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FOREWORD

This report is part of a four-part series summarizing
recent research findings in the area of selected truck
geometric features. One of the critical large truck
research areas is safety impacts of trucks--including
geometric and operational issues, vehicle stability and
handling, and accident rates. A number of research
studies have been completed in the following areas:
truck climbing lanes, grade severity rating systems for
trucks, interchange ramp geometry design; and the
operation of larger trucks on roads with restrictive
geometry. This report summarizes the findings of the
research on the operation of larger trucks on roads
with restrictive geometry. For specific details on the
research, the reader should consult the research
reports referenced in the summary report.

Sufficient copies of this report are being distributed
to provide one copy to each Regional office, Division
office, and State highway agency. Direct distribution
is being made to the Division offices. Additional
copies are available from the National Technical
Information Service, U.S. Department of Commerce, 5285
Port Royal Road, Springfield, Virginia 221s61.

Stanley R. Byington
Director, Office of Implementation

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The U.S. Government
assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the contractors, who is
responsible for the accuracy of the data presented herein. The contents do
not necessarily reflect the off1c1a1 policy of the Department of
Transportation.

This report does not constitute a standard,'specification, or regulation.
The U.S. Government does not endorse products or manufacturers. Trade or

manufacturers’ names appear herein only because they are considered essential
to the object of this document .
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Symbol When You Know Multiply By To Find Symbol l— Symbol When You Know Muitiply By To Find Symbol
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AREA o AREA
int square inches 645.2 ' milkmetres squared mm? mm? milmetres squared  0.0016 square inches in
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CHAPTER 1
INTRODUCTION

Changes in the Law

The 1982 Surface Transportation Assistance Act (STAA) mandates
acceptance of wider and longer trucks on the National Network, the system of
interstate and other designated Federal-aid highways. Trucks may be up to 102
in (259 cm) wide or 108 in (274 cm) wide in Hawaii, compared to the old
maximum of 96 in (240 cm). In the past, the maximum trailer length in some
States was less than 48 ft (15 m). Now, 48-ft (15 m) semitrailers and
tractors with two 28-ft (8.5 m) semitrailers are allowed everywhere, and some
States allow semitrailers up to 59.5 ft (18.1 m).

The STAA allows these larger trucks to operate only on highways that
have been deemed adequate to accommodate these trucks. Nevertheless, the
changes have raised questions about highway safety, especially on primary and
secondary roads. Restrictive geometry on these roads, such as narrow, winding
rural roads or sharp turns at urban intersections, could reduce the safety of
large-truck operations.

Problems with Large Trucks

To investigate these concerns, the Federal Highway Administration (FHWA)
sponsored a study by Goodell-Grivas, Inc., to investigate truck performance in
urban and rural settings using various truck configurations: trailers of
various lengths (40 ft [12 m}, 45 ft [14 m], and 48 ft [15 m] with axles
forward and back) and various widths (96 in [240 cm] and 102 in [259 cm]); and
twin trailers each 28 ft (8.5 m) long.‘*’ The findings in the study reflect
data collected under nearly ideal conditions. Many of the data came from
tests with two highly experienced drivers knowledgeable about the purpose of
the tests, operating trucks in good condition, on known routes, with dry
pavement, during daylight hours. Furthermore, the test sites selected were



only somewhat restrictive. Even under nearly ideal conditions, however, the
study found the following problems related to large trucks:

m Encroachment over edgelines and into other lanes, especially on

curves.
m Difficulty negotiating turns at intersections (see figure 1).
m Delays to traffic flow.

m Abrupt speed drops and shifts in lateral placement by oncoming
vehicles.
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Figure 1. Illustration of lane encroachment ny truck turning
at intersection, shown with template.‘"’




STUDY DESIGN

Computer-Based Analysis

To identify potential hazards and traffic flow problems when longer and
wider trucks are operated on roads with restrictive geometry, researchers used
a software package, "Off-Tracking Model and Computer Simulation," developed by
FHWA and the University of Michigan Transportation Research Institute. This
program plots the off-tracking paths of different types of trucks passing
through curves meeting specified criteria. The plots allowed researchers to
determine the maximum off-tracking distance and the amount of encroachment on
other lanes.

Based on the results generated by the off-tracking model and a review of
relevant literature, researchers identified two situations involving large
trucks that may pose safety and traffic flow problems:

m Urban intersections with relatively short radii (i.e., less than
60 ft or 18 m).

m Winding, two-lane rural roads with narrow lane widths (i.e., less
than 12 ft or 3.7 m).

Field Studies

Analyses using field observations and measurements were then performed
to evaluate the performance of the truck types shown in figure 2.

At six urban intersections in New Jersey and California, observers
recorded clearance times, truck-vehicle conflicts, and encroachments by the
truck into adjacent lanes, over the centerline, and over the curb, for a total
of nearly 900 trucks turning left or right. Observations were made during
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with 45-ft long
semitrailer

Tractor Truck
with 48-ft long
semitrailer with
axles forward

Tractor Truck
with 48-ft long
semitrailer with
axles back

Double with
twin 28-ft
long trailers

Figure 2.

} 400"

i

@©

Trucks analyzed in field studies.




daylight hours with dry pavement conditions. In addition, paid professional
drivers drove tractor control trucks at two sites to increase the sample. The
control trucks included a range of configurations: a 40-ft (12 m) long, 96-
in (240 cm) wide semitrailer; a 48-ft (15 m) long, 102-in (259 cm) wide
semitrailer with axles back; and a 28-ft (8.5 m) long, 102-in (259 cm) wide
twin trailers. Over 250 observations of control trucks were made.

Observers recorded over 3,300 vehicles. passing trucks from the opposing
direction on selected two-lane rural roads in New Jersey and Californié during
daylight hours under dry pavement conditions. Collection of the data involved
a caravan of a lead automobile, a control truck, and a following automobile as
illustrated in figures 3 and 4. Data collected included the lateral placement
of the opposing vehicle with respect to the truck’s rear tires and the changes
in lateral placement and speed of the opposing vehicle as it approached the
truck. The analysis considered lane width, shoulder width, and horizontal
alignment. |
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Findings

CHAPTER 111
URBAN INTERSECTIONS

This study confirmed the findings of earlier research that truck
drivers compensate for the reduced operating capabilities of larger
trucks. Driver experience and ability often outweigh the effect of
restricted geometry on truck performance and safety.

Where control trucks were observed, the 48-ft (15 m) semitrailer with
axles back had significantly higher turning times and encroachment
rates than the 40-ft (12 m) semitrailer. When these same trucks were
observed in the traffic.stream, however, no significant differences
between the two truck types were found, most 1ikely due to driver
experience and ability.

Good driving cannot compensate for all difficulties, however. At
urban intersections, trucks encroached into other lanes on streets
with narrow lane widths (i.e., less than 12 ft or 3.7 m).

Intersections with less than a 60-ft (18 m) corner radius were found
to cause some problems for most truck types, especially wider ones
(e.g., 102 in or 259 cm).

The 48-ft (15 m) semitrailer with axles back had significantly higher
encroachment rates than the 48-ft (15 m) semitrailer with axles
forward, particularly when making right turns. The 28-ft (8.5 m)
twin trailers had longer turning times than the 40-ft (12 m)
semitrailer and 45-ft (14 m) semitrailer at several of the
intersection sites. However, no differences in encroachment rates or
conflict rates were found between 28-ft (8.5 m) twin trailers
compared to the 40-ft (12 m) semitrailers or 45-ft (14 m)
semitrailers.



Implications for Design. and Implementation |

Design engineers can take steps to minimize these problems, but the
countermeasures may create other problems. Providing larger corner
radii would more safely accommodate right turns, but would create
longer crossing times for pedestrians and possibly longer clearance
times. Moving stop bars back would more safely accommodate trucks
turning left, but it would not prevent drivers from crossing over ‘the
bars to stop closer to the intersection. Moreover, it would require
longer clearance times.

Large trucks turning at intersections require multi-lane roadways
with large curve radii. Consideration should, therefore, be given to
prohibiting these trucks from turning onto narrower streets in urban
areas.

Highway designers and traffic engineers could more easily accommodate
these vehicles if.they used turn movement templates.

The 48-ft (15 m) semitrailer should be manufactured only with axles
forward.

Although double trailers take a relatively long time to turn at urban
intersections, it may not be necessary to base the timing of traffic
signals on larger trucks. The probability that a large truck will
begin to travel through an intersection just as the light turns
yellow is small. Adjusting the signals to suit the larger trucks
would lengthen the clearance interval and thereby penalize other
traffic.

- 10 -
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Findings

CHAPTER 1V
RURAL ROADS

As in the case of urban intersections, driver skill and caution on
rural roads are very important to truck operation. One 1982 field
study reported that drivers compensate for wider trucks when passing
them by increasing their headways.‘®’ The study found no increases
in shoulder encroachments due to drivers moving out to look around
the truck and no acceptances of small gaps. In the more recent
Goodell1-Grivas study, drivers of control trucks compensated for the
tendency of the 48-ft (15 m) semitrailers with axles back to off-

track, for example, by driving further from the centerline.

Rural roadway geometry that affects the safety of large truck
maneuvers includes lane width, shoulder width, and horizontal
alignment. Wider (12- or 13-ft [3.7 or 4.0 m]) lanes allow oncoming
vehicles to move further right to avoid trucks, and fewer vehicles
cross the edgeline. Wider (4-ft [1 m] or greater) shoulders
generally allow oncoming vehicles a greater margin of safety.

Where curves were present, especially sharp curves, the study found
oncoming traffic generally making more undesirable maneuvers (shifts
in lateral placement) and greater changes in speed. Gradual curves
had Tittle effect on the position of the vehicle in the lane, but
sharp curves (7 to 15 degrees) caused opposing vehicles to slow down
significantly when passing Targe trucks. The direction of the curve
did not have a significant effect on speed or lateral placement.

- 11 -



Oncoming motorists exhibited more extreme changes in speed and
lateral placement when passing the 28-ft (8.5 m) twin trailer and the
48-ft (15 m) semitrailer than when passing other truck types. The
greatest changes in speed were caused by the 28-ft (8.5 m) twin
trailer (24 mi/h or 39 km/h) and the 48-ft (15 m) semitrailer with
axles back (21 mi/h or 34 km/h).

Design Implications

Reducing the sharpness of horizontal curves greater than 7 degrees
would alleviate some problems associated with Targe trucks. If this

were done on a large scale, the cost would be substantial.

The Tandem Truck Safety Act passed in 1984 allows larger trucks on
roads with lanes narrower than 12 ft (3.7 m), provided that these
routes can otherwise safely accommodate the larger trucks. This
study suggests that consideration be given to allowing such trucks
only on two-lane rural roads whose lanes are at least 12 ft (3.7 m)
wide and whose shoulders are more than 4 ft (1 m) wide.

- 12 -
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CHAPTER V
CONCLUSIONS

More information is needed before appropriate regulations can be
formulated. Still to be determined are the effect of large truck operations
when less-than-ideal conditions or certain combinations of geometric
conditions are present. Other issues that should be addressed include same
direction passing of wider and Tonger trucks on narrow, multi-lane highways,
the effect on operations and safety of longer semitrailers (i.e. 53- and 55-ft
[16 m and 17 m]) allowed by some States, and the effect of the 102-in (259 cm)
truck width versus the 96-in (240 cm) wide truck.

Nevertheless, larger trucks have the potential to cause accidents.
ATthough many of the hazards can be avoided or minimized by driver skill,
possible problems range from traffic congestion and property damage to highway
accidents and casualties. The problems found in the study occurred even under
ideal conditions--during daylight, in dry weather, at only moderately

restrictive sites, and, often, with experienced drivers who were familiar with
the sites.
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