Tractor-trailer Reverse
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Thedesign of commercial and industrial facilitiesto accommodate tractor-trailer
deliveriesoften requiresthe provision of an areafor reverse movements. A review of
recent literature revealed that the tractor-trailer turning templates available are
intended for forward movements; the most often referenced templates are presented
in A Policy on the Design of Highways and Streets, American Association of State
Highway and Transportation Officials (AASHTO), 1990.' The variables that affect
theturning path of areversing tractor-trailer are significantly different than thosefor
a forward-moving tractor-trailer. The project described in this article investigated
these variables and developed a template for the reverse movement of a tractor-
trailer at aloadingfacility.

Identification of Design Elements

The field tests performed for this research identified several of the important
variables involved with reverse movements of tractor-trailers at aloading facility.
Thefollowing discusses several of the vehicle and site variablesto be considered in
determining thearearequired for tractor-trailing loading maneuvers.

Truck Dimensions

Thevehicletested in thisresearch hasthedimensionsindicated in Figure Land is
classified as a WB-50 (AASHTO). This vehicle was chosen because it is very
common and provides an estimate of other similar vehicles. Tractor-trailer
combinationsconsisting of asingletrailer of different lengthsand/or wheelbasesare
expected to operatein asimilar manner, but with different dimensionsin the turning
path.

Tractor Types

There are three predominant types of tractorsin use: conventional, cab-over and
yard. The conventional type consists of a frame with the driver seated behind and
above the engine. The cab-over tractor generally has a shorter wheelbase and
positions the driver above and somewhat in front of the engine. The yard tractor is
specifically designed for moving trailers to dock positions once they have been
delivered to a trailer facility. This type of vehicle is specialy equipped to alow
trailers to be maneuvered in a much smaller area. A yard tractor is also generally
operated by ahighly skilled driver. A conventional tractor wasused in thesetestsand
for thedevel opment of thetemplate.



L ocation of the Fifth Whedl

Thefifth wheel isthe pivot point and mechanical connection between the tractor
andtrailer. Thiscircular plateis spring-loaded in the horizontal planeto deflect asit
is pushed against by the trailer's kingpin; it then locks the kingpin into place. Once
locked into place, the kingpin alowsthetrailer to rotate about the center of thefifth
wheel, which is set on the tractor frame and can be locked into place at several
locations along the frame. Thelocation of thefifth wheel at thefront of thetractor is
limited by thedistancerequired for thefront of thetrailer torotatewithout interfering
with the cab. At the rear of the tractor, the location is limited by the length of the
frame. Thevehicleused for thetest had itsfifth wheel located 6 feet (ft) from therear
of thetractor.

Location of Trailer Rear Axle

Therear axle configuration of thetrailer used inthetestsistypical of most trailers
and consists of two axles, each with four wheels. Each axle has a differential
mechanism that allowsthe wheelson the outside of aturn to rotate agreater distance
than the wheels on the inside. This avoids a skipping or jumping motion associated
with afixed axle. Theparticular axleconfiguration onthetest trailer isconstructed as
a unit and mounts to the trailer along an adjustable rail. The position of this axle
group varies along the rear of the trailer, depending on the trailer manufacturer and
the selected position. In general, the closer the axle configuration is placed to the
front of the trailer, the smaller the path required for the trailer to maneuver. The test
trailer had the center of the rear wheel of the axle configuration mounted 7.1 ft from
therear of thetrailer.

Steering M echanism

One assumption generally made in the determination of tractor-trailer turning
pathsisthat thetractor'sturning radius can be changed instantly from one extremeto
another. This assumption may be valid for vehicles equipped with power steering,
but islessaccuratefor |low-speed movement of vehicleswithout power steering. This
anaysisincludesa3-ft arc at an 80-ft radiusto describe the path of the tractor-trailer
during the period of wheel movement. Thetractor usedinthefield was not equipped
with power steering. Thisis generally the case for over-the-road fleet equipment.
Many privately owned tractors, tractors used for inner-city delivery routes and most
yard tractorsare equipped with power steering.

Truck Approach Path

The test was devel oped with the intention of determining a path whose difficulty
would not create an inefficient process in delivering the trailer to the dock. The
combination of three forward and reverse movements was selected to describe
operation. The purpose of thisstudy isto develop criteriafor truck loading facilities
that arereasonablefor both small and largefacilitiesand for driversof all experience
levels.



Trailer Docking Position

Another variable in the determination of the required areafor truck maneuversis
thelocation of the dock and surrounding obstructions. The most limiting situation at
amultiple dock location occurswhen atrailer is delivered between two trailers that
arestanding at adjacent positions. For the purpose of thisanalysisthe situationwhere
thedesired dock hasa48-ft trail er parked on either sidewas chosen.

Description of the Test Vehicle

Thetest vehicleis atypical WB-50 design vehicle. Of particular concern for the
test vehicle are the tractor type, location of the fifth wheel, and location of the rear
axle group. The tractor is of the conventional style as opposed to a cab-over style.
Thepolicy of many trucking firmsrequirethat thefifth wheel belocated asindicated
inFigure 1, asthe pivot point between tractor and trailer can be positioned at several
settings, either closer to or farther fromthecab. Similarly, thetrailer'srear axlegroup
can be located either farther forward or to the rear. The position indicated is the
standard set by many companies for over-the-road shipments. In certain regions of
the country and for local delivery trailers, thetrailer axlesare set at the most forward
positiontoincrease maneuverability.
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Figure 1. Dimensions of the test vehicle

Description and Results of Physical Tests

Thefield tests consisted of moving atractor-trailer to aloading dock position that
had 48-ft trailers stored in the adjacent dock positions. The driver wasinstructed to
approach parallel to the dock and to use only three reverse/forward movements to
deliver thetrailer to the dock. Thethree movement criteriawere selected to describe
amovement path that would provide efficient terminal operation.

The tractor-trailer moved past the dock. The driver then reversed in a path that
involved turning the tractor steering at its minimum radius until the trailer rear axle
group began to twist. Next, the driver moved forward to align the tractor and trailer.
The reverse movement was then repeated to the angle where twisting occurred. The



driver then moved forward, and afinal reverse movement aligned the trailer at the
loading dock. Figure 2 indicates the maneuversinvolved. The dashed linesindicate
the AASHTO forward movement path for the vehicleexiting from thedock position.

Test Results

Test results are indicated in Figure 3. The tests indicate the minimum area
necessary for efficient docking. Thisminimum isasubjective parameter andisbased
on the driver's effort and time (number of forward and backward movements)
required to place the trailer into position. The movementsin the field tests used the
point at which resi stanceto motion (twisting) wassensed asalimiting point.

Identification of Template

Figure 3 also indicates the tractor-trailer template for the study vehicle
approaching parallel to the dock and utilizing three reversing movementsto deliver
thetrailer to the dock. The template consists of the outline of the numerous forward
and reversing movements. Outlines for the vehicle approaching from both the left
and right are not included since these are mirror images. The tractor-trailer
approachingfromtherightispreferred sinceit allowsthedriver to observetherear of
the trailer in the mirrors during the backing operations. This template also includes
the AASHTOforward movement path for theexiting vehicle.

Figure 2. Test resulis ) “‘pll.ri-‘ j. i._l.l-.l-lﬂlg Tacility template o

Testing of Template Against Existing Sites

To determine its applicability, the template in Figure 3 was tested on the plans of
threeexisting facilitiesinthe Lehigh Valley Industrial Park near Bethlehem, Pa. The
template indicated quite accurately the area used for loading maneuvers. Two of the
site plans indicated that the existing paving area was not sufficient; this was
confirmed by observation at thefacilities.



Conclusion

The template in Figure 3 provides a reasonable guideline for the planning and
design of loading areas for WB-50 tractor-trailers approaching parallel to the dock.
Thetemplateindicatesthe minimum arearequired for the docking operation.

To better determine the requirements of tractor-trailers at loading facilities,
additional studiesareneededtoidentify theeffect of thefollowingvariables.

Vehicle Size
¢ Variablewheelbasetractors
¢ Variablewheelbasetrailers
¢ Variablefifthwheel settingsonthetractor
¢ Variablerear axlegroup settings

Vehicle Approach
¢ Variable approach angles
e Variable distances from docking area

Driver Variables
e Determination of skill level appropriate for design
e Variations at a site with the same vehicle and different drivers

The development of thistemplate isbased on the recording of one set of testswith a
single driver at a single site. Additional research is required to determine the
variationsassociated with different driversandfacilities.
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