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Clarification of the RFP for
C-06-11: Lateral Protection in Short-term Highway M aintenance-Type Work Zones

The following questions have been raised concerning the RFP for SPR Project C-06-11.
Clarification of the RFP, through a response to the questions raised, is being provided to
all potential Principal Investigators to ensure each proposal in response to the RFP is
based on the same information.

Questions and Answers:

Question:
1. Isthisproposed research duplicative given recent and ongoing related studies?
Answer:

1. Asstated inthe RFP, NY SDOT is aware of the recent and on-going studies related to
this research topic. However, the sponsoring Program Areais looking for a device that
will meet their employees’ needs. They recognize that such adevice, in all likelihood,
does not currently exist. That's why they want to research new, innovative technology.

They believe, based on written reports, photos, video, and conversations with Caltrans,
that Balsi-Beam will not afford protection for the majority of their everyday maintenance
operations. They are asking the Principal Investigator to think beyond this "box."

The Program Area wants to go forward with the RFP as originally intended.
Question:

2. I1sNYSDOT interested in ajoint or pooled fund study with NJDOT to pilot test
the Caltrans Balsi-Beam device?

Answer:

2. TheNYSDOT Program Area Sponsor does not wish to partner with New Jersey DOT
in purchasing, building or field testing Balsi-Beam. Asthey stated in the RFP, Balsi-
Beam does not fulfill their needs. They desireto look in new and innovative directions to
provide alateral work zone protective device that will both be easily useable and allow
NY SDOT employees to accomplish their work safely on the pavement.
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consortium. They should submit only one proposal, through the consortia of their choice.
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New York State Department of Transportation

Request for Proposals

C-06-11: Lateral Protection in Short-term Hishway Maintenance-Type Work Zones
July 27,2007

Research Problem Statement:

Workers in short-term highway maintenance-type work zones are at significant risk of
being struck by errant vehicles that intrude into defined work zones. Traffic cones and
barrels that serve well to delineate work zones, provide no physical protection or barrier
for pedestrian workers when an errant vehicle intrudes into their area. While temporary
concrete barrier and other positive barriers can be used in long-term work zones to
separate the work area from live traffic, thus protecting the workers, it is not practical to
use these types of devices for short duration and maintenance-type (Short-Term
Stationary, Mobile Work, Work-Vehicle Work) work zones due to their time-intensive
and difficult deployment characteristics.

NYSDOT is aware of products available to the highway work community that either are
or claim to be capable of providing desired work zone protection, such as the Cal Trans
Balsi-Beam or the Barrier Systems mobile barrier. In each case, however, there are
concerns: limited mobility, difficult and cumbersome deployment, and/or impractically
small area of protected work space.

Objectives:

Research, design and construct a highly mobile and easily deployed, practical, effective,
and cost effective device to positively protect workers and equipment from lateral
intrusion by a vehicle entering the highway work area. This device must pass all
applicable crash-worthiness testing as proscribed by Federal or State DOT (ex. NCHRP
350).

Proposed Research Tasks:

Task descriptions are intended to provide a framework for conducting the research.
NYSDOT is seeking the insights of proposers on how best to achieve the research
objectives. Proposers are expected to describe research plans that can be realistically
accomplished within the constraints of available funds and research period. Proposals
must present the proposer’s current thinking in sufficient detail to demonstrate their
understanding of the issues and the soundness of their approach to meeting the research
objectives.

The following tasks are proposals only and subject to final determination and acceptance
by NYSDOT and a selected proposer.

Researchers should:



= Review any and all completed studies and work in progress on this research topic
and related issues.

= Become familiar with the types of tasks performed and the tools, materials, and
equipment needed within the work area to complete them.

= Prepare an interim report and meet to discuss findings and needs.

= Review and consider all State & Federal mandates for crash-worthiness
requirements for work zone devices on the highway pavement and/or shoulder.

= Review devices already in use, although that use may currently be limited (Cal
Trans’ Balsi-Beam, Barrier Systems’ portable rolling barrier, etc.).

= Consider unique device ideas, methods of protection and designs.

= Meet to discuss ideas and solutions.

= Design a workable device that meets all RFP objectives and requirements.

=  Submit design and meet to refine design and plans for production.

= Build a prototype workable device that meets all RFP objectives and
requirements.

=  Meet with DOT to test the prototype unit to NCHRP 350 standards.

= Deliver fully functional device to DOT with all supporting and research
documents and data.

As part of this RFP, a 30 page research project performed by the Texas Research
Institute (TRI) for the Federal Highway Administration, a division of the United States
Department of Transportation, will be provided to avoid duplication of research and tasks
previously performed. Consideration should be given to appendix “A” of this TRI
document which enumerates typical highway crew operations for which this lateral
protection offered by the mobile protective barrier would be suitable.

Research Products:
Products and designs developed under the heading of proposed research tasks are to be
fully discussed, thoroughly explained and documented to the TWG.

The major research product will be an easily usable, highly portable, practical and
economically feasible lateral work zone protective device as enumerated above. Interim
products will be progress reports that describe in detail work in progress toward the
planning, design and fabrication/construction of the protective device as well as detailed
plans and notes fully disclosing all research, design and fabrication/construction details.

Urgency / Expected Benefits:

This Project is critical because of the unacceptable number of work zone intrusions on
New York State highways causing injury and death to highway workers and motorists.
According to the Bureau of Labor Statistics, more than 130 workers and 1,000 vehicle
occupants are killed each year in highway work zone crashes. Results of this research
project shall be used to reduce fatalities and serious injuries as well as associated costs,
benefiting governmental jurisdictions, highway contractors and the general public.



Funding:
$200,000.00 has been budgeted for this project, exclusive of administrative fees. New
York State believes this is a reasonable estimate for the toatal cost of the work being
requested.

Net cost to New York State is one of the selection criteria. When compared to competing
proposals, a proposal that requires fewer New York State dollars will receive a higher
score on the cost component of the selection criteria. The value of New York State funds
required could be reduced through efficiencies (fewer hours per task and/or lower cost
per hour) or through cost-sharing where other funds substitute for New York State funds.

Proposals with a New York State cost over the budgeted amount will also be considered,
provided the New York State cost, exclusive of administrative fees, does not exceed the
budget estimate by more than 10%. (Note: Cost-sharing funds may increase the total
project cost further.)

Research Period:
Research, including product delivery, is expected to take two years from a signed
agreement.

Special Notes:

e Proposals are due by close of business September 27,2007. NYSDOT has an
ongoing contractual relationship with three research consortia. This Request for
Proposals is being offered to the members of these consortia only. A pdf copy
and 6 hard copies of the proposals should be submitted through one of the
applicable consortia in time for them to forward the pdf copy of the proposal to
NYSDOT by the due date of September 27, 2007. Hard copies may follow within
a week in a separate mailing.

e The designated contacts for this solicitation are Paul Hoole and Deborah
Mooney. Questions seeking clarification on the RFP should be e-mailed by close
of business September 13, 2007 to: phoole@dot.state.ny.us and
dmooney(@dot.state.ny.us.

e Lobbying Law: Principal investigators should be familiar with and follow the
requirements of New York State (the Compliance Procurement Lobbying Law of
2005) with regard to consultant contract procurement. Information can be found
on the NYSDOT web site ( www.NYSDOT.gov ) under “Business Center,” then
“Consultants,” then “Non-Architectural Engineering,” then “Active Solicitations”.

In particular, please note that communications between Contractors,
Consultants/Principal Investigators, and Vendors with the Department are
restricted during the period of time when services for more than $15,000 have
been requested (Request for Proposals issued), up until the time when the
Consultant is selected. During this time communications, where a reasonable
person would infer that the communication was intended to influence the
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procurement, should be limited to Department staff identified in the solicitation as
“designated contact.”

Any communication with an employee, who is not a designated contact which is
intended to influence the solicitation, could result in the outside party being
prohibited from competing for the solicitation. A second violation will ban the
Consultant/Principal Investigator from completing for any Department solicitation
for four years.

Proposals should indicate direct and indirect costs, hourly rates and hours by task,
travel costs and material costs to assist NYSDOT in understanding how the total
cost for the work was estimated. The winning proposal will result in a fixed cost
contract based on details provided.

Proposals should include a budget chart which shows for each task the deliverable
and cost. Task headings in the Budget Chart are to match the scope task
headings.

Proposals should include a Gantt Chart, showing the duration (start to finish) for
each task in terms of months (i.e. Month 1, Month 2, etc) since the actual start
date is an estimate.

Progress reports will be submitted quarterly in MS WORD.

If the proposal involves a joint venture or sub-consultants, it must be clear as to
how tasks will be distributed or shared in the scope of work.

The Principal Investigator will make a formal presentation or demonstration of
the final results of research to the TWG.

The final report on the research is expected to contain as a minimum the
information described in Attachment A, Requirements for the Final Report.

Proposals, where the New York State costs total more than 10% over the
budgeted cost, will not be considered for selection. If a potential principal
investigator believes the research cannot be reasonably conducted without an
increase in the budget, they should write to:

Paul Hoole, Director

Research and Policy Studies Section, 6™ Floor
New York State Department of Transportation
50 Wolf Road

Albany, NY 12232



Criteria for Selection:

Expertise / Understanding / Approach (Weight: 80%)

Expertise: A successful proposal will have demonstrable experience and expertise in
work zone traffic control and design and use of work zone traffic control devices.

What is the extent of relevant experience of the principal investigator? What is the extent
of relevant experience of others who will be involved in the research?

Understanding of the Problem: A successful proposal will reflect clear understanding of
the problem and insight into reasons for efficient solution.

Does the proposal reflect an understanding of the problem and its relevance to New York
State and, in particular, New York State Department of Transportation concerns and
needs? Does the proposal reflect an understanding of existing data and the current state
of knowledge of the problem in New York State?

Approach: A successful proposal will contain a clearly stated and efficient approach to
solution of the problem.

Is the proposed approach clear, especially in how it will build upon and enhance the state
of knowledge in New York State? Will it yield the deliverables called for in the RFP?
Does the approach show insight that will lead to results to assist New York State in
addressing the problem? Is the proposed approach practical, given the project schedule
and total budget? Will the proposed research draw upon all critical sources of pertinent
information?

Cost to New York State (Weight 20%)

A successful proposal will provide a cost-effective solution to the problem through a
usable design or product that will protect pedestrian workers from lateral intrusions by
errant vehicles in highway maintenance-type work zones in cost-effective fashion.

The lower the net New York State cost, the greater consideration a proposal will receive.



Attachment A

Requirements for the Final Report

Copies of Report — Ten (10) copies of a bound final report shall be provided at the conclusion of
the research study. A pdf copy of the report is required as well.

Required Organization for the Final Report

Title Page - that contains:

the research number assigned by Policy and Strategy Division;

the name of the research study as stated in the contract;

the words “Final Report”;

the date (month & year) the final report is finalized;

the name(s) of the consultant(s) / principal investigator(s), along with the name of the
organization(s) they represent and their address(es); and,

o ifthe report has a security classification, it shall be noted on the title page.

Disclaimer - as follows:
DISCLAIMER

The contents of this report reflect the views of the author who is responsible for
the facts and accuracy of the data presented herein. The contents do not
necessarily reflect the official views or policies of the New York State
Department of Transportation, the United States Department of Transportation,
or the Federal Highway Administration. This report does not constitute a
standard, specification, regulation, product endorsement, or an endorsement of
manufacturers.

Form DOT F 1700.7 — A copy of USDOT form DOT F 1700.7

Executive Summary

Introduction — a discussion of the problem, its background, a concise history of research
previously completed on the topic, and a discussion of what NYSDOT policies, procedures, and
practices are currently in place related to the research topic.

Research Method — a description of the methods used in conducting the research

Findings and Conclusions — a discussion on the analysis of the data (findings) and the conclusions
reached based on the findings. Suggestions for additional research, if appropriate, would appear
in this section.

Statement on Implementation — the statement shall discuss the potential for implementation,
along with what resources and actions will be required to have the benefits of the research fully
achieved.

Appendices — as appropriate
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DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for the facts and
the accuracy of the data presented herein. The contents do not necessarily reflect the official
‘views or policies of the Federal Highway Administration (FHWA). This report is not intended to
constitute a standard, specification, or regulation, nor is it intended for construction, bidding, or

permit purposes.
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INTRODUCTION
PROBLEM STATEMENT

‘Many work zone devices, such as truck-mounted attenuators (TMAs), cones, and barrels, are
used to separate workers from the traveling public during construction and maintenance
activities. However, these devices do not provide lateral impact protection. Conversely,
concrete barriers are often used to separate workers and moving traffic at long-term construction
projects that remain stationary for long periods of time. Unfortunately, many work activities are
of shorter duration or require continuous movement along the roadway, and so cannot be
protected through concrete barrier placements. This research project was conducted to
investigate the feasibility of developing a highly-mobile lateral protection system. The specific
objectives for the project were to:

m  define elements of typical highway maintenance and construction work activities that require
workers to be on the roadway with traffic and

= establish functional requirements and performance specifications for a highly-mobile
protection system to protect workers under such conditions.

The risk to highway workers from errant vehicles entering the work area is not insignificant.
Recent data from New York indicates that worker injuries and fatalities due to vehicle intrusions
account for about 7 percent of all serious worker injuries that occur in work zones (7). In
addition, it does appear that vehicle intrusions may be overrepresented in mobile work activities
as compared to more stationary work zones. In New York, vehicle intrusion crashes into mobile
work zones accounted for 20 percent of all intrusion crashes that occurred. Although actual
work zone exposure data are not available, the researchers believe that mobile work zones make
up a much smaller percentage of total work activities that occur on public roadways. TTI
researchers estimate that there are as many as 6,500 work zone activities that occur on the
National Highway System (NHS) on a peak work day during the summer which could
potentially involve highway workers on foot next to moving traffic (2). If even only a small
portion of these activities could be protected via a highly-mobile barrier system, a significant
reduction in highway worker risk exposure could be realized each year. Furthermore, the NHS
itself only represents about 4 percent of the total amount of public roadway mileage in use across
the U.S. Hence, the potential exposure reduction that is possible via a mobile barrier protection
system is truly significant.

An interim report previously prepared under this contract and submitted to the Federal Highway
Administration (FHWA) outlined a detailed assessment and categorization of construction and
maintenance activities that are considered to be highly mobile and which could potentially
benefit from a mobile barrier protection system, reviewed the historical documentation of
previous mobile barrier worker protection systems, assessed the influence of roadway and work
enviromment constraints upon the ability of such a mobile barrier system to protect the various
construction and maintenance activities identified, and characterized the typical impact condition
that a mobile barrier would need to protect (3).
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In this final report, researchers relied on the information from that prior report to generate a set
of functional requirements for a highly-mobile barrier system and to assess which of the various
construction and maintenance activities a system that met the requirements could actually
protect. Researchers have also identified and discussed the relevant performance specifications,
analysis methods, and testing procedures that will be required in order to develop a successful
mobile barrier protection system.

CONSTRUCTION AND MAINTENANCE ACTIVITIES POTENTIALLY PROTECTED
BY A HIGHLY-MOBILE BARRIER PROTECTION SYSTEM

Work activities that last only a short time at any one location or which move slowly or
intermittently along the roadway and involve some level of worker exposure (i.e., workers on
foot in the roadway) create the most difficulty for worker protection as well as for traffic control.
Table 1 contains the construction and maintenance activities identified by researchers that meet
these criteria and thus would benefit most from a highly-mobile worker protection system. The
specific characteristics of each were identified in the previous interim report (3), and are repeated
again in Appendix A of this final report.

Table 1. Highly-Mobile Construction and Maintenance Activities.

. Litter pickup . Raised pavement marker installation/removal
° Bridge clearance measurements ° Crack seal

. Pavement profiling . Pothole patching

. Pavement core sampling . Asphalt milling

. Edge/guardrail repair . Sealcoat

. Short-line striping . Asphalt overlay

. Signal installation/maintenance . Level up

. Lighting installation/maintenance e Traffic control setup/removal

» Rumble strip installation

Each construction and maintenance activity can be categorized along three key roadway and
environmental dimensions believed to be most critical for ultimately defining mobile barrier
protection functional requirements:

m  mobility needs,
m spatial requirements, and
®  access requirements.

Texas Transportation Institute (TTI) researchers established formal category definitions for those
activities within each dimension in order to assess the impact to the functional requirements of a
highly-mobile worker protection system. These categorizations are summarized in Tables 2
through 4. Mobility requirements were assessed as one of three types of operations (following
the standard work duration definitions included in the Manual on Uniform Traffic Control
Devices [MUTCD] [4]):
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a  constantly/intermittently moving at approximately 3 mph (walking speed),

= short duration stationary (less than one hour at a location), and

m short-term stationary (less than 12 hours at a location).

This categorization illustrates that the majority of mobile work activities that occur move
continuously at speeds somewhat less than 3 mph, or intermittently along the roadway.

Table 2. Mobility Requirements of Mobile Activities.

Constantly/Intermittently

Short Duration Stationary

Short-Term Stationary

Moving (less than 1 hour) (less than 12 hours)

Litter pickup Bridge clearance measurements Edge/guardrail repair
Pavement profiling Pavement core sampling Lateral rumble strips
RPM installation/removal Short-line striping Traffic control
Crack seal Signal/lighting install/maintenance - flagger
Longitudinal shoulder texture | Pothole patching
Asphalt milling
Sealcoat/asphalt overlay
Level-up

- tab installation crew
Traffic control

- setup/removal

Table 3 contains the spatial requirements that the research team categorized by work location and
the number of separate work crews likely to be present during the construction or maintenance
activity. Researchers estimate that each work crew (not including litter pickup or bridge
clearance measurements) typically utilizes a work space 20 to 50 ft long. The upper end of this
range reflects situations where the work area is created by two work vehicles following each
other, with the crew positioned in between. Consequently, it is possible that the specific actions
taken by each crew in those situations could be accomplished in a somewhat smaller distance.
Researchers could not determine by simple visual inspection whether all of those types of
activities could be accomplished within the lower bound of the range (i.e., 20 ft).

As denoted in Table 3, most of the activities take place in a single travel lane that is moved
longitudinally as work progresses. However, if multiple lanes are first closed in a stationary
traffic control set-up, a few activities (such as loop detector installation or short-line striping) are
sometimes accomplished by moving laterally across the travel lanes in a sequential manner. For
these types of activities, the ability of the protection system to move laterally or to expand
laterally to incorporate as much as an additional lane of traffic may be beneficial in some
situations. However, such capabilities do not appear to be an absolute necessity for the majority
of work activities being considered for protection by a mobile barrier protection system.
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Table 3. Spatial Requirements of Mobile Activities.
Single or Multiple Crews Single Crew” Muitiple Crews"
All Lanes/Roadside One or More Lanes One or More Lanes
Litter pickup Pavement profiling Crack seal
Bridge clearance Pavement core sampling - Blowout crew
Measurements Edge/guardrail repair - Sealing crew
Short-line striping Sealcoat/asphalt overlay

Signal/lighting install/maintenance®
Lateral rumble strips
RPM installation/removal
Pothole patching
Longitudinal shoulder texture
Asphalt milling
Level up
- tab installation crew

- Paper/prep crew

- Spreader/overlay
crew

- Tab install crew

4 Could also include a traffic control crew.

® This includes installation of inductive loop detectors in the travel lane.

Finally, access requirements refer to the need of workers to bring equipment and tools into the
active work area, or to access them somehow while working. For some operations, access to
additional equipment beyond what the workers typically carry to complete the work is not
required. In contrast, other activities require rather large objects or materials, hand-operated
equipment, or even heavy equipment to be brought into and out of the work space. As Table 4
implies, the ability to bring fairly large pieces of equipment into the actual work area, as well as
access materials and equipment contained on the back of a lead vehicle, are is seen as a critical
functional requirements for a mobile barrier protection system.
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Table 4. Access Requirements for Mobile Activities.

None Hand—(é:zz;)e:]:l:tRolled Vehicle/Heavy Equipment
‘Bridge clearance measurements | Short-line striping Litter pickup
Litter pickup Signal/lighting - bag crew
- ground crew install/maintenance Pavement core sampling
Sealcoat/asphalt overlay Lateral rumble strips Edge/guardrail repair
- tab installation crew RPM installation/removal Signal/lighting
Level-up Pavement profiling install/maintenance
- tab installation crew Lateral rumble strips
Traffic control RPM installation/removal
- flagger Crack seal
Pothole patching
Longitudinal shoulder texture
Asphalt milling
Sealcoat/asphalt overlay
- spreader/overlay crew
- paper/prep crew
Traffic control
- setup/removal

ROADWAY CHARACTERISTICS INFLUENCING MOBILE BARRIER SYSTEM
DESIGN

Generally speaking, the highly-mobile construction and maintenance activities described above
can be required to occur on essentially all types of public roadways nationally. Roadway design
standards are established by the American Association of State Highway and Transportation
Officials (AASHTO) (5) and by state DOTs, and vary by functional classification of roadway
and other factors. The specific roadway design features believed to have the most significant
impact upon the functional requirements of a highly-mobile barrier worker protection system are
listed below.

Lane and Shoulder Width — Current design standards establish 12-foot lanes as the norm for
most roadways. Slightly smaller widths (typically down to 11 feet) are sometimes used even on
high-speed freeways in urban areas, if space availability was a concern at the time of roadway
design or if the roadway segment was re-striped to increase the number of slightly-narrowed
travel lanes available to traffic. Furthermore, some low-speed facilities in urban areas may have
lanes as narrow as 10 feet. A mobile barrier system must be designed so as to allow full access
to an entire lane cross section, as many of the operations involve repairs right up to the lane or
edge lines. A bigger potential concern, however, is the amount of encroachment that may be
required of the barrier system into an adjacent lane to accommodate the work area. The smaller
the width of the travel lanes, the greater the effect of an adjacent-lane encroachment by the
barrier system upon the ability of approaching traffic to safely pass by the work area.

Page 5




Traffic Speeds — Operating speeds on roadways where a mobile barrier system might be
employed could vary from as low as 30 mph on urban collectors to 70 mph or more on rural
facilities (with higher speeds obviously representing the more sever constraint from a mobile
barrier design perspective).

Vehicle Type — With regards to vehicle types, most roadway facilities are used by both
automobiles and by large trucks. Whereas the protection against an intrusion by a truck would
represent the most severe barrier design condition, it is possible that truck intrusions do not
represent enough of a potential safety concern to mobile work zone activities to justify using
them as a design vehicle (especially given that test requirements in National Cooperative
Highway Research Program [NCHRP] 350 do not use truck characteristics as part of the crash
test impact conditions [6]). Unfortunately, researchers were unable to uncover any crash data as
to the relative risk of truck intrusions into mobile work zones.

Number of Travel Lanes — The number of travel lanes on a given roadway segment influences
the mobile barrier worker protection system design not only in terms of requiring protection on
either side of the work area (i.e., a work crew in the left lane of a multi-lane facility will require
protection on the right side, whereas a crew in the right lane requires protection on the left side),
but also in defining whether protection on both sides of the work area will be required at the
same time (for any middle lane work activities). It should be noted that although long-term
middle lane traffic-splitting techniques have been used by some agencies on multi-lane facilities,
such techniques are currently not used very extensively for mobile work activities because of
safety concerns. Therefore, the need for simultaneous protection from both sides of the work
area is likely to be quite small.

The number of travel lanes on a roadway segment is also a factor in defining the potential side
impact condition of an errant vehicle into the work area; the greater the number of travel lanes
present, the greater the potential initial offset or lateral separation between the vehicle and the
work area and the greater the possible impact angle into the mobile barrier.

Vertical Curvature — Vertical alignment is defined by the algebraic difference in grades on a
roadway segment and the length of the curve used to bridge that difference in grade. These
curves are designed to provide adequate stopping sight distance by a passenger automobile to a
0.5-foot object in the travel lane. These vertical curves require that a mobile barrier protection
system be designed to accommodate small changes in elevation through appropriate hinged
connections to anchor vehicles, minimum clearance heights to the bottom of the barrier, etc. A
review of the AASHTO design standards (5) suggests that a mobile barrier 50 feet long will need
to accommodate only about 6 inches of elevation change (i.e., will need at least 6 inches of
ground clearance) over a vertical curve, regardless of the operating speed of the roadway.
However, severe vertical alignment changes can create potential “hang-up” problems, depending
on the particular design of the mobile barrier system. Vehicles and equipment with overhangs
greater than 15 feet and wheelbases 40 feet or longer may be more prone to hang-up problems
(7). Fortunately, software has been developed to evaluate specific vehicle or equipment
configurations for hang-up potential ().
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Horizontal Curvature — Horizontal alignment is defined by curve radius and superelevation
rate, both of which are selected based on roadway classification and design speed (5). The most
significant implications of horizontal curvature upon a mobile barrier protection system are in
terms of the lateral encroachment over the adjacent lane that will occur as the work convoy
traverses a curve, and in the possible worse-case impact conditions that can develop between by
an errant vehicle approaching the work convoy positioned on a curve. With regards to the issue
of lateral encroachment, Table 5 provides estimates of extent of encroachment of a barrier
system into an adjacent lane as a function of curve radii and corresponding maximum design
speed for which a curve of that radius would be allowed (5). As Table 5 illustrates,
encroachment values would be minimal at all but only the very sharpest of horizontal curves if
the barrier system length is kept to about 50 feet. Such minor encroachments would still allow
traffic to continue to operate in the adjacent lane. However, if the barrier length requirements
approach 100 feet in length, significantly larger encroachments can be expected. In fact, for
curve radii less than 1000 feet, it is likely that a work convoy would need to require traffic in the
adjacent lane to vacate that lane into the next lane over or possibly onto the shoulder.

Table 5. Possible Mobile Barrier Lateral Encroachment Into Adjacent Lanes on
Horizontal Curves.

Curve Maximum Lateral Encroachment Lateral Encroachment
Radius (ft) Design into Adjacent Lane for into Adjacent Lane for
Speed (mph) | 50-ft Barrier Length (in) | 100-ft Barrier Length (in)
300 30 12.5 50.0
400 30 9.4 37.5
500 40 7.5 30.0
750 50 5.0 20.0
1000 50 3.8 15.0
1250 60 3.0 12.0
1500 60 2.5 10.0
1750 70 2.1 8.6
2000 70 1.9 7.5
2500 70 1.5 6.0

Worse-case oblique-angle side impacts occur on horizontal curves, as the impact angle ()
increases slightly from what would likely occur on a tangent, as depicted in Figure 1. As shown,
an approaching vehicle begins to lose control prior to reaching the work area, and its travel path
carries it into the work area. Meanwhile, the location of the work activity in the horizontal curve
has oriented the side of the proposed barrier system slightly towards the approaching errant
vehicle.
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Figure 1. Illustration of Impact Condition on a Horizontal Curve.

Characteristics of the horizontal curve that influence the calculated impact angle include its
radius (Reyrve), the number of lanes of the roadway (which defines the maximum separation
distance between the errant vehicle and the work activity), and the superelevation rate used (e).
Superelevation is included on most horizontal curves on high-speed roadways to counter the
effects of centripetal force on the vehicle traversing the curve, and can range from 0.04 up to
0.10, depending on the design speed of the roadway (5). The impact angle Q is actually the sum
of the angle of rotation of both Reywe and Ryepicle between the location where the errant vehicle
begins its circular path towards the outside of the curve and the point where it meets the mobile
barrier protecting the work crew. Figure 2 illustrates the resulting impact angles computed as a
function of the assumed speed of the errant vehicle, the radius of the curve (Reure), and lateral
separation between where the errant vehicle began and the lane where work activity is occurring.
At a lateral separation of 6 feet (i.e., the errant vehicle begins in the lane immediately adjacent to
the lane that work activity is occurring), computed impact angles are all less than 15 degrees
regardless of the errant vehicle speed assumed. For a 42-foot separation distance (i.e., the errant
vehicle is four travel lanes over from the work activity travel lane), impact angles as high as 40
degrees could potentially occur at lower errant vehicle speeds. At higher (60 and 70 mph) errant
vehicle speeds, however, impact angles of 20 to 25 degrees are calculated to be possible.

MARKING AND TRAFFIC CONTROL REQUIREMENTS

The MUTCD sets forth the basic principles and standards for traffic control on all public
roadways in the U.S. (4). Part VI of the manual provides standards for temporary traffic control,
including construction and maintenance work zones. The manual is fairly explicit with regards
to advance signing requirements, channelizing device design and placement, and pavement
delineation for temporary traffic control situations. Requirements for vehicle and equipment
delineation are less defined. Generally speaking, vehicles and equipment on or next to travel
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lanes for the purposes of construction, maintenance, or service are simply required to have at
least one flashing or rotating beacon as delineation. Research is currently underway by
AASHTO (9) to provide better guidelines regarding warning lights to be used on work vehicles
and equipment.
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Figure 2. Effect of Errant Vehicle Speed Upon Possible Impact Angles.
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FUNCTIONAL REQUIREMENTS OF A HIGHLY-MOBILE BARRIER
SYSTEM

Table 6 contains the minimum and desirable functional requirements for a highly-mobile barrier
system that researchers have prepared based on the results of the assessments of work activities
and impact conditions developed for the interim report and summarized in the previous chapter.
These requirements were developed based on the three dimensions previously identified, as well
as two ancillary dimensions:

spatial requirements,

access requirements,

mobility needs,
transportability, and

traffic control and illumination

Minimum requirements were defined by the researchers as those which were essential for a
highly-mobile barrier system to meet in order to have any type of applicability to the types of
work activities being considered. Failure to meet the minimums would negate the ability of a
work crew from using the system in most of its potential applications. Desirable requirements,
on the other hand, were defined as those which could further increase the applications and
conditions under which the system could be deployed or which could reduce the difficulties
associated with deploying the system under constrained conditions.

Table 7 cross-references the identified construction and maintenance activities to the functional
requirements and thus shows which activities do and do not meet the functional requirements. A
discussion on the development of the functional requirements follows.

As Table 7 illustrates, a majority of the construction and maintenance activities being considered
for protection by a mobile barrier protection system take place in a single travel lane and can
typically utilize a work space 20 to 50 ft long (and is why the minimum length and width
requirements were developed around these values). However, a few activities (bridge height
measurements, loop detector installation, and some short line striping) are sometimes
accomplished by moving laterally across the travel lanes in a sequential manner. In addition,
activities such as milling and overlay tend to encroach into the adjacent travel lanes and typically
need a longer space, since the equipment works right next to the edge of the travel lane and the
operation includes trucks delivering materials, large equipment, and several crews of workers in
the immediate vicinity of the equipment. In most cases, litter pickup would also not be
accommodated by the minimum spatial requirements since multiple workers are typically spread
out over long distances along the roadside. These exceptions are noted where appropriate in
Table 7.

In addition to the minimum width and length requirements, the system must be capable of
protecting either side (left or right, depending on the lane where work is occurring) of a work
area. However, in order to make the system more versatile and applicable to more constrained
width situations, it is desirable for the system to be capable of being configured so as to protect
both sides of the work area. Such a need would exist when activities occur in the middle lane of
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multi-lane roadways, for example. However, a system that protected only one side of a work
area at a time could still be used in this type of situation (presumably to protect the side
considered to be at most risk to workers), and thus why this type of requirement is considered
only desirable. Finally, another desirable requirement of a system would be for it to
-accommodate varying travel lane widths from 10 to 12 feet in order to minimize the
encroachment of the system into adjacent travel lanes.

The two minimum functional requirements pertaining to accessibility were included in Table 6 in
order to meet the needs of the workers to bring equipment and tools into the work area, and
continue to access them while working. In general, the few activities (signal/lighting
installation/maintenance, longitudinal shoulder texture, asphalt milling, and overlay) that cannot
be accommodated by these minimum accessibility requirements typically require large amounts
of heavy equipment and multiple vehicles to complete the work, such that it was not possible to
identify any type of desirable functional requirement that could accommodate one or more of
these activities in any reasonable fashion.

The minimum mobility requirement was included since a majority of the identified mobile
activities move continuously or intermittently along the roadway at speeds somewhat less than 3
mph. In order to better accommodate the remaining activities, which can take less than one hour
to complete, it is desirable to be able to deploy the system into a travel lane in less than 30
minutes, and for the system to be capable of being picked up and ready for transport to another
location for deployment within 30 minutes. Such a requirement ensures that the sum of the
deployment and pick-up time does not take more than expected activity time at a particular
location.

The transportability minimum requirement ensures that the system could be transported on
typical roadways without special permits. In addition, minimum and desirable requirements for
traffic control and illumination were included to address the need for delineation, rear-end crash
protection, and night work.
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MOBILE-BARRIER PERFORMANCE SPECIFICATIONS, ANALYSES,
AND TESTING REQUIREMENTS

Traditional analysis of beams with various end conditions, simply supported to semi-rigid frame
connections, has been done on beams with lengths varied from 20 to 50 ft. Test Level 3 (TL-3)
loadings from the AASHTO LRFD Bridge Design Specifications, Chapter 13 (12), design loads
for parapet impacts from errant vehicles are used. TL-3 impact conditions, from NCHRP Report
350 (5), are a % ton pickup impacting the barrier at approximately 60 mph and 25 degrees. The
equivalent static design load for TL-3 test conditions is 54 kips distributed over a 4 foot span.
The most critical loading condition is when the span is loaded at the midpoint. Additional
evaluations have been made at TL-2 conditions (% ton pickup, 45 mph and 25 degrees), the
equivalent static load for this impact condition is 27 kips with load application length being the
same.

The test load conditions outlined in the AASHTO LRFD Bridge Design Specifications, Chapter
13 (12), Design Loads for Parapet Impacts from Errant Vehicles, references NCHRP Report 350
(5). Impact criteria outlined in that document assumes a worst case impact scenario,
consequently, the associated load conditions may vield designs that are conservative in nature.
Additionally, the computed section properties assume there is no movement on the impacted
structure. Since the structure will be mounted on a rolling sub-assembly, movement in both the
longitudinal and lateral directions is likely under severe impact conditions. The elastic section
properties dictated by the above impact conditions will produce members that are excessively
large, therefore, both elastic and plastic section properties have been computed for the various
spans. Furthermore, the analysis has been computed with both simply supported end conditions
and then again with some restraint against rotation. There will likely be a rigid frame connection
at the end of the beam span, this serves to reduce the maximum moment at mid-span and
generates some moments at the end frame connections. However, since the mid-span moment
has been reduced, member sizes can be reduced. It is desirable that no damage be experienced
by the mobile barrier system, but weight and cost constraints may dictate upper design limits of
the barrier system.

The preliminary analysis described above yielded the results shown in Table 8. When the system
is designed under TL-3 test conditions (the beams simply supported at the ends), the section
modulus ranges from 70 in® for 42 ksi yield material and 20 ft spans to 230 in> for 35 ksi yield
material and 50 ft spans. Using the same parameters and using some larger diameter and more
economical pipe sections, the associated computed deflections range from 1.5 inches up to 3.5
inches when the beams are designed elastically. If the beams are designed in the plastic range,
deflections increase to approximately 2.5 inches on the shorter spans and approximately 9 inches
on the long span since smaller beam elements are used. When evaluated under TL-2 test
conditions, with the beams simply supported at the ends, the section modulus ranges from 35 in®
for 42 ksi yield material and 20 ft spans to 120 in® for 35 ksi yield material and 50 ft spans.
Using the same parameters and using some economical pipe sections, the associated computed
deflections again range from 1.5 inches up to 3.5 inches when the beams are designed elastically.
If the beams are designed in the plastic range, deflections increase to 3.5 inches on the shorter
spans and approximately 5.5 inches on the long span since smaller beam elements can be used.
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For a system designed under TL-3 test conditions, with the beams having framed connections at
the ends, the required section modulus ranges from 40 in® for 42 ksi yield material and 20 ft
spans, to 135 in” for 35 ksi yield material and 50 ft spans. Approximately 30% additional
capacity is available when the plastic section modulus is used rather than the elastic section
modulus. '

The data presented thus far is based on using sections that are economical. Smaller diameter
sections which are heavier in weight could be used, however, there will be a significant increase
in weight (approximately 50 percent) and deflection (approximately 75 percent). Results using
the smaller sections are summarized in Table 9.

Samples of the design methodology are available in Appendix B of this report. Further
investigation into member types such as rectangular box beams, wide flanges and other “built-
up” members should be investigated for the most economical design. Clearly the largest
members, indicated in the simply supported elastic analysis, are unacceptable from space
limitation standpoint. Another area that will require additional investigation is the potential
movement of the portable barrier when impacted. The inertia of a heavier portable barrier will
limit its movement when impacted but the upper weight bound without permitting is 80,000 Ib
total vehicle weight. Perhaps a secondary vehicle for anchorage could be investigated rather
than single heavy unit.

A preliminary structural design of a 50 foot long system was performed using the engineering
structural program RISA-3D. In this design, impact forces from TL-3 impact conditions (54 kips
distributed over 4.0 feet) were used at mid-span of the truss system. The preliminary design
incorporates a 3 foot deep by 50 foot long truss system constructed from standard steel shapes
(see Figure 3). The truss was designed using 16 equally spaced panels with each panel
measuring 3 feet 1.5 inches in length. Hollow steel tube shapes (HSS16x4x3/8) were used for
the top and bottom chords of the truss. The vertical members in the truss were W6x9 steel
shapes. All diagonals members used in the design were single angle L3x3x3/8 steel shape. The
truss was supported on the ends by a single hollow steel tube (HSS12x12x3/8). These steel tubes
were cantilevered away from rigid supports which were used to simulate the support from a large
mobile vehicle similar to a large truck. For additional information, please refer to the design
information presented in Appendix B.
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Table 8. Evaluation Results, Larger Sections.

[ PipeDesignadon [ Ouside |
No. Pipe A500 Grads D
fe|aie . | tinches) | (inc
Test Level 2 (Elastic Design Conditions)
1 14-inch Standard Weight Pipe 14.00 0.375 53.25 Spans Up to 25 fest
2 16-inch Standard Weight Pipe 16.00 0.375 70.26 Spans 25 to 35 feet
3 18-Inch Standard Weight Pipe 18.00 0.375 89.63 Spans 35 to 45 feet
4 20-inch Standard Weight Pipe 20.00 0.375 111.35 | Spans 45 to 50 feet
Test Level 3 (Elastic Design Conditions)
1 18-inch Standard Weight Pipe 14.00 0.375 89.63 Spans Up to 25 feet
2 20-inch Standard Weight Pipe 16.00 0.375 111.35 Spans 25 to 30 feet
3 22-Inch Standard Weight Pipe 18.00 0.375 135.42 Spans 30 to 35 feet
4 24-Inch Standard Weight Pipe 24.00 0.375 161.86 | Spans 35 to 42 feet
5 24-inch Extra Strong Pipe 24.00 0.500 212.45 | Spans 42 to 50 feet
Test Level 3 (Elastic Design Conditions w/ Partially Fixed Ends)
1 16-inch Standard Weight Pipe 16.00 0.375 70.26 Spans 20 to 30 feet
2 18-inch Standard Weight Pipe 18.00 0.375 89.63 Spans 30 to 40 feet
3 20-Inch Standard Weight Pipe 20.00 0.375 111.35 | Spans 40 to 50 feet

Thicknes

e e (inches)’
Test Level 2 (Plastic Design Conditions)
1 12-inch Standard Weight Pipe 12,75 0.375 57.45 Spans Up to 30 feet
2 14-inch Standard Weight Pipe 14.00 0.375 69.63 Spans 30 to 35 feet
3 16-Inch Standard Weight Pipe 16.00 0.375 91.57 Spans 35 to 45 feet
4 18-inch Standard Weight Pipe 18.00 0.375 116.51 Spans 45 to 50 feet
Test Level 3 (Plastic Design Conditions)
1 18-inch Standard Weight Pipe 18.00 0.375 116.51 | Spans Up to 28 feet
2 20-inch Standard Weight Pipe 20.00 0.375 144,45 | Spans 28 to 35 feet
3 22-Inch Standard Weight Pipe 22.00 0.375 175.38 Spans 35 to 42 feet
4 24-inch Standard Weight Pipe 24.00 0.375 209.32 | Spans 42 to 50 feet
Test Level 3 (Plastic Design Conditions w/ Partially Fixed Ends)
1 14-inch Standard Weight Pipe 14.00 0.375 69.63 Spans 20 to 30 feet
2 16-inch Standard Weight Pipe 16.00 0.375 91.57 Spans 30 to 40 feet
3 18-Inch Standard Weight Pipe 18.00 0.375 116.61 | Spans 40 to 50 feet
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Table 9. Evaluation Results, Smaller Sections.

. Pipe Deszgnatlon

O_ut31de

(inches) | (inches). |

Level 2 (Elastic Design Conditions)

1 12-inch Standard Weight Pipe 12.75 0.375 43.80 Spans Up to 25 feet
2 12-inch Sch. 60 Pipe 12.75 0.625 68.80 Spans 25 to 35 feet
3 12-Inch Sch.100 Pipe 12.75 0.843 88.10 Spans 35 to 45 feet
4 12-inch Sch. 120 Pipe 12.75 1.000 100.70 | Spans 40 to 50 feet
Test Level 3 (Elastic Design Conditions)
1 12-inch Sch. 120 Pipe 12.75 1.000 100.70 | Spans Up to 25 feet
2 14-inch Sch. 100 Pipe 14.00 0.937 117.90 | Spans 25 to 30 feet
3 14-inch Sch. 120 Pipe 14.00 1.093 132.80 | Spans 30 to 35 feet
4 16-inch Sch. 100 Pipe 16.00 1.031 170.60 | Spans35to 42 feet
5 16-inch Sch. 120 Pipe 16.00 1.218 194.50 | Spans 42 to 50 feet
Test Level 3 (Elastic Design Conditions w/ Partially Fixed Ends)
1 12-inch Sch. 80 Pipe 12.75 0.687 74.50 Spans 20 to 30 feet
2 12-inch Sch. 120 Pipe 12.75 1.000 100.70 | Spans 30 to 40 feet
3 12-inch Sch. 160 Pipe 12.75 1.312 122.60 | Spans 40 to 50 feet
ol PipeDesignation Outsxde  Wall ‘| Section:
: No'.}. (Note All Pipe A500 Grade B) ia. Thlck:ness ‘Modulus
; | Gnehes) | .
Test Leve! 2 (Plastlc DeSIgn Condltlons)
1 10-inch Sch. 40 Pipe 10.75 0.365 39.38 Spans Up to 20 feet
2 12-inch Sch. 40 Pipe 12.75 0.375 57.45 Spans 20 to 30 feet
3 12-inch Sch. 60 Pipe 12.75 0.562 83.54 Spans 30 to 40 feet
4 12-inch Sch. 80 Pipe 12.75 0.687 100.08 Spans 45 to 50 feet
Test Level 3 (Plastic Design Conditions)
1 12-inch Sch. 80 Pipe 12.75 0.687 100.08 | Spans Up to 28 feet
2 14-inch Sch. 80 Pipe 14.00 0.750 131.8 Spans 28 to 35 feet
3 14-inch Sch. 100 Pipe 14.00 0.937 160.24 | Spans 35 to 42 feet
4 14-inch Sch. 120 Pipe 14.00 1.093 182.52 | Spans 42 to 50 feet
Test Level 3 (Plastic Design Conditions w/ Partially Fixed Ends)
1 10-inch Sch. 100 Pipe 10.75 0.718 72.38 Spans 20 to 30 feet
2 12-inch Sch. 80 Pipe 12.75 0.687 100.08 | Spans 30 to 40 feet
3 12-inch Sch. 100 Pipe 12.75 0.843 119.72 | Spans 40 to 50 feet
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Figure 3. Illustration of Example Truss Used in Analysis.

Simulation of the barrier performance under impact conditions may be analyzed with a non-
linear finite element code such as LS-DYNA. LS-DYNA is a general purpose nonlinear finite
element program capable of simulating complex real world problems and was developed by
Livermore Software Technology Corporation - LSTC. LS-DYNA is well suited to evaluate
similar designs in a comparative fashion. When attempting to use LS-DYNA in a predictive
manner, at least one full-scale crash test will be required for validation and confirmation of
overall performance as well as some boundary conditions. Often contact issues require
considerable time in the simulation process and some simplification of connections, contact
interfaces may be needed. Especially when the barrier will have multiple contact interfaces (i.e.,
tire-road, king pin-tractor, impacting vehicle-barrier, etc.).

Actual testing of the highly-mobile work zone barrier shall be in compliance with NCHRP
Report 350 (5), or the current equivalent of that document. As discussed in the interim report,
Test 3-11 is considered a structural adequacy test for the barrier system. The impact conditions
consist of a 2000-kg pickup truck impacting a barrier at 100 km/h (62 mph) and 25 degrees, with
initial contact occurring at the critical impact point (CIP). The objective of this test is
containment and redirection of the vehicle in a stable manner (i.e., without overturning). The
CIP is selected such that the impact loads in the barrier members are maximized, thus
maximizing the structural failure of the rail. This test controls the size and strength of the barrier
members, and dictates the dynamic design deflection of the barrier system. While Test 3-10, 820
kg passenger car impacting at 20 degrees and 100 km/h, would typically be required, it may be
waived if good anticipated performance can be predicted by other means. This would include
previous crash tests on similar member types and geometries. The main concern with this test is
snagging potential that would cause vehicle instabilities or the possibility of high occupant risk
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values. The outcome of the tests should be evaluated per the compliance standard values for
longitudinal barrier (i.e., vehicle stability, occupant risk values, occupant compartment
deformation, etc.). In addition, damage to the barrier and level of intrusion are critical to the
good performance of the highly-mobile barrier system.

It will likely be desirable for the mobile protection system to provide rear as well as longitudinal
protection. The accommodation of rear-end impacts is generally accomplished through some
form of crash cushion. For mobile operations, the crash cushion typically takes the form of a
TMA. This can be accomplished by having a shadow vehicle (commonly a dump truck)
equipped with a TMA follow the longitudinal mobile protection barrier system. In this
configuration, an approved (i.e., NCHRP Report 350 compliant) TMA would be used on a
vehicle of appropriate size and mass, and no further testing would be required.

If it is decided the mobile protection device requires independent capability to attenuate rear-end
crashes, the test matrix for TMAs recommended in NCHRP Report 350 would be appropriate for
evaluating this aspect of the mobile protection system. The two tests required for evaluation of a
TMA under TL-3 are test designations 3-50 and 3-51. Test 3-50 involves an 820-kg passenger
car impacting the crash cushion head on at a nominal impact speed of 100 km/h and an angle of
0 degrees. This test evaluates occupant risk and helps ensure that the crash cushion is not too
stiff for small passenger vehicles. Test 3-51 involves a 2000-kg pickup truck impacting the crash
cushion head on at a nominal impact speed of 100 km/h and an impact angle of 0 degrees. This
test helps ensure adequate length and staging of the stiffness of the cushion to provide for the
safe attenuation of heavy vehicle. Occupant risk values are computed and compared against the
limits for theoretical occupant contact velocity of 12 m/s and ridedown accelerations of 20 g’s.
occupant compartment deformation and barrier movement should also be evaluated.

Upon successful completion of full-scale crash testing, some field performance evaluation should
be undertaken. First and foremost, the system must be functional. In the transport of the highly-
mobile barrier, is maneuverability commensurate with vehicles of similar size and weight? Is
deployment on vertical or horizontal curves problematic? Is the setup time reasonable? Is there
good accessibility to the protected zone? Do workers within the protected zone have good
visibility to their environment? Is stowage of the barrier smooth and timely? If and when field
impacts occur, detailed documentation should be undertaken.
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SUMMARY AND CONCLUSIONS

According to information cited on the Work Zone Safety Information Clearinghouse
(http://wzsafety.tamu.edu), the Laborer’s Health and Safety Fund officials indicate that 120 to
130 highway workers are killed each year in work zones, In another Clearinghouse citation, a
recent ARTBA review of Bureau of Labor statistics indicates the fatality rate for roadway
construction workers is 32 people for every 100,000 workers. By comparison, the rate for all
construction is about 13 people per 100,000 workers and the general industry rate is about 4
people per 100,000 workers. These statistics, coupled with the absence of highly mobile
protective devices, indicates the need for such devices. It is recognized that all injuries and
deaths cannot be prevented but any mitigation (including a highly-mobile barrier system) is
likely a worthwhile pursuit.

While it is desirable to have a protective device that covers a wide possibility of work zone
conditions, this preliminary study shows there are some practical limits to activities that can be
accommodated by a highly mobile work zone protective device. The system must be highly
mobile, highly maneuverable, easily deployed, should be adjustable for various lane widths, and
capable of redirecting % ton pickups at angles and speeds up to 25 degrees and 60 mph if TL-3 is
the selected performance level. A large number of highly mobile work zone operations were
reviewed and categorized for functional requirements of the respective operations. Based on the
analyses performed, a properly-designed barrier system could accommodate more than two-
thirds of the identified mobile construction and maintenance activities. Furthermore, it is
possible that some of those activities assessed as not being accommodated by a mobile barrier
with these functional requirements might become accommodated with slight modifications in
how work crews currently perform those activities.

Preliminary functional requirements, crash performance analysis, and physical size limitations
indicate a maximum trailer length of 48-50 feet. Maximum overall width of the system in
transport mode will be limited to 102 inches. Full-scale crash testing to NCHRP Report 350 or
its subsequent equivalent standard should be required of any developed system. While testing to
TL-3 conditions is desirable, structural member size, overall system mass, and likely impact
conditions my dictate a lesser test level. A TL-2 device need only manage approximately half
the impact energy of a similar vehicle under TL-3 test conditions.
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APPENDIX A

Litter pickup operations can either be stationary or continuously progress along a roadway. In
one day, the number of sites or the length of roadway cleaned is dependent upon the speed of the
operation. In general, a litter pickup operation is comprised of two crews: a ground crew and a
bag crew. The ground crew is a group of workers that pick up the litter and place it in trash bags.
The bag crew travels in a vehicle and places the full litter bags into a trailer. The number of
workers and their location are highly variable; however, most work can be accomplished off the
roadway with some minor encroachment.

Bridge clearance measurements are typically completed to verify the bridge height above a
recently resurfaced roadway. The crew, comprised of two to four workers, is located under the
bridge and takes measurements on foot at multiple points along the structure. Thus, at some
measurement points the work crew is exposed to active travel lanes. However, the work duration
at each site ranges from 5 to 15 minutes with work in the active travel lanes lasting only one to
two minutes; therefore, extensive traffic control (i.e., lane closures) is generally not used.

Pavement profiling is completed to determine the surface smoothness on paving projects. These
operations are continuously moving and travel approximately 3 miles per hour (mph) (i.e.,
walking speed). The length of roadway traveled in one day is dependent upon the speed of the
operation but typically range from three to five miles. One to two workers are located directly
behind the profilograph and need access to one travel lane.

Pavement core sampling is a stationary operation that typically takes less than one hour at each
site. The operation consists of two to three workers and a truck with an auger mounted on the
back. The workers are located on the roadway approximately 6 ft behind the auger and need
access to one travel lane.

Edge/guardrail repair includes primarily stationary operations that work near the edge of the
roadway. The work area is generally 20 to 30-ft long and may include one travel lane with some
minor encroachment (depending on whether or not a paved shoulder exists between the guardrail
and travel lanes). The work duration at each site is highly variable but is typically longer than
one hour, The crew may consist of four to six workers, two to four vehicles, and some heavy
equipment. The workers are located between the work vehicles and use some hand operated
equipment.

Short-line striping operations include the application of stop bars, crosswalks, gore markings,
and in-lane directional markings (e.g., turning movements). These operations are stationary and
generally take approximately 15 minutes at each site. The crew consists of four to five workers,
These workers need access to hand operated equipment (e.g., blower and thermoplastic
applicator) and must transport the thermoplastic pavement marking material from a truck located
near the work area to the hand operated equipment. Typically, the length of the work space is
approximately 30 ft and can be located adjacent to or within one travel lane. In some cases, an
entire approach (i.., multiple lanes) to an intersection may be closed.
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The installation and maintenance of traffic signals and overhead lighting are similar stationary
operations. The work activity generally takes less than one hour at each site and consists of two
to four workers, a bucket truck, and hand operated equipment (i.e., saw) when installing loop
detectors into the pavement in advance of the signal. The work space is typically less than 50 ft
long and includes one travel lane. However, for loop detector installation two travel lanes may
need to be closed at one time to allow saw operators to stand out of the lane to finish a cut.

There are two types of rumble strip installation: lateral rumble strips and longitudinal shoulder
texture. The installation of lateral rumble strips is a stationary operation that typically takes a
couple of hours to complete. The work crew consists of two workers, vehicles, and hand
operated equipment. Workers need access to one travel lane and less than 50 ft of roadway. The
installation of longitudinal shoulder texture is a continuously moving operation that travels
approximately 3 mph. Thus, the length of roadway traveled in one day is dependent upon the
speed of the operation. For shoulder rumble strips milled into the pavement, one to two workers
are located on foot adjacent to a milling machine (some longitudinal rumble strips are rolled into
the final course of hot-mix overlays using a special roller for that purpose). Most of the work
activity is completed on the shoulder but can include minor encroachment into a travel lane.

Raised pavement marker (RPM) installation and removal is another moving operation that
typically travels approximately 3 mph but can include intermittent stops. There are several ways
to install and remove RPMs; however, with respect to this research the focus is on those methods
that utilize workers on foot in the roadway. The crew may include two workers, a hand operated
melting pot that holds tar to attach the markers to the pavement, and a vehicle that holds
materials. Workers are located near the vehicle and hand operated equipment. Typically, one
lane is closed for this type of operation; however, since RPMs are located between lanes along
with the lane lines or centerlines, workers encroach upon adjacent travel lanes to place or remove
markers.

During a crack seal operation, workers fill cracks in the pavement with tar. These operations are
generally mobile in nature (approximately 3 mph) but can include intermittent stops. Typically,
multiple groups of workers and vehicles are used. The first group consists of a truck with an air
compressor and at least one worker. This worker walks behind the truck and uses hand-operated
equipment attached to the air compressor to blow off the pavement. The second group includes a
second truck with a melting pot and two to three workers. These workers walk behind the
second truck and apply the tar to roadway using hand held equipment attached to the melting pot
Workers need access to at least one travel lane and in some instances an adjacent shoulder or
turn bay. The work space between vehicles is approximately 50 ft, while the length of roadway
traveled in one day is dependent upon the speed of the operation.

Pothole patching is a stationary operation that takes approximately 5 minutes at each site. A
crew of two to four workers needs access to a vehicle that contains materials. Workers are
located immediately behind the vehicle and need access to one travel lane.

Asphalt milling is an operation where a layer of asphalt is removed through a milling process.

This type of operation progressively moves along the roadway at approximately 3 mph. The
work crew consists of two workers on foot. These workers are located on each side of the
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milling machine. Workers need access to at least one travel lane, but in most situations the work
encroaches on adjacent travel lanes.

Sealcoat and asphalt overlay operations continuously progress along the roadway at
approximately 5 mph and involve the resurfacing of a roadway. In addition, both operations
utilize multiple crews: paper/preparation crew, spreader/overlay crew, and tab installation crew.
The paper/preparation crew consists of two to three workers that place paper on the roadway to
guide the chip spreader or overlay machine. The spreader/overlay crew has one worker on foot.
This worker is positioned in front of the heavy equipment and helps direct the operator driving
the machinery. The tab installation crew includes two to three workers that walk along the
roadway after the resurfacing is complete and install temporary tabs to denote the travel lanes.
All crews need access to one travel lane.

Level-up is the application of materials in order to level-up an uneven roadway surface. During
this type of operation, the only workers on foot in the roadway are the tab installation crew
which consists of two to three workers. Work duration at each site is generally one to two hours
and workers need access to one travel lane.

Traffic control setup and removal is highly dependent upon the characteristics of the roadway
(e.g., geometry and volume) and work duration. Thus, the traffic control utilized for each of the
operations previously discussed varies not only across operations (e.g., asphalt overlay versus
litter pickup) but within operations as well. For example, a crack seal operation on a low speed,
multi-lane roadway may involve a moving lane closure with a single traffic control person
(flagger) responsible for controlling and prohibiting vehicles attempting to turn out of driveways
from entering the work area. In contrast, the same crack seal activity on a two-lane, two-way
roadway could entail a stationary lane closure and the use of flaggers and a pilot vehicle to direct
traffic. In other words, nearly all types of work activities might include one or more workers on

foot assigned to traffic control, the specific duties of which are likely to be highly site-dependent.
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