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What do you need to know? 

 Given the example Volume 

 How many lanes for each direction? 

 What type of controls? 

 Geometric design and layout? 

 Control strategies?  (signal phase, settings) 

 Factors (other than volumes) to be considered in the design? 



 Intersection Design shall take into account: 

 Human factors: accommodate different populations 

 Traffic conditions: volume distribution in each approach  vehicle 

type distribution (e.g. bus, trucks) pedestrian needs 

 Physical elements: e.g. parking, intersection angles, location of   

control devices, curb radii,. sight distance 

 Economic factors: Costs of improvements and Benefits to users 

and environments 

 

 



Sizing the Intersection 

 Unsignalized intersections (stop or yield) 

 Signalized intersections 

How to determine? (M U T C D) 

 



Warrants for Traffic Signals 
 Warrant1: Vehicle volume (8 hours of peaks and off-peaks) 

 “heavy volumes on conflicting cross-movements that make it impractical 

for drivers to select gaps in an uninterrupted traffic stream through which 

to safely pass” 

 Min vehicular volume - Condition A 

 How to define “heavy volumes”? 

 “vehicular volumes on the major street are so heavy that no minor-street 

vehicle can safely pass through the major-street traffic stream without the 

aid of signals 

 Interruption of continuous traffic- called Condition B 

 

 



 The warrants are met when: (Table 16.4) 

 Either Condition A or Condition B is met to the 100% level. 

 Both Conditions A and B are met to the 80% level 

 Either Condition A or B is met to the 70% level; where the intersection is 

located in an isolated community of population 10,000 or less or the 

major street speed is ≥ 40 mph. 

 

 

Major street 

(2 or more lanes) 

vph on major street 

 (both directions) 

vph on the minor street  
(the higher volume direction) 

100% 80% 70% 100% 80% 70% 

Minor street  

(1 Lane) 

600 

vph 

480 

vph 

420 

vph 

150 

vph 

120 

vph 

105 

vph 

Ex. (Table  16-4) 

Warrants for Traffic Signals 



 

Major street 

(2 or more lanes) 

vph on major street 

 (both directions) 

vph on the minor street  
(the higher volume direction) 

100% 80% 70% 100% 80% 70% 

Minor street  

(1 Lane) 

900 

vph 

720 

vph 

630 

vph 

75 

vph 

60 

vph 

53 

vph 

For Condition B 

Warrants for Traffic Signals 



 Warrant- 2: Four-hour Vehicular Volume 

 For situation where volume levels requiring signal control might exist for 

periods shorter than eight hours.  (See Figure 16.5) 

 

 

Warrants for Traffic Signals 



 Warrant- 3: Peak hours (3 conditions exists in one hour) 

 Total stopped-time delay on one minor street (Controlled by “stop” sign) 

      ≥ 4 veh-hours (for one-lane) 

      ≥ 5 veh-hours (for two-lanes)  

 Volume on the same minor street 

      ≥ 100 vph (for one-lane) 

      ≥ 150 vph (for two-lanes)  

 Total volume entering the intersection 

      ≥ 650 vph (for T-intersection) 

      ≥ 800 vph (for 4-leg intersection) 

 

 

 

Warrants for Traffic Signals 



 Other Warrants: Based on 

 Pedestrian volume 

           E.g. 100 per hour on Average 

                   190 during any hour 

 School crossing  

 Coordinated signal system  

 Crash experience 

 

Warrants for Traffic Signals 



 How many lanes for each intersection approach? 

 For unsignalized intersections 

    Total volume on the minor street   

    100 vph ~ 500vph     

    Major street volume ≑ 500vph 

   

    Volume on the minor street   

  ≥ 500 vph      

     

     (See Table 19.1) 

 

Warrants for Traffic Signals 

1 lane 

2 lane 



 How many lanes for each approach? 

 

 

 Answer: Based on the actual volume, critical lane volume and the 

desired level of service 

Signalized Intersection 



Critical Lane Volumes 
 The maximum critical lane volume an intersection can    provide: 

 

 
 

       h= average headway on the lane group or approach 

       N= number of phases per cycle 

       tL= Lost time per phase; C = cycle length 

 The actual critical lane volumes 
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(highest volume in each lane group or each phase) 

(Wed. Lab class will provide you with a software) 



Critical Lane Volumes 
Based on the ratio between = Actual total Critical lane volumes 

            Max. Critical lane volume 

            (Capacity of LOS – F) 

Determine the level of services, or the required # of Lanes 

  

Level of Service  A:      Free flow speed, No delay 

   B:  ¦      

   C:  ¦ 

   D:     Design target 

   E:  ¦ 

   F:     Unacceptable 

 



Example of Critical Lane Volume Analysis 
 

 

 

 

 

 

 

 

 

 

Total Critical Lane Volume  = 500 + 250 + 180 

      = 930 vph       

Max VC (Capacity) = 1108 vph      

 

V/C = 930/1108 = ? 

 

*

CV

0.83 



Intersection Channelization 

 What do you need to know? 

 General design principles 

 Design for A typical 4-leg intersection 

 Design for intersections at skewed angles 

 Design for T-intersections 

 Special treatments for heavy left-turn movements 



Intersection Channelization 
 General principles  ~  by AASHTO 

a) Vehicle paths may be confined so that no more than 

two paths cross at any one point 

b) The angles at which merging, diverging, or weaving 

movements may be controlled 

c) Pavement area may be reduced, decreasing the 

tendency to wander and narrowing the area of 

conflicts between vehicle paths 

d) Clearer indications of proper vehicle paths may be 

provided 

 



Intersection Channelization 
e) Predominant movements may be given priority 

f) Areas for pedestrian refuge may be provided 

g) Separate storage lanes may be provided to permit 

turning vehicles to wait clear of through traffic 

h) Space may be provided for the mounting of traffic 

control devices in more visible locations 

i) Vehicle speeds may be somewhat reduced 

 



Intersection Channelization 

 Some Examples 

 

Figure 19.1: A Four –Leg Intersection with 

Partial Channelization for SB-EB and EB-

SB Movements 

Figure 19.2: A Four-Leg Intersection 

Channelization for Major SB-EB and 

EB-SB Movements 



Intersection Channelization 

Figure 19.4: Channelization of a Complex Intersection (Used with permission 

of Institute of Transportation Engineers, R.P. Kraer, “New Combination of Old 

Techniques to Rejuvenate Jammed Suburban Arterials” Strategies to Alleviate 

Traffic Congestion, Washington DC, 1988) 

Length as 

determined from 

signal cycle and 

maximum queue 

expected 



 

(b) Channelized Right Turn with Acceleration and 

Deceleration Lanes 

 

(a) Simple Channelized Right Turn 

No acceleration or deceleration 

lanes 

Problem: queued vehicles may 

block access to right-turn lane 

“D” should be long enough to 

encompass the longest expected queue 

plus one vehicle 

Ld allows right-turning vehicles to 

decelerate 

La allows right-turning vehicles to 

decelerate 

 



 

Figure 19.7: Potential Realignment for Rural Intersection 

Route 160/190 Route 190 Route 160/190 

 

Route 190 

 

Figure 19.8: An Alternative Solution Using Channelization 

 

Route 106/109 

  

Right Lane Must 

Turn Right 



Figure 19.12: A Channelized T-Intersection with Improved Signalization 

(a) A Channelized T- Intersection 

(b) Signal Plan with Protected Left Turn and YIELD-Controlled Right Turns 



Figure 19.13: T-Intersection and Signal Plan with Right-Turn Lane Drops and Lane Additions 



(a) Left-Turn Trajectory Problems Illustrated 

(b) Pedestrian Path Problem Illustrated 

Figure 19.16: Special Problems at Offset 

Intersections 

(a) Markings for Perpendicular Pedestrian Crossings 

(b) Markings for Diagonal Pedestrian Crossings 

Figure 19.17: Signing, Markings, and Pedestrian 

Signals for a Right-Offset Intersection 



Special Treatments for Heavy L-T Movement 

 

Figure 19.20: Jug-Handle Design for Left-Turning Vehicles 



Figure 19.21: Surface Loop Ramp Design for Left-Turns 

 



Figure 19.22: A Continuous-Flow Intersection 

 



(a) Left turns handled as U-turns on the 

primary arterial 

(b) Left turns handled as U-turns on 

the cross street 

 

(c) Left turns handled as U-turns using a right-side U-turn roadway 

 

(d) Left turns handled as U-turns using a left-side U-turn roadway 

 


