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INTRODUCTION

One element deserving of detaliled examination
in construction and maintenance work zones

is visibility. Visibility of workers 1s
important for construction zone safety.
Likewise, conspicuity which is needed to
alert complacent, side-tracked or inattentive
drivers to the presence of a person, object
or condition on the roadway is important.

The visibility element appears to need
special examination for night conditions.
For construction activities causing the
greatest interference with traffic, the trend
is for them to be carried out at night (1).
Present headlight systems, particularly with
the high degree of low beam usage, tend to
further confound the situation.

Systematic examination of the visibility
element in work zones appears to bear posi-
tive results in accident experience (2).
Thus, it behooves those in the visibility
practicing profession to promulgate the best
technologies available to deal with the vis-
ibility element.

Purpose of Research Circular

The purpose of thils research circular is to
promulgate the current state of the art in
construction zone visibility. Extensive re-
search and practice efforts have been devoted
to the subject and the research circular is

a means to relate positive experiences to the
user.

Magnitude of the Problem

Traffic and safety problems caused by con-
struction and maintenance activities can be
considerable. 1In addition, temporarily ob-
structed road sections may cause substantial
time losses for, and inconvenience to, road
users. The number of obstructions occurring
simultaneously on the street network of a
larger city may run into several hundreds.
The resolution of these problems may affect
several administrative authorities, wvarious
modes of transport and several utility ser-
vices. In order to maintain desired levels
of service, it is important that uniform
methods be available for guiding traffic
through construction zones (3). Special
attention should be devoted to the contribu-
tions of good visibility toward desired levels
of service.

Accident Considerations

In a 1972 CALTRANS study (4), Juergens exam-
ined "before" and "during" construction acci-
dents at ten selected work zones. He reported:

o Property-damage-only accident rate in-
creased by approximately 18 percent
"during" construction.

o Injury accident rate increased approxi-
mately 21 percent "during" construction.

o Fatal accident rate increased by approx-
imately 132 percent "during" construction.

o Total accident rate increased by approx-
imately 21 percent "during" construction.

By carefully changing practices in geometric
treatments, delineation and signing at work
zones the experience changes as follows:

o Property damage only accident rate in
creased by approximately 6 percent.

o Injury accident rate increased approx-
imately 9 percent.

o Fatal accident rate increased by approx-
imately 2 percent.

o Total accident rate increased by approx-
imately 7 percent.

Illinois (2) reported nearly 7,000 motorists
and workers were involved in work zone acci-
dents during 1969. Two years later, after
installation of a flexible system of construc-
tion zones traffic control, the accident rate
dropped by one-third. The Illinois approach
in the flexible system of control included

a review of accident types to ascertain haz-
ardous or easily overlooked elements of traf-
fic operations.

Graham, et al, conducted a multi-state
study of accidents and speeds in construction
zones (6). They reported on 79 comnstruction
projects in seven states. Results of a one
year "before" and "during" study indicated.

o An average increase of 7 percent in number
of accidents during construction.

o 24 percent of the locations with greater
than 50 percent increase in accident rates
during comnstruction.

o 31 percent of the locations with decreases
in accident rates during construction.

o Short duration and short length projects
had higher accident rates.

o Bridge work and roadway construction had
the largest "during" increase in accident
rate.



o Little difference in experience at rural
and urban sites,

o The proportion of night accidents to total
accidents remained about the same.

o Construction zones are most likely to in-
crease fixed object, rear-end and head-on
accidents, while decreasing right angle,
turning and run-off-road accldents.

o Speed zones had little or no effect on
accident rates in construction zones.

o National standards for traffic control
layouts in work areas were often violated.

The Virginia Highway and Transportation Re-
search Council (7) in an evaluation of bar-
ricades and barriers reported a 119 percent
increase in accidents during construction.
The report noted

o A shift from injury accidents "before"
construction toward property damage
accidents '"during'" construction.

o A shift from rear-end "before" accidents
to fixed object "during" accidents.

o A shift from accidents in the peak period
"before" construction to accidents after
dark in the "during" construction.

Russell (8) reported at the 2lst California
Street and Highway Conference that there are
engineered shortcomings in construction zones
contributing to higher accident experience.
These shortcomings are

Lack of planning

The detour syndrome

T'he high cost syndrome

Anticipated life of temporary roadways
Poor delineation

Excess and confusing delineation

Misuse of signing and delineation devices
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Russell suggests that simple strategies often
work best., In one freeway project where traf-
fic was shifted from one freeway roadway to
another eight times, the only devices used
were combinations of rubber tubes and rubber
cones. During the life of the projects, the
roadway had a lower accident, -injury and
fatality rate than it did the year before
construction started.

In October 1978, the Federal Highway
Administration issued an emergency policy
(9) dealing with traffic safety where traf-
fice is maintained on one roadway of a nor-
mally divided highway. The policy recommends

o Not permitting two-way traffic on one-way
roadways of a normally divided highway
unless other methods of traffic control
are infeasible.

o Where opposing traffic is necessary that
positive traffic barriers or appropriate
delineation and channelization devices
be used.

o At transition zones concrete barriers
must be used to separate traffic.

It is evident that construction and mainte-
nance work zones present special problems to
the traffic engineer. It is equally evident
that many researchers have demonstrated pos-
itive experience in dealing with the problems.
It is hoped that some of the following repor-
ted approaches and visibility considerations
will likewise yield positive accident treat-
ments.

It is not possible to give details of ap-
proaches and treatments in this research
circular. Rather, summaries are given and
the reader 1s advised to consult the ref-
erenced publications for design and applica-
tion.

Approaches to Safe Construction Zones

Seltzer (10) has indicated three phases in
achieving safe construction zones for traf-
fic: planning, design, and inspection. Or-
dinary tools of traffic operatioms are sug-
gested to be used as much as possible so
that each driver i1s led smoothly through
construction areas with as little trauma as
possible. Clark (1ll) points out seven basic
elements in a safe construction zone:

advance warning

alignment

segregated work area

adequate capacity

malntenance to locate warning devices

properly

o maintenance to check the condition of
warning devices

o maintenance of the detour roadway, which

must be kept clean and free from mud,

dust, and debris.
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Brevoord (12) proposes four main aspects:
safety of traffic, safety of road workers,
the traffic flow, and the efficiency of the
road work. He points out the good coopera-
tion needed between the road authorities,
police, and contractors.

Seltzer's three phases, Clark's seven
elements, and Brevoord's four aspects of
construction zone safety are all visibility
related.

Visibility Considerations

It appears that in most construction zone
accidents, the driver received neither visual
stimulation nor sufficient warning to avoid
the accident (l3). Construction work zones
can be made safer through improvements in
visibility conditions. Methods of improving
visibility may include special construction
warning devices (11, 14), such as signs,
markings, and delineation, barrier lighting,
fixed overhead lighting, floodlighting,
overhead and roadside sign lighting and sig-=
nalization (15). Barriers may also be used
(16). These methods may be combined with
considerations of traffic flow, traffic vol-
umes, pedestrian requirements, worker require-
ments, prevailing speeds, safe speeds and
duration of construction (L4), to provide
proper construction zone designs.

To foster close attention to detail,
according to one source (17), traffic con-
trol for work areas should be individual pay
items in contracts. By making these consid-
erations pay items, better planning and ex-
ecution of safer construction zones should
result. Plans can indicate where highly
visible devices are to be located during
each job phase in accordance with the Manual
on Un‘form Traffic Control Devices (1l4).

McGee and Knapp (18) recommend that con-
struction work areas be divided into the
following information-handling zones:



o Advance Zone - where hazards of inefficien-
cles do not yet affect the drivers task.

o Approach Zone - corresponding to decision
sight distance less stopping sight dis-
tance where the driver must detect and
recognize hazard ahead.

o Non-Recovery Zone - point beyond which
there is insufficient space to avold a
system failure.

o Hazard Zone - distance corresponding to
the length of the hazard.

o Downstream Zone - area beyond the hazard
where the driver can safely returm to nor-
mal operating conditions.

McGee and Knapp provide visibility informa-
tion requirements for reflective devices in
each of these zones. Table 1, taken from
FHWA Report FHWA-RD-79-143, summarizes the
McGee and Knapp recommendations.

Humphreys, et al (19), recommend consid-
eration of the following visibility findings
at 103 work zones in eleven states:

o Inadequate or misleading marking of work
vehicles.,

o Fallure to remove old markings and im-
proper use or failure to use temporary
markings.

o Inconsistent placement of traffic control
devices.

o Inadequate, improper, or inconsistent use
of advance warning signs.

o Inadequate delineation.

0 Improper placement of flagman.

Humphreys reports that over two-thirds of
the deficlencies identified are covered in
the Manual on Uniform Traffic Control Devices
(14). Nonstandard and inappropriate use of
standard devices were found at 63 percent of
visited work zomnes.

Road signs are probably the major source
of visual presentation to the driver (20).
Analysis and evaluation of sign size, height,
and legend effects on driver responses as
measured by speed change, conflict and queu-
ing reveal:

o Speed decreases on two-lane roadways are
greater for 30-inch (0.76m) signs than
for 36-inch (0.914m) or 48-inch (1.22m)
signs.

o At Interstate locations, 36-inch (0.914m)
signs yield better overall respomses than
30-inch (0.762m) signs.

o The height of sign installation and sign
legend do not indicate any statistical
difference in the measured responses.

o Sequencing accumulative bi-directional
chevrons greatly enhance the obedience
of drivers to warning signs.

McAllister and Kramer (21), reporting on
advance warning arrows, recommend minimum,
4-foot by 8-foot sign boards with variable
lighting control features for freeway appli-
cation. Graham, et al (22), recommend the
following for arrow boards:

o Arrow boards should be capable of left,
right, and double flashing arrows or,

o Left and right sequential chevrons and
double flashing arrows,

o Approprilate use, size, and placement.

General specifications from this report are
shown in Table 2.

Roadway delineation treatments and systems
can provide guidance, regulatory, or warning
visual information to drivers under wvarious
highway situations. Both negative (they tell
the driver where not to drive) and positive
(they tell the driver where he may safely
drive) delineation have application. Non-
guidance devices usually mark obstacles,
obstructions and hazards. Positive delinea-
tion includes center and lane lines, edge
lines and the like. Raised retroreflective
delineation devices are superior to paint
lines or non-reflective devices (23, 24).
Taylor's report (23) is an excellent reference
document for delineation treatment. FHWA has
also published an extemsion of this work (25).

Channelization devices also play an impor-
tant role in visual presentations to the
driver. In a recent NCHRP report (26), the
effectiveness of alternative channelization
devices were examined. A survey of the usage
of various MUTCD devices by states and util-
ities was summarized with research literature
commentary. The NCHRP report gives valuable
information that the reader should consult.
Visibility requirements for each type of
device are listed, as well as application
guidelines.

Design parameters contributing to the vis-
ibility effectiveness of alternative channel-
ization devices were also studied in the
NCHRP report (26). Included were:

o Device stripe width

o Stripe configuration

o Color ratio (trade-off between better
contrast-during the day with orange and
during the night with white)

o Size and height-to-width ratios

o Reflectance

o Spacing of the devices

The application of these design parameters
in use and design of channelization devices
for freeway operations is contained in the
report.

Portable precast concrete barriers and
timber barriers have been studied for their
application in construction zomnes (27,28,
29). They are used either to protect vehic-
les and their occupants or to protect workers.
Precast concrete barrier placement and re-
moval 1s relatively rapid and simple, redu-—
cing traffic delays and tie-ups. Their
freedom from maintenance means not only cost
savings but also safety. They can be made
esthetically attractive and highly visible
and fewer construction workers are exposed
to the hazards of closely passing vehicles.
Also, the concrete barrier design assures
maximum protection for motorists who must
drive through construction work areas.

Taylor (23) gives applicable theory for
delineation of traffic barriers such as the
concrete barrier. The follow-up report by
FHWA (25) also has applicable theory.
Mullowney (30) demonstrated that barriers
could be made highly visible, in fact even
more visible under wet night conditions than
under dry night conditions. He attributes
his findings to the fact that reflective
devices used were "washed" by the rain.
Glass reflectors were found to have superior



Table 1. Visibility requirements for reflective 85th Detection Thru Visiblilty Distance (1)
devices at work zones, Percentlle Maneuver Time
Speed (Seconds) Rounded
{mph) Low High Computed For Deslgn
30 10.2 1.7 449 - 515 450 - 525
35 10.2 1.7 524 - 600 525 - 600
40 10.2 1.7 598 - 686 600 - 675
45 10.2 1.7 673 - 172 675 - 775
50 10.2 1.7 748 - B58 750 ~ 850
59 10.2 .7 823 ~ 944 825 - 950
60 10.2 11.7 898 - 1030 900 - 1025
I mph = 1.609 km/h I tt = 0.3048 m SOURCE: REF. 18
Table 2. General specifications for arrow e Mounting Helght: 7-8 tt. (2.1-2.4 m)
boards,
e Panel Background: Flat Blach
e Lens Flash Rate: 30-60 flashes/min (50% dwell)
e Lens Size: 4-1/2 Inch dlameter (114 mm)
PAR 36
® Lens Cotor: Amber
e Lens Hood: 360° (for close-up glare
reduction)
e Bulb Intensity: 8,800 candle power (4 w 8 and
3 x6 ft slzes)
e Intenslty Adjustment: Automatic 502 reductlion In
Intensity when anbient 1lght
falls below 5 foot candles.
e Number of Lamps: Slze of Arrow Board
2 x 4" 3 x 6! 4 x 8°
(0.6 x 1.2 m) (0.9x 1.8 m (1.2 x 2.4 m)
Flashing Arrow 12 13 15
Sequentlal Chevron 22 22 22
SOURCE: REF. 22
intensity., Glass reflectors when dirty were In urban areas the following 1s recommended:
superlor to other types that had been cleaned.
Ross, et al (16) reported on the use and L = Ws2/60
delineation of traffic barriers in work zones. where L, S, & W are the same as previously.
Although they found no uniform criteria for Designing tapers according to these formulae
the need of traffic barriers, the report does should provide conditions of good visibility
have good commentary on use, ciashi safety input.
aspects, and delineation of various barriers. Obviously, there are other parameters
Another aspect of construction zones having a modifying effect on all that is
having visibility ramifications 1is transition done to provide visibllity. Awmong these
taper lengths. Graham, Harwood and Sharp are adverse weather (32), fog (33), and such
(31) reviewed the two commonly accepted for- things as glare from opposing headlights.
mulae for computing lengths of tapers. They Drivers share an added responsibility under
recommend both as gliving good results. For these conditions.
rural areas the following formula is sugges-
ted by Graham as well as the MUTCD (14): Closure
L=5zxW This circular has discussed several documents
where L = length of taper in feet that will assist the engineer in planning,
S = 85th percentile speed designing, and maintaining safe construction
W = width of lane closure to be zone visibility. Special aids, such as the
effected Traffic Control Inspection Report shown in

Figure 1, may also prove beneficial.



Figure 1. Traffic control inspection report.

District
Date
Inspected by

i“arked Route

-ineral Iccaticn

Peport Mo. -for this secticn County

Traffic Control Auth. Pequest approved
Type of vork
Est. Date of ccmpletion

Construction Section
Contractor

Pesident Engineer

Control Evaluate (Good, Fair, Not Acceptable)

Device |Condition General

ffectiveness

Placenent| HNight

Visibility

Description, camments or correction measures

recomrended

Signs

Lights

Earricade

Flagmen

Paverent
Yarking

Traffic
Signals

Crhannelizing
Devices

Ccamments on: Pavement condition

Detour condition

Other

Have previcusly repcrtea dericiencics bex correctea? _If

Submitted by:
Reviewzd by:

The Manual on Uniform Traffic Control Devices
(14) has resulted from many years experience
and specific signs, signals, markings, delin-
eations, and barricades are illustrated that
can be used for high visibility purposes.
Design, location, placement, operation, and
maintenance of the devices are covered. The
Work Zone Traffic Control Standards and Guide-
lines (34), a separate publication of Part

VI of the MUTCD, is a document that should be
made available to all working participants in
construction and maintenance zones.

A combination of good engineering judg-
ment, resource material such as that presented
in this circular, and compliance with the
MUTCD should give the public all the neces-
sary visibility to safely travel through work
zones. The reader is encouraged to obtain
copies of the MUTCD, the Work Zone Traffic
Control Standards and Guidelines, and the
reviewed documents as a working library in
the area of construction zome visibility.
Using what we already have should certainly
improve the state of the art in practice.
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