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ABSTRACT
PLANNING CRITERIA FOR INTERCHANGES

TANRIVERDI, Ela
M.S. in Civil Engineering
Supervisor: Assoc.Prof.Dr. Ayhan INAL
January, 1992, 176 pages

When two or more highways cross each other, an intersection is

formed. Depending upon the traffic volume of crossing highways; some
arrangements may be necessary on the intersection to provide the traffic flow
without any problem. Some of the problems may be named as reduction on
vehicular speed resulting in delays, decrease of capacity, increase in accidents and
increase in cost of operation. The above mentioned problems become more
important when the crossing roads are high standard highways such as freeway.
In order to avoid from such problems, proper intersection types should be
selected by the planners. In this study the various types of intersections are
throughly examined with possible uses in relation with the traffic and operation,
site conditions, safety and economy. Planning criteria were applied as a case
study to an existing interchange on a freeway.

The application of grade-separated intersections on urban roads were
also studied. Ismet Inénii Intersection was chosen as the case study to apply the
planning criteria of an urban GSI. For this intersection traffic volume counts and
signal timing were obtained from EGO and TSM respectively which were used
with actual field measurements. Capacity, level-of-service and economic
evaluation were made and the benefits derived through such an investment were
evaluated.

Key words: Transportation, Intersections, Interchanges, Economic Evaluation.

Science Code: 624.04.01



oz
COK KATLI KAVSAKLARIN PLANLAMA KRITERLERI

TANRIVERD], Ela
Yiiksek Lisans Tezi, Ingaat Miihendisligi Anabilim Dah
Tez Yéneticisi: Dog.Dr. Ayhan Inal
Ocak, 1992, 176 sayfa

Kavsaklar iki veya daha ¢ok sayida yolun kesigmesi ile olusurlar. Bu
kavsak noktalarinda trafik akisinin problemsiz olarak saglanmas: igin, kesisen
yollardaki trafik hacmine bagh olarak bazi diizenlemeler gerekli olabilir. Arag
hizlarindaki diigme ve bunun sonucu ortaya ¢ikan gecikmeler, kesigen yollarin
kapasitelerinin azalmasi, kaza olasihigmmn yiikselmesi ve tasit igletme
giderlerinin artig1 kavsaklarda ortaya cikabilecek belli bagh problemlerdir.
Kesisen yollarn, otoyollar gibi yiiksek standartli olmasi, ortaya cgikabilecek
problemleri daha Onemli kilar. Kavsak tipinin dogru secimi ise, ortaya
¢ikabilecek problemleri azaltir. Bu amagla bu ¢ahsmada kavsak tipleri ile ilgili
genis bir aragtirma yapildi. Cok kath kavsaklarin tipleri ve uygulanabilirlikleri;
trafik, arazi sartlari, emniyet ve ekonomik faktOrler acisindan incelendi.
Planlama kriterleri otoyol iizerinde bir kath kavsak Ornegi ile desteklenerek
~aciklandi. Kath kavsaklarin kent igindeki yollarda uygulamglan aragtirilds.
Cok kath kavsaklarin planlama kriterlerinin  kent igindeki uygulamasi
Ismet In6nii Kavsag iizerinde yapidi Kavsaktaki arag sayimlan EGO’dan,

iv



sinyalizasyon gemasi ise Trafik Sube Miidiirliifiinden temin edildi. Diger gerekli
6lciimler ise cahgmalar swrasinda arazide gerceklestirildi. Ismet Inonii
Kavsag icin yapilan kapasite, hizmet seviyesi ve ekonomik analizler sonucunda

bu uygulamadan elde edilen faydalar arastirildi.

- /
Anahtar Kelimeler: Ulagﬁn, Kavsaklar, Cok Kath Kavsaklar, Ekonomik

Degerlendirme.

Bilim Dali Sayisal Kodu: 624.04.01
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CHAPTER 1

INTRODUCTION

An intersection for overland traffic systems is defined as the area
where two or more highways join or cross. A highway radiating from an
intersection and forming part of it is called as an intersection leg. It is better

to avoid from using intersections more than four legs.

The efficiency, safety, speed, cost of operation and capacity on a
highway depend on the intersections on that highway. It is very important to

use appropriate intersection wherever it is necessary.

Since delays generally occur on intersections and it is also delays
which determine the level-of-service of the highway, intersections are

important components of highways and traffic circulation.

On an intersection, delays begin to occur when the traffic volume
approaches capacity. The implication of these delays is not only the loss of

time but also monetary loss.



There are three general types of intersection, intersections at
grade, grade separation without ramps and grade-separated intersections. This
study is generally focused on AGI and GSI. It is observed that grade-
separated intersection and interchange has the same meaning in literature.
Hence, in this study not only GSI but also interchange is used in various

places.

A traffic interchange is a combination of ramps and grade
separation at the intersection of two or more highways. Interchanges increase

capacity, safety and reduce traffic conflicts.

There exists no strict rules or procedure for planning the
intersections. AGI and GSI have different field of application. For example
ac‘cess to freeways should be made by GSI. On the other hand, interchange
type determination is another problem which is effected from se\’zeral factors

out of which traffic, economical factors, site conditions and safety

considerations are the most pronounced ones.

In Turkey, although each above-mentioned factor seems to have
the same significant effect on deciding the interchange type; economic factors

have frequently the strongest effect on the decision.



The aim of this study is; to put together the ways of planning
interchanges, to make it clear where to use and what kind of interchanges

should be used for different cases.

The study presents a brief summary of intersections. Then
ad\}antages and disadvantages of using interchanges are shown and the
general principles of interchange planning adopted by KGM are summarized.
Next, an "interchange alternative comparison" study which was made during
the preliminary planning studies on Ankara ring road is explained. Meanwhile,
the application of GSI on urban roads is searched. Finally the planning
criteria of urban GSI is applied to an existing congested intersection as a case
study and the benefits from the implementation of an urban GSI are briefly

»

explained and discussed.



CHAPTER II

INTERSECTIONS

2.1. Classification of Roads

In order to provide the traffic flow properly, it is necessary to join
roads within an order. Roads which carry fast and dense traffic should be

connected to roads in neighbouring areas.

In order to understand the hierarchical order of roads, one should

know the general classification of roads.

Roads are classified into four categories;
a) Primary distributor roads

b) District distributor roads

¢) Local distributor roads

d) Access roads

Figure 2.1 is given to describe the differences between above-

mentioned road classification by the aid of following definitions:



=== Primary Distributors
e District Distributors
—— Local Distributors
--- Access Roads

/// Environmental Areas
Figure 2.1. Classification of Roads (7)
i) Primary Distributors: Roads between metropolitan areas should
be linked to primary distributor roads. At-grade intersections, may cause

congestions on these roads.

if) District Distributors: These roads connect the primary



distributors with districts. Districts are classified as industrial, business or

administrative zones.

iii) Local Distributors: These roads distribute traffic within
environmental areas and provide the link between district distributor with

access road.

iv) Access Roads: Access to buildings are accomodated by these

roads.

2.2. The Hierarchical Order of Roads

Through traffic on an area is the traffic which has an origin and
destination out of this area. If the through traffic must use the local roads of
a city, both the city traffic and the through traffic effect each other. Roads
should be linked each other within an hierarchical order in order to prevent

this influence.

Both the capacity of the road and that of the junctions on a road
should be balanced. If the junction has a higher capacity than the

intersected roads that would mean waste of money, meanwhile if the junction



has inadequate capacity, than it will create bottleneck in traffic

operations.

It is very important to plan junctions with sufficient capacity to
meet the requirements also effecting its design; such as composition of traffic,
speed, distribution and future growth of traffic. Where it is necessary to make
some arrangements on a junction; signalization, channelization, over and

under passes are necessary to meet the free flow of traffic.

2.3. Definition of Intersection

Intersection is the area where roads cross each other in order to

, provide changes in travel direction for defined destination. Each intersection
has through or cross traffic movements on one or more of the highways.
Turning movements between these highways can be implemented by many
methods. The chosen method is a very important factor effecting the type of

intersection. In general terms, intersections can be classified as shown in

Fig.2.2.



SUONOSSISIU] JO UOHBOYISSEL) oY [, * 27 oIndig

(e} eboclitilely)
102ITPTIIDS
pue 100nQq
JealIA0)
g
JeOLIDA0LD)
renreq
Jueyoroug
uﬂa.wva:@ °
auo ur dwiey 21O
pUOUrEI(] 98ueydI0IU]
So1-901y],
odKy x
2dAy g,
pazisuuryou) uonossIAl L
3oy
suue 1
pazippuuey) Uo1109s191u] |
go1-1mnog
pazippuueyduy)
V| UOTIOOSIOW] ¢ |
pazijauury)

Zo1-0a1y],

UOTIO3SIANUY
pateredog-oprin)

UOTIOISINU]

uonoISIANU]
apeIn-1Y




2.4. Types and Examples of At-Grade Intersections

By the use of intersections, the conflicts between pedestrian and

vehicular flows decrease and the comfort of road users is improved.

The basic types of at-grade intersections are;

i) Three-Leg intersections
ii) Four-Leg intersections

iii) Multileg intersections (10)

For all these intersection types, different kinds of traffic control
such as signalization or stop controls shall have to be implemented for traffic

operations.

Although the traffic volume is not generally very heavy to verify
the controls, limited sight distances may make it necessary to use stop signs
or signals. On the other hand, the peak traffic volumes make it necessary to

provide sufficient pavement widths and channelization[1] measures.

If the intersections are close to each other, certain turns may be



prohibited at some intersections; but if they are spaced widely, all of the at-

grade intersections need to provide crossing and turnings.

2.4.1. Three-Leg Intersections

Three-leg intersections have three intersecting legs. Intersections
with three legs may be called as "T" intersection or "Y" intersection depending
on which letter more nearly represents the general layout of the intersection

as shown on Fig.2.3 (9).

60" to 120°
N <eor

< L]

'Figure 2.3, Three-Leg Intersections (9)

10



If the speeds are high and number of turnings are high, it is
necessary to use flaring for increasing safety. Flaring is defined as the
enlarged road section where the number of traffic lanes or the pavement

width exceeds those of the normal section of highway.

In Figure 2.4(a), an intersection with auxiliary lane is shown. This
auxiliary lane is useful for the right-turning and through traffic. Drivers who
decide to turn right must use the added lane so that the through traffic shall

not be significantly effected.

In Figures 2.4(b) and (c) different arrangements of flaring are
shown. Figure 2.4(b) must be used where left-turn and through traffic are
he?vy. The through traffic can continue directly on its way without any
deceleration by the use of added lane and the left-turn traffic can be slowed

down for turning moments.

11
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(a) "T" intersection with right-turn lane

(c) "T" intersection with right hand passing lane and right-turn lane

Figure 2.4. "T" Intersections with Auxiliary Lane (2)

12



2.4.2. Channelized Three-Leg Intersections

In Figure 2.5 and 2.6, "T" intersections with islands are shown.

The islands used in Figures 2.5(a) and (b) are directional islands.
Directional islands separate right-turning traffic from through traffic. By the
help of these islands, right-turning vehicles complete their turnings easily and
drivers feel more confident, on the other hand these directional islands do not

have any effect on left-turning vehicles.
In Figure 2.6(a) and (b) "T" intersection with divisional and
directional islands are shown. Divisional islands are used to separate streams

of traffic travelling in the same or opposite direction.

Figure 2.6(b) is suitable arrangement for intersections carrying

intermediate and/or heavy traffic flows.

13
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(a) with single turning roadway
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(b) with a pair of turning roadways

Figure2.5. Channelized "T" intersections (2)
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(a) with divisional islands and right passing lane

(b) with divisional island and turning roadways

Figure2.6. Channelized "T" Intersections (2)

15



2.4.3. Four-Leg Interseections

Four-leg intersection is the intersection having four intersecting

approach legs.

Divisional and directional islands can also be employed for four-
leg intersections. Flaring may be applied to increase the capacity wherever

necessary.

In Figure 2.7. the simplest form of four leg intersection is shown.

This type may be applied where the intersecting legs carry light traffic

-

-

—}/V‘\‘*

Figure 2.7. Unchannelized Four-Leg Intersection (2)

volumes.
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A typical four-leg intersection is shown in Figure 2.9. The reason
of using auxiliary lanes is that one of the intersected highways has heavy

through and turning traffic and needs additional capacity.

Figure 2.8. Unchannelized Four-Leg Flared Intersection (2)

2.4.4. Channelized Four-Leg Intersections

Figure 2.9 shows a four-leg intersection with directional islands.
Since the right-turning traffic is heavy on one of the crossroads, directional

island is used. These directional islands do not help to the left-turning traffic.
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Figure 2.9. Channelized Four-Leg Intersection (2)

Figure 2.10 shows a typical four-leg intersection which carries
heavy traffic with high speeds. The use of divisional and directional islands

help the turning maneuvers and let drivers feel more confident.

2.4.5. Multileg Intersections

Multileg intersection is an intersection type having more than four

intersecting approach legs.

Multileg intersection is preferable if some control devices as

18



Figure2.10. Four-Leg Channelized Intersection (2)

signalization, channelization or stop controls are provided. If there are no
control devices, some different arrangements must be provided. For example,

excessive approach legs can be connected at adjacent intersections in order

to provide safety.
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Figure 2.11. Multileg Intersection (2)
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Figure 2.11 shows the simplest use of the principle mentioned

before.

A rotary intersection can be accepted as a channelized multileg
intersection. Although the approach legs do not intersect each other, they are
connected by a so-called continuous one-way circular roadway. A rotary

intersection is illustrated in Figure 2.12.

entrance 7 exit
e

Central

Island

directional island

Figure 2.12. Rotary Intersection (9)
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NOTES

[1] " Channelization of intersections at grade is the separation of
regulation of conflicting traffic movements into definite paths of
travel by the use of pavement markings, islands to facilitate the safe
and orderly movement of both vehicles and pedestrians" (10). Proper

channelization increase capacity, safety and driver confidence.
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CHAPTER III

INTERCHANGES
3.1. Definition of Interchange

Interchanges are the intersections of two or more highways on
different grades. Ramps are essential components of most of the interchanges.
Because they increase the capacity, pr‘ovide safety and usually remove the

»\turning _conflicts, all connections to freeways are to be provided by
interchanges. On freeways, at-grade intersections could cause big hazards or
bottlenecks therefore, it is better to avoid from their use on high speed

s

highways such as freeways.

3.2. Advantages of Interchanges
The advantages of using interchanges are as follows;

i) Depending on the type of the interchange used, the capacity of

the through traveled flows in the interhange is almost equal to the



approaching traffic to the interchange.

ii) The safety for through and left turning maneuvers increase and
usually travellers who would like to turn right make the same maneuver as

they do at the at-grade intersection.

iii) In interchanges, through travellers don’t have to stop or change
their speed. On the other hand, drivers making turning maneuvers should
slow down slightly. Turning maneuvers in interchanges provide comfort, large

saving of time and low operating cost.

iv) Interchange designs are flexible and may be adaptable to
several intersections. Especially on rolling or hilly topography they are very
desirable. An at-grade intersection of a through highway with a steep vertical

alignment could cause accidents if the speeds are high.

v) Interchanges are suitable for stage construction. Depending on
the planned type, some ramps may be added at later stages. Especially
directional, semidirectional and cloverleafs are available for stage

construction.
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vi) Interchanges are the most important components of freeways.

3.3. Disadvantages of Interchanges

Preliminary disadvantages of interchanges are their cost and the
necessary large right-of-way areas. The need of the available terrain for the
construction depends on the type of interchange, however it is a well-known

principle that GSI needs bigger field than AGI.

The disadvantages of different interchanges are explained below:

i) GSI are expensive. Right-of-way, construction and maintenance

costs of such interchanges are more than that for AGL

ii) Interchanges may not be safe if their patterns are complicated.
Especially unfamiliar drivers, feel difficulty using GSI. However, as time
passes and users get experience, better practice can be attained. On the other
hand, if every measure is provided for the construction of an interchange,

even the confusing layout of the interchange may not be considered as an
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