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Weight of Weight of Impacting Vehicle to be Contained?

Barrier Vehicle Prevailing

(Stationary) Speed (mph) 4,500 lbs 10,000 lbs 15,000lbs 24,000 lbs

10,000 Lbs 60-65 b0 ft 100 ftb 150 ft 200 ft

50-55 25 ft Th 100 ft 150 ft

<4H 25 ft b0 ft? 75 ft 100 ft

15,000 Lbs 60-65 25 ft 75 ft 100 ft 150 ft

50-55 25 ft b0 ft 75 ft 100 ft

<4h 25 ft 25 ft 50 ft 75 ft

24,000 Lbs 60-65 25 ft b0 ft 75 ft 100 ft

50-55 25 ft 25 ft 50 ft To ft

<4h 25 ft 25 ft 25 ft b0 ft

AWeights of typical vehicles:

Mid-size automobile 2,250 lbs
Full-size automobile 3,500 Lbs
Loaded 3/4-ton pickup truck 6,000 Lbs
Loaded 1-ton cargo truck 10,000 lbs
Loaded 4-yard dump truck 24,000 lbs

%alues suggested for inclusion on Figures3 through 6

Source: Guidelines for the Use of Truck-Mounted Attenuators in Work Zones,
Jack B. Humphreys and T. Darcy Sullivan, Transportation Research Record 1304
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Truck-mounted attenuator (TMA) usage varies {or a number of
reasons, including apathy, loss of efficiency (real or perceived),
fiscal constraints, and lack of information on when and how to
use the devices, Although some individual states have adopted
policies, there has not been any coordinated effort to develop
guidelines for the use of TMAs on a national basis. A literature
review was conducted to determine the extent to which guidetines
might have been developed but not widely shared. Five states
were visited to solicit information regarding support for, and
extent of use of, TMAs, There was a wide range in the number
of TMAs presently in use. There was more consistency on other
issues including the following: (a) initial support for the use of
TMAs came principally from administrators; (b) field support is
generally good in states using tilt-up versions of the TMA,
(c) reported uses included maintenance activities, construction
activities, and emergency incident management (use of TMAs on
shadow vehicles was, by policy, the most commoen application);
and (d) there seemed to be little factual basis for the existing
application poficies. A set of recommended guidelines was de-
veloped that included priorities for the deployment of shadow
vehicles and TMAs. Two limitations on the significance and sug-
gested use of the guidetines are acknowledged. First, the project
did not involve collection and analysis of numerical data. Rather,
it represented an effort at bringing together appropriate policies
and procedures. Second, the guidelines are more appropriately
used as a policy formation and budgeting tool.

The hazardous nature of construction and maintenance work
zones on and ajong streets and highways has been recognized
for many years. Unfortunately, knowledge all too frequently
is mot translated into action; when it is, the time required for
transition and impiementation of newly developed procedures
is sometimes fengthy. Only in recent vears, for example, has
there been implementafion of many of the principles set forth
in the 1967 AASHTO publication Highway Design and Op-
erafional Practices Related to Highway Safety {I), frequently
referred to as the *“Yellow Book.” Specifically, that document
stated that the use of traffic control plans; improvements in
signing, channelization and pavement markings; portable bar-
riers; better training of flaggers; arrow panels; changeable
message signs; and improved construction scheduling can all
combine to produce safer work zones.

During the late 1970s, work zone safety was considered an
emphasis area by the FHWA. The impetus for this emphasis
largely resulted from a fatal January 1975 work zone accident
on the I-495 beltway around Washington, D.C., and subse-
quent legal action involving the FHWA and other govern-
mental agencies. Research activity into the identification of

I B, Humphreys, Department of Civid Engineering, University of
Tennessee, Knoxville, Tenn. 379%6-2010. I, D, Sullivan, 6936 Riv-
crwood Drive, Knoxvilie, Tenn. 37920.

work zone safety problems, with recommendations for spe-
cific research to address those safety problems, was completed
in 1979 {2). Extensive changes were incorporated into Part
VI of the 1978 Manual on Uniform Traffic Control Devices
{(MUTCD) (3), many reflecting the principles set forth in the
Yellow Book (I}. Even further changes are noted in the 1989
MUTCD (4).

Even with the changes in the 1978 MUTCD and the FHWA
emphasis, the number of work zone accidents nationwide has
continued to increase. Between 1982 and 1987, the number
of construction zone fatalities increased 43 percent nationally,
In Iilinois alone, there were 23 fatalities in 1988 work zone
accidents {5). Much of this increase may be attributed to the
fact that more and more highway construction and recon-
struction is being performed under traffic.

On the basis of a recent six-state survey by Graham-Migletz
Enterprises in conjunction with its Strategic Highway Re-
search Program activity {5), the five top operations with the
largest number of work zone accidents (based on a total of
324 reported accidents) are as follows:

® Snow and ice control,
@ Pavement maintenance,
@ Flagging,

& Sweeping, and

® Pavement marking.

Adding 1o the cost of highway accidents nationally is the
expense of lawsuits against governmental agencies. It has been
estimated that highway agencies paid 3120 million in judg-
ments and settlements from tort liability claims in 1986. This
amount does not include an additional $20 million required
to defend these cases. Because the rate of such suits is in-
creasing at 17 percent per year, engineers and managers are
justifiably concerned (6).

In order to respond to these work zone accident statistics,
both in magnitude and cost, agencies have promoted work
zone safety in a variety of ways. Extensive training programs
have been undertaken by many states. The authors, for ex-
ample, have provided 2- and 3-day seminars several times
across the State of North Carolina over the last 10 years
through the University of Tennessee Transportation Center,
Similar seminars have been given in a number of other states
and municipalities by the authors. Training in work zone safety
is also offered by the American Traffic Safety Services As-
sociation (ATSSA), the Institute of Fransportation Engineers
(ITE), the National Highway Institute (NHI), and others.

In addition to training, the use of more extensive traffic
control plans and the upgrading of traffic contrel devices have
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both improved and emphasized the need for better work zone
traffic controis.

BISTORY OF TRUCK-MOUNTED ATTENUATORS
(TMAs)

Other aspects of highway safety have also been recently ad-
dressed. During the 1930s, bighway agencies became aware
of the large number of fixed roadside hazards that were play-
ing an increasing role in the number of fatalities and injuries,
In addition to a realization that such hazards should be re-
moved or relocated, attention was directed to the mitigation
of the results of such fixed-object impacts. Crash cushions,
or impact attenuators, were considered, and development
began.

One of the first such attenuators was the steel drum crash
cushion system developed in Texas in the mid-1960s (7). Ex-
tensive research and development by federal and state gov-
ernmental agencies. and by the highway safety industry has
since produced & wide variety of impact attenuators that can
be adapted to varying site-specific highway conditions or needs,
These facilities include water-filled tubes, sand-filled plastic
harrels, and crushable, dry energy-absorbing materials.

Success with these crash cushion desipns has stimulated
development of mobile systems that are attached to work
vehicles. Perhaps the first of these was the Texas crash cushion
trailer, developed and tested in 1972 {8). Adapted from the
fixed-drum attenuators developed and in use in Texas, the
design consisted of 55-gal steel drums welded together and
mounted on a flat trailer, which was then towed behind a
triuck. According to the researchers, acceptable collision per-
formance was demonstrated in a head-on impact by a 4,000-
Ib automobile at 60 mph (9).

From this early attenuator, other TMA systems soon fol-
lowing. Designs to date include the following (8):

& Energy-absorbing cartridges within a frame [Hex-Foamn,
by Energy Absorption Systems, Inc. (EASI)] (see Figure 1);

e Aluminum honeycomb with frame {Hexeel by Hexceel,
Inc., Alpha 1000 by EASI, Alpha 500 by EASI);
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e Water-filled tubular vinyl cells (CushionSafe by Transpo-
Safety, Inc.}; and

@ Collapsing (or crushing) steel pipe (developed by Uni-
versity of Connecticut),

The highway safety mdustry has made extensive improve-
ments to first-gencration TMAs. Designs now provide for
consistently safe load levels for both light and heavy auto-
moebiles over a range of impact speeds, as well as increased
maneuverability of TMA trucks because of the tilt-up option
with hydraulically activated latching and other improvements
(see Figure 2). Overall weights of TMA units have decreased,
and the time (and difficulty) of mounting and unmounting the
devices from trucks has been greatly reduced. Carrent TMA
designs are thus more effective and easier to use with a vehicle
fleet.

USAGE OF TMAs

With the emiphasis on work zone safety exhibited by the FHWA
and others, improvements in the level of traffic control pro-
vided are quite evident in many states. The use of signing,
channelization, markings, etc., has improved vastly in most
areas, particularly on larger contract work. The use of tem-
porary concrete barriers, arrow panels, and changeable mes-
sage signs has also improved motorist and worker safety.

Unfortunately, TMAs have not been so readily and uni-
formly accepted across the United States. Several factors have
apparently contributed to this lack of acceptance, among them
the following:

® Negative experience with first-generation TMAs, includ-
ing mounting procedures, inadeguate tilt capabilities, etc.;

@ Perceived loss of productive work time without significant
gain in safety for employee;

& Truck tieup (with dedicated TMA usage);

@ Lack of positive local accident experience within the agency;

® Initial cost of TMAs;

® The fact that TMAs are not required by MUTCD; and

ST

FIGURE 1 Hex-foam TMA l)y' Energy Ai)sm"p'lidn Systélils', Inc.
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FIGURE 2 Tilt-up capability of TMA.

& Lack of widespread (national) policy and procedures for
TMA usage (incleding both where and how a TMA should
be used).

A partial review of the 19808 TMA experience across the
states provides some indication of the lack of uniformity in
TMA usage during that period. Perhaps the carliest most
specific reference to TMA use was added in July 1981 (o the
MUTCD in one state, reading as follows:

Al staticnary work arcas, a shadow vehicle with an atlenuator
fagtened to the rear should be placed upstream of the work
area. For moving work areas, the attennator should be placed
on the rear of the work cquipment and/or shadow vehicie.
(Source intentionaly not included.)

Although this text appears to provide sufficient direction and
would suggest extensive TMA use, apparently that state, as
of early 1990, has oaly four TMA units within the highway
department—certainly not enough to meet the requirements
of their MUTCD.

By 1982, the Oakland County, Michigan, Road Commis-
sion had one TMA for each of its seven operating districts,
Four additional TMAs were purchased in 1985 for use in its
more urban districts (/0).

By 1984, the Texas State Department of Highways and
Public Transportation (SDHPT) had several TMAs in use.
FEach Texas highway district has funds o purchase equipment,
with acquisitions to be approved by headquarters personnel.
Region 2, headquartered in Forth Worth, was using two units
full time in restriping operations alone. They also maintained
five TMA cartridges in inventory to meet immediate replace-
ment needs (17).

A 1985 report on highway safety devices, prepared for the
Texas legislature by the SDHPT, estimated the value of a
TMA. in such accidents. Savings of $23,000 per accident in
injury and damages were estimated for a vehicle hitting a
TMA instead of a stationary vehicle, resulting in a favorable
benefit-cost ratio (12).

Other states moved quickly to use TMAs in their opera-
tions. By 1987, California had approximately 500 TMAs in
use. By that time, policy required a TMA on the rearmost
vehicle in work-in-progress operations. All vehicles moving
significantly slower than prevailing traffic, such as in sweeping
or painting operations, also had to be equipped with a TMA.
CALTRANS agreed that the life-saving benefits to motorists
and workers made the crash cushions worthwhile, In addition,
savirigs have been recegnized in the repair and replacement
of damaged equipment ({3).

In 1986, a task force was appointed by the North Carolina
state highway chief engineer to develop recommendations
concerning safer operations for slowly moving maintenance
work. A summary of guidelines for maintenance operations
was prepared in 1987. Although many of the operations re-
quired only rotating beacons on the equipment (such as con-
tour mowers and broom tractors), shadow vehicles with TMAs
were recommended for herbicide spraying operations and
painting operations using cones, whereas edge line painting
{without cones) had the TMA optional on the trailing vehicle.
Those guidelines did not address the issues of exposed per-
sonnel on foot doing patching, sealing, or other similar work,

A 1988 shadow vehicle policy distributed to all New York
regional highway engineers addressed the issue of the required
use of shadow vehicles, However, the policy indicated that
TMASs were not required on those vehicles, but would be used
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“if available and where practical” on both moving and sta-
tionary operations on multilane highways. They would be
used on two-lane highways “if desirable.”

After a St. Louss vehicle struck a TMA involved in a striping
operation, with the motorist escaping serious injury, the Mis-
souri Highway Department studied icreasing TMA usage.
Plans were developed in 1989 to attach TMAS to departmental
vehicles performing routine maintenance operations (I4).
Similarly, Florida Department of Transportation officials
drafted a set of guidelines for the use of protective equipment,
but as of 1989, each district had authority in the decision to
require such equipment. In some cases, TMAS are required,
such as on contract sweeper operations in Duval County.

Georgia also has developed guidelines for protective equip-
ment, but, as in Florida, those guidelines are not mandatory,
and the language is broad. As the assistant state maintenance
engineer has stated, TMAs are required “inn any instance where
there’s a high likelihood of impact in an open lane situation”
(15).

Meore definitive requireinents for TMA usage appeared in
the 1987 Virginia Work Area Protection Manual, which is a
supplement o the Virginia MUTCD,; thus, its use is man-
datory. Both the 1987 manual and its 1988 revision establish
a number of conditions where TMAs are (o be used. . . .
After July 1, 1988, 'TMAs were required on all limited access
highways,” using the following criteria (16):

e Pavement marking,

e Stationary lane closures,

® Other mobile maintenance operations, and
& Other situations as warranted.

PURPOSE OF THIS RESEARCH

As suggested carlier, there is a great variance in usage of
TMAs among the states, with some states having virtuaily
none, whereas California has over 500 in use. Even in those
states with a number of TMAs, guidelines for usage are in
general loosely worded, giving field personnel a great dea of
leeway in their application. It would be appropriate to develop
some set of nationally accepted guidelines, warrants, or priot-
itics to obtain the usage having the greatest probability of
increasing overall safety and reducing total costs. The purpose
of this research, then, is to address this issue by suggesting
priorities as to how and where available TMAs should be
deployed. Then, given the availability of one or more TMAs,
supervisory personnel would be able to assign them more
effectively on a day-to-day basis. Also, if a priority system
can be agreed on within a given agency, the total number of
TMAs required to cover a certain level of priority can be
better estimated more accurately.

DEVELOPMENT OF GUIDELINES
Several states were selected as candidate contacts to deter-
mine the status of current TMA programs. The states repre-

sented a range of attributes with respect to

@ Geographic location,

255

® Apparent interest in the use of TMAs, and
e Number of units in active use.

The states were confacted to determine their willingness to
discuss their use of TMAs with the rescarch staff. Initial con-
tacts with the states simply suggested the possibility of a meet-
ing to discuss how TMAs were being used within the agency
and what their experiences (good and bad) had been. States
ultimately selected for participation in the process were Cal-
ifornia, Iowa, North Carolina, Tennessee, and Texas.

Discussion sessions were held during July and August of
1989, Agency personnel attending the sessions were selected
by the agency and ranged in number from three to seven.
Job responsibilities of those in attendance included mainte-
nance foremen, supervisors, and engineers; traffic engineers
and technicians; purchasing agents; occupational safety and
training officers; garage repair personnel; and construction
engineers.

During the discussions agency personnel were invited to
comment on the origins of their TMA programs, the general
availability of TMAs to field personnel, what were the most
common applications, the basis for the assignment of appli-
cation priorities, and the acceptance of the devices by a broad
range of agency personnel. Although there was a wide range
of responses on the number of TMAs presently in active use
(from fewer than 10 to over 500), there was far more consis-
tency from state to state on other issues discussed, Some of
the issues on which there were strong similarities included the
following:

L. The initial support for the use of TMAs came principally
from the administrative level. In some cases the concern was
primarily employee safety, in other cases primarily motorist
safety. Most programs dated from the early 1980s.

2. Support for the use of TMAs among field personnel is
generally good to very good in states using the tilt-up versions
of the TMA. Some field crews are reported to feel so strongly
that they virtually refuse to undertake certain assignments
unless a TMA-equipped vehicle is available, When available
units did not incorporate the more recent technologies in-
cluding the tilt-up feature and reasonably easy mounting and
dismountimg of the units, support among field personnel was
absent.

3. Reported uses, in order of reported frequency, included
maintenance activities, construction activities, and emergency
incident management. The use of TMAs on shadow vehicles
to moving operations was, by policy, the most common ap-
plication. However, there was support among the field per-
sonnel involved in the discussions for more frequent use of
TMAs on barrier vehicles in stationary operations. The safety
of exposed personnel was the primary concern of the field
forces.

4. There scemed to be little factual basis for any existing
application policies. Only one state had comprehensive data
available on accidents involving TMA-eguipped vehicles, and
those data could not be related to exposure in a statistically
meaningful way. When TMAs were used regularly, the field
personnel often had vivid recoliection of specific incidents that
did influence usage policics.

On the basis of the mformation gathered during the agency
visits, a draft of suggested TMA use guidelines was prepared.
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Those puidelines attempted to reflect the existing practice of
the agencies, the expressed concerns of the field persomel
who participated, and the experience of the researchers, These
draft guidelines were presented 1o a large group of industry
personnel to determine how they thought such information
would be received by the various agencies they catled on. The
draft was modified to reflect comments received, and then
was taken back to two of the states originally visited secking
first-hand response. The response was genevally favorable,
but the guidelines were considered too complicated to be used
by field personnel.

The material was again revised to simpiify the format and
provide more agency flexibility in the application of the sug-
gested guidelines. Draft materials then were distributed to
those in attendance at the January 1990 committee meetings
of the TRB AZA04 Committee on Roadside Safety Appurte-
nances and A3C04 Committee on Traffic Safety in Mainte-
nance and Construction Operations. Committee members and
others in attendance were asked to review the draft guidelines
and were invited to later provide comments on either the
content or format of the guidelines.

On the basis of nput from the described sources and a
number of other informal contacts by the project staff, a final
set of guidelines was developed.

RECOMMENDED GUIDELINES

Before a set of priorities can be established for the uses of
TMAs, a system must be available for defining the type of
activity taking place. Previously identified factors that affect
the type and number of traffic control and protective devices
to be used and how they are to be used include the following:

& Speed of traffic;

& Whether the work area is within the roadway, within the
shoulder (if one is present), or off the roadway or shoulder;
® Type of activity (moving, intermittent, or stationary),

@ Roadway environment: access controlled versus noenac-
cess controlled and urban versus rural;

@ Traffic volumes; and

@ BExposure to special hazards.

Although many facters may be important in determining
the overall traffic control plan to be implemented at any par-
ticular job site, five were selected as particularly relevant o
adecision whether or not to use a TMA. Three of those factors
are as follows:

@ Location of Work Area. Locations of primary concern
are those within the traveled lanes and those within all-weather
frequently used shoulders. Activities taking place within the
traveled lanes are more likely to become involved in an in-
cident than are shoulder activities.

@ Type of Activity. Whether the activity is moving, inter-
mittent, or stationary will deterntine whether or not a standard
lane closure or shouider closure will be implemented. Activ-
ities taking place within a formal lane or shoulder closure are
less likely to become invoived in an incident than are activities
fully exposed to approaching traffic,
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@ Special Hazards, Some activities by their nature expose
personnel to greater hazards than do others. Operations in-
volving personnel on foot or located in exposed positions on
or within work vehicles (on the platform of a cone pickup
truck or in a bucket performing overhead operations, for
example) are particularly susceptible to high-severity inci-
dents. Other activities may create conditions that present a
significant hazard to vehicles in the passing stream and their
occupanis.

Tabie 1 presents a structure for classifying various activities
considering the previously discussed lane and shoulder closure
and exposure conditions. Examples of typical construction
and maintenance activities for each of the closure or exposure
conditions also are provided.

Tables 2 and 3 suggest priorities for the assignment of shadow
or barrier vehicles and TMAs, Two additional factors that
were identified as having an impact on assignment priogities
are reflected in these tables.

@ Access Control. Access-controlled facilities frequently give
drivers a false sense of security with a resulting lower expec-
tation of interruptions to free traffic flow. Therefore, activities
on freeways may be more likely to become involved in inci-
dents than are activities on nonaccess confrolled facilities in
which most drivers are operating at a higher state of alertness.

@ Speed Limit. Higher operating speeds leave less time for
response, and impacts at higher speeds generally result in
more severe injuries and damage. Therefore, activities on
facilities with higher speed limits are likely to become involved
meore frequently and in more severe incidents than are activ-
ities on facilities on low-speed factlities,

During the interviews with agency personnel, many of the
field personnel felt strongly that the use of a blocking vehicle
(generaily referred to as a shadow vehicle for moving and
intermittent operations and a barrier vehicle for stationary
operations) was highly desirable for the protection of exposed
personnel even if a TMA was not available. Many agencies
have a policy regarding the use of blocking vehicles. Those
that have a policy may desire (o continue to follow that policy.
Table 2 suggests priorities that are consistent with the ex-
pressed concerns of the field personnel and that may be con-
sidered when no policy currently cxists.

Table 2 indicates that the suggested priorities for the assign-
ment of blocking vehicles are related directly to protection of
agency personnel. In each case in which personnel are ex-
posed, a positive recommendation is provided, with the strength
of that recommendation depending on the closure condition,
the prevailing speed of traffic, and whether or not the op-
eration is occurring on a freeway.

When exposed personnel are not involved, the use of a
blocking vehicle may or may not be justified. That decision
will depend on an evaluation of the hazards that exist within
the work area and the likely loss if a blocking vehicle is struck.
If the evaluation indicates that impact with a blocking vehicie
is likely to result in less damage or less serious injury than
would impact with a work area hazard or a working vebhicie,
then a blocking vehicle should be assigned to the operation.
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TABLE 1 EXAMPLES OF CLOSURE AND EXPOSURE CONDITIONS

Examples of

Closure/Exposure Typical Construction/ See
Condition Maintenance Activities Figure

He Formal iane Closure

Skadow Vehicle for Operation Crack pouring, patching, utility 3

Involving Exposed Personnel work, striping, coning

Shadow Vehicle for Operation Sweeping, chemical spraying 3

Not Involving Exposed Personnel

No Formal Shoulder Closure

Shadow Vehicie for Operalion Pavement repair, pavement marking, 4

Involving Exposed Personnel delineator repair

Barvier Yehicle for Operation Open excavation, temporarily 4

Hot Invelving Exposed Personnel exposed bridge pier

Formal lane Closure

Barrier Vehicle for Operalion Pavement repair, pavement marking 5

invelving Exposed Personnel

Barrier Vehicle for {ondition Open excavation 5

Involving Significant Hazard

Formal Shoulder Closure

Barrier Vehicle for Operation Pavement repair, pavement marking, 6

Involving Exposed Personnel guardrail repair

Barrier Vehicle for Condition Open excavation G
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Involving Significant Hazard

Befinitions:

o A FORMAL CLOSURE condition {either lane or shoulder) includes a fuil
complement of advance warning devices, a clesure taper of chamnelizing
devices, and channelizing devices to define the work area as reguived.

s A NO FORMAL C1OSURE condition (either lane or shoulder) includes
Timited (if any)} advance warning signs and channelizing devices.

o A SHADOW VEHICLE is a moving vehicle traveling a shorl distance
upstream from a moving operation g¢iving physical protection from

approaching traffic.

o A BARRIFR VEHICLE is a vehicle parked a short distance upstream from a
stationary operatien giving protection from approaching traffic.

If the projected damage or injury is greater, then the vehicle
should not be assigned. Two examples follow:

® An open excavation several feet deep and several feet
across exists on a street in a residential area. A horizontal
curve restricts sight distance to the excavation to iess than
desirable for the 25-mph speed limit. An impact with an ap-
propriate blocking vehicle at 25 mph would probably result
in less damage than would driving into a major excavation.
Therefore the use of the blocking vehicle would be appro-
priate.

e A full-depth portland cement conerete patch has been
placed and is curing in the right lane of an arterial sireet with
prevailing speeds of >40 mph. An impact with an appropriate
blocking vehicle at 40 mph would probably result in greater
lass (in both persenat and economic lerms) than would driving
into an uncured patch that might then have to be replaced.
Therefore the use of the blocking vehicie would be inappro-
priate.

Table 3 presents suggested priorities for the assignment of
available TMAs, Table 3indicates that the suggested priorities
for the application of TMAs are based primarily on the pro-

tection of the approaching motorists. The highest priority is
on a freeway where speeds are high and the probability of an
impact is preatest. When, because of either the location of
the activity or the presence of a formal closure, the probability
of an impact is iess, a lower priority is assigned.

Figures 3—6 show the use of TMA-equipped vehicles in the
closure and exposure conditions identified in Tabie 1, The
relative simplicity of the iflustrations compared with illustra-
tions in the MUTCD may be misleading and the following
items should be noted:

o In most cases, the use of traffic control devices in the
advance warning arca and (ransition arca, as defined in the
Traffic Control Devices Handboolk (17), will be appropriate.
Because ihis topic is adequately covered in the MUTCD, in
other agency policies, and, where applicable, in the project
traffic control plan, those details are not repeated on the
figures.

o Figure 3 specifically recommends an arrow panel on the
TMA-equipped vehicle, 1n all of the other figures, it is in-
dicated as an option. In every case, the note indicates that
the device is to be operated in accordance with existing agency
policy.
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TABLE 2 SUGGESTED PRIORITIES FOR THE ASSIGNMENT OF SHADOW

AND BARRIER VEHICLES

Ranking*
Closure/Exposure Non-Freeway with Speed Limit
Condition Freeway 250 mph 40-45 mph <35 mph
No Formal Lane Closure
Shadow Vehicle for Operation A A A
Involving Exposed Persennel
Shadow Vehicle for Operation E £ kE
Not Invelving Exposed Personnel
Mo Forma} Shoulder Closure
Shadow Vehicle for Operaticn B C ¢
Involving Exposed Persennel
Shadow Vehicle for Operation £ £ £
Not Involving Exposed Perscnmel
Formal tane Closure
Barrier Vehicle for Cperation B C 0
Involving Expesed Personnel
Barrier Vehicle for Condition E £ E
Involving Significant Hazard
Eormai Shoulder Closure
Barrier Vehicle for Operation C D D
Involving Exposed Personnel
Barrier Vehicle for Condition 3 £ E

Involving Significant Hazard

*The ranking letter indicates the pricrity assigned to the use of a
shadow/barrier vehicle. The use of shadow/barrier vehicles:

is highly recommended.
is vrecommended.
is desirable.

[gall==Rar R =l

is very highly recommended.

may be justified on the basis of special conditions encountered on

an individual project when an evaluation of the circumstances iadi-
cates that an impact with a shadow/barrier vehicle is likely to
result in less seriocus damage and/or injury than would impact with a

working vehicle or the hazard.

® When a formal lane closure or shoulder closure is imple-
mented, a buffer area (or buffer space) as defined in the
Traffic Control Devices Handbook is typically provided, Be-
cause this topic is adequately covered in the handbook, the
MUTCD, in other agency policies, and, where applicable, in
the project traffic control plan, those distances are not re-
peated on the figures.

@ When a blocking vehicle is hit, it will be moved forward
some distance. That distance is commonly referred to as the
“roll-ahead distance™ and varies depending on the weights
and speeds of the iwo vehicles involved, the extent to which
the blocking vehicle is restrained, and certain pavement char-
acteristics. All of the factors except vehicle weights and im-
pacting vehicle speed can be accounted for with a series of
assumptions. The likely speed of the impacting vehicle is site
specific. The weight of the units used as blocking vehicles and
the weight of the impacting vehicle to be accommodated by
the system are both policy issues.

Tabies 4 and 5 present Hstings of calculated and rounded
roll-ahead distances for various vehicle weight and speed con-

ditions. Calculations were made using the classical conser-
vation of momentum equation and the following assumptions:

@ Coefficients of friction between truck tires and pavement
surface of 0.50,

@ Percent of total vehicle weight on rear axles of shadow
or barrier vehicles of 75 percent,

& Engine braking effectiveness of moving shadow vehicle
of 80 percent, and

@ Values rounded downward as appropriate.

Appropriate values reflecting the agency’s policy decisions
should be taken from Tables 4 and 5 and inserted in the figures
before the figures are distributed for use by field forces.

CONCILUSIONS
This research effort has resulted in guidelines that may be of

assistance in determining the priority of usage of shadow or
barrier vehicles and of TMAs. The suggested guidelines



TABLE 3 SUGGESTED PRIORITIES FOR THE APPLICATION OF TMAs

Priority®
{losure/Exposure Non-Freeway with Speed Limit
Cendition Freeway >80 mph 40-45 mph <35 mph
Ne Formal Lane Closure
Shadow Vehicle for Cperation 1 2 3 4
Involving Exposed Personnel
Shadow Vehicle for Operation 1 2 3 4
Net Involving Exposed Personnel
No Formal Shoulder Closure
Shadow Vehicle for Operation 2 3 3 3
Involving Exposed Personnel
Shadow Vehicle for Operation 2 3 4 5
Not Involving Exposed Persomnnel
Formal Lane Closure
Barrier Vehicle for Operation 2 3 4 5
Involving Exposed Personnel
Barrier Vehicle for Condition 2 3 4 5
Involving Significant Hazard
Formal Shoulder Closure
Barrier Vehicle for Operation 3 4 5 5
Involving Exposed Personnel
Barrier Vehicle for Condition 3 4 5 5

Involving Significant Hazard

*The numerical rank indicates the level of priority assigned to the use
The use of a THMA under the

of a THA on an assigned shadow/barrier vehicle.

defined conditions is:

1 is very highly recommended.

2 is highly recommended.
3 is recommended.

4 is desirable.
5

may be justified on the basis of special cenditions enceuntered on

an individual project.

Notes:

FIGURE 3 Work area outside formal lane closure {not to scale).

1. Advance waming taffic control

davices fo be in accordance with MUTCD, TCP,

or othor agency policies.

2. TMA vochicio shoukd bo equipped with an arrow panol
operated in accordance with thae MUTCD,

‘TGP, or other agency policies,

3. Variable intervening distanco to be selectod

from the following 1able:

Provaifing Speod TMA Vehicle TMA Vehiclo
(mph} Stationary (ft.} Maving {It.)
60-65 Appropriate bulfer distance to be

abtained frem Table 4 or 5 based
5-55 on policy decision defining

shadow/banier and impacting
x5 vehiclo waights

Varios Aroa containing
Soo Note 3 werk vehicles and/or
workers o foot
Vehiclo with Attenuator




Shoulder

Shoutder

] e

Advanco Transition Buffer Varles Aroa containing
Weaming Area Aron 500 Note 3 worte vehicles and/or
Area waorkers on foot

Notes: 1. Advance waming traffic control
dovices to be In accordance with MUTCD, TCP,
or olher agency policies.

2. I the TA vachicto is equipped with an amow panal,
itis to bo operated in accordance wilh the MUTCD,
TCR, or ether agency policies.

Vehicle with Attanuator

3. Varabloe Intervening distanco to ba salscied
from tha following 1able:

Provailing Speed TMA Vohiclo TMA Vehicle
{mph) Stationary {it.) Moving (fL)
€0-65 Appropriata buffer distance to be

. obtaingd from Table 4 or § based
50-65 on policy decision defining

shadow/barrier and impaciing
vehicle weights

FIGURE 4 Work area on shoulder without formal shonlder clesure (not to scale).

o Tw o0 e o
O
)
v | 1
Advance Transilion Butfer Varigs Arga containing
Warmning Area Area See Note 4 workars on foot or
Area significant hazard
Notes: 1. Advance waming and transition area traffic control
dovicos to ba in accordance with MUTCD, TCP, Legend:
or other agoncy policios.
2. It the TMA vechitla is equipped with an arrow pangl, o Channelizing Device

it is to bo operated in accordance wilth the MUTCD,
TGP, or other agency palicy.

3. Minimum butfer area length to be in accordance M _____] Vehicie with Altenuator
wilh TCP or agency policy.

4. Variable intervening distance to ba selected
from the following table:

Prevailing Speed TMA Vehiclo TMA Vehicle
{mph) Stalionary {it.) Moving {it)
80-65 Appropriate bufler distance to be

obtained from Table 4 or 5 based
50-55 on policy decision defining

shadow/barder and impacting
<45

vehicla weights

FIGURE 5§ Workers on foot or significant hazard within formal lane closure (not to scale).



Shoulder

3 (&) 6] & i) [}
o
Shoudder o
N i | ! i | !
Advanco Transition Buffer Varios Aroa conlaining
Waming Arca Aroa Seo Nolo 4 work vehictas andfor
Area workars on foot
Netes: 1. Advance waming and transilion area traffic control Legend:
davices 1o be in 2ecordanco with MUTCD, TCP,
or other & icios.
gency pof Channalizing Dovico
2. if the TMA vechicla is equippod with an amow pangl,
it is to bo operated in accordance with the MUTCD,
TCP, or other agoncy policy. Vohicle with Attenuator
3. Minimum buffer arga langih to be in accerdance
with TCP or agoncy policy.
4. Variable intervening distance to bo setacted
from the following table:
Pravalling Speed TMA Vehicle ThA Vehicls
{rmph) Stationary (ft.) Moving (it.)
60-65 Appropriale buffer distance to bo
abtained from Table 4 or 5 based
5055 on policy decision defining
a5 shadow/arier and impacling
< 45

vehicle weighis

FIGURE 6 Work area on shoulder with formal shoulder closure (not to scale).

TABLE 4 ROLL-AHEAD DISTANCE FOR SHADOW VEHICLES

Weight of Weight of Impacting Vehi¢le to be Contained®
Shadow Vehicle Prevaiiing

(moving}® Speed (mph) 4,500 1bs 10,000 lbs 15,000 1bs 24,000 Tbs

10,000 1bs 60-65 100 ft 175 ft° 225 ft 275 ft

5G-55 100 ft 150 ft° 175 ft 200 ft

<4b 75 ft 100 ft° 125 £t 150 ft

15,000 Tbs 60-65 75 ft 150 ft 175 ft 225 Tt

50-55 75 ft 125 ft 150 ft 175 ft

<45 50 ft 100 ft 100 ft 100 ft

24,000 1bs 60-65 75 ft 100 ft 180 ft 176 ft

80-55 50 ft 75 ft 100 ft 150 ft

<45 50 ft 75 f¢ 75 ft 100 ft

*Weights of typical vehicles:

Mid-size automobile 2,250 1bs
Full-size autcomebiie 3,500 1bs
Loaded 3/4-ton pickup truck 6,000 1bs
Loaded i-ton carge truck 10,000 1bs
Loaded 4-yard dump truck 24,000 1bs

®istances are appropriate for shadow vehicle speeds up to 15 mph

“Values suggested for inclusion on Figures 3, 4, 5§, and 6.
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TABLE 5 ROLL-AHEAD DISTANCE FOR BARRIER VEHICLES
Weight of Weight of Impacting Vehicle to be Contained®
Barrier Vehicle Prevailing
{stationary) Speed {mph) 4,500 lbs 10,000 1bs 15,000 1bs 24,000 lbs
10,000 Tbs 60-65 50 ft 100 ftP 150 i 200 ft
50-55 25 ft 75 ft® 100 ft 150 ft
45 25 ft 50 ft° 75 ft 100 ft
15,000 1bs 690-65 25 ft 75 ft 100 ft 150 ft
50-55 25 ft 50 ft 75 ft 100 ft
<45 25 ft 25 ft 50 ft 75 ft
24,000 1bs 60-65 25 ft 50 ft 75 ft 100 ft
50-55 25 ft 25 ft 50 ft 75 ft
<45 25 ft 25 ft 25 ft 50 ft
"Weights of typical vehicles:
Mid-size automobile 2,250 Tbs
Full-size automobile 3,500 1bs
Loaded 3/4-ton pickup truck 6,000 1bs
Loaded 1-ton cargo truck 10,000 1bs
Loaded 4-yard dump truck 24,000 Tbs

YWalues suggested for inclusion on Figures 3 through 6.

represent the researchers’ views of the relative desirability of
using a shadow or-barrier vehicle (Table 2} or a TMA (Table
3) under a given set of circumstances compared with other
circumstances. They should not be used as a basis for eval-
uating the relative merit of expending resources on providing
shadow or barrier vehicles and TMAs compared with the
merit of other projects or programs that may be in competition
for the same resources.

TMAs have been available for several years, but their use
in most states has been limited. As a result, there are no
comprehensive guidelines or suggested application priorities.
Soon after the study started, the researchers recognized that
there was not an existing data base that would support a
rigorous scientific analysis and that a comprehensive scientific
study would require information derived from TMA use over
diverse geographical areas and under a wide range of work
zone types. Required data would include the number and
severity of accidents (with and without TMAs) by work zone
activity and some measure of the frequency of exposure and
activities.

Although no scientific work plan was developed, it ap-
peared obvious that developing an adequate data base would
require the cooperation of a number of agencies, over an
extended period of time, at a cost that would probably be
measured in the hundreds of thousands of dollars—far be-
yond the budget available for this effort. In the meantime,
because of the short-term need for a rational basis for as-
signing available units, this study was conducted.

The guidelines reflect the existing practices of the agencies
contacted, the concerns expressed by field personnel who
participated in the discussions, and the collective wisdom of
the researchers and others (including agency representatives,
other researchers, suppliers representatives, etc.) from whom
comments were sought and received. Priorities based on sci-
entific research would be desirable and ultimately will be
developed. The researchers hope that the present effort will
stimulate discussion toward that end, and believe that in the

meantime the guidelines in their present form can be used
appropriately as a policy formation and budgeting tool.
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