbound I-480 at the west end of the Missouril
River Bridge. At present there are three other bridges over the Missouri
River connecting Omaha and Council Bluffs.

Since 1ts conatruction 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 I-2, I-3, and I-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 I-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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In October of 1970 the elevated section of I-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 I-80 was opened to traffic. Through traffic on I-80 is no longer
routed over I-480 and past the merge point under study.

While the completion of the I-80 route to the south of this location
should remove the I-80 traffic from the location of this study, the I-480
route remains an important link bg;ween the Omaha and Council Bluffs central

business districts and is also a connection hetween Omaha and Interstate

29 in Council Bluffs. Commuter traffic remains quite heavy.

Design Parameters and Limits

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

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

1984 were an average daily traffic figure of 76,000 and a design hour
volume of 8,665. Table I-1 is a comparison 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, locatlon of a railroad track

leading to the docks of several warehouses along the Missouri River in
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TABLE I-1

ESTIMATED AND ACTUAL ADT VOLUMES

Dodge St. Through Douglas St.
Year* Exit I-480 Entrance Total
1962 15,415 - 15,415 30,830
1970 23,000 - 23,000 46,000
1971 11,500 22,100 13,400 47,000
1973 - - - 40,000
1984 - - - 76,000
%1962 - Estimated traffic at time of construction
1970 - As counted before through I-480 lanes opened

1971 - As counted after through I-480 lanes opened
1973 - As counted after parallel I-80 route opened
1984 — As projected at time of design

North

LOCATION OF VEHICLE VOLUME DATA
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Omaha placed special restrictions on the elevation of the lower end of the

ramp. (See Figure I-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 15-foot lanes was
decided on. The ramp was designed to merge with the three-lane elevated
section of I-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-480 bridge level at the merge point,
it was necessary to utilize a six percent 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-
tively 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. While no auxiliary 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 of 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 be 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 Level 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-
city can alsc be calculated using current methods. By following the method

described on Page 226 of the 1965 Highway 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 calculated. 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 "C" and 4,900 at Level

of Service '"D," indicating that in 1972 the design configuration was operat-

ing 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-1) to revert
to Level of Service "C.,"

The closing of one of the through lanes (Figure I-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 I-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 I-480 traffic. Evidence of this came
to light mostly in the form of public expression of conceén 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 downstream 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

I1-14



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 I-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 well 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 rcadway 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 I-480 eastbound
traffic and now was carrying only local merging traffic, a first considera-

tion was 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 I-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 flow,

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 I-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 I-480 lane nearest the entrance ramp.
The changes are shown in Figure I-6. Sufficient 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 Conclusians

section.

Two subsystems should provide access to these individual case studies,
The first of these will essentially group all design configurations by
type. TFor 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 2 reference system concerning design

considerations rather than design configurations. TFor 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

gight 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 items 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

n

obvious that in addition to the ''General Design Features,' these limiting

' must be

conditions, referred to in this paper as "Special Conditioms,'
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. What is intended
here, however, is an attempt at ordering the types of information that

would go into the preparation of a fact sheet.

Final Design 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 highway officials. Other than these opinions, very little
evidence is usually available on which to judge the adequacy of a design
configuration. Thedetermination of adequacy is suggested by this author
as subject matter for further study.

If the design is determined as adequate, this '"fact'" would be entered

on the fact sheet and this portion of the fact sheet would be complete.
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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 'mear 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
(I-480). This action was determined cn 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 was learned 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 AND 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.
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Entrance Ramp, Two Lane

Location:

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

Bluffs, Iowa. <\

A  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 = 637%

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
carry all 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 67 upgrade and has two 15-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 were 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 number 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
traced to the merging problem.)

05-27-72-LW

—_— —_—

I-480 Eastbound 07-18-71-NW

CD ~ Property Damage Accldent I - Icy Road Surface
L - Daylight Hours
& - Nonfatal Accident N - Dark Hours
D - Dry Road Surface
:z) - Merging Collision W - Wet Road Surface
F - Driver Residence
___———)() - Merge Related Collision Beyond 25 Miles

R ~ Driver Residence Less
than 25 Miles

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.

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. 1t 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-
clent. 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 functioned better 1f 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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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
rallroad tracks, at essentially the same point. See Figure 1 on
page I-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 Intergtate 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 111, which are 1.7
and 1.5 miles respectively from the subject interchange. Interstate
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. 3Interstate 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 I-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
iglands 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.

Volumes

See Figure 3 on Page I-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 1s 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 I-4l for posted and observed speeds. The inter=
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 daytime,

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). For 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 I-43 for horizontal curve information. Curve ‘data
is shown for the Interstate 270 main lines, the ramps, and pertinent
points on the collector-distributor roadways. 1In this area, because of

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

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 I-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 I-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 I-46 for the locations of the six trusses, and see
Figure 6 and 7 on pages I-48 and I-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 I-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 comnecting 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 wvery few 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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Interstate

Illinois 111?1"10 0
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Illinois 3 Interchange

Illinois 111 Interchange
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I1linois 203 Interchange

* Both Directions Combined.
%% On Collector-Distributor Road.

Figure 3., Composite 1971 Average Daily Traffic
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HORIZONTAL CURVE DATA

o o
[J] L s 3} fxy 2o~
1o E3 ~ ~ O
= = Pall
FERE'S (o} Ko 0] | 4
o 4 Lol [N} 3 o~
=] Fn] &80 o QP e
o ] [=] o [a W RF S
2 0 43 [1] ] S By
O [75] o [« W) U~
AAePC | 295459 | . | ... 1 T
| AB=PRC| 301+40 Zi; gggg
'AC=PRC| 305+83 119 | 1910
| AD=PT | 307+01
AE=PC | 307+30=
0+00 R4 | 226 | 1080 { 0.06
AF=PCC| 2+26 R4 !
| AG=PT | 5+21 R4 294 | A3070.06
AH=PC 6+40 R4 |
AT=PT | 0+17 R4 ‘277 310 | 0.06
AJ=PC | 2¥91 R3
AK=PCC| 7447 R3 456 | 150 |0.08
AL=PT | 9447 R3 | 200 ] 1910 | 0.08
=317+04
AM=PC { 314+05 , )
AN=PT 314+5§“ 50" Rounding
AP=PC | 325+60=
0+00 R7 [ 172 | 690 | 0.08
AR=PCC| 1+72 R7
AS=PT | 6+06 R7 434 | 150 | 0.08
AT=PC | 5+74 R8
AU=PT | 7476 RS 201 | 230 0.06
AV=PC { 10+69 RS8
AW=PCC | 12+04 Rg| 135 | 2300-06
| AX=PT | 13+26 R8| 122 | 1080 | 0.06
| =333+48
AY=PC | 327485
| az=pT | 331428 350 | 2981 | 0.02
BA=PC | 334446 1 4501 95905 1 0,02
BB=PCC | 337+78
115 | 1174 | 0.02
BC=PRC | 338+90
61 | 1174 | 0.02
BD=PRC | 339+50 | .. | 308¢ | 0 02
BE=PT | 343+69 ‘
BF=PC | 344+94
no-pRc | 3a6t08 | 114 | 1526
BH=PT | 347444

TABLE 2

. , .
o o
0] X <] x4 =~
= X ~ o O
= o o g
S E g |z |Lif
> o IS [+5)] o [ -]
S5 8 | §|§ |33
Ssg é o] [ v O A
EA=PC | 328+25
bbb | atas1 |1609 | 3820 0.02
(WA=PC 327452
WB=PT | 343478 |1009| 3820} 0.02
BI=PC | 349+07
BJ=PRC| 343+20 ggg 22;3
| BK=PT | 340+11 .
BL=PC | 339476 | 5151 1910{ 0.02
BM=PCC| 337456 346 | 3820 | 0.02
BN=PT | 334406 '
BN=PC | 334406~
0+00 RS | 236 690 0.08
BP=PCC| 2436 RS
vhopr | 3493 ps. | 158 | 150 0.08
BS=PC | 5+75 RS
57T | 10+40 RS | 465 | 310 0.06
BU=PC } 1+91 R6 | 031 300 0.06
BV=PCC| 6+84 R6 | 220 | 00| 200
BW=PCC| 9+35 R6 :
|BX=PT | 11+53 R6| 218 | 1910 | 0.08
! =326+13
BY=PG | 317473=
0+00 R2 | 163 | 690 | 0.08
BZ=PCC| 1+63 R2 :
oo | 109 ma | 436 | 150 | 0.08
CB=PC | 3+82 R1
cc=pT_| G+62 R1 | #79 | 430 0.0
CD=pPC | 9494 Ri
CE=PCC| 12435 Rr1 | 241 | 430 ]0.06
CF=PT | 17401 RL | 465 | 6200 | 0.06
. =304+35 | | 1. ]
CG=PC | 310480 :
CH=PT | 310+30 50" Rounding
CI=PC | 298485
CJ=PRC| 297+71 i;g ig;g
CK=PT | 296+35

*Refer to Figure 4 on page I-42 for curvature point locationm.

**Stationing is from Interstate 270 centerline unless station number is
followed by an "R" and a number which designates a ramp station.
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TABLE 3

VERTICAL CURVE DATA

Point of Elevation Length  Grade(l) Grade(2)
Intersection*  Station*#* (Ft.) (Ft.) (%) 3]
VA 303425 413.40 500 -0.20 +3.00
VB 320420 464.25 1440 +3.00 -0.72
vC 330+17 457.07 400 ~0.72 -0.48
VD 342415 451.32 1000 -0.48 -3.00
VE 349456 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 2485 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
W™ 1+00 R8 419.65 120 -0.80 +3.00
VN 3400 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
\AY) 2450 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
15’4 10+54 R1 431.48 200 +3.41 -1.40

*Refer to Figure 4 on page I-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 Techniques

Background and Needs

The prospectus originally 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

' because this type of design does not fit

suffered the title 'a can of worms
a conventional classification and is often the result of years of compromises
in finalizing the design." Most descriptive writeups on interchange classifi~
cation are primarily discussions of various configurations which could be
utilized in handling 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-
changes are seldom duplicated in exact detail in any "standard" configuration.
The prospectus alsc stated, '"the operational characteristics, if measured,
woi id provide an indication of how well a facility was accomplishing its
tun< tion of safely moving traffic. The measured operational characteristics
in fonjurncticn with the interchange costs would facilitate the economic
snalysis which would give designers a more rational approach to future designs."
And later, ". . . while there is evolution in major interchange design, it is
based more on experience and engineering judgment than on research with the
measured performance cf existing interchanges. . . . Much of the design work
3ppears 1o originate independently of experience in different areas of the
:ounczy. "
Part ot the purpose and scope statement in the original prospectus was:

"considering the great lack of written information on freeway-to-freeway

J-1



~1rezchanges, a classificarion scheme should be developed to encompass the
snrerchanges now in cperation and in the preconstruction stage. . . . A
jrnidwmental evaluaticon of the various design configurations and practices
~hiculd be made whereve: possible--the purpose being to delineate the relative
s¢-.ts in meeting the tunctions of the major interchange."

lhe statement of wocrk in the prospectus included 'develop a comprehensive
~lassification scheme of major interchanges including new designs not yet

constracred,'”" and

review the operational problems associated with major
nrezchanges and provide recommendations that will minimize the operatiomal
p-cblems." This lattec task implies that standardization of interchanges or
sares of interchanges would be possible if enough information were available
.nn the proper form tc allow setting of optimal standard designs.
lt seems clear from the prospectus, that its writers considered a
~apzehensive classificat:ion system both of potential value to designers
.nd [eicsible In a practicail sense. This section considers these points and
pooonible alte;natlves to a classification system as such, which might be
corxidezed 1n f21ling che needs of designers and others concerned with road
syvaten design.

There have been studies of interchange classification systems, such as
ctvat of Takebe (1969 which presented a catalog of interchange types based
cit the systematic arrangement ¢f basic forms of ramps and ramp patterns. A
avobes of other inre-cherpge <lassitication techniques (e.g., Leisch, 1971,
572, have been piopcesed, but there are serious problems with systematic

L .¢.pns to analyze every possible pattern of interchange composition through
.2y systemiz:zcion. In practice, the various finished patterns have
nesr Ge.lved by means of trial and ercor or evolution and engineering

cxpocience Lo fit spelific requirements of the site. An analysis of existing



Reproduced from %
beg available copy.

fecigns might be more peeduce ve for use in design activitiss 7 1t wveve related

wcre ~losely to the processes by which the configuration was a«tually produced.

tbie_tives of Classifi-ation Schemes

A classification s:heme or descriptive technique for interchanges and

thel: variations would be most practical and useful if a variety of objectives

Wl

e

met. The system shcold:

1. Provide the designe: with relevant details of a wide variety of
previous solutions to specific design problems for consideration
in sclving a given problem.

2. Provide histor:cal data on specific features and appurtenances re-
lated to sarety, cpecations, maintenance, life, repairability, and
appearance. This must permit updating of files periodically to
allow predictive m>deling of various features in regard to operation
cs long term cost.

3. Present selecved psst proposed seolutions which, although not con-
stricred, may provide useful ideas in a given problem. Data may
have been derelcped in preliminary design phases of rejected
galutivns which will be useful for later planning and design work
1o cthar sites.

4, Proside data on relative costs and other advantages and disadvantages
5f the possib.e slce:native solutions to a given problem. This would
aliow move ubjective decision making based on trade-off informa-
tisn, even though trade-offs can not always be stated in dollar
values, The dec.sions remain human functions, not automatic ones,
however .,

5. Aid in stendasdiziag those aspects of design which are important

in driter behavicr a¢ shown by previous experience with a given

N,



10.

design aspe-i. Conversely, where satisfactory performance does

not appear tc be ‘elated to variations of certain features, greater
flexibility s al:icwed the designer.

Provide inf:o.vavicn for possible modifications or reconstruction
where cpevatitns are currently substandard or inappropriate compared
to traffic iz.lers and outlets (a bottleneck or excess localized
capacity).

Facilitate maintenance by showing location of signs, fences, guard-
ralls, luminaires, etc., and histories of each on performance,
damage type, frequerncy of failure, and repair delay and cost.

Make use cf data from all regions of the U.S. and from foreign
experience. Common terminology, definitions, and procedures would
be necessary f<r {(and facilitated by) widespread application.

Be of reasonable initial cost and favorable benefit-cost ratio in
the long cte«m-

Be readily accessible to potential users, with reasonable personnel

and training demaads.

Alternatives in Classificstion or Description Schemes

The alternatives tc a comprehensive, formalized classification system

include:

l.

A detrailed nvenctory of existing and proposed designs in the form
of a computer graphics system which allows display and comparison
of a wide wvz:Iety 2f sclutions to a given problem in a short
periocd ot ctime and provides amplifying information in various
accessible ieveis =r detail., This alternative has been explored
and 1s vepcrted as the MIDCAS feasibility study later in this
section.
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2,

3,

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.
kxisting photolog systems are discussed later in this chapter.

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
numenclature 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 1is not discussed

further in this document.

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 workshops 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 standardize 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 Classification

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 driver idiosyncrasies in
behavior or route preference. It seems logical that such a detailed inventory
would make use of computerized storage and graphics and be maintained by a
singie 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 evicerce becomes
accessible to supplement experience and memory of details, botiu for use in
designing and for ensuring ''good" designs are accepted by the decision mekers
and the public where costs may be questioned.

A new tool of this kind may be met with some skepticism both among
large design firms, whose feeling is that experience has taught most of the
necessary lessons, and among small design groups who feel they do not have
major design problems. For this reason, a careful evaluation of the potential
of a computer 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 Inventory must be coupled with a cost-benefit
analysis before it can be implemented on a large scale. It must be clear,
however, that a computer graphics descriptor system is not a computerized
design system: it is & much simpler, concise, and limited compilation of
data which would be usefui for design and other highway-related uses.

Whether computer graphics are appropriate for the descriptor system

as it 1is envisioned here depends on the extent of programing and computer
time charges involved. 1t is possible, in concept, to exploit the
accounting and storing capabilities of the computer and couple them with the
talents of an experienced designer to develop a design which fits precisely
into the economic, operational, topographic, and social requirements of any
environment. Because much of the input data which serve as models or
criteria for design choices are unstable 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 produces the "best" solution to a given
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set of problems and constraints. Comprehensive, formai.ned conpater:rod
design systems have been explored (see Walker, 1972; May and Jaumes, 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 the considerations that go into the design
process from a number 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

iven configuration, ramp type, or variation from "standard." A descriptor
g g » P Lype,

' for collection of known

inventory system would provide a common "hopper'
facts as they become available. Improved dafta, new techniques, and further

data can be adced at any time it seems desirable-

A Recent Theoretical Analysis cof Interchanges

Takebe (1969), in his theoretical analysis of interchange composition,
illustrates the complexity of describing all possible configurations in
intersection roadway patterns. That paper contains a summary of the basic
patterns which shows 193 different patterns. Takebe states ''these are
substantially all of the basic parterns practically usable, except for
asymmetric patterrs. . . -" Although 78 of the patterns were said to be
found in the literatuve of existing interchange structures, it has already
been pointed out that a very large portion of all practical interchanges are
asymmetric because of local requirements and land use patterns.

Takebe lists a variety of interchange maneuvers, ramp sequence arrange-

ments, ramp fcrme, and ramp connection configurations. He has assigned codes

r¢ each of these various types and has suggested that the various combinations
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of types can be evaluated in terms of undesirable, good, better, or best.

It seems likely thzat, in most cases, the sole source of such evaluations
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is meant to be subjective impressions by experienced designers. Thus Takebe's

analysis, although it is more thorough than previous attempts at classifying

interchanges, illustrates the two basic problems in classification: the

system must be complicated to inelude all the possible variations, and the
evaluation of the relative merits of the various configurations is still a

very crude and uncrganized process. Takebe's study makes it obvious that

practical usefulress cf such complicated classification schemes will very

quickly suggest computer storage and access systems, coupled with graphic

displays.

Another sericus problem in Takebe's analysis is illustrated by
Figure 4-1 (his Figure 8) showing schematics of two interchanges which
appear very diffesent but which Takebe says are '"topologically identical."

Since the drivers negctlating these two interchanges meet entirely different

conditions of ramp length, sight distance, radius of curvature, and distance

between successive ramps, there axe bound to be wide operational differences

A classification scheme which

)

even though they z:e vopologically identical.
has no distincticr betweszn these two patterns, which are very different from

the operator's viewpcini. rs’ses questions as to why a clasgification scheme

is desired. Perbans the most important answer is that classification should

be useful for predizting or describing operational characteristics.,

The toregoing discussion is 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 design piocess often is cne of fitting ramps into an area with

many constraints, rather than one of selecting a pattern for the entire

interchange  Thus the clsssification scheme which allows retrieval of

operaticnal characteristics of various types of ramps, in the context of a
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variety of interchanges, would enabie a designer to aveid ioos feacaias
which have proven to have poor operational characteristics and to select
those with conditions conducive to smooth operation. A catalog of possible
configurations, such 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 configurations which might otherwise not be attempted in
a particular solution. However, a formalized system of developing and
cataloging the operationsl 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 teas:bie in arban or highly developed areas. Intensive
land use is accompanied by points with social and historical interest or
by political pressuves whizh usually require compromises of various types,
modifying the classi~al designs and sometimes making them all but unrecogniz-
able., Practicing design engineers on the higher levels, however (based upon
the reaction of pa:ticipancs in workshops held during this project), maintain
that there really a:e oniy three types of interchanges: the cloverleaf, the
directional, and the diamocnd; moreover when the interchange is freeway-to-
freeway, diamonds and often even cloverleafs are considered inappropriate
for the high vol.umes snc speeds. Since there are at most three types of
interchanges (except fcr truly unique designs such as the "turbine" of
Breuning (1958)), it no¢ :onger makes sense to discuss classifications of
interchange types, but -sther the variations among interchanges, or the ways
they vary from the basi: caz, two, or three types. The variations often
consist of changes in :2mp lecation, 'minor' variations in geometry, and
patterns ot exits ave enrrances necessary to accommodate local requirements
of land use, vieicme variations, local access, and esthetics.
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Since any freeway-to-ireeway interchange requires at least four through
movements and eight rurning movements plus local access, the number of
variations among the ramps or turning roadways immediately becomes large.
A large number of rveliatively small variations dictates a great amount of
detail and complexity if the minor variations are going to be compared,
each one to each other, fou operational qualities, cost, and similar
characteristics of inzerest to designers, planners, and decision makers.
There are many anecdotes, though little formal evidence, to indicate that
certain "'minor variations' in geometry, signing, or driver decision points
can have streng influence on traffic flow, safety, or convenience. The
increasing complexity of highway networks as parts of societal systems
make it highly desirable that formal evidence be gathered for orderly and

economical developaen:y .

Accidents and Gecmetr:. v or Traffic Characteristics: A Recent Study

A paper by Browner (1971), based on the analysis of geometric and
traific characteristics ot the interstate system in terms of accidents by
Cirillo et al. (i%:2;, .%lez:ly illustrates the problem of operational
analyses which atrewmpt vo .elate accidents to geometric and other character—
istics ¢f :cadways a-d in‘ersections. Data were collected from 20 states
over the pe-ica 1. .m 959 o 1965. A total of 2,287 study secticns resulted,
of which 1,411 ac:i.a:ly were uvsed in interchange modeling. A study unit
was deiined as one .caponent or a study section such as a loop or other ramp.
Approximately 74,000 study units were received from the 20 states but were
culled down 15 24,645 study units for a variety of reasons. Over 100
variables wese tzsted In the pllot modeling in this project to determine
those va.ighies which were relevant to accidents. There were 13 types of

study snits, incl.icing tlie vramp-type units, four types of speed change lane



roduced from
%ZZ available copY.

units, and four types oif mainline units. Many of the roadways, though they
were interstate highways, were designed to older specifications. The inter-
section types included fuil 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 interchanges.

In spite of the relatively large number of variables and data points
considered in this study, specific conclusions were difficult to arrive
at, There were problems in techniques of reporting, differences in methods
of collecting datz, ditferences in design standards and execution of con-
struction, and many other wvariables which were not taken into account but
which may ultimately prove relevant to accident frequencies. In the study
by Cirillo et al. (19/2), cver 100 variables in geometric and traffic
characteristics were .uns>dered but many major factors such as driver
behavior, velicle condition, &snd weather conditions were not considered. The
most important singie result is a very low fraction of variance in accidents
which can be explained by gecmetric variables. This percentage varies from
5% to 20% on specrrii: s .dy units, and probably has a maximum of about 9%
on interchanges as & wh..e. Because of the already high standards for
interstate construtii.n, they concluded, changes in geometrics should not be
expected to charnge the :..:dent plcture appreciably.

The average da:.y v::r1z. (ADT) gave the highest simple correlation of
any varilable tested with t(be number of accidents. Accidents increase with
the trarfi: volumes wntil the traffic vclumes starts to appreoach capacity,
then the accident :sies go uwp rather sharply, especially when level of

service F (stop ard 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 auvtomobile 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. Orther 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 engineering judgnent. While there is undoubtedly a portion of such
conclusions which is based on inadequate models or insufficient sample sizes,
there is probably a signiiicant number of cases where engineering judgment
is not sufficient, espec.ally when such judgments are made from data
collected remotely. It is very likely that important variables or special
circumstances are nout included in the data. It is also possible that the
logic followed n tc.ming certain conclusions from engineering judgments
is erroneous. More likely, erroneous conclusions result from lack of full

consideration of all zelevant 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
erronecus 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 sultable 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. 1In 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 definicion 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
cbstruction of line of sight which can be predicted. For the most part,
these already are familiar to the experienced designer, but the total
configuration 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 discussed
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 know 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 ramps,"
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 insure 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. While
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. 24 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 1t
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: 1is 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 1is 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 traffic., 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 1s a new procedure, and
its long-range effectiveness has not yet been established, although there
is great en£husiasm 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 be 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 1t 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,
the workshops tended to be negative: approximately half said no, half said
yes or maybe. The concern was basically for the cost, 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-Tmage Roadway Inventories

Photologging

Photologging, the systematic filming of finisheﬁ 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 used
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, drainage patterns, guardrail
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 16mm 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 1s 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. TFurther
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 1n 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 16mu 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 data (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 ugsed for measuring
distance and triggering the camerz, 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 used. It allows projection
&t 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.
Fach district in California has 50 to 80 rolls of film, with 40 to 64 miles
of 1ts assigned highways per roll, and a Vanguard projector. The head-
gearters film library consists of 30,000 miles of filming on 686 rolls with
en average of 44 miles per roll. A duplicate set costs approximately $20,000.

The districts in California claim that they can get 85-907% of all the
cata needed for traffic accident analysis in intersections from the films,
saiing approximately five hours of field work for each hour of viewing.
Tre legal section is able to provide conclusive photographic evidence of
the conditions o©of roadways which often results in the court throwing out
cases 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,
In addition to state employees, city and county officials, outdoor
advertising firms, and private traffic researchers have found the photolog

viluable.



The Washington State Department of Highways also has a photologging
program 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 35mm or lémm 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
with the films.

In Montana, tﬁe films are stored in 100-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

highway 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's
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 1is sent along with the negative
roll to the commercial printers for positive identification of the frame
desired.

Arizona developed the ALISS (Accident Location Identification and
Surveillance System), which i1s 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 photeolog 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 traffic control devices and aids. It was found thatvip
the older manual recotrds, approximately 40% of the data were invalid. The
Highway Optical Data System (photolog) is used to briné the sign records
up to date. The mainiine sign file consisted of 38,000 records. This
was validated and updated to the date of the photography, and coded in a
computer 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 fleld survey of signs, it was estimated that there
was a saving of 5 months of time and $24,000 using the photolog 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 reported by six states

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
gpeed 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 problems
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 operations
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 VIL310 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 1s 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 1s no facility
avallable 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
cn good and bad design features. A comprehensive inventory of physical
interchanges 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
parameters in text form, but it presents visual, diagramatic comparison as
well. This is not a computer design 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 compirison of interchange
design features, both as schematic diagrams and in the form of listings of
relevant 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 isola-
tion. 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
¢f each step.

t 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,
or sketches. A system of "levels'" of descriptor is intended to simplify the
extraction of any one 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, etec.).

While the complete descriptor in coded form may fill several pages, the
aescriptor level which is of interest for any specific decision or criterion
consists of only a line or two which can be decoded with reasonable effort
from 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
solution 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
of 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 intersection 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 simple 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
scope as to be manageable without computer assistance. It is possible to
design a system of flow charts or cross references which would allow selec-
tion of solutions which have been tried in the past for specific problems.
While this would not necessarily include all the possible combinations
and 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, editing, 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,
s1d a mathematical model to solve such interacting requirements should be
possible.

Summaries of operational characteristics can be modeled on the computer

as well. For example, weaving areas are generally undesirable. 1If an
operational "price' can be assigned to each of the weaves of various lengths
(in terms of accidents, tie-ups, malntenance, public complaints, etec.), 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, aﬁgle of
eatrance or diverge, etc., can be used to formulate a model for predicting
operational disadvantages. May and James (1972) have developed a gystems
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 MIDCAS demon-
stration project which is described in this section is intended to illustrate
the more practical computer graphics inventory and data access concept which
can be implemented on available equipment with minimal programing investments.
1t 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 hardware used in the MIDCAS demonstration i1s an ADAGE Model 30
GRAPHICS TERMINAL 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
et 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 contreol, an
Analog Data Tablet 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

any sort displayed on the scope are under the programatic control of any of
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several devices: 1light pen, function switches, wvariable 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 pedals are also function switches), 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 printer-plotter is 1its capability to repro-

duce a hard copy of any picture which appears on the Graphics Display Scope.

Teletype. 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.
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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 PULSEl 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"

avea. 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
from the back of the scope toward the viewer, and z values are used for
intensity 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

dismounted 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 I1/0 and control devices. The
requirement of the MIDCAS system are easily met by this basic system which,
in terms of core size, actually 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 1V, usually).

The computer prugram 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 1s dinterested 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 1lit, 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.)

(4) ON THE OCP (operators control panel): (a) Depress HALT, (b) Depress
RESET. (c) Depress RUN, (d) 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.), (f) 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

carriage 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)!

(b) Type EDIT!, (c) Type 022<(CR), (d) Type'l, - y (CR). This will
cause a list of MIDCAS Interchanges to appear on the scope. Select

the interchange desired (n) 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: - RESET ("OBJPK,'" 102)!,

(1) Type: LOAD ("Interchange code letters', (4,101,102))(a set of

messages should appear, one line of which contains the interchange

CODE LETTERS), (j) Type: XXXXX! (XXXXX = interchange's code letters)

The Interchange Diagram (Figure 4-3, a schematic of the scope display)v
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 roadway,

not lane boundaries. Each roadway, either single or multilane, is divided

into c¢ritical road.segments, described below, which are delineated by dots
at the beginning and end of each segment. A critical road segment represents
a portion of a roadway (single or multilane) for which important design and
behavioral parameters are avallable for access. The present version dis-
plays all elements as stralght 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]

1) VARIABLE CONTROL DIAL A = X-axis rotation

2) VARIABLE CONTROL DIAL B Y-axis rotation

3) VARIABLE CONTROL DIAL C

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 segmentlas 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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THE FOLLOWTKG FoaRaMivies REFER TO O THE ROl SEGMENT
T HEWE JUET TOUCHED WITH THE L TEMT- PR ¢

LaNEs= 1

Ll WIlTH= 12,00 FEEY

EEEMENT LEHGTH= 20,00 FEEY

GRADE= 1,00 PERCERT

DESTGH SPEED= GO, 00 MILES FPER HOUE
SUFER ELENETINN= 0,10 INCHES-FEET
ZIEHT DIBTQMCE: 300 00 FEET

MECsTMUM GESTGM WOLUME= 100,00 YEHIDLES PER HOUR
(ETC.)

O FURCTION SWITOH # 13
TO RETUREA T THE INTERCHAMEE DIaGRaM

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 #l1. 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) glving 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 three-lane 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 N'"). It

is assumed that turning movements most often originate from lane 1,
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that lane 2 through lane (N-1) are for through traffic, a;d 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° change
in vehicle heading during the transition from one rovadway 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 directiomns.

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 width 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, traffic-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 1s changing

lanes leftward, posing possible conflicts,

Feasibility Study Interchange: 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"

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 1t 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 '"Level 1 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). 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*/]

-

southbound, with median/ 00.00-38.50/%

southbound, with median/ 38.50-48.00/

MRD1/ route 11-15/ 2 northbound, southbound, with median/ 48.00-66.50/

MRD1/ route 11-15/ 2 northbound, southbound, with median/ 66.50-76.50/

MRDL/ route 11-15/ 2 northbound, 2 southbound, with median/ 76.50-85.80/

MRD2/ route 81/ -3 northbound, 3 southbound/ 00.00-25.50/

MRD2/ route 81/ 3 northbound, 3 southbound/ 25.50-36.70/

MRD2/ route 81/ 3 northbound, 3 southbound/ 36.70-45.10/

MRD2/ route 81/ 3 northbound, 3 southbound/ 45.10-73.20/

Exit taper/ route 81 northbound to direct ramp to 11-15 southbound or
collector—-distributor/ 04.20-22.50/

Gore/ direct ramp to 11-15 southbound and extra lane (collector-distributor)/
22.50-26.00,00.00-04.00/

MRD1l/ route 11-15/
MRD1,/ route 11-15/

northbound,
northbound,

NN NN
NN

-

O WO~ O U B U R ke
. N 5 : .

=
ju—

*Some fictitious station numbers have been added for tpis example.
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12,
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24,

25.
26.
27.

28.
29.
30.
31.
32.
33.

34,
35.
36.
57.
38.
9.
40.
41,
42,
43,
44,
45,
46,

The

Direct ramp/ 81 northbound to 11-15 southbound/ 04.00-16.50/

Entrance taper/ to route 11-15 southbound/ 16.50-31.00/

Collector-distributor link/ from 81 northbound/ 26.00-31.70/

Merging area/ loop ramp and collector-distributor from 81 southbound/
31.70-34.40/

Loop ramp/ route 11-15 southbound to route 81 northbound/

Exit taper gore/ route 11-15 southbound to loop ramp/

Weave area/ on overpass adjacent to route 11-15 southbound/

Entrance taper/ to route 11-15 southbound/

Loop ramp/ route 81 southbound to route 11-15 southbound/

Gore area/ 81 southbound collector-distributor and loop ramp junction/

Collector-distributor link/ to 81 southbound/

Merge area/ loop ramp and collector-distributor to 81 southbound/

Entrance taper/ to route 81 southbound from 11-15 via direct connecting
ramp/

Direct ramp/ route 11-15 southbound to route 81 southbound/

Exit taper gore/ route 11-15 southbound to direct ramp to 81 southbound/

Collector-distributor link/ weaving area/ under bridge adjacent to
route 81 southbound/

Merge area/ loop ramp and collector-distributor on 81 southbound/

Loop ramp/ route 11-15 northbound to route 81 southbound/

Exit taper/ route 11-15 northbound to loop ramp to 81 southbound/

Weaving area/ loop to 81 on 11-15 northbound on overpass/

Collector-distributor link/ from 81 southbound/

Gore area/ direct ramp to 11-15 northbound and collector-distributor
on 81 southbound/

Exit taper/ route 81 southbound to direct ramp and collector-distributor/

Direct ramp/ route 81 southbound to route 11-15 northbound/

Entrance taper/ on to route 11-15 northbound from direct ramp/

Entrance taper/ on to route 11-15 northbound from loop ramp/

Loop ramp/ route 81 northbound to route 11-15 northbound/

Gore area/ loop ramp and collector-distributor on 81 northbound/

Coliector—distributor link/ under bridge on 81 northbound/

Weaving area/ loop from 81 on 11-15 northbound on overpass/

Collector-distributor link/ to 81 northbound/

Merge area/ junction collector-distributor on 81 northbound and direct
ramp from 11-15 northbound/

Direct ramp/ route 11-15 northbound to route 81 northbound/

Entrance taper/ on to route 81 northbound from direct ramp/

Exit taper/ route 11-15 northbound to direct ramp/

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-
cussion 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 shows 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 MIDCAS user may require instances of specific characteristics rather
than information on a segment of roadway he already has identified. 1In this
case a search is initiated which matches his list of descriptor levels to
those contained in the inventory. The initial output is a number indicating
how many instances the search has located. If this number is too small or
too large he shortens (less specific) or lengthens (more specifie) 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 portions 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: MI1-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 M1-M3), M7-M9 to most Easterly, and M10-M12 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 '"MnX1": B/C,D,E,(F-),G/H
Two element backward expansion '"MnX2'": A/B,C,D,E,(F-),G/H

Forward expanded Seq "MnZzl": <¢/D,E,(F-),G,H/I
Two element forward expansion '"MnZ2": ¢/D,E,(F-),G,H,I/J
Expanded in both directions "MnX1z2'": B8/C,D,E,(F-),G,H,I/J, etc.

To show options call "MnX¢": C/D,E,(L),(M),(F-),G/H

For erratic options call "MnZ@": C/D,E,(F-),(-Q),(-R),G/H
For both option types call "MnX@Z@'": C/D,E,(L),(M),(F-),(-Q),(-R),G/H

For both options, dcuble expansion '"MnX@1z@#1'": B/C,D,(L),M),(F-),(-Q),(-R),G,H/T

% () indicates option, depending upon track followed. Only options of the
form (X-) are displayed when basic sequence is called up: other options
(X) are displayed in expansion "X@," and (-X) in expansion "Z@".

(X-) indicates common erratic maneuvers exclude this segment, i.e., this seg-
ment should be used ordinarily for this maneuver.

(-X) indicates 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 Shore Interchange, Pa. are:

M1 Seq: 11N-15N/01,(41),(31-),30,29,28,27,21,22,23,24,06/81S
(Northbound 11-15 turning leftward to 81 Southbound: segments 0l. . .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-155/05,04,03,02,(01),(-19),(18-),17,16,15,40,39,42,43,45,09/81N
M5 Seq: 118-155/05,04,03,02,01/115-158

M6 Seq: 11S-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/06,10,11,12,13,01/11S-15S
M10 Seq: 81S/09,34,33,32,28,27,21,20,19,(18-),(-17),13,01/115-15S
M1l Seq: 815/09,08,07,06/81S
Mi2 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
¢ata and modifies the operational parameters as appropriate. Remote
terminals allow personnel in district offices to use the common central storage
file to study censtruction throughout the world without travel and without
requiring file updating, except ifor locally obtained data. Much of the
experience of the entire design community is readily available to each agency
requiring it in objective, zurrent form. After a period of study on such a
system, specific questions will be pinpointed and correspondence or site
visits can then proceed on a more definitive, advanced level where judgment
and experience are required. The inventory system has shown the engineer
where to lock and has provided quantitative data (which might not be readily
a.cessible evern to the designers of an existing interchange) to help him

decide which alternatives are most viable for consideration in his design

problem with all of 1ts 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.
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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

1
See Appendix C for a complete list of workshop participants.



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

federal 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



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 geometrics

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

K-3



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 mandatory 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 mile-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.
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Loutzenheiser'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-1.

TABLE K-1

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 geometrics 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



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 pecple 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 turning 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
every 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 éS 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
ncted that there was usually less traffic in the left lane, 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.

There was general agreement that the essential factors for good
sperational characteristics are good visibility (gt least desirable

sight 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
dropping 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

in 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
cperations.

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
trom that lane but that the sign does not indicate a lane drop. Mr.
Biggs said Texas uses a separate black in white overhead sign reading,
"RIGHT LANE MUST EXIT.'" Texas has discontinued the use of "EXIT ONLY"
signs.,

A discussion of the geometric design of a lane drop beyond an
€xit ramp indicated that about half the participants would begin a
taper at the ramp nose while the other half would provide a full-width

escape lane, varying in length from 150 to 1,000 feet, before starting

the taper. Mr. 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 pre-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) dintroduced 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 1in a particular
lane he prefers to stay in that lane in order to continue on that route.
Ditriculties arise when a driver is required to change lanes in order

to follow a particular route.

Mr. Gazda (I1l.) 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. 1If both routes
are interstate routes, traffic volume would govern., If one route
was interstate 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
route to adopt a design which would make the interstate route appear to
exit.
1t was noted By Mr. Housworth (Tex.) and seconded by Mr. Kenyon
{(N.Y.) that visibility plays an important role in whether or not an
interchange operates satisfactorily, regardless of route continuity.
Mr. Loutzenheiser (FHWA) defended the route continuity concept,
but noted that the current route numbering 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 lnterstate 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
in that it would aid traffic flow, improve efficiency, and reduce acci-

dents if cne 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 1Is tangential to the curve,

(2) When the sight distance to the exit area is restricted by

either vertical or horizomtal 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
L&mpS -

(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 exists. When a capa-

" city analysis indicates that the level of service at the exit gore

drops belcow the level of service of the freeway, they provide a parallel
auxiliary lane approximately 2,500 feet long, if possible. Mr. Hall
indicated that California has used a parallel deceleration lane on con-
gested freeways even though turning volumes were only 700 vph. Opera-~
tionali 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
iype deceleration lane can be designed to work properly for single lane
exits- 1t was agreed that most multi-lane exits should be designed as
majcr 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 1is

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. Loutzenheiser (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
cbserved that with the taper type design, the driver needs a long flat
area pefore 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
mainline traffic will help to keep him moving ahead and reduce the prob-
ability of his stopping. Both Mr. Gazda (I1l.) 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 3-17(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 200 feet of 3-degree curve back of the nose and obtains 18,9 feet
ot separation. Mr. Gazda (Ill.) commented that when a curve precedes
the gore nose, drivers tend to cut directly into the traffic stream.

By extending the taper as a tangent section back of the nose, the driver
becomes properly oriented and uses more of the taper length. Mr.
McCauveland (FHWA) added that with the taper extended back of the nose,
the mainline pavement and shoulder grades control the elevation of the
apptoach ramp, automatically providing adequate rear view sight distance

at the approach to the ncse.
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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 (California) noted that a full-directional interchange
most likely will have two-lane exits. A two lane exit without a
pacallel auxiirary lane often produces "accident traps." California
uses 2,500-toct parallel lanes at two-lane exits.

A major concern of the workshop participants was the lane striping
iand ccnstruction jcints) at multi-lane exits. Mr. Gazda (111.) indi-
cated that his state continues the lane lines of the preference route
rof route continulty, adding extra lanes on the right for a right exit
and on the left tor a lefr exit.

Mr. Alexander (FHWA) asked whether it was common practice to split
three lanes 1into ﬁwo two-lane roadways with an optional middle lane.

A similar condition may exist where four lanes are split into two- and
three-lane roadways., Figure K-10(a) illustrates the optional middle
isne. Many cof the conferees expressed unhappiness with such a configur-
arlon, one reason being that it is difficult to sign. Preference was

given to adding an extra lane in advance of the split, as shown in
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Figure K-10., Major Fork Configurations
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Fizure K-10(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
these slower moving vehicles creating potentially hazardous conditions.
To alleviate this situation, California has developed a special design

(shown in Figure K-11) 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 a gap fails to materialize. Mr. Gazda (Il1linois) observed that when
turbulence occurs during peak hours, the inner lane merge accidents are
high 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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FOR TRUCKS
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Figure K-11. Major Fork with Truck Lane



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.

1t was the consensus that the arrangement in Figure 3-32 would
celdom be used, tcr 1ii the turning volume requires a two-lane roadway,
1t would be aimost essential to add at least one lane downstream from
the entrance to previde adequate capacity. The two exceptions would
be: (1) where the approach yolume on the upstream freeway approach
does nct require three lanes, but an extra lane ig carried through the
interchange to avcid a lane drop; and (2) in a Y-type interchange where
the traffic volume does not warrant a two-lame turning roadway, but this
roadway is the continuation of a two-lane freeway roadway with no turn-
ing ramps on the immedisve vicinity (see the merge in Figure 3-20).

Mr. Hall (Cal.) noted that at two-lane entrances with high volumes
in urban areas, both lanes are continued downstream with the outside
lane dropped at the first exit and the second lane carried through.

M¢. Hcusworth (Tex.) :zaid his state carries the two-lanes a minimum
ot 1,800 teet and usuzil; drcpe cne lane at the next off-ramp, with a
{acovery lane trcvided Texas has found the recovery lane is very

rmpoirant for satistactory cperatiomns.
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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 including major interchanges into freeway control
schemes. The problem underliying the need for such an effort is that
the congestion frequen:tly experiecced az major interchanges often
affects connecting freeway links, cheveby limiring or negating the
control which is exercised upstream of the major interchange. Pro-
blems of congestion can be handled either by increasing capacity and/or
decreasing demand, Methods ror achieving these goals include distri-
bution of costs (i.e., taxation, tclis,; etc.), land use planning
and restrictions, highway constzuctior, snd ¢n- and off-freeway con-
trol., Although traftic contiol devices and procedures have long been
viewed as a means of enhancing erficilency and safety, the exploration
of freeway control as a methcecd of manipulating demand and capacity has
barely begun. The requirements 1or manlptulation are, of course, not
constant, but rather are generally related to the large fluctuations
in demand which occur durirg peak pericd as Drew (1968, p. 427)
points out, 'classical contrul systems ace employed either to make
the facility tlexible enough ¢ accommodate fluctuations in demand or
to reduce the magnitude cf rhe demana fluwtuations. Freeway surveillance
and control are necessarily limited ro the latter." Because of this,
it is felt that the concept ot rficeway contzol should be broadened to
include "mon-classical contrcl methods such as lane exclusivity,

corridor contrcl, ectc. In cther words,che 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 remedially, 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, 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 highway administrations who feel that

metering, for example, implies substandard design. That this attitude
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is not shared by the Federal Highway Administration 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 common, there are indications that some progress is
being made. TFor 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

being 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, 1.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 oi 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



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 feasibllity 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 experignces 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 (cr faillure) 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 1s 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-mzjor
interchanges; thus, our feasibility assessments will be, in effect,
subjective apprailsals 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 Tesearch and experience-based expert
opinion information i1s to be evaluated and used. In some instances,
the same type of control system was evaluated using different per-
tormance criteria and 1t is not clear whether different results
reflect the differential sensitvivity of the evaluative measures, or
whether other factors such as geometrics may have produced any intra-
sctudy 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

1Cost criteria, while essential to interchange design decisions, are not
included in the current feasibility assessment.

L-5



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), 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, Duf £
(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 trafflc 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,
qpalitative indices of system performance are generally preferred in
an apologetic vein despite the fact that they are based upon quantita-
tive traffic features, 1If 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" orilented 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 al. (1971) indicated that qualitative information concerning
the location and degree of congestion 1s more valuable to the driver
than quantitative alternatives (such as average travel speeds or
times between reference points). Moreover, there were indications
that such information would be used 1f it were presented in real time.
Heathington et al. (1970), in evaluating information alternatives for
the Freeway Drilver 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 operatlons are not generally preferred by drivers
using the system, 1.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




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 1is 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, cautipn lights are taken as
indications to accelerate through an intersection, etec.

Thus, our consideration of feasibility becomes further structured,
i.e., 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 behavier. 1In view
ot 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

cutcomes, such sophisticated hardware systems often fall short of

realizing their design goails.
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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; Wattleworth, 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. 1In
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 loglstical. The political problem is
one of public animosity due to denilal of access to the freeway., Of
note here 1s 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 selectlve 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 conslstent over time, i.e., from one time of
day to another and one day of the week to the other.

The loglistics 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 moxe 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 &6f the relation-
ship between downstream capacity to upstream freeway demand and ramp
volume. By contrast, traffic-responsive or adaptive control systems
employ many different strategies and component configurations to
regulate ramp flow on the basis of real-time mainstream traffic condi-
tions. Principal among these are strategies which assess downstream
demand-capacity ratios over the entire rreeway (or shoulder-lane only)
oi upstream occupancy (usually in lane 2) on the one hand; and gap
acceptance control modes on the other, and which on the basis of this
data, attempt to project the lead ramp vehicle into an acceptable
upstream gap. Systems which combine both features are used in Houston
and in Dallas, i.e., demand-capacicty conditions determine the overall
iwetering rate toxr the ramp, however, the release of the lead ramp
vehicle aepends upon the availability of an acceptable upstream gap
in the shoulder lane.

Two experimental installations display dynamic merging information
to the ramp driver. Operating in a gap acceptance control mcde, the
"pacer' system uses a series of regulariy spaced signal heads along
the ramp to convey to the driver the '"speed" of an available and
acceptable gap. The driver's task is to pace his vehiclie by keeping

abreast of the illuminated signal. The "Green Band" 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. 1If 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 he?e 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 respomsive
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 et al., 1969 and Worrall et al., 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,
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 come
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
since 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, delays will be imposed very gradually
"

thus avoiding ". . . 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 cbjective of ramp control is to relieve con-
gestion by reducing access demand on the facility, the purpose of main
line contrel is to regulate existing flow cnce access has been gained.
This regulation is usually effected 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 efficiency under restricted capacity condi-
tions produced by accidents, vehicle breakdowns, maintenance or con- »
struction, etc. Such control has also been effectively usaed to improve
merging operations at major interchanges. Most of the operational exper-
ience withmain 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 wvariable; 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 stsandpoints, there is no reason why main line con-
trol would not be as teasibie on a major interchange as it would on

any other type of interchange sincetlie main line features are the same
for each type. However, the tramslation of the iamformational require-
ments into signing could well be dirferent 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 & site specitic problem and cannot be
dealt with here. Since main i-ne zontrol should not vary much with the
type of interchange, the results obtained in past research are largely
relevant to major interchanges, Thus, the focus of this section will

be to provide some indication of the results of such applications and

to develop some thoughts as to howmain line control might be made more
effective.

Based upon a review of & numper ofmain line freeway control and
related informational studies, the tollowing general critexria for the
success of main line controls are suggested here and will be developed
in more detail in the following paragcaphs:

1., The desired response must be clearly communicated to the

driver,

2. It must be ccmimunicated with enough lead time for him to

respond.

3. The justification (i.e., congestion, 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 respoanding
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 control. The control should be automatic

or at least remotely initiated. Manual placement of cones for lane
closure does mot 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 intexchange
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) found that motorists will not reduce their
speed unless there is an apparent (visible) reason to do so. A similar
observation was made by Brewer (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. 1In 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 per 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 I-10 and I-610 interchange, would
not be an acceptable solution for a recurring problem unless something
akin to the remotely operated "pop-up barrier' technology were adapted
to the main iine lanes., Despite the public acceptance for this type
cf 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 loglc of lane control (as well as other)
systems can be designed for compatibility with the driver's perferred
behaviors, system failures will be minimized. Under certain conditions
drivers 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
raricnale for such skeptlcism probably originates with the countless
number of experiences which each driver has been confronted with, which
attempt to control his behavior with little or no apparent justifica-
rion. How many times, for example, does a driver wait for the green
iight at a signaliized intersection in the small hours of the morning
when the visibility in all directions is unlimited and the crossing
trafric non-existent? How many times is a driver advised of a maximum
sare speed (that was calculated on the basis of vehicle handling
<nd suspension packages of the 30's, 40's and 50's) on horizontal curves
tnat he can easily and safely exceed sometimes by an order of magnitude
abzve the posted limit? Further examples are speed limits on sections
I empiy multi-lane freeways, flashing school speed-limit signs operat-
1ng on 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
credibility. 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 the Workshop, and from the literature and practice (highway and
other) and applied them to the alternate routing of the freeway driver
to avoid a downstream bottleneck. We borrow, for example, the concept
¢r the advisory sign "congestion ahead"; the shape and context of dia-
grammatic signs; segment analysis from flow theory; matrix displays
rcom changeable message signs; centralized computer control; and,
tinally, '"you are here'" location maps from department stores and office
buildings. The key ingredient, strange as it may seem, is the last
element, since it.provides the wherewithal for the driver to assess
imnediately the accuracy and utility of the message displayed. Let us
now consider how the systems credibility might be established, using
a worst case situation, i.e., route diversion as opposed to the more
gimply accomplished lane or speed change.

In cur illustrative situation, let us suppose that we wish to
teauce upstream demand and encourage the driver(s) to take an alternate
rouce (rrontage road or arterial street) to avoid downstream congestdion,

We can accomplish this by informing the driver of the congested condition
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while he still has an opportunity to re-route, i.e., prior to an exit
terminal. Only instead of simply telling him that there is congestion
ahead, let's show him via signing where it is in relation to him (within
ilimits, say 3 to 5 miles ahead).

Much of what we configure, with the excepticn of the verification
tactor, does not differ a great deal from display technology already
in use, Fundamentally, we employ a simple schematic sign of the next
3 to 5 miles of freeway and the immediately adjacent frontage road or
the first and second arterial streets which parallel the freeway. We
break up the freeway and the sign into corresponding segments which do
©ot have to be of uniform size. While it may be appropriate to employ
cegments of uniform length on the freeway itself (perhaps 1/2 mile in
iengih), shorter segments might be used to represent an entrance ramp
Uf exit ramp segment. Senscrs, installed in each segment of interest
would reed the data to a gentralized computer which would evaluate
the aatva 1in terms of the level of service currently provided iIn each
seginent. Real-time information would be fed back to each display
¢ign. Within each sign segment the method of display would be through
ad afialigement of ”bylb's” superimposed on the back of the through
tiavel lanes and exit terminals (and if dezired, a singular row for)
r:ontage 10sads, eic.). Most likely color could be used to convey the

1" '

1.uw conditions'" to the driver. Under a color mode, we would, of
ccurse, attend to the cultural bias and employ green for free flow,
yewwOWw for moderate congestion, and red for stop-and-go heavy conges-
tivi- Flashing red would indicate the presence and liocation of an
unusualr 1ncident like an accident, maintenance operation, vehicle break-

down, or law enforcement operation.
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Everything thus far exists in one form or another at one place
or ancther., 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 conditicns in his immediate vicinity and compare these condi-
tions to the indicated display (the bottom, or "you are here' segment
cf the sign) to establish to some degree the credibility of that infor-
maticn and, consequently, information concerning downstream conditions.

It should be noted that the particular contribution in this dis-
cussion is to implore engineers to provide verification information
to the driver 1if real-time displays are to be considered for freeway
centrol, 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
chat conservative display strategies could be emplcyed (in the computer
suttware) to indicate in the event of downstream congestion, that con-
gitions in the "you are here" segment are better than he observes them
tc be. That is, if he is,in fact, in a condition yellow -- moderate
cengestion condition —-- let the sign indicate that this condition is
wonsidered green-free flow. Thus, we may be able to shift the driver's
percepiual. scale of level-of-service with the result rhat he interprets
tne situstion thus, "It they consider these traific conditions green
what am I in for when I get to that yellow or red segment —-— better get
crt here."

While the ideas presented here do not immediately appear as being
fesevant Lo statements of feasibility, they were presented because it
1¢ relt that lane control is feasible within the current state-of-the-

art and that it can be a powerful tool for preventing or solving
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congestion problems if the considerations provided here are factored

into the design of such systems.

Reversable Lanes

Other prevalent forms of main line control are Lane Reversibility
and Lane Exclusivity. The objective of the former is to compensate for
z sexious imbalance in the directional distributicn of traffic during
the peak hour, The reversible lane solution, in short, is to devote
more than half of a given pavement width to the predominant direction
¢t tlow. It should be noted that where other control procedures mani-
tulate the demand for a given capacity, reversible lane control manipu-
Lates capacity to acccmmodate the demand, and it does so in an economical
tashion (i.e., with minimal or no requirement for additional right-of-
way)-

Most design applications of the reversible lane concept place the
duas ¥zadway in the median with the outer freeways operating in a
rozmal unidirectional fashion, The AASHO* reversible concept restricts
“he use of the reverse-flow freeway to express traffic by denying inter-
m¢diate access points. The Kennedy Expressway in Chicage has an 8-1/2
wile two-lane reversible of this type in the median. In contrast to
the express-reversible, some dual roadways like the Seattle facility
t8 miles of Interstate 5) provide several interchange pointe along its
(owure. A major criticism of this latter type is that access to the
ceniér roadway is provided by crossover lanes connecting with the outside
f.adways which, in effect, increases the weaving volumes on the outside
razes. Drew (1968) overcomes this problem via a design which provides
en.cance and exit ramps directly to the center roadway from the inter-

sivting ctoss streets. Drew's reverse-flow diamend 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 throughéut.

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

at 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 it has cleared and no traffic 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

then 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-
metrice related to such control into the system, i.e., this is not a
control method which could,in most cases,be used remedially. Thus,
where control is considered in the design stage, it is a method which
chould perhaps be included in overall consideration of the control

stzategies 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

rcr a particular class of wehicles, viz. buses and multi-occupant
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passenger vehicles, Indirectly, through maximizing the passenger
rravel and reducing travel time per passenger, a reserved bus (or

bus plus multi-occupant vehicle) lane should reduce the demand on the
tacility. This is accomplished theoretically, through encouraging
occupants of single passenger vehicles to join car pools or ride the
bus.

Nowhere does the choice of a criterion impact more on the assess-
ment ot feasibility than it does when one considers whether the pro-
visicn of exclusive bus lanes would enhance major interchange opera-
rzens.  Certainly, we must acknowledge the advantages of the reserved
pus lane 1n terms of passenger miles traveled. Hodgkins (1964), for
e xomple, in postulating a lower-volume limit of 200 buses/hr. points
cun that the reserved lane could move approximately 10,000 people/hr.
in concrast to the less than 8000 people/hr. that would be accommodated
¢n the two adjacent lanes. Drew,in commenting on the underutilization
or the reserved lane, attends to volume in terms of vehicles/hr. when
he states that no practical bus frequency can provide encugh demand
to ti1ll a freeway lane. Martin (1970), in evaluating the greater peak
hius bus concentration in Calitornia, viz. the Bay Bridge, concludes
chat an exclusive bus lane is not feasible because the increased delay
£z automcbile users far exceeds the savings to the bus passengers.,

Lt 13 extiémely doubtful, however, whether the inherent disadvantage

2t undesutilized capacity of a bus-only lane will permit any generalized
uwse or this control technique. More recent efforts have attempted

to recovery some of the lost capacity by including multi-occupant
vehicles in the exclusive lanes. This type of preferential treatment

was mathematically modeled by Sparks and May (1971) under some rather
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severely limiting assumptions; however, the authors felt that the

7 7.rrduced from
‘\:1:22: oava'l\ab\e copY-

"priority-lane' treatments studied showed promilse and pointed to the
need for parallel field research to further the develcpment of the
models, A follow-up study by Capelle et al. (1972) indicated that the
exclusive lane for bus and car pool usage was deiermined to be basically
sound during commuting hours; however, they ncted that the success of
the reserved lane concept depends largely on a voluntary compliance on
the part of every driver since enforcement is extremely difficult,

in general, while the feasibility of the exclusive lane is deter-
mned by the characteristics of the specific freeway, physical altera-
ticns may not be required to implement reserved-lane operation, so there
wiuld appear to be no real technological barriers. One of the major
cbsracres to exclusive bus lanes is the requirement and cost to pro-
vzae the asscciated exclusive ramps. Otherwise, operational problems
aZe usually produced, For example, if the median lanes are used for
the exclusive lanes, the bus must weave thru a number of traffic lanes
»n ¢rder to enter and/or exit the exclusive lanes. The cost effective-
ne=s b providing exclusive ramps is still in question since some
izes, referred to by Workshop participants, have indicated that
puses do not significantly decrease the number of vehicles on the
b.ghway. As an example of the ramp costs for exclusive lanes, it
was pcinted out at the Workshop that a seven million dollar exclusive

bus lane project would have an extra one million dollars added if they

2

rovide toy exclusive bus ramps. Another aspect of the exclusive bus

™

isne problem on which there is disagreement among the experts is whether
Lhe median lane or the right lane should be used. As mentioned, the

ureg or the median lane requires additional ramps. The problems with
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the use of the right lane i1s that it interferes with other exiting
tratric 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-
a..€ & mzjor problem. However, in many cases the bus lanes are not
sted ror local service but rather are express service lanes from the
CBD to the outskirts. Perhaps the biggest obstacle to the potential
cperation of improvements which the exclusive lane offers is the
v>luntary violations. As Cappelle notes, however, this may be over-
come by a gocd positive public relations program. It was reported by
the New York representative at the Workshop that the use of signs to
vrohibit cars from using exclusive bus lanes is not effective unless

o high volume of buses is- using that lane. However, California has
ceporred that drivers will obey such signs. It would appear that

there might be regicnal differences in compliance —-- altihough the
gxperience is not yet sufficient to verify such a conclusicn. To

+h:z extent that the "exclusive' operation can be an integral part of
a=w designs, i.e., before commuters lane-usage ratterns become relatively
riked, the problem of dviver conformance would be lessened and perhaps
af» increace in bus ridership would even be increased. However, since
she fa.ility must be built and operated in order to generate the rider—
chaip (and the possible consequent reduction in private vehicle use),

" {s obvious. Another form of priority-treatment that

the "gamble
cezerves mention is the provision for exclusive or reserved right

~alie 1. buses on two-lane entrance ramps. Traffic is metered in the
icrt lane and the bus is permitted to bypass the ramp gqueue. This
sy+2em has been successfully implemented in Texas and on both the Harbor

aid Hellywood Freeways in California (Gillis, 1970).
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in summary, there are still a large number of unresolved questions
tegarding both the design and the cost-effectiveness of exclusive bus
lanes. Further, the inclusion of a major interchange into an overall
system using such control poses even more severe restraints than a
ncn-major interchange in that the speeds are typically higher and the
volumes are greater. Thus, for example, the problem of bus weaving
tor entry and exit become more severe. While we would have to conclude
rhat such inclusion is possible, a great deal more must be known about
toth the design and operation of exclusive lanes before any determina-

cion ¢f practicality and cost-effectiveness can be made.,

Cotrridor Control

Corzidexr Control, the conceprual epitome of adaptive control
=themes is still too far in its infancy to render any accurate iudg-
meats as to the feasibility of including major interchange design in
an cverall corridor control scheme. However, there is no reason to
velieve that such a system used to distribute trafric over an entilre
system could not have a facilitative effect upon a majcer interchange --
secticularly an urban interchange where alternate routes are usually
avaiiable, Conceptually a corridor consists of a rreeway(s), froncage
rsads and some undefined peorxtion of the arterial street network which
rarallels the freeway. The objective of corridor control is to optimize
1icw 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 eariier studies,
reriormed by Wattleworth (1967) on the Lodge Freeway, evaluated the
eftects of ramp metering on freeway operations and about 50 miles of

arzerial streets. The net effect was an overall reductic¢n in '"corridor"
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travel time at little expense to the arterial street system, This
eaxly 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 work,however, it was reccgnized that
unused capacity detected in the arterial street system and,;or cn a
dewnstream pcrtion of the freeway (beyond a bottieneck) was of little
utility unless information concerning its existence could be conveyed
to the driver. If information on traffic conditions within the corri-
dcr were available to the driver at or before choice points, he would
be in a better pesition to elect an alternate route. The use of
arxver communications to minimize travel time within the corridor

is accomplished by directing some traftic oft the rreeway to alternate

-

uieg that have available capacity and by directing some approaching

£y

tiaitiz that would normally use the freeway to alternate arterial
foutes. A scheme for the real-time integration or ramp metering and
civerzicnary sipgns leoczted at choice points was proposed by Pretty
{19/2). Basically, his approcach is to detect excessive gqueue lengths
on woncroiled ramps (metered on basis of downstieam capacity) and
sxgl.al via sign-state changes at each choice poing the juickest route
(o the next choice point or downstream ramp. The successful lse of
ccgildor control to reduce demand on a major interchange rests pri-
marily in the degree to which the excessive demand on the major inter-
cnange is generated by local access ramps and;or ramps in the immediate

wpatream vicinity of the interchange.
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