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An intersection is an area, shared by 
two or more roads, whose main 
function is to provide for the change 
of route directions.  

Intersections vary in complexity from: 

simple intersection: has only two 
roads crossing at a right angle 

complex intersection: three or more 
roads cross within the same area.  
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Drivers therefore have to make a 

decision at an intersection 

concerning which of the alternative 

routes they wish to take. 

Intersections tend to have a high 

potential for crashes. 
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The overall traffic flow on any 

highway depends to a great extent 

on the performance of the 

intersections,  

since intersections usually operate at 

a lower capacity than through 

sections of the road. 
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Intersections are classified into three 
general categories:  

grade-separated without ramps, 

  grade-separated with ramps 
(commonly known as interchanges), 

  and at-grade.  
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Basic Forms of Intersections 

T Y 
Scissors 

Cross Staggered 

Staggered and skewed multiway 

Basic forms of intersections 



Figure 7.1 shows different types of 
grade separated intersections,  
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Figure 7.1 Examples of Grade Separated Interchanges 
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Figure 7.1 Examples of Grade Separated Interchanges 
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Examples of Grade Separated Interchanges 
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Examples of Grade Separated Interchanges 



Figures 7.2 and 7.3 show different 
types of at-grade intersections. 

 

This Chapter presents  

the basic principles of the design  

of at-grade intersections. 
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Figure 7.2 Examples of At-Grade Intersections 
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(a) Raised Islands on a Three-Leg Intersection 

Figure 7.3 Examples of At-Grade Intersections in Urban Areas 
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(b) A Four-Leg Intersection 

Figure 7.3 Examples of At-Grade Intersections in Urban Areas 
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Figure 7.3 Examples of At-Grade Intersections in Urban Areas 

(c) A Y-Intersection 



7.1 TYPES OF AT-GRADE INTERSECTIONS 

The basic types of at-grade 

intersections are T or three-leg 

intersections which consist of three 

approaches;  

four-leg or cross intersections, which 

consist of four approaches;  

and multi-leg intersections, which 

consist of five or more approaches. 
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7.1.1 T Intersections 

Figure 7.4 on page 270 shows 

different types of T intersections 

Simplest shown in Figure 7.4a 

channelized one with divisional 

islands and turning roadways shown 

in Figure 7.4d. 
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Figure 7.4 Examples of T Intersections 
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Figure 7.4 Examples of T Intersections 



7.1.1 T Intersections 

Channelization involves the provision 

of facilities such as pavement 

markings and traffic islands to 

regulate and direct conflicting traffic 

streams into specific travel paths.  

 

Intersection Design 



7.1.1 T Intersections 

The intersection shown in Figure 7.4a is 

suitable for minor or local roads and may 

be used when minor roads intersect 

important highways with an intersection 

angle less than 30 degrees from the 

normal. 

 also suitable for use in rural two-lane 

highways that carry light traffic.  
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Figure 7.4 Examples of T Intersections 



7.1.1 T Intersections 

At locations with higher speeds and 

turning volumes, which increase the 

potential of rear-end collisions 

between through vehicles and turning 

vehicles. 

usually an additional area of 

surfacing or flaring is provided, as 

shown in Figure 7.4b. 
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7.1.1 T Intersections 

the flare is provided to separate right-

turning vehicles from through 

vehicles approaching from the east.  
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7.1.1 T Intersections 

In cases where left-turn volume from 

a through road onto a minor road is 

sufficiently high but does not require 

a separate left-turn lane, an auxiliary 

lane may be provided, as shown in 

Figure 7.4c. 
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Figure 7.4 Examples of T Intersections 



7.1.1 T Intersections 

Figure 7.4d shows a channelized T 

intersection in which the two-lane 

through road has been converted into 

a divided highway through the 

intersection. 

 intersection of this type probably will 

be signalized. 
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7.1.2 Four-Leg Intersections 

Figure 7.5 shows varying levels of 

channelization at a four-leg 

intersection.  

unchannelized intersection shown in 

Figure 7.5a on page 272 is used 

mainly at locations where minor or 

local roads cross. 
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Figure 7.5 Examples of Four-Leg Intersections 



7.1.2 Four-Leg Intersections 

 it also can be used where a minor 

road crosses a major highway.  

In these cases, the turning volumes 

are usually low and the roads 

intersect at an angle that is not 

greater than 30 degrees from the 

normal. 
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7.1.2 Four-Leg Intersections 

When right-turning movements are 

frequent, right-turning roadways, 

such as those in Figure 7.5b, can be 

provided. 

also common where pedestrians are 

present. 

Intersection Design 
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Figure 7.5 Examples of Four-Leg Intersections 



7.1.2 Four-Leg Intersections 

The layout shown in Figure 7.5c is 

suitable for: 

a two lane highway that is  

not a minor crossroad and that 

 carries moderate volumes at  

high speeds or  

operates near capacity. 
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Figure 7.5 Examples of Four-Leg Intersections 



7.1.2 Four-Leg Intersections 

Figure 7.5d shows a suitable design 

for four-lane approaches: 

carrying high through volumes and  

high turning volumes.  

This type of intersection is usually 

signalized. 
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Figure 7.5 Examples of Four-Leg Intersections 



7.1.3 Multi-leg Intersections 

Multi-leg intersections have five or 

more approaches. 

Figure 7.6  

Whenever possible, this type of 

intersection should be avoided. 
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Figure 7.6 Examples of Multileg Intersections 



7.1.3 Multileg Intersections 

 In order to: 

 remove some of the conflicting 

movements and  

 increase safety and operation,  

 one or more of the legs are realigned. 

Figure 7.6a, the diagonal leg of the 

intersection is realigned 
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7.1.3 Multileg Intersections 

This results in the formation of an 

additional T intersection  

 but with the multileg intersection now 

converted to a four-leg intersection.  

 two important factors to consider:  

 the diagonal road should be realigned to 

the minor road  

 the distance between the intersections 
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7.1.3 Multileg Intersections 

 realignment of a six-leg intersection 

Figure 7.6b, forming two four-leg 

intersections. 

 realignment to be made to the minor road. 

 forming two additional T intersections and 

resulting in a total of three intersections. 

Intersection Design 
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Figure 7.6 Examples of Multileg Intersections 



7.1.3 Multileg Intersections 

the distances between these 

intersections should be great enough 

to allow for the independent 

operation of each intersection. 
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Roundabouts 
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7.1.4 Traffic Circles 

 A traffic circle is a circular 

intersection that provides a circular 

traffic pattern with significant 

reduction in the crossing conflict 

points. 
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7.1.4 Traffic Circles 
 The Federal Highway Administration publication, 

Roundabouts:  

An Informational Guide,  

 describes three types of traffic circles:  

1. rotaries,  

2. neighborhood traffic circles, and 

3.  roundabouts. 
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7.1.4 Traffic Circles 

1. Rotaries have large diameters that 

are usually greater than 100m (300 

ft), thereby allowing speeds 

exceeding 45km/h (30 mi/h), with a 

minimum horizontal deflection of 

the path of the through traffic. 
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7.1.4 Traffic Circles 

2. Neighborhood traffic circles have 
diameters that are much smaller than 
rotaries and therefore allow much lower 
speeds.  

Consequently, they are used mainly at the 
intersections of local streets, 

 traffic calming aesthetic device. 

 they consist of pavement markings and do 
not usually employ raised Islands. 
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7.1.4 Traffic Circles 

3. Roundabouts have specific defining 
characteristics that separate them from other 
circular intersections. These include: 

Yield control at each approach 

Separation of conflicting traffic movements 
by pavement markings or raised islands 

Geometric characteristics of the central 
island that typically allow travel speeds of 
less than 30 mi/h 

Parking not usually allowed within the 
circulating roadway. 

Intersection Design 



7.1.4 Traffic Circles 

Figure 7.7a shows the geometric 

elements of a single-lane modern 

roundabout, 

Figure 7.7b shows a photograph of an 

existing roundabout.  
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Figure 7.7 Geometric 

Elements and Example 

of Roundabout 
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Figure 7.7 Geometric 

Elements and Example 

of Roundabout 











7.1.4 Traffic Circles 

 Roundabouts can be further categorized into six 

classes based on the size and environment in 

which they are located. 

1. Mini roundabouts 

2. Urban compact roundabouts 

3. Urban single-lane roundabouts 

4. Urban double-lane roundabouts 

5. Rural single-lane roundabouts 

6. Rural double-lane roundabouts 

 

Intersection Design 



Mini Roundabout 
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Table 7.1 Characteristics of Roundabout Categories 



Intersection Control 

8.2 CONFLICT POINTS AT 

INTERSECTIONS 



Intersection Control 

This figure will explained later in detail 
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8.2 CONFLICT POINTS AT INTERSECTIONS 

Conflicts occur when traffic streams 

moving in different directions interfere with 

each other.  

Three types of conflicts: 

merging, 

diverging, 

crossing. 
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. 

The number of possible conflict points at 

any intersection depends on:  

 the number of approaches,  

 the turning movements, and  

 the type of traffic control at the 

intersection. 



Intersection Control 

Crossing conflicts, however, tend to 

have the most severe effect on traffic 

flow and should be reduced to a 

minimum whenever possible. 
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8.2 CONFLICT POINTS AT INTERSECTIONS 

Figure 8.3 four-approach unsignalized 

intersection.  

 

There are 32 conflict points in this 

case. 
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Figure 8.3 Conflict Points at a Four-Approach Unsignalized Intersection 



Conflict points at a T-Intersection 

9 conflict points: 

3 crossing 

3 merging 

3 diverging 



Conflict points at a + Intersection 

32 conflict points: 

16 crossing 

8 merging 

8 diverging 

Conflict points at a O Intersection 

8 conflict points: 

0 crossing 

4 merging 

4 diverging 

Conflict Points at a + & O Intersection 



Conflict Points Exercise 

Examine the change in the number of 

conflict points at a four arm road 

intersection in the following cases: 

Converting the intersection into 3-arms 

instead of 4-arms 

Preventing left-turning movements 

Converting one road to one-way 
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Priority Intersections 
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Types of Intersection Control 

- Priority control 

- Roundabout 

- Traffic signals 

The choice of the type of control depends on: 

• The type of intersection 

• Traffic volume in each conflicting stream 
 

See the MUTCD for details 
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Figure 8.4 

Yield Sign 

All drivers on approaches with yield signs 

should slow down and give the right of 

way to all conflicting vehicles at the 

intersection. 



Intersection Control 

Figure 8.4 Stop Sign 

An approaching vehicle must stop before entering the 

intersection. 

Stop sign should be used only when it is warranted. 

Used at locations with high speed, restricted view and 

serious crashes. 



6.4 Priority Intersections 

Multi-way Stop Signs 

They require that all 

vehicles stop before 

entering the intersection. 

Used at low volume 

intersections and when 

traffic volumes on all 

approaches are 

approximately equal 

 

 



6.4 Priority Intersections 

They require that vehicles on the minor 

road must stop before entering the 

intersection. 

Used on a major-minor road intersection. 

Two-way Stop Signs 
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Two-way Stop Signs 
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Two-way Stop Signs 
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TWSC Intersections 
HCM Method 



6.4 Priority Intersections 

6.4.1 Capacity of Two-Way stop-controlled Intersections - HCM Method 

Capacity analysis at two-way stop-controlled (TWSC) intersections 

depends on a clear description and understanding of the interaction of 

drivers on the minor or stop-controlled approach with drivers on the major 

street.  

Both gap acceptance and empirical models have been developed to 

describe this interaction.  

Procedures described in this section rely on a gap acceptance model 

developed and refined in Germany.  

This model starts with calculation of the conflicting traffic for minor-street 

movements; as follows: 
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6.4.1 Capacity of Two-Way Intersections - HCM Method 

CONFLICTING TRAFFIC 

 

Each movement at a TWSC intersection faces a different set of 

conflicts that are directly related to the nature of the movement.  

These conflicts are shown in the following Table, which illustrates 

the computation of the parameter vc,x, the conflicting flow rate for 

movement x, that is,  

 

vc,x   =   the total flow rate that conflicts with movement x (veh/h). 

 

 



6.4 Priority Intersections 

6.4.1 Capacity of Two-Way Intersections - HCM Method 

CONFLICTING TRAFFIC 

One stage and two stage: 

 

Two-Stage Process 
The Table also identifies the conflicting flow rates for each stage of a 

two-stage gap acceptance process that takes place at some 

intersections where vehicles store in the median area. 

  

If a two-stage gap acceptance process is present, the conflicting 

flow rates shown in the rows labeled Stage I and Stage II should be 

determined for the movement in question.  

The potential capacity will be calculated for each stage.  

The minimum value of capacity will be considered. 

 



6.4 Priority Intersections 

6.4.1 Capacity of Two-Way Intersections - HCM Method 

One-stage Process: 
 

The Table also identifies the conflicting flow rates for 

each stage of a two-stage gap acceptance process that 

takes place at some intersections where vehicles store in 

the median area.  

If a two-stage gap acceptance process is not present, 

the conflicting flow rates shown in the rows labeled 

Stage I and Stage II should be: 

 added together and considered as  

 one conflicting flow rate for the movement in question. 
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POTENTIAL CAPACITY 

6.4 Priority Intersections 

The gap acceptance model used in this method computes the potential capacity 

of each minor traffic stream in accordance with this equation: 
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Where 

cp,x  = potential capacity of minor movement x (veh/h),  

vc,x  = conflicting flow rate for movement x (veh/h),  

tc,x = critical gap (i.e., the minimum time that allows intersection entry for 

 one minor-stream vehicle) for minor movement x (s), and  

tf,x = follow-up time (i.e., the time between the departure of one vehicle from 

 the minor street and the departure of the next under a continuous queue 

 condition) for minor movement x (s). 



 

The following notes apply to the 

previous Table: 

 

A.If right-turning traffic from the major 

street is separated by a triangular 

island and has to comply with a yield or 

stop sign, v6 and v3 need not be 

considered. 

B.If there is more than one lane on the 

major street, the flow rates in the right 

lane  are assumed to be v2/N or v5/N, 

where N is the number of through 

lanes. The user can specify a different 

lane distribution if field data are 

available. 

 



 

C.If there is a right-turn lane on the major 

street, v3 or v6 should not be considered. 



A.If right-turning 

traffic from the major 

street is separated by 

a triangular island 

and has to comply 

with a yield or stop 

sign, v6 and v3 need 

not be considered. 



A.If right-turning traffic from the major street is 

separated by a triangular island and has to comply 

with a yield or stop sign, v6 and v3 need not be 

considered. 



 



 



 

The following notes apply to the 

previous Table: 

C. If there is a right-turn lane on the 

major street, v3 or v6 should not be 

considered. 

D. Omit the farthest right-turn v3 for 

Subject Movement 10 or v6 for Subject 

Movement 7 if the major street is 

multilane. 

E.If right-turning traffic from the minor 

street is separated by a triangular 

island and has to comply with a yield or 

stop sign, v9 and v12 need not be 

considered. 

F.Omit v9 and v12 for multilane sites, or 

use one-half their values if the minor 

approach is flared. 

 



6.4 Priority Intersections 

CRITICAL GAP (tc) 

The critical gap, tc, is defined as the minimum time interval in the major-street 

traffic stream that allows intersection entry for one minor-street vehicle (5).  

 A particular driver would reject any gaps less than the critical gap  

 

 FOLLOW-UP TIME (tf) 

The time between the departure of one vehicle from the minor street and the 

departure of the next vehicle using the same major-street gap, under a condition 

of continuous queuing on the minor street, is called the follow-up time, tf.  

tf is the headway that defines the saturation flow rate for the approach if there 

were no conflicting vehicles on movements of higher rank. 
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CRITICAL GAP 

Base values of tc and tf for passenger cars are given in next Table.  

The values are based on studies throughout the United States. 

 Base values of tc and tf for a six-lane major street are assumed to be the 

same as those for a four-lane major street.  

Adjustments are made to account for the presence of heavy vehicles, 

approach grade, T-intersections, and two-stage gap acceptance.  

The critical gap is computed separately for each minor movement by this 

equation. 

tc,x = tc,base + tc,HV PHV + tc,G G – tc,T – t3,LT   

 



CRITICAL GAP 

tc,x = tc,base + tc,HV PHV + tc,G G – tc,T – t3,LT   

6.4 Priority Intersections 

where 

tc,x  = critical gap for movement x (s), 

tc,base  = base critical gap from Exhibit 17-5 (s), 

tc,HV  = adjustment factor for heavy vehicles (1.0 for two-lane major 

 streets and 2.0 for four-lane major streets) (s), 

PHV = proportion of heavy vehicles for minor movement, 

tc,G  = adjustment factor for grade (0.1 for Movements 9 and 12 and 0.2 

 for Movements 7, 8, 10, and 11) (s), 

G  = percent grade divided by 100, 



tc,T = adjustment factor for each part of a two-stage gap acceptance  

          process, (1.0 for first or second stage; 0.0 if only one stage) (s), and 

 

t3,LT   = adjustment factor for intersection geometry (0.7 for minor-street 

left-turn movement at three-leg intersection; 0.0 otherwise) (s). 

CRITICAL GAP 

tc,x = tc,base + tc,HV PHV + tc,G G – tc,T – t3,LT   

6.4 Priority Intersections 



FOLLOW-UP TIME 

6.4 Priority Intersections 

The follow-up time is computed for each minor movement using next equation. 

Adjustments are made for the presence of heavy vehicles. 

tf,x = tf,base + tf,HV PHV  

where 

tf,x = follow-up time for minor movement x (s),  

tf,base = base follow-up time from Exhibit 17-5 (s), 

tf,HV adjustment factor for heavy vehicles (0.9 for two-lane major streets and 

 1.0 for four-lane major streets), and  

PHV proportion of heavy vehicles for minor movement.  

Values from the previous table are considered typical. If smaller values for tc and 

tf are observed, capacity will be increased. If larger values for tc and tf are used, 

capacity will be decreased.   



EXAMPLES 
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Problem 1 

 A cross- road intersection is 

controlled by priority rule. The 

percent of truck 10%, the grade 

is 4%. The demand flow in the 

design year is shown in (Fig 1). 

  

 Find the capacity of movements 

1, 7, 8, 9.and then  

 find RFC (Ratio of flow to 

capacity) & Comment.  

(Assume one stage) 

 
Fig (1) 
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Solution: 
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Assuming one stage 
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Solution: 



Problem 2 

 A cross- road intersection is 

controlled by priority rule. The 

percent of truck 10%, the grade 

is 4%. The demand flow in the 

design year is shown in (Fig 1). 

  

 Find the capacity of movements  

7, 8, 10 and 11. 

 Then find RFC (Ratio of flow to 

capacity) & Comment.  

(Assume two stage) 

 
Fig (1) 
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Priority Intersections 

Capacity of T- Intersection  

using the  

British Method 



6.4 Priority Intersections 

6.4.3 Capacity of T-Intersections Using British Method 

The capacity of a priority T-intersection is primarily 

dependent upon: 

The ratio of the flows on the major and minor roads; 

The critical (minimum) gap in the main road traffic 

stream acceptable to entering traffic; and 

The maximum delay acceptable to minor road vehicles. 

Empirical research has resulted in predictive capacity equations for 

T-intersections which where derived from traffic flow measurements 

and from certain broad features of junction layout.  

This empirical approach has been adopted by the Department of 

Transport in Britain.  

 



Arm A 

(Major) 
Arm C 

(Major) 

Arm B 

(Minor) 

qC-A 
qC-B 

qA-C 
qA-B 

qB-A 
qB-C 

6.4 Priority Intersections 

6.4.3 Capacity of T-Intersections Using British Method 

A T-intersection has six separate traffic stream (shown in the next figure), of 

which: 

 The through streams on the major road (C-A and B-C) and the right-turn 

stream off the major road (A-B) are generally assumed to be priority streams 

and to suffer no delays from other traffic;  

While the two minor road streams (B-A and B-C) and the major road left-

turn stream (C-B) incur delays due to their need to give way to higher priority 

streams.  



The predictive capacity equations for the three non-priority streams are as 

follows: 

qs B-A = D{627 + 14 WCR – Y[0.364 qA-C + 0.114 qA-B+ 0.229 qC-A +0.520 qC-B]} 

qs B-C = E{745  – Y[0.364 qA-C + 0.114 qA-B]} 

qs C-B = F{745  – 0.364 Y[qA-C +  qA-B]} 

where  

Y = [1- 0.0345W] 

D = [1+0.094(WB-A – 3.65)] [1+0.0009(Vl B-A – 120)] [1+.0006(Vr B-A -150)] 

E = [1+0.094(WB-C – 3.65)] [1+0.0009(Vl B-C – 120)]  

F = [1+0.094(WC-B – 3.65)] [1+0.0009(Vl C-B – 120)]  

6.4 Priority Intersections 

6.4.3 Capacity of T-Intersections Using British Method 

WCR = is the average width of the central reserve lane, at the 

intersection, on a dual carriageway road.       



Y = [1- 0.0345W] 

D = [1+0.094(WB-A – 3.65)] [1+0.0009(Vl B-A – 120)] [1+.0006(Vr B-A -150)] 

E = [1+0.094(WB-C – 3.65)] [1+0.0009(Vl B-C – 120)]  

F = [1+0.094(WC-B – 3.65)] [1+0.0009(Vl C-B – 120)]  

WB-A and WB-C = the average widths of each of the minor road approach lanes 

for waiting vehicles in streams B-A and B-C, respectively, measured over a 

distance of 20 m upstream from the give Way line (2.05 – 4.70 m).   

WC-B = the average width of the left-turn (central) lane on the major road, or  

2.1 m if there is no explicit provision for left turners in stream C-B (2.05 – 4.70 m)..

  

Vl B-A , Vr B-A and Vl B-C = the left and right visibility distances, available from 

the minor road (22 - 250 m).  

Vl C-B = the visibility available to left-turning vehicles waiting to turn left from the 

major road (22 - 250 m).    

W = the average major road carriageway width at the intersection; in the 

case of dual carriageways and single carriageways with ghost or raised islands, 

W excludes the width of the central (turning) lane.      



6.4 Priority Intersections 

6.4.3 Capacity of T-Intersections Using British Method 

Consider the following remarks when applying the mentioned method: 

 All capacities and flows are in passenger car units per hour (pcu/h), 

and distances are in meters ;  

 Capacities are always positive or zero, if the right-hand side of any 

equation is negative, the capacity is taken as zero; 

 The ranges within which the geometric data are considered valid are:  

W  = 2.05 – 4.70 m,  

Vr   = 22-250 m, 

Vl   = 17-250 m, 

WCR = 1.2-9 m (dual carriageway sites only), 

W = 6.4 - 20 m 
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