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INTRODUCTION 
 
Truck dimensions and operating characteristics affect the physical roadway infrastructure 
and their impacts should be appropriately considered in the geometric design and traffic 
operations of roads and streets.  Characteristics such as vehicle size and weight, sight 
distance, horizontal and vertical curve design, cross-section design, intersection design, 
and traffic operational quality is critical to assess highway performance, particularly 
when trucks constitute a significant portion of the vehicle mix.  This paper summarizes 
recent literature useful in evaluating truck characteristics that impact highway design and 
operations. 
 
TRUCK DIMENSIONS AND OPERATING CHARACTERISTICS 
 
The following section describes both existing and proposed truck dimensions, truck 
acceleration and deceleration characteristics, and truck swept path widths and turning 
radii.  Each of these characteristics is related to the operational quality of trucks. 
 
Physical Dimensions 
The American Association of State Highway and Transportation Officials (AASHTO) 
document, A Policy on Geometric Design of Highways and Streets (herein referred to as 
the Greenbook), currently outlines 15 design vehicles that are used in highway design (1).  
Included are one passenger car, eight trucks, two buses, and four recreational vehicles.  
Figure 1 shows typical design vehicle dimensions for three of the AASHTO trucks, one 
passenger car, and one large bus.  The vehicles shown in Figure 1 are those that are most 
prevalently used as the design vehicle. 

 
Figure 1.  Design Vehicle Dimensions (2). 
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The physical dimensions that most affect the minimum turning paths of design vehicles 
are the minimum turning radius, the wheelbase, and the inner path of the rear tire.  Trucks 
are wider, and have greater turning radii than do buses and passenger cars.  Therefore, the 
geometric design requirements for trucks are more severe than for other design vehicles, 
especially at intersections and when considering horizontal alignment. 
 
Elefteriadou et al. (3) evaluated truck combinations that have greater offtracking and 
swept-path widths than single 48 foot trailers.  Rocky Mountain doubles, B-train doubles, 
turnpike doubles, triples, and larger tractor-semitrailers were considered.  The evaluation 
considered four specific roadway geometric elements that may not adequately 
accommodate large trucks (3): 
 

• Horizontal curves on mainline roadways; 
• Curb return radii for right turns at surface intersections; 
• Curb return radii and ramp terminal right-turn radii on arterial 

crossroads; and, 
• Horizontal curves on freeway on- and off-ramps. 

 
The findings suggest that there may be a substantial cost to accommodate some of these 
potential truck configurations on the existing roadway network.  For instance, to upgrade 
the entire U. S. freeway and nonfreeway highway network to accommodate the baseline 
truck (48-ft trailer), it would cost an estimated $653 million (3).  This reconstruction 
would include upgrades to horizontal curves on mainline roadways to accommodate 
offtracking, curb return radii and right-turn roadways for at-grade intersections, curb 
return radii and right-turn radii for ramp terminals on the arterial crossroad at freeway-
arterial interchanges, and horizontal curves on freeway on- and off-ramps.   
 
Acceleration and Deceleration Characteristics 
  
Trucks exhibit very different operating characteristics as those displayed by passenger 
cars when accelerating from a stopped position and on both upgrades and downgrades.  
Both the weight/horsepower ratio and the steepness and length of vertical grades greatly 
influence acceleration capabilities.  For high speed acceleration on level highways, trucks 
may display similar acceleration characteristics to those of passenger cars.  Trucks can 
display a five percent increase in speed on downgrades and a seven percent or more 
decrease in speed on upgrades when compared to operations on level terrain (1).   
 
From a stopped position, trucks exhibit significantly different acceleration characteristics 
than those of passenger cars.  Figure 2 shows design time and distance relationships for 
trucks from a stopped position as per the Greenbook (1).  Long (4) found that observed 
accelerations for WB-50 trucks are 40 to 75 percent slower than those shown in Figure 2. 
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Figure 2.  Time-Distance Curves for Acceleration from Stopped Position (1). 
 

Truck deceleration rates are dependent upon the tire-pavement friction, pavement 
properties, braking efficiency, and tire properties.  AASHTO policy (1) explicitly 
considers deceleration and braking distances for use in design based on passenger cars, 
but suggests that trucks may display additional braking lengths because of their larger 
size and vehicle weight.  Fambro et al. (5) reported that antilock braking systems 
provided improved stopping capability and that loaded stopping distances were 
significantly shorter than the empty truck stopping distances.  Harwood et al. (6) 
developed truck deceleration rates for empty tractor-trailers on a wet pavement for the 
worst- and best-performance drivers, as well as for an antilock braking system.  The 
results of these tests are presented in Table 1. 
 

Table 1.  Truck Deceleration Rates for Use in Highway Design (6). 
Deceleration Rate (g) 

Vehicle Speed 
(mph) 

AASHTO Policy 
(passenger cars) 

Worst-
Performance 

Driver 

Best-Performance 
Driver 

Antilock Braking 
System 

20 0.40 0.17 0.28 0.36 
30 0.35 0.16 0.26 0.34 
40 0.32 0.16 0.25 0.31 
50 0.30 0.16 0.25 0.31 
60 0.29 0.16 0.26 0.32 
70 0.28 0.16 0.26 0.32 

1 mph = 1.61 km/h 
 
The values in Table 1 are based on an assumed driver control efficiency of 0.62 
(conservative, worst case scenario) and a driver control efficiency of 1.00 (best-case 



4 

 

performance scenario).  The antilock braking system is shown to have very similar 
deceleration rates as that for passenger cars. 
 
Swept-Path Widths 
 
Larger turning vehicles exhibit offtracking characteristics.  Offtracking is a function of a 
truck’s spacing between tire axles.  The maximum distance between a truck’s front (lead) 
axle and its rear (trailer) axle determines offtracking.  It is measured from the center of 
the rear trailer axle with respect to the center of the lead axle.  Offtracking can occur in 
low-speed operating environments (intersections), or in high-speed operating 
environments (highway horizontal curves).  Of interest in the low-speed environment are  
intersection curb return radii.  Horizontal curve widening is of interest in the high-speed 
operating environment. 
 
Table 2 shows typical minimum turning radii of various truck design vehicles as noted in 
the Greenbook.  The table shows that the semi-trailer, full trailer combination has the 
largest minimum inside turning radius (22.2 feet) as measured by the inside wheel path.  
The turnpike double semi-trailer has the largest minimum design turning radius (60 feet) 
as measured from the outside wheel path. 
 

Table 2.  Minimum Turning Radii of Truck Design Vehicles (1). 

Design 
Vehicle 

Type 

Semi-
Trailer 

Intermediate 

Semi-Trailer 
Combination 

Large 

Semi-Trailer 
Full Trailer 

Combination 

Interstate 
Semi-
Trailer 

Interstate 
Semi-
Trailer 

Triple 
Semi-
Trailer 

Turnpike 
Double 
Semi-
Trailer 

Symbol WB-40 WB-50 WB-60 WB-62 WB-67 WB-96 WB-114 
Minimum 

Design 
Turning 
Radius 

(ft) 

40 45 45 45 45 50 60 

Minimum 
Inside 
Radius 

(ft) 

18.9 19.2 22.2 9.1 00 20.7 17 

1 m = 3.28 ft 
 
Elefteriadou et al. (3) examined the impacts of current and proposed truck configurations 
on the geometric and traffic operational elements on the current U. S. roadway network.  
Based on 90-degree, right-turn maneuvers at intersections, it was found that a 45-foot 
semi-trailer and western twin trucks can successfully negotiate the turn at intersections 
with a 30 foot curb return radii; all other trucks would encroach on the opposing travel 
lanes (3).  When expanding the curb return radii to 60 feet, only the 57.5 foot semi-trailer 
trucks, Rocky Mountain doubles, and Turnpike doubles would encroach the opposing 
travel lanes while completing the right-turning maneuver.  Lastly, for curb return radii of 
100 feet, all but the Turnpike double with 53 foot trailers can negotiate the turn without 
encroaching the opposing travel lanes (3). 
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Pavement widening on curves is used in high-speed areas so that trucks can negotiate 
curves under conditions that are similar to tangent sections.  The Greenbook (1) suggests 
curve widening values on two-lane pavements (one- or two-way) for open highways.  
These values are a function of the degree of curve, the pavement width, and the design 
speed of the roadway.  Table 3 presents the curve widening values for cases where the 
widening is 2.0 feet or greater. 
 

Table 3.  Design Values for Pavement Widening on Highway Curves (1). 
24 Feet 22 Feet 20 Feet 

Design Speed (mph) Design Speed (mph) Design Speed (mph) 
Degree 

of 
Curve 30 40 50 60 70 30 40 50 60 70 30 40 50 60 

1              2.0 
2           2.0 2.0 2.0 2.5 
3          2.0 2.0 2.0 2.5 2.5 
4         2.0 2.0 2.0 2.5 2.5 3.0 
5        2.0 2.0  2.5 2.5 2.5 3.0 
6       2.0 2.0 2.5  2.5 3.0 3.0 3.5 
7       2.0 2.5   2.5 3.0 3.5  
8      2.0 2.0 2.5   3.0 3.0 3.5  
9   2.0   2.0 2.5 3.0   3.0 3.5 4.0  

10-11      2.0 2.5    3.0 3.5   
12-14.5  2.0    2.5 3.0    3.5 4.0   
15-18 2.0     3.0     4.0    
19-21 2.5     3.5     4.5    
22-25 3.0     4.0     5.0    

26-26.5 3.5     4.5     5.5    
1 mph  = 1.61 km/h 
 
Elefteriadou et al. (3) found that all combination trucks, traveling at the roadway design 
speed, would not encroach on adjacent lanes or shoulders of roadways or ramps designed 
in accordance with the Greenbook’s high-speed design criteria.  On the other hand, if 
trucks were traveling at very low speeds on the sharpest horizontal curves (30 mph design 
speed with 73-ft radius) suggested by the Greenbook, only the turnpike double trucks 
would require curve widening on ramps from 15 to 16 feet.  
 
SIGHT DISTANCE 
 
The following section describes sight distance considerations for trucks.  Included is 
recent literature pertaining to stopping sight distance (SSD), intersection sight distance 
(ISD), and passing sight distance (PSD). 
 
Stopping Sight Distance 
SSD is determined by the reaction time and braking distance required for an alert driver, 
traveling at or near the design speed, to react and stop before hitting a stationary object 
on a wet roadway (1).  The recommended minimum SSD calculated according to the 
Greenbook procedures are based on passenger car operation; yet, large trucks require 
longer braking distances than passenger cars.  The current policy is based on the distance 
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traveled during perception and reaction, and the distance traveled during braking.  The 
current Greenbook SSD equation takes the following form (1): 
 

SSD Vt
V
f G
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±
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 where: V = design speed (mph); 
  t = perception/reaction time (assumed 2.5 sec); 
  f = coefficient of friction between tires and roadway; and, 
  G = grade (decimal). 
 
The above equation assumes a driver eye height of 3.5 feet and an object height of 6 
inches. 
 
Research has shown that most large trucks are capable of stopping within AASHTO 
design braking distances on dry pavements.  With anti-lock braking systems, they are 
also capable of stopping within AASHTO design braking distances on wet pavements.  
The additional stopping distance is balanced by the fact that the truck operator is able to 
see vertical features of obstruction farther ahead than passenger cars because of the 
higher position of the seat in the vehicle.  When horizontal sight restrictions occur on 
downgrades, particularly at the ends of long downgrades, there is little advantage to the 
greater eye height of the truck operator.  In this situation, the SSD provided should be 
more than the minimum (5). 
 
The SSD model that is being incorporated into the 2000 edition of the Greenbook is an 
explicit model that takes the following form (5): 
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where: V = initial speed (mph); 

  t = brake reaction time (assumed 2.5 sec); 
  a = driver deceleration (assumed 11.2 ft/sec2); and, 
  g = gravitational constant (32.2 ft/sec2). 
 
The underlying assumptions of the model are that the driver eye height is 3.5 feet, and the 
object height is 2.0 feet.  Where heavy vehicles are the design vehicle, an eye height 
between 7.5 feet and 8.5 feet is appropriate.  Table 4 compares the braking distances for 
passenger cars and trucks (5).  Truck braking performance is based on both the best and 
worst-case drivers, and on anti-lock brake systems.  For both the best and worst-case 
performing drivers, it can be concluded from Table 4 that truck braking distances are 
greater than those for passenger cars.  When trucks are equipped with anti-lock brakes, 
the braking distance for trucks decreases considerably. 
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Table 4.  Truck Braking Distance on Wet Pavement (5). 
Braking Distances for Trucks (ft) 

Design Speed 
(mph) 

AASHTO Criteria 
for Passenger Cars 

(ft) 
Worst-

performance 
Driver 

Best-performance 
Driver 

Anti-lock Brake 
System 

20 33 77 48 37 
30 86 186 115 88 
40 167 344 213 172 
50 278 538 333 267 
60 414 744 462 375 
70 583 1013 628 510 

 
Intersection Sight Distance 
 
There are five cases for determining intersection sight distance (ISD): 

• Case I: Intersection with no control 
• Case II: Intersection with yield control 
• Case III: Intersection with stop control 

o IIIA: Crossing maneuver 
o IIIB: Left-turn onto a major highway 
o IIIC: Right turn onto a major highway 

• Case IV: Intersection with signal control 
• Case V: Stopped vehicle turning left from a major road. 

 
The ISD for stop-controlled intersections is a conservative estimate for all five types of 
intersection control.  There are three subcases to consider when determining the ISD for a 
stop-controlled intersection.  The left and right turning subcases (IIIB and IIIC) require a 
longer ISD and therefore, generally govern design.  The AASHTO policy for determining 
ISD only considers truck requirements explicitly in case IIIA.  The current policy 
suggests the following equation to calculate the ISD for Case IIIA (1): 
 

ISD V J ta= +147. ( )  
 

where: ISD = sight distance to left (d1) or right (d2) along the major road from the 
intersection required for the minor road vehicle to cross the major road 
(ft); 

  V = design speed of major road (mph); 
J = sum of perception time and time required to actuate the clutch or and 
automatic shift (assume J = 2.0 sec); 
ta = time required to accelerate and traverse the distance to clear the major 
road (sec); 
S = D + W + L, the distance that the crossing vehicle must travel to clear 
the major road (ft); 
D = distances from the near edge of pavement to the front of a stopped 
vehicle (ft)—assume D = 10 ft; 

  W = intersection width along path of crossing vehicle (ft); and, 
  L = overall length of minor road vehicle (ft). 
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Trucks are not considered in the current AASHTO policy for the controlling subcases, 
IIIB and IIIC.  It is recommended that criteria be developed for consideration in the 
design of stop-controlled intersections with a substantial number of trucks either crossing 
or entering the major road.   Harwood et al. (7) recommended travel times (critical gaps) 
to determine sight distances for turning left or right, and for crossing two-lane highways.  
Table 5 compares left and right turn travel times that can be used to determine the leg of 
the departure sight triangle along the major road for passenger cars, single-unit trucks, 
and combination vehicles.  Table 6 compares crossing maneuver travel times used to 
determine the leg of the departure sight triangle along the major road. 
 

Table 5.  Recommended Travel Times for Determining Sight Distance for Crossing the 
Major Road at a Stop-Controlled Intersection (7). 

Vehicle Type Travel Time (sec) at Design Speed of Major Road 
Passenger Car 7.5 

Single-unit Truck 9.5 
Combination Truck 11.5 

Note:  Add 0.5 sec for passenger cars and 0.7 sec for trucks for each additional lane to be crossed 
 
 

Table 6.  Recommended Travel Times for Determining Sight Distance for Crossing the 
Major Road at a Stop-Controlled Intersection (7). 

Vehicle Type Travel Time (sec) at Design Speed of Major Road 
Passenger Car 6.5 

Single-unit Truck 8.5 
Combination Truck 10.5 

Note:  Add 0.5 sec for passenger cars and 0.7 sec for trucks for each additional lane to be crossed 
 
Special consideration should be given to the ISD required for trucks at intersection 
approaches with steep grades on which the stopped vehicle is waiting, and also on the 
departing roadway on the opposite leg.  Here, if the grade is sufficiently steep, trucks may 
need additional time to clear the intersection due to higher weight-to-horsepower ratios.  
This may result in ISD values greater than those shown in Tables 5 and 6 (7).   
 
Passing Sight Distance 
 
When passing zones are needed on two-lane rural highways, PSD is necessary to ensure 
that the passing vehicle has a clear view ahead to safely execute the maneuver.  Harwood 
et al. (6) developed minimum passing zone lengths required to complete a pass for 
various passing scenarios for trucks and passenger cars.  Included in the analysis were the 
following assumptions (6): 
 

• The distance required to complete the pass is the sum of the initial 
maneuver distance and the distance traveled in the left lane (d1 and d2 in 
AASHTO policy). 

• The initial maneuver distance (d1) can be computed as follows: 
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   where: t1 = time required for initial maneuver (sec); 
    a = average acceleration (mi/hour/sec); 
    V = average speed of passing vehicle (mph); and, 

m = difference in speed between passed and passing      
vehicle (mph). 

 
• The acceleration rates used by trucks are half that of passenger cars. 
• The distance traveled while in the passing lane (d2) can be computed as 

follows: 
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   where: Lp = length of passing vehicle (ft);  
    LI = length of passed vehicle (ft); and, 
    m = speed difference between vehicles (mph). 
 

• The passing vehicle trails the passed vehicle by 1-second prior to passing, 
and leads the passed vehicle by 1-second after passing. 

• Trucks maintain only half of the speed difference of passenger cars. 
• Passenger cars are 19 feet in length, and trucks are 75 feet in length. 

 
Table 7 shows the passing zone length required to complete a pass for various truck-
related passing scenarios.  Using the previously stated assumptions, trucks require 
passing zones at least 2,000 feet in length for passing speed greater than 60 miles per 
hour. 
 

Table 7.  Truck Passing Distances (6). 
Speed 

Difference (m) 
used by 
Passing 
Vehicle 

Minimum Length of Passing Zone (ft) Design Speed 
(mph) 

Passing 
Vehicle Speed 

(mph) 

Truck PC passing 
truck 

Truck passing 
PC 

Truck passing 
truck 

20 20 6.5 225 275 350 
30 30 6.0 475 600 725 
40 40 5.5 825 975 1175 
50 50 5.0 1250 1450 1750 
60 60 4.5 1850 2025 2450 
70 70 4.0 2650 2900 3400 

1 m = 3.28 ft 
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HORIZONTAL AND VERTICAL CURVE DESIGN 
 
The primary controlling element in vertical curve design is stopping sight distance.  Since 
truck headlights are likely not capable of illuminating the roadway for the stopping 
distances required in sag vertical curves, minimum sag vertical curve lengths were 
proposed by Harwood et al. (6).  The design values are shown in Table 8, as are values 
for minimum crest vertical curve lengths.  The implicit assumption used is that truck 
driver eye heights are 93 inches, and object heights are 6 inches. 
 
In addition to the vertical curve lengths found in Table 7, Harwood et al. (8) also found 
that grades significantly slow truck operations (> 6.4 percent) only make up a very small 
proportion (~ 1 percent) of the roadway network on high functional class roadways (rural 
two-lane highways, arterials, and freeways).   

 
Horizontal curve design is also a primary truck consideration.  The unbalanced portion of 
lateral acceleration that may cause vehicles to skid off of the road or even overturn is 
expressed as: 
 

e
R

Vf −=
15

2

 

 
 where: f = side friction demand;  
  V = vehicle speed (mph); 
  R = radius of curve (ft); and, 
  e = rate of superelevation (ft/ft). 
 
The major concern regarding horizontal curve design is truck rollover thresholds.  Some 
trucks may have rollover thresholds as low as 0.30 g, thus there is little margin of safety 
on high speed roadways since AASHTO policy permits lateral acceleration as high as 
0.17 g (6).  As such, the design speed on highway ramps should be chosen with caution.  
Using the lower range of values presented by AASHTO (1) may not be appropriate on 
roadways that carry substantial truck traffic volumes. 
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Table 8.  Minimum Crest and Sag Vertical Curve Lengths (6). 

Design Speed (mph) 
Algebraic 
Difference 
in Grades 

(%) 20 30 40 50 60 70 
Conventional Brake System with 70% Driver Control Efficiency (Crest Curves, ft) 

2 60 90 170 360 550 1100 
4 60 130 300 720 1270 2190 
6 60 150 510 1080 1910 3290 
8 70 250 670 1430 2550 4380 

10 90 310 840 1790 3180 5470 
Antilock Brake System (Crest Curves, ft) 

2 60 90 120 190 320 390 
4 60 90 190 340 640 1060 
6 60 110 260 560 960 1590 
8 60 120 370 740 1270 2120 

10 60 180 460 920 1590 2650 
Conventional Brake System with 70% Driver Control Efficiency (Sag Curves, ft) 

2 40 90 190 290 410 570 
4 70 180 370 580 830 1130 
6 110 260 560 870 1240 1690 
8 140 350 740 1160 1650 2260 

10 170 430 920 1450 2060 2820 
Antilock Brake System (Sag Curves, ft) 

2 30 60 110 190 250 340 
4 60 110 220 370 500 690 
6 80 160 330 560 750 1030 
8 110 220 440 740 1000 1380 

10 130 270 550 920 1250 1720 
1 m = 3.28 ft 
 
MEDIAN INTERSECTION DESIGN CONSIDERATIONS 
 
Medians at intersections on highways with partial or no access control present significant 
operational and safety concerns.  Selection of the appropriate design vehicle for crossing 
and turning movements, including U-turn demand, is one of the key factors in selecting 
the median width and length of the opening at a divided highway intersection.  
 
The Greenbook states that medians should be wide enough to allow the selected design 
vehicle to safely make a given maneuver. However, there are no specific criteria for 
median widths to accomplish this.  The minimum median width permitted by the 
Greenbook for most highways is 4 feet.  At an intersection, a left-turn lane is considered 
to be part of the median width; in this case, a median width of 12 to 30 feet is 
recommended. On roadways other than freeways, a median width that is wide enough to 
store the design vehicle as it crosses the divided highway should be considered.  The 
Greenbook cautions that median widths of 30 to 50 feet do not provide storage space for 
larger vehicles crossing the median.  Yet wider medians, from 50 to 80 feet, may be a 
disadvantage at intersections because they may confuse drivers and develop accident 
problems (1).  
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The design of the median opening length in the Greenbook is based on the path of the 
design vehicle turning left at a speed of 10 to 15 mph.  Table 9 shows the minimum 
openings based on control radii provided in the Greenbook. 
 

Table 9. Design Controls for Minimum Median Openings (1). 
Control Radius (ft) Design Vehicle 

40 50 75 
Predominant P SU WB-40 
Occasional SU WB-40 WB-50 

 1 m = 3.28 ft 
 
Harwood et al. (9) conducted research on median widths of multilane facilities having 
partial or no access control to obtain better guidance in the use of median widths.  It 
should be noted that preliminary field observations during this study found no significant 
problems related to truck operations at field study intersections.  The following ranges of 
values for raised or depressed medians were determined to be appropriate for specific 
vehicle types (9): 
 

• 4 to 12 feet is not wide enough to provide a left-turn lane; 
• 14 to 24 feet is wide enough to provide a left-turn lane, but not wide 

enough to store a crossing or turning passenger car with adequate 
clearance to through traffic; 

• 26 to 44 feet is wide enough to store a crossing or turning passenger car, 
but not wide enough to store a school bus with adequate clearance to 
through traffic; 

• 46 to 80 feet is wide enough to store a school bus or several passenger cars 
but not wide enough to store a large semi-trailer truck with adequate 
clearance to through traffic; and, 

• More than 80 feet is wide enough to store all current AASHTO design 
vehicles other than longer combination vehicles (LCVs), but potentially 
confusing to some motorists. 

 
TRAFFIC OPERATIONAL CONSIDERATIONS 
 
Passenger car equivalents (PCEs) are used in the Highway Capacity Manual (10) to 
evaluate the impact of trucks, buses, and recreational vehicles on traffic operations.  
These equivalency factors are given specific consideration in the analysis of freeways, 
multi-lane highways, two-lane highways, and signalized intersections.  In general, PCEs 
have been given consideration for specific length and steepness of grades, but have not 
considered various truck types with variable size and performance characteristics.  
Several studies have indicated that freeway truck populations have average weight-to-
horsepower ratios between 125 and 150 lb/hp.  The HCM has adopted PCEs calibrated 
for a mix of trucks and busses within this range.  For example, Table 10 shows PCEs for 
freeways and multi-lane highways based on the type of terrain (10): 
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Table 10.  Passenger Car Equivalents for Freeways and Multi-lane Highways (10). 
Type of Terrain Category 

Level Rolling Mountainous 
ET for trucks and buses 1.5 2.5 4.5 

ER for recreational 
vehicles 1.2 2.0 4.0 

 
In addition the values shown in Table 10, PCEs have been developed for large vehicles 
for specific upgrades and downgrades.  When determining the service flow for a section 
of roadway, the adjustment factor for heavy vehicles takes the following form (10): 
 

f
P E P EHV

T T R R
=

+ − + −
1

1 1 1( ) ( )
 

 
 where: PT = percentage of trucks and buses in the traffic stream (decimal); 
  ET = PCE for trucks and buses; 
  PR = percentage of recreational vehicles in traffic stream (decimal); and, 
  ER = PCE for recreational vehicles.  
 
Elefteriadou, et al. (11) developed a methodology for calculating PCE values for 
freeways, two-lane highways, and arterials to provide for various truck types while 
examining the impact of grade, length of grade, truck percentage, and level of traffic 
flow.  Using FRESIM, PCEs for freeways with two lanes per direction, low traffic flow, 
and 15 percent trucks were developed.  Table 11 shows the simulation results.  TWOPAS 
and NETSIM were used to develop PCEs for two-lane highways and arterials, 
respectively. 
 

Table 11.  PCEs for Freeways with Two Lanes, Low Traffic Volume, and 15 Percent 
Trucks (11). 

Vehicle Type 
Grade and 
Length of 

Grade 

Single Unit 
Truck 

L=12.2m 
Wt/hp=50 

Single Unit 
Truck 

L=12.2m 
Wt/hp=300 

Semi-Trailer 
L=19.8m 
Wt/hp=50 

Double 
Trailer 

L=22.9m 
Wt/hp=244 

Triple 
Trailer 

L=30.5m 
Wt/hp=89 

Triple 
Trailer 

L=30.5m 
Wt/hp=244 

0% 0.805 
km 1 2 1 2 1 2 

0.403 
km 1 6 1 4 2 4 

0.805 
km 1 10 1 6 2 6 3% 

1.208 
km 1 15 1 9 2 9 

0.403 
km 2 11 1 8 3 8 

6% 0.805 
km 2 55 1 37 6 29 

1 m = 3.28 ft 
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In addition to the PCEs presented above, Elefteriadou and Webster (12) performed a 
simulation study of truck PCEs on basic freeway segments.  The results of the study are 
referenced in the HCM 2000 (10).  The PCEs were developed based on FRESIM model 
output and flow-density curves.  A series of traffic and design variables were considered 
with PCE values for the typical truck shown in Table 12. 
 

Table 12.  PCE Values for Typical Truck (12). 
Flow Rate (vphpl) and Percent Trucks 

500 1000 1500 2000 Grade 
(%) 

Length 
of 

Grade 
(ft) 5 15 25 5 15 25 5 15 25 5 15 25 

Level 2640 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.5 1.5 2.0 
1320 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.5 1.5 2.0 2.5 3.0 
2640 1.0 1.0 1.0 1.5 1.5 1.5 1.5 1.5 1.5 2.0 N/A 1.5 +3 
3960 1.0 1.0 1.0 1.5 1.5 1.5 2.0 2.0 1.5 2.0 2.0 N/A 
1320 1.0 1.0 1.0 1.5 1.5 1.5 1.5 2.0 2.0 N/A N/A N/A 
2640 1.5 1.5 1.5 2.0 2.0 2.0 2.5 2.0 1.5 N/A N/A N/A +6 
3960 2.0 2.0 2.0 3.0 2.0 2.0 3.5 2.0 1.5 N/A N/A N/A 

All 
downgrades  1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

N/A = Values not obtained because specified flow exceeds capacity for at least one subject vehicle. 
1 m = 3.28 ft 
 
CONCLUSION 
 
This paper describes both the current and, where applicable, recommended geometric 
design and operational considerations for trucks.  Truck swept-path widths, acceleration 
and deceleration characteristics, curb-return radii at intersections, and horizontal curve 
widening on horizontal curves are all impacted by the physical dimensions and operating 
characteristics of trucks.  In addition, stopping sight distance, intersection sight distance, 
and passing sight distance are all impacted by the presence of heavy vehicles in the traffic 
stream.  Trucks have significantly different performance characteristics than passenger 
cars both on vertical curves and at median intersections.  Lastly, the presence of trucks 
reduces roadway capacity on freeways, arterials, and at-grade intersections as evidenced 
by the use of passenger car equivalents. 
 
The impacts of the presence of heavy vehicles on passenger car operations should 
continue to be investigated.  Relationships such as minimum headways, speeds selected 
by passenger cars when traveling next to trucks, available sight distance for passenger 
cars when traveling behind trucks, and other vehicle mix characteristics should be 
considered.  
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