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INTRODUCTION

The urban traffic problem, like most problems, arises out
of the frustration of trying to reconcile a number of partly
imcompatitle goals., Urbanites would like to move about their
areass a) quickly; b) comfortably; ¢) cheaply; d) mostly at
the same time; and e) mostly to or from the same places. (¥)
Since a majority of trips, 80-90% during the peak hour (5).
afe to work and shop, time spent in transit is time lost from
a productive activity. Urban movement, then, is largely an
experience to 5e done with as quickly as possible. Minimum
travel time becomes a prime objective and traffic congestion,
which increases travel time, the maln problem.

During the peak hour, almost all congestion is caused by
traffic demands exceeding the capacity of a few bottleneck sec-
tions. In the bottleneck, trafflc flow is smooth. However,
when the arrival rate exceeds the service rate, a queue will
form upstream from the bottleneck, i.e. congestion. Traffic
flow in the system may be described as similar to sand in an
hour glass. In the neck, the sand flows freely. However,
the sand upstream from the neck flows very slowly, the last
graln being delayed an hour. (3)

Removing these bottlenecks from the freeway would serve
to reduce overall traveltime on the entire transportation
sjstem. Federally funded projects, such as TOPICS ( Traffic
Operations Programs to Increase Capaclty and Safety) are

presently being undertaken to eliminate existing bottlenecks,



The ultimate, however; should be the elimination of these
bottlenecks during the initial design of the freeway.,

At the 1965 Canadian Good Roads Association Convention,
Jack Lelisch presented a paper entitled "Lane Determination
Techniques for Freeway Facilities.” (1) In this paper Leisch
introduced two new concepts iInto the field of freeway design:

basic number of lanes and lane balance. These two concepts

provide a systematic method to strategically provide additional
lanes to a freeway which would serve to remove bottlenecks,
Lelisch maintains that the number of lanes on-a freeway

facility cannot be determined by relating highway capacity to
estimated traffic volume alone, To provide well-balanced free-
way design, the folloﬁlng techniques must all be considered:

A. Volume-Capacity Relationships - to determine the number
of lanes required to carry forecast traffic volumes,

B, Lane Balance - to ensure efficlent Operation.and to real-
ize the indicated capacity potential where merging, diverging,
and weaving take place., The basic relationship used in deter-

mining lane balance is: N, 2 Ng + Np - 1

Ne N, _Ng Ne¢
Merging Traffic Diverging Traffic

Relationships of Lane Balance
(Figure 1)



wheret N, is the number of lanes succeeding an entrance ramp
or preé¢eding an exit ramp;
Ne is the number of lanes on the entrance or exit ramp;
Ny is the number of lanes preceding an entrance ramp or
succeeding an exit ramp.
That is, the number of lanes leaving a merging section is
greater than or equal to the number of freeway lanes preceding
the merge plus the number of lanes on the ramp minus one.
Similarly, the number of lanes approaching a diverging section
must be equal to or greater than the total number 6f lanes
on the exit ramp and the freeway beyénd the point of divergence,
minus one,
C. Baslc Number of Lanes - to ma;ntain a certain consistency

in the number of lanes provided along a rcute. The basic num-

ber of lanes is defined as a minimum number of lanes designated

Basic Number of Lanes Concept

(Figure 2)



and maintained over the whole of a freeway route or over a
significant length of it, irrespective of changes in traffic
volume and requirements in lane balance,

D. Special Auxiliary Lanes = Auxiliary lanes have three
ma jor purposes 1n freeway design:

l. to harmonize the techniques of lane balance and basic
number of lanes by adding auxiliary lanes to, or removing
them from, the basic number of lanes to achieve lane balance.

2., to improve the flexibility of a freéway by strategi-
cally adding an extra lane to the basic number of lanes.,

3. to apply the principle of "one more lane going away"
to Interchanges. This principle of having an extra lane at
" the point of divergence is a form of escape hateh that would
facilitate the necessary traffic operations to negotiate the
1nterchangerby providing greater exit capacity than entrance
capacity.

Lelsch concludes that by basing a freeway design strictly
on the volume-capacity relationships, possible changes in the
pattern and volume of traffic are being ignored. An unfore-
seen concentration of development, such as a shopping center
or an industrial plant may significantly increase traffic
volumes, Weekend travel may produce different traffic load-
ings than normwal peszk hoﬁr traffic. Stage construction or
partial freeway nepwork development may alter traffic patterns,
Accldents or extensive maintenance operations either on the

freeway or on intersecting or parallel facilities may cause



increased trafflic buildups. It is hypotheslized that by in-
corporating the techniques of lane balance, btasic number of
lanes, and special auxiliary lanes into the design, the op-
erational flexibllity necessary to handle these unexpected

developments will be bullt into the freeway system, usually
at little increased cost.

To thls author's knowledge, no testing of the hypothesis
has been conducted on an existing freeway system. This report
presents such a test on a section of freeway in Kansas City,
Kansas., The purpose of this study was to determine if Leisch's
concepts would have improved traffic operations had they been
considered in the original design., It is hoped that this report
will provide a basis for a new methodology in the design of

urban freeways.,



PROCEDURE

The basic plan of attack to test Leisch's method of design
was to select a section of freeway in a metropolitan area and
then incorporate the four techniques, volume-capacity, lane
balance, baslic number of lanes, and special auxiliary lanes,
into a hypothetical design. This hypothetical design could
then be compared to the existing freeway layout to determine if
it would significantly improve traffic operations on the system.

The first step, the selection of a section of freeway, was
dealt with after discussion with Kansas Highway Commission
personnel wholwere familiar with the metropolitan regions of
Kansas Clty and Wichita., The following criteria were used to

Judge a section's accebtability. listed 1n order of decreasing

importance: '

a) the original design information and plans were readily
available;

b) more planned construction was to follow, to determine the
effects of partial dévelopmeht of the freeway system;

c) traffic congestion was presently a reality;

d) a large, unforeseen industrial park, sports stadium, or
shoppling center, had been built near the freeway since it
was constructed;

e) an extensive maintenance project was planned on or near the
selected section in June, 1G70;

f) the number of lanes in the section varied;

g) another ffeeway intersected the selected freeway section,



After the study section was selected, a search into the
vaults at the Kansas Highway Commlssion uncovered the original
design traffic volumes, as supplied by the Planning Department,
and the final design, as concelved by the Design Department,
Further discussion with personnel in the Highway Commission's
Design, Planning, Construction, and Right-of-Way Departments
and the Kansas City, Kansas Traffic Englneering Department
unveiled further information useful for this study,

The study sectlion was then analyzed using Lelsch®s method
and the 1950 Highway Capacity Manual, the manual évailable at
the time of the orlginal design., Up to this point no use was
made of the knowledge of exlisting traffic conditions. Every
step was carried out as a designer in the 1?50'3 could have
proceeded if Leisch's methods had then been used,

When the hypothetical design was completed, the traffiec
operations on the existing freeway were analyzed and aﬁ-attempt
was made to predict what effect the additional lanes provided
in the hypothetical design would have on existing 1970 con-
ditions.



THE STUDY AND IT*S RESULTS
Selection of the Study Area

The cross-hatched areas in fig. 3 show the selected study
system. The system provides ser?ice from downtown Kansas City,
Kansas and Missouri to Kansas City, Kansas to the West and
Johnson County to the South. For study, the system was di-
vided into three subsystems. Subsystem A was defined as
Interstate 70 (the Kansas Turnpike) from 7th Street to 18th
Street Expressway. The 18th Street Expressway from I-70 to
I-35 was denoted Subsystem B, and I-35 from 7th Street to 18th
Street Expressway was defined as Subsystem C,

The selected system satisfies 5 of the 7 selection cri-
teria, including the 3 most important. Criteria d and e, un-
foreseen developmént end maintenance operations, were not sat-
isfied. The desirable, for this study, traits:

a) The original design information and Prlans were available
from the Kansas Highway Commission.

b) Partial development of the freeway system could be very
effectively studied., I-35, East of 7th Street was not
opened until March, 1970. Therefore, current information
was avallable on the operating characteristics of the system
both partlally and fully developed,

¢) Traffic congestion 1s definitely a problem., Before I-35
opened a bottleneck at the intersection of 18th Street
Expressway and I-70 during the afternoon peak hour created

serlous traffic congestion., The intersection is a clover-
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leaf. The P.M. peak produces very heavy traffic volumes leaving
downtown Kansas City, Kansas Westbound on I-70. Many of these
vehicles desire to turn South on the 18th Street Expressway
towards Johnson County, which means they must traverse a leaf of
the intersection after weaving with vehicles making a South to

West turn. (see fig. 4 ) The opening of I-35 siphoned some of the

1-70

18th St. Expwy.

Bottleneck at I-70 and 18th Street Expressway
(Figure 4)

traffic off I-70 but at the same time created a problem similar
to that of I-70 and 18th Street Expressway at the I-35 and 18th
Street Expressway intersection, also a cloverleaf. |

f) The number of lanes in the section varies from 2 to 4.

g) The system includes 2 intersections of urban freeways.,

Since the major congestion in this system occured during the
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afternoon peak, Westbound design of I-70 and I-35 and the South-
bound design of 18th Street Expressway were selected for detailed
study.

Design Criteria

The original design volumes were obtained from the plans.
Most were forecast for 1975. Figure 5 shows the forecast volumes
together with the 1968 and 1970 traffic counts. With each fore-
cast the following Information was siven:

(Design Hourly Volume) DHV = 10% of ADT (Average Daily Traffic)

(Truecks) T = 5% of DHV

(Directional Split) DS = 60-40 during the peak hour
The following are design criteria used from the 1950 Highway
Capacity Manuali(2)

a) A 450 foot weaving section will accomédate 1500 passenger
cars per hour at 30 miles per hour.

b) A truck can be considered as 2 passenger cars., Forecast
volumes must be properly ad Justed.

¢) A normal ramp will accomodate 1200 to 1500 passenger cars
per hour,

d) The basic capacity for uninterupted flow is 2000 prassenger
cars per lane per hour, This assumes adequate sight di;tance.
adequate lateral clearance, no commercial vehicles, at least
2 exclusive lanes for use in one direction, and minimum
speeds of 30 to 40 miles per hour, _

e) With 20 to 25% of the traffic leaving the freeway, it can be

assumed that the traffic 1ls split 50-50 between the two lanes,
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1975 Porecast
19 ADT

;9?0 ADT.

18th 8t. Expwy.

Traffic Forecasts and Counts

(Figure 5)
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Design Procedure

To effectively analyze the study system, Subsystems A
and C, I-35 and I-70, were analyzed separately. Then 18th
Street Expressway was analyzed, lncorporating the recommendied
designs of I-70 and I-35 at their respective interchanges.

The recommended design procedure has 5 steps: basic
number of lanes, weaving, lane balance, ramps, and operational
flexibility. These steps are detailed in the I-70 design
procedure., The design of I-35 and 18th Street Expressway are
given shorter, more general treatment than that of I-70,

1-70 Design

FPigure 13, page 22, shows 5 schematic representations of

I-70 between 7th and 18th, Westbound. This section consists of

cloverleaf intersections at 7th and 18th and an access exit to

18th St. Expwy. 7th St,

—

-

I-70 Westbound Layout

(Figure 4)

the railroad yard. The first 4 schematics of fig. 13, schemes
A through D, show the number of lanes provided during various

steps of the design procedure, The flnal scheme depicts I-70
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as it is now operating. The following 5 step design procedure
was done with forecast data for the original design made in
1956, The 1950 Capacity Manual was used.

A, Basic Number of Lanes

The basic number of lanes was determined by volume-capa-

city relationships. The following criteria were used:

- ADT = 31,100 (fig. 5)
DHV = 10% of the ADT
T = 5%
DS = 60-L40O

1) The peak hour volume is 10% of the average daily traffic.
Peak Hour Volume = 31,100 x 0.10 = 3110 vph
2) The number of trucks during the peak hour 1is 5% of the peak
hour volume.
Trucks = 3100 x 0.05 = 155
Bach truck is equivalent to 2 passenger cars,
EQuivalent Passenger Cars = 155 x 2 = 310
' 3) The design peak hour volume equals the peak hour volume
minus the trucks, plus the passenger car equivalents,

Design PHV = 3110-155 + 310

]

3265 pcph (passenger cars per hour)

4) The design volume, traffic in the major direction, equals
60% of this number.
Design Volume = 3265 x 0,60 = 1960 pcph
One lane cannot carry this traffic since 2 lanes are required

to carry 2000 vehicles per hour, Therefore, I-70 requires
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2 basic lanes over the entire section. Scheme A shows the
basic number of lanes as 2 in all sections except section 10,
which requires 3 lanes, carried over from the design East of
7th Street, |
B, Weaving

Examlﬁation of the schematic reveals 3 potential weaving
sections. Table 1 (page 22) supplies the lengths of these
sections:

Weaving Section Length

K Loo ft
6 - 4400 ft
8 400 ft

Because of the length of section 6 and very few turns at the
railroad yard exit, it can be considered as a simple merging
and then diverging movement, and does not have to be considered
as a weaving section. However, a weaving analysis must be
conducted for sections 3 and 8,

Section 3 is at the intersection of I-70 and 18th Street
Expressway. PFlgure 7 shows the original traffic forecast for
this intersection. The design volumes, fig, B were obtained
by the same series of calculations outlined in part A of the
I-70 design procedure.

The weaving section under study is represented in fig. 9.
With 22% (425 of 1925) of the traffic leaving the freeway, it
can be assumed that the traffic 1s split 50-50 in the 2 through

lanes, PBoth lanes, therefore, carry 967 pcph (% of 1925),
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I-70

Original Traffic Forecast - I-70 and 18th Street Expressway

_(Figure 7)

1920

Design Volumes - I-70 and 18th Street Expressway

18th St. Expwy.
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1130

\\3?

zz‘a\

1960

(725

1540

(Figure 8)

I-70
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The 645 (425 4+ 220) weaving vehicles must contend with sh2

(967 - 425) through vehicles. This is a total of 1187 vehicles
in the weaving section. One additional lane should be adequate
to handle the weaving traffic, although at a reduced speed from

other portions of the freeway.

W W
— 1 L25 220 é:::
W W
Pye— 1500 Py

I-70 and 18th St. Expwy. Weaving Movements
(Figure 9)

The forecast traffic volumes for section B8, the intersection
of I-70 and 7th Street are shown in fig. 10, the design volﬁmes

in flg. 11 and the weaving movements are shown in fig. 12.

7th_St.
31, 500

4329} \\foo

31,100 30,600 I-70

%ugn\ {5900

35,000

Original Traffic Forecast - I-70 and 7th Street
(Figure 10)



7th St.
1950

1930 I-70

1960 _ 229/ kBS
;;;\ fﬁ;}o

2200

Design Volumes = I-70 and 7th Street
(Pigure 11)

Py e 1525 F

I-70 and 7th Street Weaving Movements
(Figure 12)

18
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Following an argument similar to that above, a total of 1097
vehicles will use the weaving section, again requiring one
‘additional lane. Scheme B shows the third lane added in
sections 3 and 8,
C. Lane Balance
Reviewing the formula for lane balance:
Ne = Ne + Np =1
where: Hc 1s the number of lanes succeeding an entrance ramp
or preceding an exlt ramp;
Ne is the number of lanes on the entrance or exit ramp;
Ne 1s the number of lanes preceding an entrance ramp or
succeeding an exit ramp.
The procedure of lane balance 1s not a cookbook method for lane
determination., It requires that the designer be familiar with
the study area and appiy Engineering judgment to the positioning
of the additional lanes,
The following analysis will start in section 10 and work
from the right to the left in the direction of traffic flow,
Section 10 has 3 lanes., Therefore, section 9 plus ramp J
must total at least U4 lanes: _
No(10) = N (J)+Np(9)-1
No(10)41 = No(J)4Np(9) --141
Boo 341 = N (J)4Np(9)

A one-lane ramp 1s'sufficlent. therefore section 9 must have

3 lanes. (see scheme C)

Assuming ramp I needs 1 lane, plus the 3 lanes of section 9
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minus 1 requires at least 3 lanes for section 8. Since the
basic number of lanes and weaving analysis require 3 lanes,
there 1s no change in section 8,

Section 7 plus ramp H must have a total of 4 lanes since
section 8 has 3 lanes, Beyond 7th Street, the forecast traffic
volumes do not require more than 2 lanes, therefore to satisfy
the lane balance requirement of 4 lanes, 2 lanes will be
assigned to both section 7 and ramp H.

Sections 4, 5, and 6 all require 2 lanes with one-lane
ramps E, F, and G, However, section 3, although requiring
only 2 lanes for lane balance needs 3 lanes to satisfy the
basic number of lanes and weaving. These 3 lanes in section 3
dictate & lanes for section 2 plus ramp C. Again, because of
no forecast need for more than 2 lanes on I-70, 2 lanes will
be assigned to both section 2 and ramp C. Section 1 requires
2 lanes with a one-lane ramp B,

The inclusion of lane balance with the basic lanes and
weaving has added 1 additional lane to section 9 and made all
ramps 1 lane, with the exception of ramps C and E which
requlre 2 lanes. The composite design 1s shown in scheme C,
fig. 13. .

D. Ramps

The 1950 Capacity Manuél used as the only design criteria
for ramps a volume of 1200 pcph/lane, No ramp is forecast to
exceed this volume, therefore no additional lanes are needed

on the ramps.
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E., Operational Flexibility

The inclusion of operational flexibility involves the
principle of "one more lane going away." This step again
requires Engineering judgment and a feel for traffic operations
on the freeway in it's application. When combined with all
the other methods for determining the number of lanes, this
step produces significant operational flexibility on freeways
in handling traffic loads beyond design hourly volumes.

" Scheme D shows the final recommended design based upon
all factors. Extra lanes, beyond scheme C, are provided in
sections 6, 7, and 8, The extra lane in section 8 is neces=-
sary to provide smooth traffic flow through the weaving section.
With 3 lanes approaching in section 9 and the one-lane ramp I
merging, an extra lane is desirable to enable sufficient
weaving to take place before the 2 lane exit.

Lane balance dictates the extra lane in sections 6 and 7.
Without the extra lane in section 7, traffic from ramp I would
have to weave through 2 lanes of traffic in approximately 400
feet to avoid exit ramp H,.

The final schematic of fig. 13 depicts I-70 as it is
operating today. By comparing with scheme D, it is noted that
the only additions brought abtout by Leisch's method are the
addition of one lane to each of ramps C and H. The significance
of this will be analyzed after the design of the other segments
of the study system are discussed.

I-35 Design
The methodology for the design of I-35 Westbound between
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1l
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Length

500
400
500

4200

4400
600
400
500

I-70 Westbound Section Lengths

(Table 1)

Lezend

(ﬁs Number of Lanes
(:) Section Identiflication

(D) Ramp Identification
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7th Street and 18th Street Expressway is the same as that for
I-70. The 5 schematics are pictured in fig. 15 on page 25.
Working right to left in the direction of traffic flow, I-35
intersects 7th Street with a diamond type interchange, a single
off ramp at Mission Road, a diamond at B?th Street, and a clover-

leaf at 18th Street Expressway.

18th St. Expwy. | 37th St. 7th St,

O () Missjr%ad .
&—

1-35 Westbound Layout

(Figure 14)

A. Basic Number of Lanes
The forecast trafflic volumes on I-35, fig, 5, indicate that
East of Mission Road, 58,314 ADT requires 3 basic lanes, and
West of Mission Road, 40,500 ADT requires 2 basic lanes. See
scheme A,
B. Weaving
From the schematic, potential weaving sections are:

Weaving Section Lenzth

3 650 rt
5 5670 ft
8 5810 ft



24

Table 2 (page 25) supplies the required lengths. The lengths
of sections 5 and 8 place them out of the realm of weaving,
leaving only section 3 to consider. An analysis identical to
those conducted for the weaving sections on I-70 will result in
the need for 1 additional lane to handle the weaving manuever in
section 3. Scheme B depicts this third laﬁe.
C. Lane Balance
Lane balance results in the addition of one extra lane in
sections 4 and 5, and an additional lane on ramp C. Again the
extra ramp lane was needed to bring the total number of lanes of
section 2 and ramp C to 4, satisfying the need resulting from 3
lanes in section 3 and the lack of need for a 3 lane facility
beyond 18th Street Expressway on I-35,
D. Ramps
No forecast volumes exceed 1200 peph, therefore no additionsal
famp lanes are required.
‘E. Operational Flexibility
To achieve operational flexibility, one additional lane is
required in sections 1, 2, and 3. The need for the extra lane
is again dictated by the 2 lane ramp.-slmilar to the intersection
of I-70 and 1fth Street Expressway. '

The final schematic of fig. 15 depicts I-35 as it is pre=-
sently constructed. Again, the only difference between the
existing and the hypothetical designs is the addition of 1 lzne
to a ramp, ramp C 1n this case, making it a 2 lane ramp.

18th Street Expressway Design

Introducing 2 lane ramps at the intersections of the 18th
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Street Expressway with I-35 and I-70 necessitates some design
changes on 18th Street Expressway. Fligure 16 on page 26 shows
the step—by-steb procedure of design used in the two previous
subsystems applied to this subsystem. The final design, scheme
D, when compared to the existing design reveals that to accomo-
date the additional ramp lanes, an extra lane is needed in
sections 1, 2, 3, 11, 12, and 13,

The New Design and It's Implications

Figure 17 on page 28 presents 18th Street Expressway from
I-70 to 1-35 showing both the-existing number of ianes and the
resulting increase in the number of lanes if Leisch's methed
of design had been used., The question now before us is: Would
the increased number of lanes improve the level of service of
the freeway system? l

Obviously, an increase in the number of lanes is going to
permit more vehicles fo pass a certain point in a specified
period of time, thereby increasing the capacity of the freeway
at that point. But, as stated in theiintroduction to this
report, traffic congestion is caused by demand exceeding the
capaclty of a few tottleneck sections. Heéence, the critical
‘question 1st: Are these additional lanes strategically placed
on the system so as to tend to alleviate the strain on these
bottlenecks? The answer 1s yes!

This study area was selected because of the traffic congestion

caused by vehicles desiring to make an East to South movement

during the P.M, peak hour, the very movement that would make use

of the ramp that provides 2 lanes when using Leisch's method,
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With the addition of this 2 lane ramp, the freeway would pro-
vide about double the capaclty that presently exists for traf-
fic leaving downtown Kansas City, destination Johnson County,
when turning from either I-70 or I-35 onto 18th Street Express-
way.

Having physically established justificatlion for the extra
lanes, the economics of thelr addition now confronts us. A
rough cost figure for the construction of concrete pavement in
1959 was 310 per square yard. The length of the additional
lanes on 18th Street Expressway 1s approximately 2900 feet at
each 1ntersection.- The length of the ramps 1s approximately
800 feet. Assuming a 12-foot expressway lane and a 16-foot

ramp lane:

2900 ¥ 12 = 34,800 s.f.

I

800 x 16 = 12,800 s.f.
47,600/27 = 1763 sq. yd.

Thus, the additional cost for each intersection is approxi-
mately $18,000, |

To compare this $18,000 cost with a benefit, let us cal-
culate approximate time costs saving if the additional lane
were provided on the ramp at the lntersection of 18th Street
Expressway and I-35, From fig. 5, in 1970 there was an ADT
of 59,835 East of 18th Street Expressway on I-35. Multiply-
ing by 10% peak hour and 60% major direction produces a traffic
volume of 3590 traveling west on I-35 during the P.M. peak hour.

Presently these vehicles are moving about 20 mph. With

the additional lane, estimated speeds of 35 mph might be
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attained, Time costs at 20 mph are 6.8 cents/veh-mile, time
costs at 35 mph are 3,8 cents/veh-mile. (6) This is a saving
of 3 cents/veh-mile. Assuming a conservative average queuve of
4 mile in which vehicles travel at 20 mph, total saving is:

3590 vehicles x # mile x 3 cents/veh-mile = $54/day
The resultant saving 1s $54/day or $216/week or $11,232/year.
This saving, on an $18,000 investment, yields a return of 60%
with only a 10 year 1life, a very worthwhile return on ahy

investment.
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CONCLUSION

Based upon this study, the inclusion of lane balance and
the basic number of lanes techniques into the design procedure
for urtan freeways would appear to improve the traffic operations
of the entire freeway system. Certainly, the test section of
this study would operate more efficiently if Lelsch's methods
had been incorporated into the original design, with only a
moderate increase in the overall cost of the projects.

The addition of the extra lanes might also serve to in-
crease the safety of the freeway, The first five months of this
year, 1970, there were 20 daytime accidents, 3 resulting in
injuries, at the intersection of I-70 and 18th Street Express-
way. The relatively few injury accidents, 5 out of 32, on
facilities with speed limits of 55 to 60 mph indicates the
lower speeds bf the vehicles involved, implying turning vehicles.
With extra lanes provided for merging and diverging traffic,
more through lanes are supplied, removing some of the conflict
between through and turning vehicles. It seems that this would
surely re=duce accidents,

The flexibility provided by the extra langs would also prove
useful when vehicles either stalled or involved in an accident
blocked a lane. Under present conditions, an accident during
the peak hour on the ramp serving the East-South movement would
have a disastrous effect on the freeway system, The resulting
queue might stretch for miles creating chaos at intersections
upstream from the actual location of the accident., However,

with 2 lanes, the second lane could maintain operations and
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also provide access for emergency vehlcles.

However, it must be mentioned that any future design is
based upon traffic forecasts. Without a reasonably close fore-
cast, no design procedure will supply sufficlient future system
capacity. A glance at fig. 5 reveals the ineptness of some
forecasts.- As can be seen, most of the present volumes are
well in éxcess of the forecast volumes, the only exception being
at the intersection of I-35 and 7th Street where forecasts
were made for 1980,

The art of traffic forecasting is very senéitive to future
changes, One of the major problems with the aforementioned fore-
casts was the population forecast for Johnson County for 1975,
which has already been well surpassed, Any change in land use,
a large sports complex, a shopping center, an industrial park,
are all going to change the volume of traffic wishing to utilize
the facility. |

Traffic forecasts must be made with a thorough knowledge of
the metropolitan reglon involved. The forecaster, with the aid
of the City Planners, must attempt to adcurately predict what
future conditions will be. Through the location of freeway
facilitles and various traffic generators, an attempt must be
made to shape the demand, rather than let the land develop
around freeways without the forecasters having already considered
their effects upon the traffic, The great uncertainity of the
future 1s a good argument for the operational flexibility built
into a freeway system by incorporating basic number of lanes and

lane balance into the design.
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SUMMARY
This project was started with the single aim of applying

Leisch's methods to the design of a section of freeway. However,
a need for some digression soon became apparent.

While discussing thils project with interested parties, a
question was ralsed about convincing politicians of the need for
additional lanes, It seems that the inclusion of strategically
located additional lanes on one partlcular freeway would be
preferable to an underdesigned freeway which would require
another freeway nearby to help carry future traffic, especially
at such a low additional cost.

The design and the lmplementation of that design requires
more than one department being involved. From several comments,
, 1t was deduced that no department involved in freeway design
1s completely satisfied with either their final product or
information supplied from other departments, The solution would
appear to be in a team approach to not only freeway design, but
to any large engineering undertaﬁing. The structure of existing
hierarchies, which dictates a circular flow of information, just
doesn't have it. A memo requesting information written by a
subordinate, checked by a supervisor, signed by a department
head, sent to another department head, and passed down 2 or 3
steps to the poor guy who must decipher the messace ané return
some answer - through the same channels - will not satisfy either
party involved, It would seem that if all interested parties
involved, in this case Planners, Traffic Engineers, Designers,

and Politicians, would sit down together and discuss the project
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and all it's consequences, a much more effective design could
be arrived at and ultimately implemented.

Further Studiles Suggested

The test sectlon used in this study presently has no more
than 3 lanes along it's entire length. The methods tested have
been designed for wider freeways, 6 to 8 lanes with 2 or 3 lane
ramps. A check of a faclillity this size might prove interesting,
possibly a section where no great traffic problems occur,

A more detailed study of this area might also prove interest-
ing. The scope of this study limited research to simply fore-
cast and present traffic counts. Determining turning movements,
percent trucks, and other traffic characteristics would defi-
nately aid in the final analysis., -

However, the author feels, that even without further test-
ing these methods have merit and should be incorporated into
the design of future urtan freeway systems. The ultimate test
will be the operational capabilities of a freeway network design-

ed with the techniques of lane balance and the basic number of

lanes.
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The transferance of people and goodis from one point to
another in present day urban areas 1s becoming an increasingly
complex problem. In almost all cases the trir can be considered
as a Joint commodity, secondary to the real purpose, be 1t work,
shop, social, or whatever, Therefore, the trip should be completed
as quickly as possible, Traffic congestion, caused by btottlenecks
on the system, delays this movement and therefore an attempt must
be made to eliminate it. |

When freeway design is based strictly upon volume<capacity,
as most are today, the greatest importance is placed upon the
traffic forecast, This forecast, usually 20 years in the future,
1s based upon other forecasts, namely population and land use.
Either one of these forecasts may be completely inaccurate, thus
resulting in an inaccurate traffic forecast., Even with accurate
population and land use forecasts, the process of forecasting
traffic is not completely foolproof., To base a design strictly on
a foundation as instable as this doesn't make sense. Some method
to provide more flexibility into the design would seem to be
desirable,

Five years ago, Jack Lelsch proposed two new concepts for the
process of freeway design. These tools, lane balance and basic
number of lanes, seem to provide a systematic metﬁod for ironing
out the bugs that appear in s strict volume-capacity design.

This paper presents the results of a test of this method con-
ducted in Kansas City. It appears that the new techniques give
very satisfactory results. The new hypothetical design provides

additional ramp lanes, at very low cost, at the two bottleneck



interchanges in the study system. Perhaps lane balance and basic
numter of lanes provide the factor of safety prevalent in other

Engineering design, but seemingly lackling in highway design.



