Lecture One

Introduction to Traffic Engineering

What is A Traffic?

Traffic can be defined as the movement of vehicles, pedestrians, and goods along a route, and in
the 21st century, the biggest problem and challenge for the traffic engineer is often the imbalance
between the amount of traffic and the capacity of the route, leading to congestion.
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What is Traffic engineering?

That part of transportation engineering deals with the planning, and geometric design of highways,
parking facilities, and the control of traffic to provide safe, convenient, and economical movement
of vehicles and pedestrians.
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Traffic Streams Components

Traffic Streams consist of; individual drivers, vehicles, and roadway and environment, as shown
inFig. 1
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Fig. 1. Traffic Streams Components.

Variability in Traffic Stream 5 954l Ll & ol

Traffic flow (movement of vehicles) involves variability unlike pipe flow (homogeneous).
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+ Driver’s behavior and vehicle characteristics typically vary.
+ No two traffic streams will behave exactly in the same way. 1
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4+ Although traffic characteristics vary there is a reasonable range.
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As we know the traffic flow varies by time and space and there are several constraints in terms of
physical constraints (due to the geometric design of the roadway) and complex driver behavior
(perception, reaction, attitude, and other characteristics). Fig. 2 shows the illustration of variability
for traffic flow by time and space with possible constraints.
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Fig. 2. The illustration of variability for traffic flow by time and space with possible constraints.

For example; in a 65 miles/hr roadway some drivers will drive 50 miles/hr and some will drive 80
miles/hr - - - -
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Before the traffic characteristics are displayed we shall see what are:
+ Facilities.
+ Basic flow parameters.
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Traffic Facilities Types 42540 (@84 g5

Traffic facilities are classified into two categories:
1. Uninterrupted flow, see Fig. 3.

2. Interrupted flow, see Fig. 4.
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Major Differences between Facilities Aalie osS5 eiuadl ial cld 3L) Y
The major difference between the two facilities: ) =l Q‘;L pladiul
+ Impact of time (no interventions at any time). | 2t 0S5 ceaiiall sl iy 3kl ¥
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» On uninterrupted facilities roadways are available to users all the time.

» But sections of roadways are not available to users because of traffic control (signal,
stop, and yield signs).




Uninterrupted Flow
Mohammad Al-Qasim
, Expressway

Interrupted Flow
Al-Nakhala Intersection

Fig. 4. Interrupted flow (Al-Nakhala Intersection) at Baghdad city- Palestine arterial street.

Traffic Stream Parameters sl Ll edlalaa

There are two classifications of traffic stream parameters; macroscopic parameters that describe
the traffic stream as a whole and microscopic parameters that describe the behavior of individual
vehicles within the traffic stream. Fig. 5 and 6 display the traffic stream parameters for both
classifications.
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Fig. 5. Types of traffic stream parameters.

Fig. 6. Explain the macroscopic and microscopic parameters.

Volume Traffic ¢osall aaad)

Volume is defined as the number of vehicles passing a point on the highway or a given lane or
direction of a highway at a specified time interval.
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Rate of Flow (&) Jia

The rate of flow is generally expressed in units of (veh/hr) but represents flows that exist for a

period of time less than an hour.

Example: 200 vehicles are observed for 15min.:
4+ The equivalent hourly volume will be 800 veh/hr. o "Sha (ielyfiS ) 4y, dels
4 Even though 800 veh/hr would not be observed OsSs dids Vo Jda ASye Yor s

if one hour was counted.
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Daily Volumes are used to document annual trends in highway use. The forecasts depend on trends
to help plan improvement or new facilities to accommodate the increased traffic demand.

There are four daily volume parameters used widely in traffic engineering:
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1. Average Annual Daily Traffic (AADT) =5 gsied) gl aaadl Jaza
The average of 24- hour traffic volume at a given location over a full year (365) days.
AADT = Traffic volume (24 hours)/365
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AADTSs are used in several traffic and transportation analyses for:

+ Estimation of highway user revenues.
4+ Computation of crash rates in terms of the number of crashes per 100 million vehicle

miles.

FFF

Establishment of traffic volume trends.

Evaluation of the economic feasibility of highway projects.
Development of freeway and major arterial street systems.
Development of improvement and maintenance programs.
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2. Average Annual Weekday Traffic (AAWT) <=3 goidl gogsal pasdl Juna
The average 24-hour volume occurs on weekdays over a full 365-day-year. The number of

weekdays in a year is usually (260) days.
AAWT= Traffic volume (24 hours)/260
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3. Average Daily Traffic (ADT) sl ugall paad) Jara
The average 24-hour volume occurs at a specific location over a defined time period of less
than one year. A common application to measure ADT for each month of the year.
ADT= Traffic volume (24 hours)/time periods usually a month

ADTs may be used for:
4+ Planning of highway activities.
+ Measurement of current demand.
+ Evaluation of existing traffic flow.
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Average Weekday Traffic (AWT) <& 5¥) cosoal paad) Jua

The average 24-hour weekday volume at a given location over a defined time period of less
than one year. A common application to measure AWT for each month of the year.
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Example: Daily Volume Estimation

G- SIADT o8
AWT
1. 2. 3 4. 5. 6. 7.
Month No. of Total Total Total AWT ADT
Weekdays Days in Monthly Weekday 52 43
in Month Month Volume Volume

(days) (days) (veh) (veh) (veh/day) (veh/day)
Jan 2 31 425,000 208,000 9,455 13,710
Feb 20 28 410,000 220,000 11,000 14,643
Mar 22 3l 385,000 185,000 8,409 12,419
Apr 2 30 400,000 200,000 9,091 13,333
May 21 3l 450,000 215,000 10,238 14,516
Jun 2 30 500,000 230,000 10,455 16,667 o psill e s
Jul 23 3l 580,000 260,000 11,304 18,710 7 ADT o dyadt
Aug 21 31 570,000 260,000 12,381 jan J A e
Sep 2 30 490,000 205,000 9318 1633 :1:: o i
Oct 22 3l 420,000 190,000 8,636 1358 i dabad
Noy 21 30 415,000 200,000 9,524 13,833
Dec 2 30| 400,000 210,000 9,545 12,903
Total 260 365 | 5445000 2,583,000

AADT=5,445,000/365=14,9i8 veh/dayAAWT=2,583,000/260=9,935
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Traffic volume varies considerably over the 24 hours of the day, with periods of maximum flow
occurring during the morning and evening commuter (rush hour) or (peak hour). The single hour
of the day that has the highest hourly volume is referred to as the peak hour.

The traffic volume within this hour is of greatest interest to traffic engineers for operational
analysis, planning, design, and usage.

Hourly Volume
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For design purposes, the peak-hour volumes are sometimes estimated from projections of the
AADT. AADTSs are converted to a peak-hour volume in the peak direction of flow. This is referred
to as the “directional design hour volume" (DDHV) and is found using the following relationship:
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DDHV = AADT * K * D [1] | deld 55 pal maall A Julaa 1K

Where: Fosodl paadl de j:\ gj‘:j:

K = proportion of AADT that occurs during design hour, )| e

D = proportion of peak hour traffic traveling in the peak direction. | sl dws Jiayy Ay daladl :D
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For design, the K factor often represents the proportion of AADT occurring during the 30th peak
hour of the year. If the 365 peak-hour volumes of the year at a given location are listed in
descending order as shown in Fig. 7, the 30th peak hour is 30th on the list and represents a volume
that is exceeded in only 29 hours of the year.
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Fig. 7. Variation of traffic volumes within hours of the year.



Factors K and D are based

on local or regional characteristics at existing locations. Table 1 present

the general ranges of K and D factors.

Table 1: The general ranges for K and D factors.

Normal Range of Values
Facility Type K Factor _D Factor o e 5 O
Rural — 0.15-0.25 0.65-0.80 D sk dalad
Suburban 0.12-0.15 0.55-0.65 e L L’i
- i K Jd , e
Urban: & Jhﬁélésm;_ N (g o o Jama) (g s -
Radial Route 0.07-0.12 0.55-0.60 (i -
Circumferential 0.07-0.12 | 0.50-0.55
Route -
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Subhourly Volumes and Rates of Flow

The hourly traffic volumes form the basis for traffic design and analysis, the variation of traffic
within a given hour is also of considerable interest. The quality of traffic flow is often related to
short-term fluctuations in traffic demand. A facility may have sufficient capacity to serve the peak-
hour demand, but short-term peaks of flow within the hour may exceed capacity and create a

breakdown.
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Volumes observed for periods of less than one hour are generally expressed as equivalent hourly

rates of flow.
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Example: 1,000 vehicles counted over a 15-minute interval could be expressed as:

1,000 veh/0.25 h
= 4,000 veh/h.
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The rate of flow of 4,000 veh/h is valid for the 15 minute Aelof A€ pe £0v s BN Jun leie e o

the period in which the volume of 1,000 veh was observed.




Table 2. llustrates the difference between volume and rates of flow.

Volume S . .
for Time Rate of Flow da:’:’“ ¢ &:: ‘o ‘JSJ 4"'33 ﬂ;&ﬁaﬁ‘ ‘EJ‘%‘ d
Interval for Time fﬁgﬁmj;f:i‘ g‘f . “:\ﬁd
T, | : . S5 g Jgaaa) e alld] (Gl
tj:..:!;:f Time Interval (veh) Interval (veh/h) i 1 5] s 15 IS 59,00 paad
Teve. 5:00-5:15PM 1000 [ 1,000/0.25 = 4000 o
*"“f"*‘-ﬂ_[s:ls 5:30 PM 1,100 | 1,100/0.25 = 4400 Yo
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Table 3 compares the demand and capacity for each of the 15-minute intervals. The queue at the
end of each period can be computed as the queue at the beginning of the period plus the arriving
vehicles minus the departing vehicles.

Table 3. Queuing Analysis for the Data of Table 2.
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Arriving Vehicles | Departing Vehicles | Queue Size at End of Period o -ﬁiu‘f“ ey AR ) 0

Time Interval (veh) (veh) (veh) e S35l Sl
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5:00-5:15PM 1,000 1,050 0 @S jall dda g haag
3:15-5:30 PM 1,100 1,030 0+1,100-1,050=350 8 dliall
53:30-5:45PM 1,200 1050 504 1,200 = 1,050 =200
3:45-6:00 PM 900 1,050 200+ 900~ 1,050 =30 ]

The rates of flow can be estimated for any period of time and researchers often use rates for periods
of 1 to 5 minutes, rates of flow for shorter periods often represent transient conditions that defy
consistent mathematical representations. ey a5 58 Y sl 38 Jaee lan o
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In recent years, however, the use of 5-minute rates of flow has increased, and there is some thought

that these might be sufficiently stable for use in design and analysis, particularly on uninterrupted

flow facilities. Despite this, most standard design and analysis practices continue to use the 15-
minute interval as a base period.
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Peak Hour Factor 55,3 dslu Jalaa
The relationship between the hourly volume and the maximum rate of flow within the hour is
defined by the peak-hour factor, as follows:
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Where:

V =hourly volume, vehs.  cils jadela JSA aaall

MaxVys = max15min volume within the hour, vehs. & 4ads Ve &8l A gl asall
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Usually, 15 minutes is considered to be theminimum period of time over which traffic can be

considered statistically stable.

e The peak hour factor (PHF) represents the uniformity of flow in the peak hour.
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The peak hour factor lies between 0.25-1 ~ Calp oLl Dl (sl o L) e

PHF = 4200/ (4*1200) = 0.875

¢ 0.25 When all traffic is concentrated in one 15-minute period.
e When traffic in all 15-minute periods is the same.

Under very congested conditions PHF~1.

Practical studies show that:
e PHF~0.7 for rural roadways.
e PHF~0.98 in dense urban roadways.

Speed and Travel Time

Speed is the second macrostepic pajameteridescribing the state of a traffic stream.

Speed is defined as a rate of motion in distance per unit of time. Travel time is the time taken to
traverse a defined section of the roadway. Speed and travel time are inversely related:
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Where:

S: speed in mi/hr;

D: distance traversed in mi;

t: time to traverse distance d in hr.

There are two ways in which an average speed for a traffic stream can be computed:
+ Time mean speed (TMS). A sl e ) Lo i ol s b e

4 Space mean speed (SMS). ga S Fa S ain g &
P peed (SMS) T
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Time mean speed (TMS) 4 sl (e 311 Jau gial)
The average speed of all vehicles passing a point on a highway or lane over some specified time

period.
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TMS = [3]
Space mean speed (SMS) de ull ilSal) Jau gial)

The average speed of all vehicles occupying a given section of highway or lane over some specified
time period.
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d: distance traversed, ft. ‘fiumfj . ﬂ’im j::fw Jﬁ\“ﬂ ;’: "im dfj
n: number of observed vehicles. - T -

t;: time for vehicle “i” to traverse the distance d.

Table 4: Illlustrative Computation of TMS and SMS.

—

Distance d Travel Time ¢ Speed
Vehicle No. (ft) (s) (ft/s)
1 1,000 180 [ 1,000/18 = 556
2 1,000 200 | 1,000/20 = 500
3 1,000 20 | 1,000/22 =455 [ Gy ¢ ph o
4 1,000 190 | 1,000/19 = 526 b gia ol el
5 1,000 200 | 1,000/20 = 500 Aol 3l g Adlsal) ey
6 1,000 200 | 1,000/20 = 500
Total 6,000 119 303.7
Average | 6000/6=1000 | 1196=198 | 30376=506 |

TMS=50.6 ft/sSMS=1,000/19.8=50.4 ft/s
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176 ft
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Fig. 8. Time Mean Speed and Space Mean Speed Illustrated.

TMS = (88n+44n)/ (2n) = 66 ft/sec SMS = (88n+44*2n)/ (3n) = 58.7ft/sec



Density and Occupancy — Judy) g4y ) g sal) 48U

Density, the third primary measure of traffic stream characteristics, is defined as the number of
vehicles occupying a given length of highway or lane, generally expressed as vehicles per mile or
vehicles per mile per lane.

Density is difficult to measure directly, as an elevated vantage point from which the highway
section under study may be observed is required. It is often computed from speed and flow rate
measurements.
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Occupancy is defined as the proportion of time that a detector is “occupied,” or covered, by a
vehicle in a defined time period. Fig. 9 illustrates density and occupancy.
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Fig. 9. Density and Occupancy lllustration.
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Traffic Flow Basics 29al) (380 il
Consider a long, uninterrupted, single-lane roadway as shown in Fig. 10:

Jsb e sl @l
ey phiie pe jlue

L]
M\@P}AL&SL\)
e >
'

Fig. 10. Traffic movements along a route, uninterrupted, and single-
lane roadway.



The vehicle trajectory represents the route of vehicle with time as shown in Fig. 11 and trajectories
of vehicles groups are presented in Fig. 12.
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Fig. 11. Vehicle trajectories Concept.
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Fig. 12. Trajectories of Vehicles Group.



Consider a horizontal “slice” of the diagram as shown in Fig. 13:
The number of trajectories crossing this line is the number of vehicles passing a fixed point on the
road. This is called the volume or flow and has units of vehicles per time (usually veh/hr).

ahd Al Sl o gha s o ) saall (6 5] ga adada 21 1)
LS all aae 58 5 55 all @ anal) Jiai (g ) sall adaiall
5l DA galall sadd) o aime dilus & Gkl e

(A lufAS ja) Qlaa g et Bale g ) ) gaall Agia )

//“///

Fig. 13. Vehicles Trajectories.
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Consider a vertical “slice” of the diagram as shown in Fig. 14:
The number of trajectories crossing this line is the number of vehicles passing a fixed time on the
road. This is called the volume or flow and has units of vehicles per time (usually veh/hr).
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Fig. 14. Vehicles Trajectories.



Relation between Speed Flow and Density 2GSl @ailicde jud) ¢ 4830ad)
The relationships between traffic stream characteristics are shown in Fig. 15. For speed, flow, and
density. Note that a flow rate of “0 veh/h” occurs under two very different conditions. When there
are no vehicles on the highway, flow is “0 veh/h” as no vehicles can be observed passing a point.
Under this condition, speed is unmeasurable and is referred to as “free-flow speed,” a theoretical
value that exists as a mathematical extension of the relationship between speed and flow (or speed
and density). Gl e ) A5 5 sall Galliad (A8l gy V0 A8 JSA
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In practical terms, free-flow speed can be thought of as the speed a single vehicle could achieve
when there are no other vehicles on the road and the motorist is driving as fast as is practicable
given the geometry of the highway and its environmental surroundings.
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A flow of “0 veh/h” also occurs when there are so many vehicles on the road that all motion stops.
This occurs at a very high density, called the “jam density,” and no flow is observed, as no vehicle
can pass a point to be counted when all vehicles are stopped.
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Between these two extreme points in the relationships, there is a peaking characteristic. The peak
of the flow speed and flow-density curves is the maximum rate of flow or the capacity of the
roadway. Its value, like everything else about these relationships, depends upon the specific
prevailing conditions at the time and location of the calibration measurements.
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The dashed portion of the curves represents unstable or forced flow. This effectively represents
flow within a queue that has formed behind a breakdown location. A breakdown will occur at any
point where the arriving flow rate exceeds the downstream capacity of the facility.
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Fig. 15. Speed, Flow, and Density Relationships.



