MOUNTAIN-PLAINS CONSORTIUM

RESEARCH BRIEF | MPC 22-457 (project 574) | July 2022

Proposing New Advisory
Speeds in Mountainous
Areas Considering the
Effect of Longitudinal
Grades, Vehicle
Characteristics, and the
Weather Condition

the ISSUE

TruckSim Run Control: Baseline|
© Animater; Camera Setup: 180 Azm, 15 B, 55 m
@ Vehicle: Loaded Combination: 3A Tractor w/ 2
@ Procedures: Accel, then Brake

sprung
mass:

Aero:

Animator:

Tires:

Geometry

Trailer Sprung Mass
2A Trailer Sprung Mass (NHTSA)
No Aerodynamics
Animator Shape(s): Vehicle Shape.
2A Conventional Box Trailer
3000kg Tandem (510 mm)

No dolly

TR ST T ST TSy 20 ST
definitions from the link below the button
Update Road Surface 30 Shape Files

Two Lanes
Misc. animator shapes for this road surface

30 Shapes: Repeated Object
Snow Covered Trees (15, 1165)

3D Shapes: Whee! Indicators
4A - Fy Wheel Center Force Arrows

3D shapes: Animator Group

Partly Cloudy Sky with light Grass
View Echio File

Friction

30 Shapes
Reference Path: Path/Road Segment Builder ~ Friction: Mu via S-L Grid M
391385 - 025
Tite rolling resistance | ER
Path Elevation: Zs vs S ST Mo zekioge
291385 = 3D Shapes
Miscellaneous: dZ via S-L Grid -
- ‘Camera Tracking Points  Front:
ng
TR = Video Preview s

180 Azm, 3 El 44 m

& 3x1 image
i scale

Tandem
Fraction of spring load transferred to other axle (0 - 0.45
Load transfer forward per unit of combined wheel torque o 1/m
Fraction of tandem static load carried by rear axle springs: 0.5

Wyoming roadways are characterized by adverse weather conditions and tight horizontal curves
with steep downgrades or vertical curves. Skidding and rollover are the main threats on these curves.
This research aims evaluates the appropriateness of the posted speed limits and vehicle stability on

Wyoming’s hazardous curves.

the RESEARCH

This research is intended to propose a new design framework to set speed limits on combined curves
with respect to vehicle stability. Therefore, a high-fidelity dynamic simulation modeling approach was
used to assess lateral and roll stability of different vehicle types on various road surface conditions.
Skidding and rollover margins accurately quantify the impact of the geometric and environmental
characteristics on vehicle performance when cornering.
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the FINDINGS

Results showed that current speed limits are unsafe and should be
modified under some circumstances. Vehicle stability significantly
changes based upon the vehicle type and configuration coupled
with weather conditions. Therefore, appropriate speed limits vary
accordingly. The developed models of skidding and rollover margins
quantify accurately the impact of the geometric and environmental
characteristics on vehicle performance when cornering. In addition,
the impact of crosswind parameters (speed and direction) changes
based on the curve features and truck configurations. Further, the
results provide critical wind speeds and directions that truck drivers
should be cautioned of to avoid rollovers. Among all considered
factors, operating speed has the highest impact on the lateral

and roll stability of vehicles. Speeding behaviors coupled with

high gross weights would be more hazardous to drivers. A better
understanding was achieved for vehicle skidding and rollover events
reflecting real-world scenarios.

the IMPACT

This research provided guidelines regarding the design of road
sections with combined (horizontal and vertical) alignments and
the implementation of safety countermeasures on existing curved
roads. The study offered a holistic design framework for safe vehicle
speeds on combined curves with respect to lateral and roll stability,
including vehicle configurations (weight/truck load height) and
wind parameters (speed and direction). This study filled the gap in
the literature regarding the impact of these key factors on vehicle
stability and how to assign appropriate speed limits on these
challenging sections.
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