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Engineering Specifications for Construction of Truck Only and
Passenger Vehicle Only Travel ways in Missouri - Phase I: RI08-030
Executive Summary

Executive Summary

To improve safety and the efficiency of freight movement on I-70 and I-44 across
Missouri the Missouri Department of Transportation (MoDOT) is investigating the
possible separation of truck traffic from general purpose vehicles. The I-70
Supplemental Environmental Impact Statement (SEIS) completed in the summer of 2009
recommended truck-only lanes be separated from general purpose lanes by 30 to 40 foot
grass medians. As part of this continuing effort, MoDOT contracted Wilbur Smith
Associates and the Missouri University of Science & Technology to study a variety of
issues entitled Engineering Specifications for Construction of Truck Only and Passenger
Vehicle Only Travel ways in Missouri.

Figure 1 Proposed Truck-Only Lane Slip Ramp Configuration...

This report consists of the following nine technical memoranda covering Slip Ramp Spacing,
Slip Ramp Safety Features, EMS Access to Truck-Only Lanes, Public Policy on enforcement,

Effectiveness of Guard Cables with Trucks, Safety Considerations for Truck-Only Lanes,
Public Outreach Promotional Strategy, Truck-Only Lane Promotional Tools, and a
Truck-Only Lane Survey of EMS Providers.

! http://www.improvei70.org/pdf/08-04-01Handout.pdf (Spring '08 handout)
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Slip Ramp Spacing

The investigation into slip ramp spacing used a VISSIM micro traffic simulation model

to investigate the proper spacing or location of slip ramps. The slip ramp spacing study
made the following recommendations based on safe and efficient operations of the

general purpose lanes:

1.
2.

Slip ramp design speed should be the same as the general purpose lanes.

The distance for trucks to weave in traffic is greater than the distance to
accelerate or decelerate therefore the weaving distance controls the length of the
acceleration/deceleration lanes,

Acceleration (merge) lanes should be 1,000 feet for moderate and 1,200 feet for
heavy traffic.

Deceleration (diverge) lanes should be 800 feet for moderate and 1,000 feet for
heavy traffic.

Weaving for trucks requires 1,500 feet for moderate and 2,000 feet for heavy
traffic.

The total distance from slip ramp to off-ramp should be 3,300 feet to 4,200 feet.
Operations degrade for traffics flow between 150 and 200 trucks per hour and
between 1,600 and 2,000 general purpose vehicles per hour.

Figure 2 Slip Ramp Spacing Configuration

ELIP RAMP
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| Part 1 | Fart1 | Part 1 |

Merge Limk Diverge

Slip Ramp Safety Features

The investigation into safety features of slip ramps found or recommended the
following;:
1. Most literature covers HOV or managed lanes with limited specific research on

the safety features of truck-only lanes.



Engineering Specifications for Truck Only Lanes - Executive Summary

2. The AASHTO High Occupancy Vehicle (HOV) Design Guide? allows the use of
slip ramps due to limited right-of-way and/or high costs.

3. Safety improves with driver’s familiarity therefore Missouri should consider a
public education campaign on of truck-only lanes and slip ramps.

4. Slip ramp design should be location specific based on grades, speed limits,
weaving distances, lane widths, median widths, etc.

5. Most safety issues involve the truck merging maneuvers from the left slip ramps
to the right side exits. A 1992 study by the Texas Transportation Institute
suggested merging distances of at least 3,500 to 3,750 feet which is consistent
with the 3,300 to 4,200 feet recommended in the slip ramp location technical
memorandum in this report.

6. Clear signage will be instrumental for the safe operation of truck-only lanes and
creating designated truck merging zones may improve driver’s expectations.

7. Critical geometric design criteria for slip ramp operations should be completed
when investigating longer combination vehicles (LCVs).

8. Technologies are emerging that may increase safety at slip ramp facilities
including ITS, ramp metering, vehicle detection, and on-board blind spot
detection.

EMS Access to Truck-Only Lanes

This technical memorandum looked into the configuration and spacing of special access
to truck-only lanes for emergency services. The memorandum recommended the
following:

1. Current MoDOT standards for median crossovers are adequate for access across
the medians to the truck-only lanes.

2. Emergency access opening in the truck-only lane median barriers should be lined
up with the median crossovers (see figure 2.)

3. Mechanical gates or temporary access points may be required in locations with
narrow shoulders adjacent to concrete traffic barriers.

2 Guide for the Design of High Occupancy Vehicle Facilities. American Association of State Highway and Transportation Officials,
Washington, D.C., 1992.
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Figure 2 Proposed Rural EMS Access

Public Policy Technical Memorandum

The Public Policy Technical Memorandum discusses how to define trucks and enforce
truck restrictions in the general purpose lanes. The memorandum discusses and
recommends adopting existing federal rules on the definition of trucks and existing
truck limitations used across the country. To help define the restriction on truck use of
the general purpose lanes to local trips study recommends three options:

1. Distance from a trucks origin or destination to define local trips.

2. Commercial vehicle configuration as they differ between long and short hauls.

3. Purpose of the trip, a truck may only use the general purpose lanes to gain access
for their intended purpose.

The enforcement recommendations borrow from the “virtual weigh station” concept
currently in use across the country where information about the truck is encoded into

an electronic manifest system available to law enforcement.

Effectiveness of Guard Cables with Trucks and Truck-Only Lanes

The technical memorandum on the effectiveness of guard cables on trucks found little
literature dealing with of truck-only lanes and trucks except for those that measured
failure of cable barriers in median crossover accidents. The studies that did measure
crossover failures did not compare these to the number of successful applications
involving trucks. However, these studies did indicate that guard cable greatly
decreased injury and fatality accidents, prevented general purpose vehicles from
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crossover accidents, and actually increased minor property accidents. There was one
study however that recommended an improved anchor and tension system that would
greatly improve the effectiveness of median guard cable systems in stopping these
median crossover accidents. This type of improved system did show a dramatic
improvement in crossover accidents including those involving trucks.

Safety Considerations for Trucks and Truck-Only Lanes

The safety considerations for truck-only lanes consisted of a literature search and
summary of previous studies involving truck and truck-only lane issues. Many of the
eleven studies discussed truck lane restrictions or operations but not specifically truck-
only lanes. However, some of there findings may prove germane to the issues of truck-
only lanes in Missouri. Some of the subject matter from these studies included:

The effectiveness of truck lane restrictions on capacity and safety.

Potential applications of truck only lane facilities.

The safety and operational aspects of existing truck lane restrictions.

The 2007 Corridors of the Future consideration for truck-only lanes.

Other studies involving how to improve or measure the safety of truck

Gl L=

operations.

Public Outreach Promotional Strategy

This memorandum provides key information for the development of a public
involvement strategy in the implementation of a truck-only lane facility. It
recommended possible promotional strategies on how to communicate the safety and
operational benefits of truck-only lanes. It discussed key audiences, possible concerns,
communication methods, and data need. It also discussed current communication
efforts on other MoDOT programs.

Truck-Only Lane Promotional Tools

This memorandum describes possible promotional tools, goals of the tool, approximate
costs, target audiences, when to use the tool, advantages, and disadvantages. Some of
the tools discussed included websites, billboards, kiosks, bulletin boards, brochures,
mailers, public meetings, pod casts, radio advertisements, newspaper advertisements,
video clips, PowerPoint presentations, small promotional items, earned media, and
television advertisements.
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Truck-Only Lane Survey of EMS Providers

The truck-only lane survey of EMS providers surveyed 132 state, city, county and
private EMS providers along the I-70 and I-44 corridors on their impression of truck-
only lanes. Approximately 33 percent of the providers completed the ten question
survey. The survey indicated that, at least among EMS providers, there is no real
opposition to truck-only lanes along I-70 and I-44. The most common concern from
EMS providers is how and where access to truck-only lanes will be gained. Overall, the
survey indicated that with continued communication and education, EMS providers felt
that truck-only lanes would be beneficial to the interstate system and should improve
safety.
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Truck-Only Lanes Talking Points

1. What are truck-only lanes?

Truck-only lanes are lanes designated for the use of trucks. The purpose of truck-only lanes is
to separate trucks from other mixed-flow traffic to enhance safety and/or stabilize traffic flow.

Potential Rural Typical Section

Potential Urban Typical Section

2. Where could truck-only lanes be located?

Truck-only lanes could be located on Interstates such as I-70 and I-44. Truck-only lanes on I-70
are currently under study as part of the I-70 Supplemental Environmental Impact Statement
(SEIS) between 1-470 in Kansas City, Missouri and Lake St. Louis Boulevard in St. Louis,
Missouri.

3. Why study truck-only lanes now?

e Truck traffic continues to increase on I-70.

e Many Missourians have asked if cars and trucks can be separated.

e New technologies make the separation more feasible.

e Missouri has an important role in the nation’s ability to move freight and support the
U.S. economy, as demonstrated by Missouri’s designation within the federal Corridors
of the Future program.

Page 1 of 4
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4. What are the benefits of truck-only lanes?

e GSafety — Separating long-haul trucks from other traffic offers the opportunity for safer
travel for all by reducing the number of car and truck interactions.

e Freight Efficiencies — Trucks play an increasingly important role in our economy and
truck-only lanes offer Missouri and the nation’s businesses greater efficiencies and
reliability as they serve Missouri’s businesses, farms, and families.

e Redundancy - By having essentially two sets of lanes in each direction (general purpose
lanes and separate truck-only lanes) if either set of lanes needed to be closed for any
reason, all traffic could be shifted to the other, allowing traffic to continue to flow on I-
70.

e Constructability — Closing lanes on I-70 and I1-44 for construction would create
significant congestion and delays. The construction of separate, truck-only lanes could
be accomplished with fewer impacts to travelers. A range of design- and construction-
staging components could be expedited by constructing separate lanes.

5. What types of vehicles typically use truck-only lanes?

The vehicles that typically use truck-only lanes are commercial vehicles for moving materials,
with three or more axles, and typically weigh 22,000 pounds or more.

6. Can trucks still use the general purpose lanes and local interchanges?

Yes. There will still be some trucks mixed with passenger traffic. Trucks going short distances
and those trucks accessing local interchanges will both travel in lanes with passenger vehicles.

7. How would truck-only lanes work?

Trucks could access most Missouri locations via interchanges that would serve both trucks and
other vehicles. Trucks would move between truck-only lanes and general purpose lanes (where
trucks would travel with other vehicles) on slip ramps. They would access interchanges from
general purpose lanes. Some locations might have interchanges that would keep trucks

separated from other traffic.

8. What is a slip ramp?
A slip ramp is ramp that slips between lanes in the same direction (see picture).

9. What locations would have separate truck and general purpose interchanges?

All traffic would be able to access all of Missouri’s interchanges. However, separate truck and
general purpose interchanges could be constructed only where there is significant truck traffic.

Page 2 of 4
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The criteria for separate truck interchange locations is likely to include; standards for the
amount of truck traffic, the ability of the connecting road system and community to
accommodate that traffic, connectivity to inter-modal centers, and an evaluation of the impacts
of the larger interchanges.

Slip Ramp Access

Source: www.improvei-70.org

10. How will truck-only lanes be enforced?

As with all highway laws, MoDOT will look to state and local law enforcement officials to
enforce laws relating to highway travel. Fines or penalties are possible for improper use of
truck-only lanes, but those have not yet been determined or proposed to Missouri’s governing
bodies for approval. Along with coordination and approval by Missouri’s lawmakers,
regulations will also need to be consistent with federal laws and guidelines.

11. When would construction of truck-only lanes begin?

There is no funding for design or construction, so there is no estimated start date for
construction. The Missouri State Legislature is exploring a range of options that could help pay
for improvements to I-70 and 1-44 but currently there are neither local nor federal funds for the
project.

Page 3 of 4
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12. Couldn’t trucks travel on other highways?

MoDOT has explored diverting traffic to other highway facilities, but as part of the national
interstate highway system, long-distance and local travelers will continue to use I-70 and 1-44.

13. What is the Corridors of the Future program and how does that effort affect
Missouri?

Nationally, there is growing emphasis on ensuring safe, efficient movement of freight.
Designated by the U.S. Department of Transportation as a Corridor of the Future, I-70 is
recognized as a critical artery in getting goods to customers and keeping the U.S. competitive in
a global economy. The Corridor of the Future designation enables MoDOT to study the benefits
and impacts of truck-only lanes on I-70 in more detail. Completing this additional analysis will
position Missouri at the head of the line should more state and federal transportation funds
become available.

14. What other states have truck-only lanes?

This innovative solution has emerged recently as a way to deal with truck safety and congestion
issues. There are truck-only lanes that travel short distances in New Jersey, California, and
Texas. Missouri and Georgia are the first states in the U.S. to look at state- or corridor-wide
strategies to separate truck traffic for long distances, but no states have yet implemented truck-
only lanes through entire corridors. The Georgia DOT Truck Study recommended not pursuing
stand alone truck-only lanes. Because of MoDOT’s planning strategies, Missouri is leading the
nation in the evaluation of the impacts, costs, and benefits of truck-only lanes.

15. How would emergency vehicles access truck-only lanes?

Emergency vehicles would access the truck-only lanes at special access points similar to
those used by emergency vehicles to access high occupancy vehicle (HOV) lanes.

Page 4 of 4
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Introduction

The Missouri Department of Transportation (MoDOT) is investigating the truck-only
lane proposed improvements along I-70 and I-44 to accommodate the high percentage
of truck traffic and to manage congestion along this freight intensive corridor. Access at
locations of intense truck activity will be provided by grade separated truck
interchanges; however, most of the 250 mile corridor is rural with little demand for
access. These locations will be served by slip ramps (Figure 1). These slip ramps will
provide access between the truck-only lanes and the general purpose lanes to allow
trucks access to the general traffic interchanges. This concept is similar to managed
lanes currently in use across the country.

Figure 1 Proposed Truck-Only Lane Slip Ramp Configuration..."

Due to the exclusive heavy truck traffic using the slip ramps, the standard AASHTO
design standards for HOV slip ramps may not apply. To this end MoDOT
commissioned Wilbur Smith Associates and the Missouri University of Science and
Technology to identify the minimum distance a slip ramp would need to be from an
interchange to allow the safe and efficient operation of the slip ramp and general
purpose lane. A micro simulation model using VISSIM was created using input from

! http://www.improvei70.org/pdf/08-04-01Handout.pdf (Spring '08 handout)
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multiple sources including the I-70 Supplemental Environmental Impact Study (SEIS)
and literature reviews associated with truck-only lanes.

Summary

The truck-only lane slip ramps for the I-70 and 1-44 corridors were evaluated for rural
traffic conditions. Different ranges for traffic volumes were used to help confirm the
operational range for the corridor based on volumes from the I-70 SEIS. It was
determined that in general the capacity for truck-only lanes operations ranged from 150
to 250 trucks per hour per lane while the upper range of capacity for the general
purpose lane ranged from 1,600 to 2,000 vehicle per hour per lane. These upper ranges
of capacity are much greater than the expected volumes for rural freeway operations
and confirms the slip ramp capacity used in the I-70 SEIS.

The design speed for the truck-only lanes and general purpose lanes use in this study
was 70 mph for the mainline and slip ramp and 50 mph for the interchange ramps.
Grades of the slip ramp and weaving movements were assumed less than three percent.
When grades are greater than percent, acceleration and stopping behavior of heavy
vehicles would be affected and longer lengths of the segments would be required.

Heavy vehicles and their interaction with general purpose vehicles were simulated
using VISSIM for thee specific weaving movements consisting of the Merge, Link, and
Diverge. The Merge represents a truck merging into the general purpose lanes from a
ramp’s acceleration lane. The Link represents a truck weaving across the two general
purpose lanes. The Diverge represents a truck weaving into a ramp’s deceleration lane.
The merge-link-diverge movements were modeled for the trucks moving from the
truck-only lanes to the general purpose lanes before an interchange identified as Part 1,
and for the trucks moving from an interchange to the truck-only lanes after the
interchange or Part 2.

To evaluate the slip ramp spacing, speed versus flow (traffic volume) plots were
obtained from simulation results then analyzed for the truck-only lanes and general
purpose lanes. Five different geometric configurations or cases were investigated for
Part 1 (before the interchange) and again for Part 2 (after the interchange).

Part 1 with the slip ramp before the interchange produced the following results for the
six different geometric configurations. Case 1 geometrics consisting of merge-link-
diverge design lengths of 800"-900"-650" and an AASHTO recommended truck volume
of 230 tph created unacceptable drops in operating speed of the general purpose lanes.
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Case 3 geometrics consisting of merge-link-diverge design lengths of 1,000"-1,500"-800
performed well as most of the vehicles maintained acceptable speeds at peak flows
while exiting the general purpose lanes. Cases 5 and 6 geometrics with design lengths
of 1,200°-1,500"-1,000" and 1,200"-2,000’-1,000" performed well for higher volumes up to
300 trucks per hour. It can be concluded that higher flow rates can be achieved without
a significant drop in the speeds of vehicles if additional merge, link and diverge lengths
are provided.

The results for Part 2, slip ramps after the interchange, followed a similar trend with the
operating speeds increasing with a corresponding increase in the segment lengths. Case
7 with design lengths of 800"-900’-650" did not perform well as both heavy and
passenger vehicles slowed down below 50 mph. Cases 11 and 12 with the longest
design lengths performed well and are recommended for high traffic volumes, while
case 9 with design lengths of 1000°-1500"-800" was acceptable for moderate truck flow
rate of 230 trucks per hour.

A composite of the recommended slip ramp lengths and configuration is shown in
Figure 17 at the end of this report.

Methodology

Heavy vehicles were simulated using VISSIM, a microscopic traffic simulation model,
to enter and exit the truck-only lanes using the slip ramps. Similarly, the heavy and
passenger vehicles were able to enter and exit the general purpose lanes using VISSIM
at peak hours. To evaluate the slip ramp spacing, speed versus flow plots obtained from
simulation results were analyzed for the truck-only lanes and general purpose lanes for
six different cases.

VISSIM Coding

VISSIM codes the highway network using links and connectors. Links are road ways
with lanes and connectors are used to connect different links. The truck-only lanes and
general purpose lanes were coded in VISSIM as per the geometrics shown in Figures 2
and 3.

The lanes width specified were 12 feet and the median spacing was 30 feet. The taper
length for single lane entrance ramps as per the AASHTO green book Exhibit 10-69 was
set at 300 feet. The taper length of the single lane exit ramps as per the AASHTO green
book Exhibit 10-72 was set at 250 feet.
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The desired speed distribution for the truck-only lanes and general purpose lanes was
set at 70 mph. The on- and off-ramp were set at 50 mph.

Figure 2 Schematics for the Different Segments of Part 1 of General Purpose Lanes
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Figure 3 Schematics for the Different Segments of Part 2 of General Purpose Lanes
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Routing Pattern
The vehicles are assigned a route to be followed while traveling on the truck-only lanes
or general purpose lanes. Routing patterns also specify the number of vehicles that

should exit using the slip ramps and the off-ramp.

Traffic Composition

Traffic composition for both general purpose lanes and truck-only lanes are presented
in Table 1. Heavy vehicles comprised of different types of trucks, buses, and passenger
vehicles comprised of cars, SUVs, and bicycles.
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Table 1 Vehicle Composition

Description Percentage
TOL
Buses 1.50
2 axle 6 tire single units 2.70
3 axle single units 2.20
4 > axle single units 0.03
4 < axle single units 6.70
5 axle single trailers 79.00
6 > axle single trailers 0.48
5 < axle multi trailers 4.60
6 axle multi trailers 2.60
7 > axle multi trailers 0.19
GPL
Motor Cycles 0.64
Passenger cars 75.00
2 axle 4 tire single units 24.36

Vehicles Acceleration/Deceleration Behavior
Based on the literature review the acceleration/deceleration characteristics of the
vehicles were specified in VISSIM. The primary vehicular characteristics specified in

VISSIM were the maximum and desired acceleration, and the maximum and desired
deceleration rates.

Traffic Inputs

Heavy vehicle peak flow rates used were 1,150 and 1,220 tph and for passenger vehicles
was 2,500 vph. During the peak hours a maximum of 230 and 300 tph were assigned on
the slip ramps and consequently exited the highway. Similarly, 230 and 300 tph entered
the highway through the on-ramps during the peak hour. Two different peak flows
were used for heavy vehicles to evaluate the threshold for exiting vehicles.

Driver Behavior
From the literature, Gomes et al. (2003), the driver behavior parameters were specified
in VISSIM. The important driving parameters calibrated were:

1. Special driving behaviors were assigned to vehicles that need to perform lane
changing maneuvers specific to truck-only lanes and general purpose lanes.
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2. 'CC’ parameters that specify the acceleration, headway time, stand still distance,
etc. were specified.

3. The diffusion time or the wait time for the vehicles performing the different
maneuvers was set to 60 seconds.

4. Link behavior types like weaving, merging, and diverging were created and
assigned to different segments.

Slip Ramp Spacing

The ramp spacing is evaluated by studying the speed flow behavior of vehicles on the
key segments of the general purpose lanes and recording the number of vehicles
entering and exiting the slip ramp. The slip ramp spacing was determined by the sum
of the length of the merge, link, and the diverge segments. Several different segment
lengths were tried for both Part 1 and 2. Tables 2 and 3 provide the segment lengths for
Part 1 and 2.

Simulation Run

The simulation for each of the slip ramp spacing distance was run three times with
three different random seeds. Random seeds simulate different driving behavior of
drivers each time. The resolution was set to two simulation seconds for each time step.
The first three cases in Table 2 and Table 3 were simulated with 230 tph and the last
three cases were simulated with 300 tph.

Results and Discussion

Figure 2 shows the different links on the general purpose lanes that were studied for
speed flow characteristics of vehicles before the interchange. Table 1 shows the
different cases simulated by changing the lengths of the segments specified in Figure 2.
Different scenarios were simulated to determine the optimum lengths for the merge,
diverge, and the link segments. It was observed that Case 1 with a merge length of 800
feet, link length of 900 feet, and diverge length of 650 feet consistently performed poorly
with very low speeds for all vehicles during peak flows. For peak flow, Figure 8, the
heavy vehicles slowed down to 30 mph to exit using the off-ramp. From Figure 9 it can
be observed that the exiting heavy vehicles also affect the speeds of passenger vehicles
lowering them below 40 mph. This is a failed case with vehicles recording low speeds.
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Table 2 Simulated Lengths for Part 1 (Before Interchange)
Merge | Link | Diverge

Cases A B C Recommendation
Case 1: 800_900_650 800 900 650 Failed
Case 2: 800_1500_650 800 1500 650 Poor

Case 3: 1000_1500_800 1000 1500 800 Acceptable

Case 4: 1000_1500_1000 1000 1500 1000 Poor for higher volumes

Case 5: 1200_1500_1000 1200 1500 1000 Recommended for higher volumes
Case 6: 1200_2000_1000 1200 2000 1200 Recommended for higher volumes

Case 3 with lengths of 1,000, 1,500, and 800 feet for merge, link, and diverge sections,
respectively is optimum for vehicles to maintain their speeds while merging or exiting.
From all the figures it can be observed that vehicle speeds for this particular case are
consistently between 50 and 70 mph. This is an acceptable case for heavy vehicles using
the slip ramp with a peak flow rate of 230 trucks/hour. Greater design lengths were
simulated but no significant improvements in vehicle speeds for the same peak flow
were observed.

Additional analysis with increased flows was carried out for Cases 4 to 6 and it was
found that Cases 5 and 6 performed well for higher volumes with vehicles slowing
down at much higher volumes compared to the previous cases. With increase in merge
and diverge lengths, the heavy vehicles were observed at lower speeds at flow rates of
around 300 trucks/hr as compared to 230 trucks/hour in Cases 1, 2 and 3. As seen from
Figures 5, 7, and 9 passenger vehicles slowed down to below 60 mph at higher flow
rates. It needs to be noted that the simulation was run with both the heavy vehicles and
passenger vehicles reaching peak flows at the same time. The heavy vehicles during
their peak flow do not slow down the passenger vehicles both on the merge and the
diverge sections. Cases 5 and 6 with additional lengths are recommended if the general
purpose lanes experience higher flow rates.
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Figure 4 Before Interchange, Heavy Vehicles on Merge Section of GPL

Figure 3 presents Part 2 of general purpose lanes, i.e. after interchange. Speed flow
characteristics of vehicles traveling on Sections X, Y and Z were analyzed. Table 3
shows the different cases simulated for part 2. Cases 7 to 9 were simulated with normal
peak flows and Cases 10 to 12 were simulated with higher peak flows. Similar trend
was observed in the speed flow curves for the after interchange part with the additional
lengths providing higher vehicular speeds.

Table 3 Simulated Lengths for Part 2 of GPL (After Interchange )

Merge | Link | Diverge

Cases X Y Z Recommendation
Case 7: 800_900_650 800 900 650 Failed
Case 8: 800_1500_650 800 1500 650 Poor
Case 9: 1000_1500_800 1000 1500 800 Acceptable

Case 10: 1000_1500_1000 1000 1500 1000 Poor for higher volumes

Case 11: 1200_1500_1000 1200 1500 1000 Recommended for higher volumes

Case 12: 1200_2000_1000 1200 2000 1200 Recommended for higher volumes

The speed of passenger vehicles were consistent in the merge and link sections with
speeds varying from 60 to 70 mph for all the cases. In the diverge section for Case 7, the
speeds of both the passenger vehicles and the heavy vehicles during the peak flows
were very low compared to other cases that have greater diverge lengths. Case 7,
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therefore, is not recommended as vehicles slowed down considerably on the general
purpose lanes. Case 3 with a diverge length of 800 feet was found to be acceptable with
the speeds of passenger vehicles above 60 mph. Additional analysis was carried out for
longer segment lengths and higher peak flows and Cases 11 and 12 are recommended
for higher traffic flow rates. Case 10 with diverge length of 1,000 feet was not found to
be suitable for higher volumes but better compared to Case 9 for normal peak flows. It
is recommended to increase the merge length for the heavy vehicles to accelerate to 70
mph.

Figure 5 Before Interchange, Passenger Vehicles on Merge Section of GPL

From the analysis it can be inferred that the governing lengths of merge, link, and
diverge is the distance needed to complete the lane change of heavy vehicles from the
slip ramp to the off-ramp and from the on-ramp to the slip ramp. The recommended
merge length is 1,200 feet for peak heavy vehicles, for link length it is 1,500 feet for
normal, and 2,000 feet for higher peak heavy vehicle traffic. Similarly, the
recommended diverge length is 1,000 and 1,200 feet for the two traffic conditions.

The recommended lengths of merge, diverge, and the link would not be affected by the
grade as long as it is less than three percent. In case it is greater than three percent,
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acceleration and stopping behavior of heavy vehicles would be affected and longer
lengths of the segments would be required.

Figure 6 Before Interchange, Heavy Vehicles on Link Section of GPL
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Figure 7 Before Interchange, Passenger Vehicles on Link Section of GPL

Figure 8 Before Interchange, Heavy Vehicles on Diverge Section of GPL
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Figure 9 Before Interchange, Passenger Vehicles on Diverge Section of GPL
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Figure 10 After Interchange, Heavy Vehicles on the Merge Section of Part 2 GPL

Figure 11 After Interchange, Passenger Vehicles on Merge Section of GPL
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Figure 12 After Interchange, Heavy Vehicles on the Link Section of GPL
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Figure 13 After Interchange, Passenger Vehicles on Link Section of Part 2 GPL

Figure 14 After Interchange, Heavy Vehicles on the Diverge Section of Part 2 GPL
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Figure 15 After Interchange, Passenger Vehicles on Diverge Section of Part 2 GPL

Literature Review

MoDOT is planning to build truck-only lanes on I-70. MoDOT’s plan calls for widening
and rebuilding the highway, setting aside two lanes exclusively for heavy vehicles and
two for passenger cars, pickups and SUVs. MoDOT plans to add interchanges used
exclusively by heavy vehicles, some used exclusively by cars, and new bridges. The
goal is to separate heavy traffic, mainly truck traffic, from everyday automobiles, to
improve the safety of both sets of travelers. According to MoDOT, heavy vehicles are
involved in 28 percent of all accidents and 40 percent of fatal accidents on I-70 through
Missouri. This review provides information about the slip ramp spacing used on truck-
only lanes and the research carried out using simulation.

The main objective of this research is to identify the distance required for heavy vehicles
to safely cross two general purpose lanes of traffic:

1. To get from the truck-only lanes using slip ramps to the interchange exit ramps.

2. To get from interchange on-ramps to truck-only lane slip ramps using
simulation.

16
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Managed Lane Ramp and Roadway Design Issues TTI Report (2003)

The TTI report presents the ramp design and truck performance. Researchers used
simulation to obtain an appreciation of the effects of ramp spacing on freeway
operations. Speed was the primary measure of effectiveness used to evaluate the effects
of different ramp spacings, volume levels, and weaving percentages. The VISSIM
microscopic traffic simulation model was selected for the ramp spacing and weaving
simulation. One of the goals outlined was to quantify the effects of ramp spacing on
freeway operations by considering both the spacing of the ramps to the freeway lanes
and the ramps between freeway lanes and managed lanes. The key variables for the
simulation scenarios were ramp spacing, initial freeway per lane volume, and percent
of freeway entrance ramp traffic weaving to managed lane facility. The key findings are
as follows:

1. Ramp spacing only affected average freeway speeds when the initial freeway
volumes were very high (2000 veh/hr/In) and ramp spacing was at the lowest
value used in the simulation (1000 ft [305 m]).

2. Ramp spacing and entering volume levels are directly related. When ramp
spacing increases, entering volume per ramp also increases so that the number of
vehicles attempting to enter the corridor remains the same.

3. In each weaving level comparison, the average freeway speed dropped faster for
the shorter ramp spacing. This shows that operations are more sensitive to small
increases in traffic volumes when ramp spacing is shorter.

Sensitivity of Simulated Capacity to Modification of VISSIM Driver
Behavior Parameters

This paper focuses on the sensitivity analysis of VISSIM ‘CC’ values to determine the
change in capacity output. The analysis is undertaken for a simulation developed for
the interchange of US-75 and SH-190 (George Bush Turnpike). This paper is used for the
truck-only lane project to calibrate the CC values in the VISSIM. The findings are as
follows:

CCO (Stand Still Acceleration)
As CCO0 value increased, capacity decreased. It is the dominant portion of the safety
distance and therefore has pronounced impact on capacity
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CC1 (Headway Time)
The calibrated model CC1 value was found to be 0.85.

CC2 (Following Variation)

This is the factor that restricts the longitudinal oscillation of vehicles in simulation. As
CC2 value increases, the average capacity of the corridor decreases. As CC2 values
decreases it shows that the simulation driver’s following behavior is much more
aggressive. This means that the driver will be speeding up and slowing down at a
higher frequency.

CC3 (Threshold for Entering Following)

It controls the start of deceleration process. If a driver recognizes that it is following a
slower moving vehicle, it defines how many seconds to reaching the safety distance
before the driver should decelerate. It was found out that it has no significant effect on
capacity.

CC4 and CC5 (Following Thresholds )
Smaller absolute values of CC4 and CC5 result in a more sensitive reaction of the

drivers to the acceleration and deceleration of the preceding car. For smaller values,
vehicles follow each other more closely throughout the simulation.

CC6 (Speed Dependency of Oscillation)

This parameter controls the effects of the distance on speed oscillation of following
vehicles. Increase in the CC6 values results in driver’s speed oscillation, increasing as
the distance between the leader’s vehicle and the following vehicle increases. This
means that a driver will accelerate and decelerate more often when the distance to the
preceding vehicle increases. It was not significant on capacity.

CC7 (Oscillation Acceleration)
CC7 controls the degree to which the speed oscillation produced by a vehicle is gentle
and gradual or sudden and violent. CC7 had little effect on the roadway capacity.

CC8 (Acceleration from Stopped Condition)

This is bounded by the minimum and maximum acceleration values defined as the base
data functions in the VISSIM. CCS8 has a significant negative impact on capacity. As CC8
decreases so does the capacity of the road way.

18
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CC9 (Acceleration at 50 mph)

CC9 affects the acceleration behavior of following vehicles when they are traveling at 50
mph that is unlikely speed in a bottle neck condition so has no significant impact on
capacity.

Look Back Distance:
Look back distance is defined as the distance upstream of a ramp or a section of

roadway requiring some degree of maneuvering that a driver begins to position for the
maneuver, the distance upstream that a vehicle will begin to attempt to change lanes.

Table 4 Summary of Capacity Sensitivity to Parameter Modification

Significantly

Resulting Degrees Critical ~ Different from Val
Parameter Level Value Capacity (vph) SE -Statistic  of Freedom  r-Value  at Calibration?
CcCco Low 2.0 8062 825 1.35 17 2.567 N
Default = 4.92 Calibrated 4.8 020 938 — — —_ —
Medium 5.0 B054 o984 0.96 14 2624 N
High 1000 7788 87.2 T.13 16 2,583 Y
CCl Low 0.50 8074 99,2 1.50 14 2.624 N
Default = 0.50 Calibrated (h85 8020 938 —_ - e —
Medium 1.00 7888 827 424 17 2.567 Y
High 1.50 6818 338 49.79 27 2,473 Y
cc2 Low 5.00 B9 106.0 2.63 14 2.624 Y
Default=13.12 Medium 10,00 812 769 308 18 2.552 Y
Calibrated 13.12 B020 938 — — — —
High 20,00 7803 9.2 6.59 16 2.583 Y
C3 Low 4 7976 794 144 18 2.552 N
Default = -8.00 Calibrated ] 8020 938 — — — —
Medium 10 7980 944 117 13 2,602 N
High =15 8030 875 031 16 2.583 N
CC4 and CCS Low 1 3090 103 1.89 14 2.624 N
Default = +0.35 Medium 0.5 2082 91.6 1.85 15 2.602 N
Calibrated 1.0 8020 938 — — —_ =
High 2.0 7535 644 17.47 22 2.508 Y
cCe Low 2.00 7989 9 0.86 14 2.624 N
Default = 11.44 Medium 8.00 7943 91.1 229 15 2.602 N
Calibrated 11.44 8020 918 — —_ _ =
High 20.00 8033 914 037 15 2.602 N
ccy Low 0.50 8035 834 .47 17 2.567 N
Default = 0.82 Calibrated 0.82 8020 9318 — — _ =
Medium 1.00 7990 89.2 0.90 16 2.583 N
High 1.50 B0S3 92.3 0.98 15 2.602 N
] Low 6.4 7638 953 11.03 15 2.602 Y
Default = 11.48 Medium 8.0 7925 943 275 15 2.602 Y
High 10.0 8003 87.3 0.47 16 2.583 N
Calibrated 11.5 8020 93.8 —_ —_ —_ —
cCco Low 2.10 8024 96.3 0.12 15 2.602 N
Default = 4.92 Medium 4,50 8002 83.5 0.56 17 2.567 N
Calibrated 492 8020 938 — — - -
High 7.50 8034 841 0.45 17 2.567 N
Look-back distance Low 50 8316 T4.6 10,14 19 2.539 Y
Defanlt = 656.2 Calibrated 300 8020 938 — — — —
Medium 5000 8193 T5.6 587 19 2.539 Y
High 1000 8307 673 10.50 21 2518 Y

A Micro Simulation Model of a Congested Freeway Using VISSIM (2003)

This paper outlined a methodology for constructing and calibrating a simulation model
of a unidirectional freeway with on-ramp control. It was tested on a 15-mile stretch of I-
210 WB in Pasadena, California. This test site had an HOV lane with an intermittent
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barrier, a heavy freeway connector, 20 metered on-ramps with and without HOV
bypass lanes, and three interacting bottlenecks. The model construction procedure
consisted of:

Identifying important geometric features

Collecting and processing of traffic data

Analysis of the mainline data to identify recurring bottlenecks
VISSIM coding

Calibration based on observations from item 3

AR

The traffic data was collected from two sources and they are PeMS databases which
gather 30 second and 5 minute data from over 30,000 miles of freeway in California and
the manual counts that provided the ramp volumes between October 2001 and January
2002.

A qualitative set of goals was established for the calibration. These were met with
relatively few modifications to VISSIM's driver behavior parameters. The goal for the
calibration was to match more qualitative aspects of the freeway operation. These were:

Location of the three identified bottlenecks

Initial and final times for each of the three mainline queues
Extent of the queues

Utilization of the HOV lane

Onramp performance

Gr L=

The goal for the HOV lane was to approximate the flow values from PeMS. For the on-
ramps, the only objective was to avoid large on-ramp queues that might obstruct the
vehicle sources. It has been found out that in the car following models CC1 value has
important influence on capacity and its value of -0.35/0.35 produced no congestion.
Analysis of the supply and demand characteristics of the freeway lead to the conclusion
that two of these bottlenecks were geometry-induced, while another was caused by
weaving. A successful calibration of the VISSIM model was carried out based on this
observation. This study has shown that the VISSIM simulation environment is well-
suited for such freeway studies involving complex interactions. With few and well
reasoned modifications to its driver behavior parameters, the simulation model is
capable of reproducing the field-measured response on the on-ramps, HOV lanes, and
mixed-flow lanes.
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School Bus Acceleration Characteristics (1998)

This study was used to plot the acceleration/deceleration characteristics plots for buses
in VISSIM. In this research several school buses performances data was collected that
was used to construct speed/time/distance curves. The primary objectives of this
research project included investigating performance characteristics of full-size school
buses. Information was gathered as each school bus accelerated from a side street or
driveway onto the through roadway. Data was also gathered for school buses
accelerating up a grade and for school buses accelerating from a stopped position at a
railroad crossing. Field personnel collected the data with the classifier/road tube and a
video camera. The total number of school bus speeds available at each station were: 171
at 18 m, 129 at 100 m, 127 at 200 m, 77 at 300 m, 35 at 400 m, and 36 at 500 m. The
measured speeds ranged between 17.1- 33.3 kph at 18 m, 31.7-53.9 kph at 100 m, 38.1-
67.6 kph at 200 m, 43.1-72.1 kph at 300 m, 51.2-79.3 kph at 400 m, and 56.2-82.2 kph at
500 m. The data collected was used to plot VISSIM acceleration deceleration curves for

buses.
Table 5 School Bus 12.5 Percentile Speeds and Acceleration Times
Distance (m)
School Bus Om 18m 100m 200m 300m 400m 500m
12.5 percentile Speed
214 37.8 45.7 55.5 58.2 62.6
@ 10% CI (kph) 0
Cumulative Accel. 0 6 16.1 24.6 318 | 382 | 441
Time (sec)

Strategies for Separating Trucks from Passenger Vehicles: Truck Facility
Guidebook (2006)

The main objective of this guidebook is to help Texas DOT engineers in setting up of
exclusive truck lane facilities. This is carried out using a nine step process and the
important points are:

Acquiring truck and non truck volume.
Predict future truck and non-truck volume.
Determine desired level of service.
Determine number of truck roadway lanes.

el I\ =

VISSIM is used to calculate the level of service values based on the characteristics,
terrain factors, and interchange spacing. Additionally, CORSIM is used to evaluate and
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model the truck roadways. Within CORSIM, all heavy vehicles featured a headway
factor of 120, a jerk value of 7.0 ft/s?>, an emergency deceleration of 15.0 ft/s?, and a
maximum deceleration under normal conditions of 8.0 ft/s?>. The headway factor shows
us that truck drivers generally allow greater spacing between vehicles than automobile
drivers, and the jerk and acceleration values govern the acceleration and braking
performance limits of heavy vehicles. These values were found to be reasonably
consistent with truck performance data. CORSIM has a limited number of truck types
available for inclusion in the model and the composition was as follows.

Table 6 Truck Classification Schemes

The classification is used in the VISSIM truck-only lane simulation to model the truck-
only lanes composition and truck characteristics.
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Acceleration Lane Design for Higher Truck Volumes (2008)

The objective of this research project was to examine the speeds reached at certain
distances by heavy vehicles accelerating onto the main lanes of a freeway, and offers
recommendations about the lengths of acceleration lanes needed for heavy vehicles to
accelerate to speeds closer to the speeds on the main lanes. This would reduce the
degree to which entering heavy vehicles disrupt freeway traffic flow as they merge into
the main lanes. The findings from this research are directed at locations with higher
tractor trailer truck volumes, freeway interchanges like the truck-only lane interchange
system. A literature review was undertaken to study the vehicle characteristics,
adjustment factors for current acceleration lane design guidelines, acceleration lane
design for heavy commercial vehicles, design criteria for high speed roadways, the
operation of large trucks, and vehicular collision factors. Data collection was
accomplished to record the speed, distance, time, and weight of the trucks as well as the
volume of traffic on the freeway into which the trucks were entering.

Table 7 Tractor-Trailer Truck Speed at Acceleration Lane End

truck spesd truck freeway distance to
min. avg. max. spead limit accel. lane end
(mph) (mph) (meh) {mph) [f==t)
Alma EB 29 44 56 €5 1750
Hope EB 35 51 4 &5 2000
Joplin WB 23 37 45 70 1300
Lehi EB 31 41 52 €5 1250
Marion SB 38 48 55 £5 850

The above table shows that the average tractor-trailer truck speeds at the end of the
acceleration lanes were more than 10 mph below the posted truck speed limit at all of
the data collection sites. They ranged from 14 to 33 mph below the posted truck speed
limit. The maximum tractor-trailer truck speeds at the end of the acceleration lanes were
also less than the posted truck speed limit. They ranged from 1 to 25 mph below the
posted truck speed limit. Three out of five of the maximum truck speeds were 10 mph
or more below the posted truck speed limit. The three data collection sites where the
maximum truck speeds were closest to the posted truck speed limit were the three sites
with the largest distances between the static truck weight scales and the end of the
acceleration lane. The minimum truck speeds at the end of the acceleration lanes ranged
from 27 to 47 mph below the posted truck speed limits. Based on data from this
research, when a high composition of tractor-trailer trucks are entering the traffic flow
on a freeway with a speed limit of 65 mph, a minimum acceleration lane length on the
order of 2,700 feet is required just to allow an average vehicle on a level grade to get
within 10 mph of the posted speed before the entry ramp ends. A length of almost 3,500
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feet would be needed to accommodate the 10" percentile vehicle. These acceleration
lane lengths were consistent with the magnitude as those found in NCHRP Report 505.
It is suggested that acceleration lanes with lengths approximately equal to the values
proposed by this project be considered at locations where significant volumes of trucks
enter a freeway similar to slip ramps on the truck-only lane.

Identifying the Impact of Truck -Lane Restriction Strategies on Traffic
Flow and Safety Using Simulation (2007)

The paper by Nicholas J. Garber focuses on the measurement of truck lane restriction
strategies (TLRS) using conflict as the measurement of effectiveness (MOE). The MOEs
used to evaluate the impact of different lane restrictions on operational performance
were lane changes, average speed, speed distribution, and volume distribution. The
software tool PARAMICS V3.0 is used for simulation. The simulation results showed
that all the geometric and traffic characteristics had a significant impact on freeway
safety and operation. In addition, truck percentage and volume were identified as key
factors that had a significant impact on the selection of the optimal truck lane restriction
strategy. Optimal alternatives of truck lane restriction strategies under different truck
percentages and volumes were identified with the objective of reducing traffic conflicts
and enhancing level of service (LOS). Guidelines were then developed for the
application of truck lane restrictions under alternative traffic and geometric conditions.
The field data for calibration were collected on the 1-295 freeway section at Henrico
where 1-295 intersects I-64. The calibration parameters for PARAMICS are provided in
Table 8.

Table 8 Calibration Parameters

Parameter Description Sl Acceptable range
value
Mean headway (sec) The mean target headway, in seconds 1.0 06-22
Mean reaction time (sec) | The mean reaction time of each driver, in seconds 1.0 03-19
Each vehicle has the facility to remember 1ts own
speed for a number of time steps. This memory
facility 1s used to implement driver reaction time
. _ by basing the change in speed of the following
Speed memory 3 1-9

vehicle on the speed of the leading vehicle at a

time in the recent past. Changing the size of the

speed memory allows the modeling of larger

reaction times or smaller tume steps

Curve speed factor Set a factor to control the amount to which 10 10-50
vehicles slow down due to curvature on road

The target headway for all vehicles can be

modulated using this factor. For example. mn a

Headway factor tunnel, the user might know that drivers commonly 1o 0.6-14
extend their headway by 50%
Link speed (mph) The desired speed when the volume 1s low 63 60 - 80
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Table 9 Optimal Parameter Set

=

Parameters Calibrated Value
Mean headway (sec) 1.35
Mean reaction time (sec) 0.53
Speed memory 4
Curve speed factor 1.5
Headway factor 1.0
Link speed (mph) 72

The simulation network coded in this study is a straight five-mile freeway section with
a varied number of lanes, grade, and interchange density. The lane restriction strategies
applied depended on the number of lanes of the freeway in each direction. Grade was
chosen as an independent variable. The posted speed limits were 55, 65, and 75 mph to
cover a range around 65 mph which is a typical posted speed limit on interstate
highways in Virginia. The traffic volumes on both main road and ramp were 100, 500,
1000, 1,500 to 2,000 vphpl to incorporate different LOS traffic conditions in the
evaluation. For the traffic volume it is assumed that there are only two types of vehicles
in the traffic mix: passenger cars and trucks.

Table 10 Four Configurations of Cars and Trucks in Simulation

F=1

Top
Type | Length | Height | Width | Weight Speed | Acceleration | Deceleration
ft (m) ft (m) ft (m) | (Tonne) mph ft/s.s (m/s/s) | ft/s/s (m/s/s)

(km/h)

Car 13.1 49 5.2 0.8 98.2 8.2 (2.5) 14.8 (4.5)
(4.0) (1.5) (1.6) (158)

Truck 36.1 13.1 2 38.0 80.0 4.6 (1.4) 12.1 (3.7)
(11.0) (4.0) (2.5) (128)

It also reports that the frequencies of lane-changing, merging, and rear-end conflicts
increase with the increase in the interchange density. Apparently, more interchanges
will increase the number of lane changes made by the vehicles that intend to get off the
main road from exit ramps at the interchanges and increase the number of merging
maneuvers for vehicles that intend to merge onto the main road from the entrance
ramps

It concludes by stating that the influence of TLRS on conflicts and operational
performances depends on investigated categories defined by the demand volume and
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truck percentage. Generally, more significant impact is found when demand volume is
greater and trucks occupy a larger portion in the traffic mix.

A Micro Simulation Model of a Congested Freeway Using VISSIM (2003)

This paper written by Gomes explains the procedure for constructing and calibrating a
detailed model of a freeway using VISSIM. The calibration is done using a 15-mile
stretch of I-210 West in Pasadena, California. Field data used as input to the model was
compiled from two separate sources: loop-detectors on the on-ramps and mainline
(PeMS), and a manual survey of on-ramps and off-ramps. The main steps of procedure
are as follows:

Identification of important geometric features
Collection and processing of traffic data

Analysis of the mainline data to identify recurring bottlenecks
VISSIM coding

M owhe

The procedure was applied to I-210 West, a freeway that presents several challenging
features: 20 metered on-ramps, with and without HOV bypass lanes, an HOV lane with
an intermittent barrier, an uncontrolled freeway connector, and several interacting
bottlenecks.

Figure 16 I-210 Freeway diagram

Link types - Variations of following behavior (CC-) parameters

Suitable CC-parameters were taken to create realistic driving behavior. Three separate
sets of CC-parameters were defined: Freeway, Hard Curve, and Soft Curve. Each was
paired with a merge link type (with a 60 second diffusion time), giving a total of 6 link
types. The Freeway and Freeway Merge types were used almost everywhere. One of the
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findings of this study is that only modest adjustments to the CC-parameters were
required to produce desired simulation response. Also, that capacity drops due to
curvature can be reproduced with changes to the CC1 parameter alone.

Table 11 Calibrated CC Values

Waiting time

1.1 -2.042.0 a0

SoftCurve Merge J
7 1.4 -2.0/2.0 60

HardCurve Merge

Link type CCo CCl CC4 7/ CCS bef. e
hefore difffusion
Freeway 1.7 0.9 -2.042.0 1
SoftCurve 1.7 1.1 20420 1
HardCurve 1.7 1.4 20420 1
Freeway Merge 1.7 09 -2.042.0 a0
L.
L.

(defaults: CC0=1.5, CC1=0.9, CCr/CC5=0.35/0.35, Waiting time = 60)

Adjustments to the look-back distance

It was determined that the default look-back distance of 200 m is too small for large
numbers of vehicles crossing over several lanes of traffic to reach their exits. On the
other hand, increasing this value too much had the unrealistic effect of bunching up all
of the exiting vehicles in the right-most lane, far upstream of their intended off-ramp.
These vehicles then obstructed other upstream off-ramps and onramps. It was therefore

necessary to tune the look-back distances individually for each off-ramp in a way that
allowed vehicles sufficient weaving space while ensuring that these lane-change regions
did not overlap.

Adjustments to the Waiting time before diffusion

Another modification that was found useful for eliminating the off-ramp blockages was
to decrease the waiting time before diffusion parameter, from its default 60 seconds to 1
second. With this setting, vehicles that stopped at the emergency stop position on the
mainline (at the off-ramp bifurcation) were immediately removed from the simulation,
thereby minimizing the obstruction to the freeway. Eliminating these vehicles has little
impact on the total travel time, since they are few and very close to their exit anyway.
However, this adjustment is only recommended after the number of affected vehicles
has been minimized by tuning the look-back distances. Also, one should be careful not
to affect other bifurcations and/or lane drops within the network where larger waiting
times are desired. For example, in the case of 1-210, vehicles attempting to enter the
freeway also frequently reached the emergency stop position at the end of the on-
ramp/mainline merge sections (which contain a lane drop). To avoid these vehicles
from being evaporated, a set of merge link types was created. These match their non-
merge counterparts in all features except for the waiting time, which was set to 60
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seconds for the merge types. Merge link types were used on all on-ramps and on-ramp
merge sections.
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Figure 17 Recommended Truck-Only Lane Slip Ramp Configuration
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Acceleration & Deceleration length adjustments due to Slip Ramp | Merge General Merge Diverge | Slip Ramp Distance
grade. Traffic Diverge TOL | 30" Median Slip to Weawe Diverge | Distance to Accel. Weave | General to | 30" Median | TOL Merge from
Volumes [to Slip Ramp| (revcune) Gen. Section Lane Interchange Lane Section | Slip Ramp | (revcune) Lane Interchange
Moderate 800 ft 880 ft 1,000ft | 1,500t | 800 ft 4,980 ft 1,000 ft | 1,500 ft 800 ft 880 ft 1,000 ft 5,180 ft
Acceleration and Deceleration Lengths from Exhibits 10-
70 and 10-72 of the AASHTO Green Book. Heavey 1,000 ft 880 ft 1,200 ft [ 2,000t | 1,000 ft 6,080 ft 1,200t | 2,000t | 1,000 ft 880 ft 1,200 ft 6,280 ft
[-70 Gen & TOL Design Speed = 70 mph _ _ _
. NOTE: Use 1,100 feet Slip Ramps for 40' Median and 1,435 feet ramp for 60' median
General Purpose Ramp Design Speed = 50 mph
Slip Ramp Design Speed = 70 mph
Slip Ramp = 10,700' Radius reverse curve
SE=0.02 ft/ft for emax=8%
June 4, 2009
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Introduction

The Missouri Department of Transportation (MoDOT) is investigating the truck-only
lane proposed improvements along I-70 and I-44 to accommodate the high percentage
of truck traffic and to manage congestion along this freight intensive corridor. Access at
locations of intense truck activity will be provided by grade separated truck
interchanges; however, most of the 250 mile corridor is rural with little demand for
access. These locations will be served by slip ramps (Figure 1). These slip ramps will
provide access between the truck-only lanes and the general purpose lanes to allow
trucks access to the general traffic interchanges. This concept is similar to managed
lanes currently in use across the country.

Figure 1 Proposed Truck-Only Lane Slip Ramp Configuration...’

Existing literature on the design and operation of managed lanes is readily available;
however, specific research on the safety features of truck-only lanes and slip ramps is
limited; especially where truck-only lanes and slip ramps are combined. Although there
is little existing research on slip ramps for truck-only lane facilities, research has been
conducted for HOV lanes; which can offer appropriate operations and design criteria
that will directly apply to new truck-only lane designs.

Until recently, very few exclusive facilities existed that restricted trucks to specific lanes
while allowing other vehicles to use any lane.? This document presents a literature

L http://www.improvei70.org/pdf/08-04-01Handout.pdf (Spring '08 handout)
2 Jasek, D. and Middleton, D. Literature Review for the S.R. 60 Truck Lane Feasibility Study. Southern California Association of
Governments. June 1999.
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review specific to the safety at slip ramps and the factors that influence their design and
operation. It summarizes key issues related to the proposed I-70 truck only-lane slip
ramp configuration. A future literature review will summarize the project team’s
analysis of the safety implications of truck-only lane facilities on a much broader scale.

Background

Several studies have examined safety features for HOV lanes. The findings from these
studies can be easily applied to truck-only lane facilities. The Texas Transportation
Institute (TTI) has conducted much of the most applicable research on managed lane
facilities.

An exclusive lane feasibility study® found that barrier-separated facilities were most
plausible for congested highways where three factors exist:

*  Truck volumes exceed 30 percent of the vehicle mix.
*  Peak-hour volumes exceed 1,800 vehicles per lane-hour.
. Off-peak volumes exceed 1,200 vehicles per lane-hour.

Significant research exists regarding the interactions of various vehicles at managed
lane facilities. The effects of these interactions can be negative unless mitigated through
accurate ramp design. Factors influencing ramp design include design speed, sight
distance, grades, turning radii, and horizontal and vertical curvature. These factors will
be evaluated in future study tasks under the literature review of safety considerations
for truck-only lanes. The intent of the present literature review document is to be a
more focused analysis of design factors influencing CMV safety on slip ramps.

Factors Influencing Safety at Slip Ramps
Merging Traffic

User access is a primary consideration in the safe and efficient operation of truck-only
lanes. Trucks must be able to access the truck-only lane facility safely and efficiently.
Weaving across general purpose lanes to access a truck-only lane facility may present
safety issues.

3 Jansen, B. and Rathi, A. Feasibility of Exclusive Facilities for Cars and Trucks. Center for Transportation Analysis, Oak Ridge National
Laboratory. April 1990.
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Another safety consideration in truck-only lane analysis is interchange slip ramp
geometric design. A 1998 study* analyzed truck-involved crashes on Washington State
freeways in conflict areas of merge or diverge ramps. It was found that truck crash
frequencies were significantly different by conflict area (off-ramp, on-ramp, merge area,
diverge area, upstream, downstream) and type (side-swipe, rear-end, roll-over), and
that high-volume ramps have lower rates of truck crashes per truck-mile of travel.
Therefore, the safety risk associated with a ramp is related to conflict area and crash
type, and not related to truck volume. The findings of the research were used to
develop a procedure for identification of high-risk locations for remedial action to
improve safety. The tools developed for this analysis could be useful in identifying
potential interchange and ramp designs, and modified for use in the safety evaluation
of truck-only lanes.

The authors of a 1999° study conducted by The Center for Transportation Research at
the University of Texas at Austin observed and evaluated freeway entry ramp design
speeds in four Texas cities. They determined that driver speeds on the observed entry
ramps were often greater than 50 percent of the freeway design speed, and therefore
recommended removing the AASHTO design criteria allowing for an entrance ramp
design speed of 50 percent of the freeway design speed. They also concluded that
freeway acceleration lanes should begin only when ramp drivers have an unobstructed
view of freeway right-lane traffic.

Typical weaving scenarios were evaluated by TTI® and are presented in Figure 2. They
are:

*  Weaving within the managed lane.

*  Freeway weaving from a managed lane exit to a freeway exit.

* Intra-freeway vehicle stream separation of vehicles destined for managed
lane access.

4 Jansen, Awad, Robles, Kononov, and Pinkerton. Truck Crashes at Freeway Ramps: Data Analysis and High-Risk Site Identification.
Journal of Transportation Statistics. Bureau of Transportation Statistics. January 1998.

5 Hunter, Machemehl, and Tsyganov. Reevaluation of Ramp design Speed Criteria. Center for Transportation Research. University of
Texas at Austin. 1999.

¢ Fitzpatrick, Brewer, Venglar, and Fenno. Managed Lane Weaving, Ramp, and Design Issues. Texas Transportation Institute.
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Figure 2 Typical Weaving Scenarios for Managed Lanes

In a summary report” completed in 2005, TTI constructed VISSIM models to examine
650 combinations of weaving distance, weaving complexity, and traffic volume
conditions resulting in over 2000 vehicle simulations. The scenario most applicable to a
truck-only lane slip ramp design is the analysis of weaving across three freeway lanes.

“For weaving across three lanes between a left-side managed lane exit and a right-side
freeway exit ramp, modeling indicated that weaving and non-weaving freeway operations
tend to stabilize at weaving distances greater than 3000 ft. for medium volumes and 3500
ft. for high volumes.”

It should be noted, however, that the provided weaving distances are only appropriate
for freeway vehicle mixes with up to 10 percent heavy vehicles. Higher percentages of
heavy vehicles require increasing the per-lane weaving distance. The study authors
suggest a maximum of an additional 250 feet per lane. The study also recommended
that the cross-freeway weaving and intra-freeway weaving are most appropriately
studied using simulation tools such as CORSIM and VISSIM.

7 Kuhn, Goodin, Ballard, Brewer, Brydia, Carson, Chrysler, Collier, Eisele, Fenno, Fitzpatrick, Ullman, Ullman, Venglar. Findings
From Texas: Five Years of Research on Managed Lanes. September 2005.
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A similar report® evaluated truck merging operations at four freeway on-ramp locations
in California that had significant truck traffic. The study found that, on average, trucks
required approximately 1,072 feet of merge space, compared to 498 feet for cars, and 489
feet for recreational vehicles. The authors found in most instances if drivers were
provided more acceleration and merge space, more length was used to do so. In
addition, they concluded that more than half of the merging maneuvers took place in
the latter half of the length provided for merging. And finally, the longer the
acceleration space available to merging traffic, the higher the speeds of the merging
vehicles, which approached comparable speeds to the through vehicles already on the
freeway.

Highway/Heavy Vehicle Interaction

In 2003, a TRB Synthesis report® summarized state-of-the-practice information
regarding safety implications from operating commercial trucks and buses on
highways. The report also presents options for highway design improvements that
could enhance the safe operation of commercial vehicles. It describes current highway
design features, operational practices, and other initiatives of importance to commercial
truck and bus safety. The results of this study will help identify and describe the
operational characteristics that will have the most influence on the safe operation truck-
only lane slip ramp facilities in Missouri:

* The 2004 AASHTO Green Book criteria for acceleration lane lengths at entrance
ramps to major highways appear appropriate to accommodate average trucks,
but do not appear to accommodate the lowest performance trucks currently
allowed under Missouri State Law. Research may be needed to determine
whether these lengths are appropriate for dedicated Truck Only Lane slip ramps.

* More research on the issue of differential speed limits is needed. The belief that
lower heavy vehicle speeds will reduce accident rates is widespread but
unproven. By contrast, fundamental traffic engineering principles suggest that
accident rates increase as the variance of vehicle speeds on a facility increases.
Highway agencies need better information on the safety effects of differential
speed limits.

8 Tom and Fong. A Case Study of Truck Merging Operations at Selected Freeway On-Ramp Locations in California. FHWA. 1997.
o Commercial Truck and Bus Synthesis Report 3. Transportation Research Board. 2003. Available online at:
http://onlinepubs.trb.org/onlinepubs/ctbssp/ctbssp _syn 3.pdf
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* Previous research on truck lane restriction has found no effect on safety. Further
research based on field trials is desirable to establish whether lane restrictions
have safety benefits.

* Many highway agencies are facing decisions about whether to reduce traffic
congestion by building truck-only lanes or truck-only roadways. Research is
needed to provide safety performance measures to assist highway agencies in
such decisions.

Design Speed

The number of vehicles attempting to weave across the freeway lanes and enter a truck-
only lane (or exit from one) can have a significant impact on the speed and operations of
the freeway. Research conducted by Perera, Ross, and Humes'® evaluated acceptable
ramp speeds for heavy vehicles and translated it into a safe operating speed through the
use of computer simulation models. At the time of the study, the authors determined
that the safe operating speed for heavy trucks was 13 to 18 mph lower than the
corresponding AASHTO design speeds.

Potential Infrastructure Features to Address Slip Ramp Safety

Safely designing slip ramp infrastructure presents challenges regarding vehicular lane
changing behavior, speed, and merging space. It is essential that these infrastructure
design challenges be met, in order to minimize the negative impact of heavy vehicles at
truck-only lane facilities. For this reason, a wide variety of solutions have been
developed to address these challenges.

Technology

Vehicular Technology® has developed a computer-directed traffic-control system that
was designed under the sponsorship of the Bureau of Public Roads. The technology is
intended to increase the efficiency and safety of traffic merging maneuvers by detecting
and tracking gaps in the merging lane of the freeway and by dynamically controlling
ramp vehicles into these gaps. The description of this system is supported by a
treatment of the parametric relationships governing traffic control on freeway, and
reference to the historical development of merging control systems. A similar

10 Perera, H.S., H.E. Ross, and G.T. Humes. Methodology for Estimating Safe Operating Speeds for Heavy Trucks and Combination Vehicles
on Interchange Ramps. Transportation Research Record 1280. Transportation Research Board, Washington, D.C., 1990.
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technology could be developed to facilitate the safe merging maneuvering of trucks
through the general traffic stream to the truck-only lane facility.

Figure 3 Blind Spots for Drivers of Large Commercial Vehicles!

Another technology that could be implemented to increase the safe operations at truck-
only lane facilities is “The Lookout™” 12 which is a state-of-the-art safety aid for trucks
that helps truck operators locate people and objects in their blind spots. (Figure 3) The
technology consists of ultrasonic sensors that can be placed on a truck or trailer along
with an LED display unit mounted within the cab. The technology can be implemented
into existing fleet operations and can handle up to 10 quick connect sensors and
transferred between tractors in a transportation fleet. Lookout™ not only aids the driver
in backing and changing lanes, but, when activated, also has an internal security alarm
feature that alerts the driver when something or someone approaches the truck when it
is standing still. Figure 4 shows the LED display and the sensors mounted to a truck
chassis.

Figure 4 Lookout sensor technology

In normal blind-spot mode, when an object is within eight feet of one of the sensors, the
corresponding area is lit up on the display unit's truck outline. When the vehicle is
shifted into reverse, the system automatically switches to backup mode and the display

1 http://www.nozone.org/index.asp
12 Road Management and Engineering Journal, with permission from January/March 2001 issue (Vol. 15, No. 2) of The Bridge, a
publication of the Transportation Center at Michigan Technological University in Houghton, Michigan.
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shows the distance between the rear of the vehicle and any object (a loading dock, for
instance), flashing "0.0" when the distance is less than one foot. An audio alarm beeps
more rapidly as the distance closes. The alarm mode can be used when the truck is
parked, with the audio alarm sounding when anything comes within three feet of a
sensor.

Each "smart" sensor is housed within a sealed, weather-tight enclosure, and all other
components are built to withstand the rigors of commercial vehicle use. The system is
manufactured by MPH Industries, Inc., a maker of police traffic radar, breath alcohol
measuring instruments and other highway safety equipment.

Infrastructure Design

The WSA project team conducted a literature review on slip ramp infrastructure design
issues. The following summarizes the findings of this literature review in several
categories: alignment, lane marking treatments, sighage, and channelization of traffic.

Alignment

Keller authored a study in 19933 that summarized several recent studies evaluating the
potential influences of ramp alignment, super elevation, and horizontal alignment. He
concluded that:

* Motorists must receive consistent feedback regarding each element of the ramp
geometry, especially when complex interchange designs are unavoidable

* Designing highways specifically for large trucks requires increased sight
distance, simplified interchange layout, and more generous ramp radii

* Decision sight distance is desirable over stopping sight distance, however
stopping sight distance plus 25 percent is an acceptable alternative

Lane Marking Treatments

In a study conducted for the FHWA in 2008, the authors identified several cost
effective lane marking solutions. They are:

13 Keller, J.A. Interchange Ramp Geometrics — Alignment and Superelevation Design. Transportation Research Record 1385.
Transportation Research Board, Washington, D.C., 1993.

14 Rephlo, Carter, Howard, Katz, Robinson, Bedsole, Philmus. Strategies for Improving Safety at truck-only lane Collection Facilities.
FHWA. May 2008.



Slip Ramp Safety Features Technical Memorandum

* Bright longitudinal markings that extend upstream to give motorists plenty of
time to prepare for merging vehicles.

* High-visibility flexible lane delineators to separate traffic.

* Flexible pop-up delineators that operate off air compression to improve
performance in cold climates (currently being used by the New York State
Thruway).

Signage

Adequate signage is instrumental in safe operations in and around truck-only lane slip
ramps. Clear signs must be present to all motorists who encounter a truck-only lane
facility. Motorists should encounter signage well in advance of a truck-only lane slip
ramp facility. Information should be disseminated upstream and downstream of slip
ramp facilities to effectively present the needed information and allow users proper
time to react. Information must be presented within the managed lane corridor to
drivers with varying levels of familiarity with truck-only lanes.'> Signage should be
considered early in the design process, as an integral part of the infrastructure design.

Some agencies have found that changing speed limit signs from advisory to regulatory
(black and white) makes a difference in speed compliance. Another signage option
would be to use digital signs displaying real-time speed to vehicles. Signs upstream of
the slip ramp may effectively reduce confusion at merging facilities.

The 2003 Manual of Uniform Traffic Control Devices (MUTCD)* with Revisions 1 and 2,
dated December 2007, provides several example layouts for both barrier and buffer-
separated facilities in section 2E.59 “Preferential Only Lane Signs”. Some examples
include:

* Entrance/exit plaques
* Distance/destination signs and
* Ramp guide signs

The MUTCD also adds several conditions concerning managed lane facilities that
include:

15 Kuhn, Goodin, Ballard, Brewer, Brydia, Carson, Chrysler, Collier, Eisele, Fenno, Fitzpatrick, Ullman, Ullman, Venglar. Findings
From Texas: Five Years of Research on Managed Lanes. September 2005.

16 Accessed online at: http://mutcd.fhwa.dot.gov/
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* A minimum of one ground-mounted advance guide sign at least 0.5 miles prior
to the entry

* Overhead signs used as a supplement to ground-mounted signs only, unless an
engineering study identifies that ground-mounted signs are not appropriate

* Truck-only lane abbreviation or symbol to appear on all signs at entry and exit
points and times of vehicle occupancy requirements, and

* Median-mounted signs for advance exit and other guide signs for both barrier
and buffer-separated facilities

Knoblaugh and Nitzburg!” evaluated high-speed roll over crashes of top-heavy trucks.
Their research developed methods for treating interchange ramps that are prone to
cause high center of gravity vehicles to lose control and overturn. The authors
determined that the rear silhouette of a tipping truck, advisory speed limit, and arrow
diagram were the most effective signs.

Examples of signage that could be developed for truck-only lane facilities on I-70 are
included in the Appendix.

Channelization of Traffic

One strategy that is often used to mitigate unsafe lane changes near managed lane
facilities is the channelization of traffic. In a study conducted for the FHWA?, the
authors assessed strategies for reducing unsafe merging and lane changing behaviors at
toll collection facilities. By separating traffic downstream from the slip ramp facility on
a channelized acceleration lane, it is possible to reduce last-minute lane changes and
increase the safety of the interaction of trucks with the general traffic stream. Some
agencies even make it a policy to separate traffic until the slower traffic has accelerated
to two-thirds of the normal operating speed. Other agencies have used a buffer lane or
physical separation (concrete barrier) between the managed facility and the general
purpose lanes.

17 Knoblauch, R.L. and M. Nitzburg. Ramp Signing for Trucks. Report FHWA-RD-91- 042. Federal Highway Administration, McLean,
VA.1991.

18 Rephlo, Carter, Howard, Katz, Robinson, Bedsole, Philmus. Strategies for Improving Safety at Toll Collection Facilities. FHWA. May
2008.

10
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Figure 5: Channelized Acceleration Lane

Channelized
Accel. Lane

Reducing Speeding

Vehicles traveling above posted speed limits in and around truck-only lane slip ramp
facilities may create significant safety problems. As a result, some agencies operating
managed lane facilities have implemented strategies that effectively combat speeding
vehicles. Speed limit enforcement and the construction of physical features are two
strategies discussed in the following.

One speed reduction enforcement strategy that has been implemented by the New York
State Thruway is automated speed enforcement where cameras record violators and
send a citation by mail. An effective strategy to deal with repeat offenders, should there
be any, would be to double fines for speeding in slip ramp areas.

Speed can be controlled at truck-only lane slip ramps by the use of various lane
treatments that encourage reducing speeds. The New York Thruway, for example, uses
rumble strips upstream of the merging lane and transverse pavement markings to
lower speeds in their managed lane facilities. They place brightly colored transverse
markings spaced progressively closer to give approaching vehicles the illusion that they
are increasing speed even when they are maintaining a constant speed. Another
potential lane treatment is painting speed limits on the pavements at the approach to a
slip ramp facility.

Truck Merging Zones

Combining several of the above methods into designated Truck Merging Zones would
provide additional visual and informational tools for the driver of the general purpose
vehicle. Prior to the slip ramp, a series of signs would alert the driver to the possible
presence of trucks attempting to merge. This could then be further enhanced just prior
to a slip ramp from the truck-only lanes with a warning light mounted on an advisory
sign that would be activated by detectors along the slip ramp.

11



Slip Ramp Safety Features Technical Memorandum

Conclusions

e The American Association of State Highway and Transportation Officials
(AASHTO) High Occupancy Vehicle (HOV) Design Guide!® advises that where
limited right-of-way and/or high costs prohibit the use of elevated flyover ramps,
at-grade slip ramps can be used.

e Safety at any truck-only lane slip ramp facility will increase if its users are
familiar with its design and operation. Missouri should consider implementing a
public education campaign to familiarize users with the concept of operating slip
ramps to access truck only lanes. If the concept is implemented, direct focus
should be given to the various highway users that will be affected by the
operation of these ramps. The project team suggests tailoring outreach to users of
each of the vehicle types that will be permitted on the system, including:
emergency medical responders, MoDOT personnel, general purpose users, and
transportation industry sectors. This campaign will be further investigated
through the public policy research portion of future study documents. Missouri
should consider adding language related to truck only lanes to the Missouri
Drivers Guide and in the CDL test.

* The project team should use the VISSM (or similar) model to analyze vehicle
interactions in and around a truck-only lane facility. A study by Urbanik and
Cate? suggests the model will quantify the benefits from truck-only lane
restrictions in the form of reduced lane-changing activity; with little or no
operational penalty.

* The geometric design of truck-only lane slip ramp facilities on 1-70 should be
developed in accordance with traffic modeling simulations. Speed limits,
weaving distances, lane widths, etc. may need to be evaluated at each proposed
ramp location; as each will have a different level of service (LOS) and traffic
density.

* A bulk of the safety concerns related to truck-only lane slip ramp configurations
are generated from the truck traffic merging maneuvers at these facilities.
Operationally, weaving areas between on/off ramps and the slip ramps of the
truck-only lanes generate concern. Trucks cross the general traffic stream and
create safety hazards and disturb mainline traffic. The Texas Transportation

19 Guide for the Design of High Occupancy Vehicle Facilities. American Association of State Highway and Transportation Officials,
Washington, D.C., 1992.
20 Cate, M. and Urbanik, T. Another View of Truck Lane Restrictions. 2004.

12
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Institute suggests merging lanes at a truck-only lane facility be at least 3,500
feet?. In areas with higher volumes of truck traffic, the study authors suggest
adding an additional 250 feet of merging space. The project team will investigate
the suitability of these estimates using a modeling approach in Missouri.

* Lane treatments and appropriate signage will be instrumental in developing safe
operations in and around truck-only lane slip ramps. Clear signage is important
for all motorists who encounter a truck-only lane facility. Information should be
presented upstream and downstream of slip ramp facilities to effectively present
the needed information and allow users proper time to anticipate and react to the
truck-only lane slip ramps. Additional pavement treatments might increase
safety at truck-only lane facilities. Treatments may include aggressive lane
paintings, rumble strips, and lane barriers.

o [t is expected that the project team will conduct several modeling scenarios to
identify critical geometric design criteria for the slip ramps. The scope of this
study does not currently include the investigation of longer combination vehicles
(LCVs). If these vehicles were considered, they would dramatically impact the
design and operation of slip ramp facilities.

* Technologies are emerging that may increase safety at slip ramp facilities. Ramp
metering technology is being developed to guide traffic safely through merging
maneuvers at truck-only lane facilities?>. On-board technologies are also being
developed. One warns truck drivers of approaching vehicles located in a trailer’s
blind spots. This reduces unsafe merging of large vehicles.

2 Kuhn, Goodin, Ballard, Brewer, Brydia, Carson, Chrysler, Collier, Eisele, Fenno, Fitzpatrick, Ullman, Ullman, Venglar. Findings
From Texas: Five Years of Research on Managed Lanes. September 2005.

22 Vehicular Technology®

2 Road Management and Engineering Journal, with permission from January/March 2001 issue (Vol. 15, No. 2) of The Bridge, a
publication of the Transportation Center at Michigan Technological University in Houghton, Michigan.

13
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Appendix

The following images are examples of established signs that could be used to present
the necessary information to traffic that will be encountering slip ramp facilities. There
are also several diagrams included that will aid in determining appropriate placement
of signs. While establishing uniform signing for truck-only lanes is outside the scope of
this study, these provide precedent for what might be done.

This sign could be modified slightly to notify
general traffic users that trucks will be entering
general purpose lanes ahead. It could read “trucks
merging ahead” with an additional sign
identifying the distance to the gore, for example,
“15 mile ahead.”

A sign similar to this could notify mainline
traffic not to block the truck merging lane ahead.

Warning signs should notify mainline traffic
well in advance of truck only lane slip ramp
facilities. A similar sign to the one at right
could read “Truck-Only Lane Ahead.”

14
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Secondary = warning  signs
should be developed to notify
traffic as slip ramp facilities
approach.

Overhead signs will be necessary to
differentiate exclusive lanes from general
purpose lanes. Qualifications for exclusive
lanes should be simply described so they will
be understood by the highway users that will
encounter them. The sign at right is an
example sign that is used to identify high
occupancy vehicle (HOV) lanes.

These signs would be used where drivers will
encounter merging truck traffic. The plaqueis a
modification from sign W4-4a “TRAFFIC
TRUCKS FROM LEFT | FrOM LEFT”. Flashing lights activated by

sensors from the slip ramp would add

additional emphasis when trucks are present.

15
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Advisory signs should be used throughout the upstream and
TR U C K downstream areas at slip ramp facilities urging highway users
to drive cautiously as they navigate through merge/diverge

MERGING | ™
ZONE

It is important to advise appropriate speeds for all
traffic types. If travel speeds are different for trucks and
general traffic, signs should be created for each, with
posted speed limits easily identifiable.

This sign is an example of a variable message
sign that can be used to notify traffic of
upcoming hazards.

16
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The following diagrams were gathered from the MUTCD. They present example
signing spacing for several managed lane designs.

400 m
{174 il

400
(174 mi}

400 m
{174 mi)

Figure 2E-46. Example of Signing for the Enirance to Barrier-
Separated HOV Lanes

400 m
[1/4 mi)

-—

HOV 2+ LANE
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LEFT EXIT

LAME EXITS
o T

Dewsdewn VIA T 9

HOV 2+ LANE
12 MILE

LEFT EXIT

HOW 2+ ONLY

2 0R MORE PERSONS
PER VEHICLE

HOV 2+ LANE

1 MILE
LEFT EXIT

EAM-FAH  MON-FR1

ik

ﬁand

=+ Direction of Iraval

NOTES:

1. For right-side axils o access HOW lane,

R3-13a

k%

the same signing scheme would be used

with adjustmanis made 1o sign messaging.
. Exit rarmp is for ilustrative purposes anly,

Use locally applied gaomalric critaria.

. The word message HOWV may be used

instead of the diamand symibol.

. The minirum vehicle occupancy

requiremant and hours of eperation on the
sign may vary for each facility

. Referance Sections 3B.22 and 3B.23 for

additional paverment marking information,

. Referance Sections 2B.26 through 2B.28

and 2E.52 for appropriate text information,

% Potential location of &
Changeable Message
Sign (CMS] lor reversiole
or contraflow oparations.

o % 1.5 km {1 mi} and 3.2 km (2 mi)
Eigns are opticnal

o % % For access restricled [acifies

Destinations may be augmented 1o
accompany roulas on Inferchanga

Saguence signs (sea Figura 2E-24).
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Figure 2E-47. Example of Signing for the Intermediate Entry to and Exit
from Barrier- or Buffer-Separated HOV Lanes

ﬁand
=+ [irection of traveal

o
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HOTES:

1. Relerence Sachons 3822 and 30.23 or
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mstaad af tha diamond symbal,
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sKN may vary for each oty
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- at least 0.6 m
Q 5 12 fi} in width

HOV 2+ LANE

3

LEFT EXIT

| Space " at
400 m {154 mi)
intervaks

& The ES-1 sign & o be usad for barriar-
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Figure 2E-51. Example of Signing for a Direct Access
Ramp to an HOV Lane from a Local Street

Legend
= [irection of travel

R3-14

.
s

:
1

Local
street
connaction

NORTH 55

a0 m Addicks

(172 mi) | 1 mME

1.6 km
{1 rni) HIOW LANE EXITS

£ Aedic

NOTES:

1. Reference Sections 38.22 and 3823 for
additional pavement marking information,

2. Rsferance Sections 2826 through 28.28 and % For access restricted faciliies. Destinations may
2E 59 for appropriate texd infermalion, be augrmented lo accompany reules on Interchange
3, Additional advisory and warning signs are Sequence signs {see Figure 2E-24).
required.
4, Sign locations are approximate,
5. HOV facility could be barriar-separated,

bufier-separated, of concurrent flow,
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Figure 2E-52. Example of Signing for a Direct Access Ramp
between HOV Lanes on Separate Freeways

NOTES:

1.

Belerence Seclions 38,22 and 36,23 for
additional pavernent marking
irormatian,

. Reference Seclions 2B.26 through 28,28
and 2E.52 for appropriata text information.
. Additional advisory &nd warning

signs are required.

. Sign locetions arg approximate.
. W wehicle cccupancy levals vary batwaan

HOW facilities, then the occupancy level
can be added o guide signs.

. HOW facility could be barrier-separated,

buffer-separated, or concurrent flow.

e Destinations may be augmentad 1o accompany roules

on guids signa similar 1o Figure 2E-3.
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[tz mi T
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-
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fmip T

o % For access restricted fecilitiea. Destinations may be
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= Direction of travel
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Introduction:

The Truck-Only Lane concept being considered by the Missouri Department of
Transportation will provide a limited access facility for trucks separate from the general
purpose vehicles. This limited access and separated facilities will provide a more
efficient and safer infrastructure for the movement of people and goods. One of the
chief safety concerns for this facility, and freeways in general, will be how to provide
access for emergency vehicles for incident management.

Emergency Vehicle Crossovers

Limited access facilities present travelers with the ability to go long distances with
minimal disruptions, greatly enhancing the flow and the safety of traffic. However,
when incidents do occur, it can be difficult for emergency vehicles to access the site
without going many miles out of their way. These detours increase both the response
time to the injured and the delay to impacted traffic.

To provide emergency vehicles shorter routes, emergency crossovers have been added
to limited access facilities. These crossovers are built to a much different standard from
typical roadway entrance and exit ramps, as they are not intended for the traveling
public. It is assumed that the only vehicles using these facilities are emergency or
maintenance vehicles, driven by trained personnel and with warning lights and other
safety features on the vehicles. A typical rural crossover is shown in Figure 1.
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Figure 1 Typical emergency crossover located on I-70 outside of Columbia, MO

(Courtesy of Google Street View)

Emergency crossovers are typically located in the median between opposing directions
of traffic on a limited access facility. They provide the ability for emergency vehicles to
cross from one direction to the other without driving many miles to an interchange.
These crossovers can be from a frontage road to the limited access facility or on a
limited access facility between general purpose and express lanes. These latter two
applications are typically gated to prevent the public from entering the facility in an
unsafe manner.

Basic Warrants

The intent of emergency crossovers is to provide specialized vehicles the ability to
quickly change directions on a limited access facility or to provide access to the facility.
Generally then there is no need to construct crossovers in the vicinity of a full
interchange as the emergency vehicles can use the interchange to change directions.
Crossover spacing between interchanges should limit detours. Research into
Midwestern applications indicates a spacing anywhere from one to five miles is
appropriate. While crossovers are typically inexpensive, one mile spacing is generally
viewed by the industry as excessive; however, at the other extreme, a five mile spacing
can easily result in emergency vehicles having to go eight miles (four in each direction)
or more to locate and arrive at an incident. At typical highway speeds, this represents
approximately ten minutes of precious delay in responding to potential life threatening
situations. A 2.5-mile spacing is a good balance between minimizing response time and
cost.
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There are always some exceptions to these spacing rules. For example, crossovers are
often located at the change of jurisdictions to allow maintenance vehicles a safe location
in which to turn around. Also, ends of long structures without a crossover, such as
bridges or tunnels, may warrant additional crossovers to ensure adequate system level
response. Crossovers may also be located to enhance and improve snow operations. In
order to facilitate clearing interchanges, crossovers are often constructed within a set
distance from the ramp termini. Other issues such as drainage or crossing structures
may warrant the relocation of crossovers to slightly shorter spacings. Spacing should
not be increased more than % mile.

Basic Design Requirements

This section pertains to crossovers for allowing emergency or maintenance vehicles to
access adjacent travel lanes. Layouts of a rural and urban crossover are shown in Figure
2 and Figure 3. The keys to good design are minimum width of the crossover opening
and minimum width of the median from edge of pavement to edge of pavement. While
it is assumed the authorized personnel using these facilities are trained and may be
driving specialty vehicles, the openings must be wide enough to allow vehicles
(especially trucks such as snow plows and fire trucks) to successfully and safely exit the
pavement from one direction and enter the pavement in the other direction.
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Figure 2 Typical rural median crossover
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Figure 3 Typical urban median barrier opening
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A crossover must meet certain basic roadway requirements related to the design vehicle
that uses it. These include drainage, barrier end treatments, and sight distances. The
design may require a pipe or culvert to ensure drainage is not adversely affected, and
the driving surface must be constructed to a minimum standard. In many rural
locations, the driving surface may be aggregate — vehicles are not expected to use this
surface often or at high speed. The slopes should be such that any errant vehicle that
leaves the roadway does not encounter a hazard approaching the crossover from the
median. Also, crossovers should be located in such a manner as to provide adequate
sight distance from the roadway to ensure roadway vehicles have adequate distance to
stop for emergency vehicles. Any signing or other fixed hazards must meet clear zone
requirements or be adequately designed for break away. Barriers and guardrail must
have proper end treatments.

For most applications, the crossover is designed so that a vehicle has adequate room to
approach the crossover from the inside shoulder and sit perpendicular to traffic in the
crossover without the vehicle infringing upon a travel lane in either direction. While it
is desirable to have enough room in the crossover so that the emergency vehicle can
turn and enter the inside shoulder of the opposing traffic without entering a travel lane,
it is recognized that in urban areas it is rare to have enough median width to do this.
Especially in application to truck only or express lanes created in an existing median, it
is expected that right of way will be limited. This is due to the AASHTO standard
single unit vehicle length of 30 feet and a standard clear zone distance of 30 feet.
Therefore, the minimum requirements for a crossover are full shoulders (12-14 feet)
approaching and departing from the crossover, and a minimum pavement edge to
pavement edge of 30 feet. While it would be desirous to have additional room for a
vehicle in the crossover, these vehicles are not expected to loiter in the crossover.

The turning radius of a single unit truck is 42 feet. Two 12-foot travel lanes and a 30-
foot median and 12-foot outside shoulder for a typical rural cross section adds up to 102
feet (Figure 4). This should be adequate to accommodate most common maintenance
and fire department vehicles to turn from the outside lane of one direction to the other
direction assuming that they would be able to use the full roadway to make their u-
turn. This would place the vehicle nearly perpendicular to the travel lanes while in the
crossover. Smaller vehicles (i.e., police cars) have a much smaller turning radius and
can complete the maneuver using fewer traffic lanes, generally one in each direction.
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Figure 4 Turning Radius Layout

i e — 12' Shoulder
T N 12' Lane

S I S AN — —

— \ N 12' Lane

20' Wide Crossover ” 30' Median
/ 4 /x _

i % /’ 12' Lane
- ‘ i jit:_;../-—"/ 12' Lane
12' Shoulder

The width of crossover pavement or width of gap in the barrier wall, from the studied
ranges from 20 to 26 feet. This typically accommodates most vehicles that are able to
maneuver to approaching the crossover at an angle nearly perpendicular to the
centerline of the roadway. If the emergency vehicle is parallel to the centerline, then a
much larger gap is required. This parallel approach is generally discouraged because
the larger gap increases the likelihood of an errant vehicle leaving the roadway and
crossing to the opposite direction through this gap. At highway speeds, the smaller gap
(approximately 24 feet) would require a vehicle to make near a 90 degree turn and
within a very small window of opportunity along the freeway.

Off-System Emergency Access

Occasionally, local emergency responders are not in proximity to an interchange. When
this is the case, gates can be installed along the right of way line with gravel (or other
low cost) driveways from the local access road to the shoulder of the travelway. The
gates are typically padlocked, with the local police, fire and EMS responders having
keys to the lock. Garage door type mechanisms are possible, but generally power is not
available in isolated areas. An example of a gate is shown in Figure 5.
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Figure 5 Off system emergency access gate from frontage road to 1-94 outside of
Sturtevant, WI

(Courtesy of Google Street View)

Gate locations must be determined on an individual basis. The designer should assume
no access is to be provided unless requested through a local agency.

Standards

Little federal guidance to the design of emergency crossovers exists. AASHTO’s 2004 A
Policy on Geometric Design of Highways and Streets recommends that the width crossovers
“should be sufficient to provide safe turning movements”, and that crossovers “should
not be placed in restricted-width medians unless the median width is sufficient to
accommodate the vehicle length”.

Most of the specific design standards are unique to individual agencies, although most
follow the general design elements identified above. Specific to Missouri are the
following standards (Engineering Policy Guide, Category 240):

240.1 Location

When selecting a location for a maintenance and emergency crossover, the
guidance contained in AASHTO’s A Policy on Geometric Design of Highways and
Streets should be used in addition to the following general guidelines:
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Maintenance and emergency crossovers should not be located closer than
1,500 feet to the end of a speed-change ramp or to any structures such as
bridge columns or guardrail located in the median.

Maintenance and emergency crossovers should be located only where the
Design Entering Sight Distance is provided.

Maintenance and emergency crossovers should not be located within curves
requiring superelevation.

Spacing of crossovers should be every 2.5 miles.

Interchanges that are closer than 2.5 miles apart should not have maintenance
and emergency crossovers unless a defined need exists for maintenance,
emergency, medical or law enforcement purposes.

Maintenance and Emergency Crossover Construction Requirements

Crossovers shall be constructed with an aggregate surface no wider than 20
feet and with turning radii of not more than 10 feet.

To be inconspicuous to mainline traffic, the surface should be depressed
below shoulder level.

Side slopes should be constructed 1V:10H or flatter to minimize their effect as
obstacles to uncontrolled vehicles that may enter the median.

If possible, the crossover should be located where a pipe is not necessary. All
drainage structures constructed in the median must be built to current safety
standards. Refer to Standard Plan 606.41 for drainage piping plans and pipe
end treatment options.

The surface shall not be upgraded to a higher type surface.
Crossovers are to be in good repair at all times.

Signing for a maintenance and emergency crossover shall be in accordance
with 903.5.53 AUTHORIZED AND EMERGENCY VEHICLES ONLY.
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Other states have adopted guidelines that are outlined in their design manuals, or
identified as state or agency standards. A summary of their requirements compared to
MoDOT requirements is presented in Table 1.

Table 1 Agency Location and Design Standards for Emergency Crossovers

MoDOT Texas DOT Florida DOT Michigan DOT Illinois Tollway
Minimum Interchange
Spacing requiring 2.5 miles 3 miles -- -- --
Crossovers
Minimum Spacing between 25 miles 1 mile _ 1 mile 3 m!les for urban,
Crossovers 5 miles for rural
Max[mum Spacing between _ _ _ 10 miles _
Median Crossovers
Allowed in Urban Areas - In gene_ral, not Not allowed -- Yes
provided
Minimum Distance from 80D izl 1o . . 1,500 feet from 1,500 feet from
Accel./Decel. 1 mile 1.5 miles Accel./Decel.
Interchange Ramp Accel./ Decel. Lane
Lane Lane
Minimum Distance from
Bridge Column/Guardrail TSRO - - - -
Sight Distance Entering sight Adgquat_eh Abo"em'”'m‘r’]m Abo"e‘m'”'f_mr’]m
Requirements distance stopping sight stopping sight - stopping sight
distance distance distance
. . Crossover not Crossover not
Curves with Superelevation --
allowed allowed
Wide enough to
permit official
Minimum Median Width -- vehicle to turn 40 feet -- --
between inner
freeway lanes
Dual
crossovers at
Maintenance Sections - - -- end of --
maintenance
sections
Crossover Width 20 feet, max. - 24 feet, min. - 35 feet
Crossover Turning Radii 10 feet, max. -- 20 feet -- --
Deceleration Shoulder - - - Yes Yes
Surface Level Depressed _ Flush with Flush with Designed for
below shoulder shoulder shoulder drainage
Surface Type LRI -- Paved surface Paved surface Paved surface
surface
Sideslopes 1V:10H -- 1V:10H 1V:10H --

Issues Specific to Truck-Only Lanes

Truck-only lanes are dedicated lanes, typically separated by a barrier or median from

the general traffic lanes.

They are designed to help move freight more efficiently.
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While general traffic lanes are designed so a typical truck can safely navigate turns,
ramps, and intersections, truck-only lanes must accommodate larger vehicles including
combination vehicles. These lanes are often in the median of an existing facility which
would mean traffic to the right of the truck-only lanes runs in the same direction, and
traffic on the left runs in an opposite direction.

Given enough available right of way, simple wide crossovers can be installed to
accommodate any emergency vehicle. Even in situations with limited shoulders and no
available right of way, the emergency vehicle crossovers should be designed to handle
any emergency vehicle operating at a low speed.

However, emergency vehicle crossovers may sometimes be used by the general public.
In the event of a full road closure, often vehicles are allowed to use crossovers or are
directed to turn around in order to prevent sitting in stopped traffic for many hours
while an incident is cleared. While larger combination vehicles are allowed in the
truck-only lanes, they should not have to negotiate an emergency crossover. The
general assumption in this study is that accommodating this operational option is not
cost effective and it would be problematic to have the larger vehicles mixed with the
general traffic, even for short distances. If the larger, heavier vehicles are trapped by an
incident, it will be incumbent upon the local jurisdiction to remove the closure as
quickly as possible. A well designed incident management program should be able to
address the vast majority of issues that the truck-only lanes will face.

If the truck-only lanes operate with a limited shoulder and barrier wall, openings in the
barrier wall should be temporary. One such temporary opening from Barrier Systems,
a supplier, is shown in Figure 6. However, if there is not sufficient shoulder for an
emergency vehicle to safely stop between the two different lanes, it is recommended
that there be some warning system installed upstream of the crossover. This could be a
DMS, or could be a warning sign with flashers. Whatever the design, the vehicles in the
truck-only lanes need advance warning.

10
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Figure 6 Example of a temporary barrier gate for express lane emergency access
(by Barrier Systems) in barrier wall along I-94 in Chicago, IL

(Courtesy of Google Street View)

Unique to truck-only lanes and express lanes is the alignment of the crossovers. In a
typical roadway, there is only one crossover since there are only two separated travel
ways. In a truck-only lane application, there are four — the two general purpose lanes in
opposite directions, and the two truck only lanes in opposite directions. If the
crossovers were staggered, they could easily aid response in one direction. As an
example a northbound crossover from the easternmost general purpose lanes to the
northbound truck-only lanes would be created. The next crossover could be 1,500 feet
north to allow a vehicle to merge and cross traffic before coming to the northbound
truck only lane to southbound truck-only lane crossover. The next crossover could be
located 1,500 feet south, again allowing a vehicle to merge into traffic and get across the
lanes. However, if an emergency vehicle was approaching from the south, they would
have to back track against traffic 1,500 feet to get to the next crossover, and then
backtrack again 1,500 feet against traffic to get to the third crossover. This patter would
aid one direction and hinder the other. By placing the crossovers perpendicular to each
other, an emergency vehicle can directly cut across traffic to the next crossover.
Considering the lights on the vehicle, and most states having laws about slowing down
around emergency and maintenance vehicles, it is believed this application is the safest.

It is important that these crossovers be part of an overall incident management plan.
Local emergency responders need to be trained consistently in how to best respond to
incidents. Additionally, local tow contractors should meet certain standards and may
require specialized vehicles such as rotating arm lifts that can access a damaged vehicle
across a barrier wall from an adjacent lane.

11
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Figure 7 Offset barrier openings showing movement A flowing with traffic in the

inner lanes, while movement B flows against traffic in the inner lanes and should
therefore be avoided. A second median gap would allow for movement B with no
flows against the traffic.

Figure 7 Offset Barrier Opening

Figure 8 Parallel barrier openings showing both movements A and B crossing
traffic in the inner lanes.

-------------------------- e
AY
i

Figure 8 Parallel Barrier Openings

12
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Recommendations

Based on the available information and standards identified in this report, the following
are the recommendations relative to the emergency vehicle access design:

General:
e Spacing should be generally every 2.5 miles, with no crossings required for
emergency access purposes near an interchange.
e Multiple crossovers should be placed in coordination so that emergency
vehicles can get across multiple lanes easily.
e Off system emergency access should be considered on a case by case analysis.
e All crossovers should be part of a well designed incident management plan.

Rural Missouri Configuration (Figures 9 and 10)
e 20-feet wide crossover with break in guard cable (cable is optional)
e Crossover gates optional
e Widen shoulder for approach
e 30-feet wide median barrier opening
e Offset median barrier with crashworthy end treatments for opposing traffic
e Barrier opening lined up with median crossovers

Figure 9 Median Open & Crossovers With Guard Cable

13
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Figure 10 Proposed Missouri Rural Configuration

Urban 3-Barrier Configuration (Figure 11)

35 foot wide medians

Wider shoulders approaching and leaving the opening
Parallel barrier openings

Offset barrier for opposing traffic
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Figure 11 Urban 3-Barrier Configuration
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Urban — Limited Shoulders (Figure 12)
e Use temporary systems such as “Barrier Systems”
e Provide advance warning systems
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Figure 12 Urban With Limited Shoulders
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Purpose

The purpose of this task is to define the vehicles intended for use on truck-only lanes
and provide a practical tool for the enforcement and regulation of truck-only lanes on I-
70 in Missouri.

Background

Traditionally highways in the United States have been designated on the basis of their
primary role in an interconnected network - broadly defined by the federal "functional
class" designations:

Functional classification is the process by which streets and highways are grouped into
classes, or systems, according to the character of service they are intended to provide. Basic to
this process is the recognition that individual roads and streets do not serve travel
independently in any major way. Rather, most travel involves movement through a network
of roads. It becomes necessary then to determine how this travel can be channelized within
the network in a logical and efficient manner. Functional classification defines the nature of
this channelization process by defining the part that any particular road or street should play
in serving the flow of trips through a highway network.!

Table 1 FHWA Hierarchy of Functional Highway Systems

Rural areas Urbanized areas Small Urban areas
Principal arterials Principal arterials Principal arterials
Minor arterial roads Minor arterial streets Minor arterial streets
Collector roads Collector streets Collector streets
Local roads Local streets Local streets

Understanding what types of vehicle are using Missouri’s roadways and the nature of
the trip (the customers they serve) can help define the prevalent roadway purpose and
vehicles typically traveling the facility. Roadways are designated and designed to serve
different types of traffic. Therefore, understanding the various definitions of a
commercial motor vehicle on and adjacent to the I-70 corridor will help the project team
outline enforcement strategies for the corridor. The following research is intended to
further the understanding of how truck-only lane facilities would serve local, regional,
and how through traffic would use a truck-only lane facility in Missouri.



Policy Technical Memorandum

Overview of Existing Federal and State Safety Regulations in Missouri

The safety of commercial motor vehicles, drivers and companies is governed at the
federal level by the Federal Motor Carrier Safety Administration under federal
regulations found in the Code of Federal Regulations Title 49. In general, federal motor
carrier safety regulations apply to all employers, employees, and commercial motor
vehicles, which transport property or passengers in interstate commerce.

Effective August 28, 2004, Missouri also adopted federal safety regulations with respect
to intrastate motor carriers, as follows:

Code of Federal Regulations Parts 100 through 180 (Hazardous Material Regulations) and
Parts 382 through 397 (Safety Regulations) generally pertain to:

e Any person operating any Commercial Motor Vehicle with a Gross Vehicle Weight
Rating (GVWR) or Gross Combination Weight Rating (GCWR) greater than 10,000
pounds in Interstate Commerce.

e Any person operating any Commercial Motor Vehicle with a Gross Vehicle Weight
Rating (GVWR) or Gross Combination Weight Rating (GCWR) greater than 26,000
pounds in Intrastate Commerce, unless transporting any amount of Hazardous
Materials.

Missouri Intrastate Exemptions

A. Vehicles with less than 26,001 pounds Gross Vehicle Weight Rating (GVWR) or
Gross Combination Weight Rating (GCWR) unless transporting passengers or any
amount of Hazardous Materials.

B. Vehicles licensed for 60,000 pounds or less and are used exclusively to transport solid
waste (Intrastate only);

C. Vehicles licensed for 42,000 pounds or less and the license plate has been designated
for farm use by the letter F (Intrastate only), unless such vehicle is transporting
hazardous materials;