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16.5.1

IMPLEMENTATION OF AN RSMS

16.5.1 General
1

2

3

4

5

The implementation of a comprehensive RSMS will, to a great
extent, depend on the motivation of the road signs managers
and their teams to cost-effectively maintain and operate the
system.
The data capturing and evaluation of road signs information is a
task that has to be undertaken on a continuous basis. This task
can be started by firstly including new signs that are erected or
existing signs that require maintenance until the complete
system has been covered.
The expected average life-span of signs varies between five
and ten years. It is therefore clear that the RSMS has to be
operational for at least five years before the complete benefits
can be obtained from the system. However, it can be expected
that the effective implementation of maintenance procedures
will have an immediate positive effect on the system.

3. U.S. Department of Transportation, The 1988 Annual
Report on Highway Safety Improvement Programs, Report
of the Secretary of Transportation to the United States
Congress, Report No. FWHA - SA-88-003.
4. South African Roads Board; Research and Development
Advisory Committee, Guidelines for the Development and
Implementation of a Traffic Signs and Markings
Management System, Project Report PR 88/004/3, March
1991.
5. Transportation Research Board, National Research
Council, Maintenance Management of Street and Highway
Signs, September 1990.

The estimated cost to implement a RSMS will differ from one
road authority to another but it was calculated that for the
metropolitan areas the cost of implementation over a five-year
period varies between 5% and 10% of the budget for
maintenance/replacement of road signs. The initial cost will be
relatively high but the benefits in the long-run will be worthwhile
and the system could save maintenance cost, but are also
cost-related to road safety and legal claims.

6. CSRA-CUTA, Seminar on new Traffic Signs, Sign
Maintenance, J G H le Roux, May 1988.

Road signs are implemented according to the new SARTSM
and the implementation of a RSMS will ensure continuity of the
road signs system and should be promoted as such amongst
all road authorities in South Africa.

9. Stanway Edwards Associates Ing., PREMET Vervoerstudie
in Loodsstudie vir die Ontwerp en Implementering van 'n
Inligtingstelsel vir die Bestuur van Padtekens.

16.5.2 Bibliography for Road Sign Management
Systems
1

2. U.S. Department of Transportation: Federal Highway
Administration, Guide to Safety Features for Local Roads
and Streets, 1991.

The following references are recommended as a reading list for
those wishing more detail on the development of Road Sign
Management Systems (RSMS):
1. U.S. Department of Transportation: Federal Highway
Administration, Sign Management System, October 1990.
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7. Stanway Edwards Associates Inc., A Comprehensive Road
Signs Maintenance Management Software Package,
September 1992.
8. Barton-Aschman Associates Inc., Traffic Control Device
Inventory, City of Pasadena, January 1984.

10. Sator, W.H.J., Durability of Road Signs: Field Survey, CSIR
Roads and Transport Technology, Research Report DPVT
78, 1989.
11. Micheall Bernhardt,
Europe

Street Scene Management, 3M,

12. Freeway Guide Sign: Replacement: Policies and Criteria,
FWHA Transportation Research Board, National Research
Council Report 155, April 1991.
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16.6.1

INVENTORY MODULE
16.6

A DETAILED DESCRIPTION OF A
TYPICAL DATA STRUCTURE FOR A
ROAD SIGN INVENTORY MODULE

16.6.1 General

16.6.4 Dates

1

1

The description of data items to be included in the proposed
data structure of the Road Signs Inventory Module of the
RSMS, is given in more detail in this appendix. Refer to Table
16.3 for a summary of these data items.

16.6.2 Position
1

Data is linked to a specific position of the road sign, firstly to
road sign data and secondly to road link data. The ID number
of a road sign is therefore linked to its position and to the link
number. The following are examples of a reference system to
allocate ID numbers:

16.6.5 Condition Evaluation
1

Condition evaluation can be conducted in various ways. A
method used by road authorities to ensure consistent
evaluations is to prepare photographs displaying different
conditions that relate to the evaluation process. This is then
linked to a detailed description or drawing. A scale that can be
used for the condition evaluation of road signs can be
described as follows.

2

The sign face natural weathering (SFNW) and sign face human
damage (SFHD) can be visually evaluated on a five point scale
namely:

(a) Urban areas:
Grid system

●

Block number in grid;

●

Intersection number
link/node number;

●

Link number at intersection;

●

Road sign number on link.

in

block

or

(a) 1 - Excellent condition; new;

(b) Rural areas:

(b) 2 - Good condition; few signs of aging;

Road number and chainage along road from starting point;
a link will then be described between two points (normally
intersections) on the chainage along the road.
2

Other data items
self-explanatory.

The capturing of dates into the database is important to
establish a record of events within the life-span of a road sign,
giving the reason for erection and the reason for cancellation.
This information will help to determine the performance of the
road signs with respect to aging, effect on orientation,
inspection frequency, rate of vandalism, etc.

in

Section

A

of

Table

16.3

(c) 3 - Fair condition; shows some sign of deterioration but will
be serviceable for more than three years;

are

(d) 4 - Poor condition; should be replaced within one to two
year period; and

16.6.3 Characteristics

(e) 5 - Replace road sign immediately as it is unserviceable.

1

The same evaluation can be done for sign posts.

The RTA/SADC-RTSM code for a road sign explains its exact
function. The functional classification of the road sign is,
however, linked to the road classification indicated in Section A
of Table 16.3 and is important for prioritisation of management
actions. This functional classification can indicate the
importance of the road sign for example, with regard to:

3

Research was done on the durability of road signs in South
Africa (2) and the following are the main problems related to
durability:
(a) the discolouration of the sign face;
(b) the reduction of the retroreflective value of the sign face;

(a) the classification of the road on which the sign is located,
i.e. road hierarchy;

(c) corrosion of the sign backing board, stiffening structures
and fixing bolts.

(b) traffic volumes and lanes;
(c) the cost of the specific sign.

4

The maintenance priorities set in the maintenance module, for
instance, depend on the functional classification of the road
signs.

The high ultra-violet content of sun rays in South Africa is
responsible for (a) and (b) related to durability, whilst poor
specifications are the main reason for corrosion (c).

5

3

The different types of sign face materials can generally be
classified as class 1, 2, 3. Cognisance needs to be taken of the
characteristics of each class, and the cost and guarantee given
by suppliers, before decisions are made on what type of
material should be used. See Chapter 17 for a proposed
selection criteria for sign materials.

Minimum standards for retroreflective values are given in
Volume 2, Chapter 17. The deterioration rate of retroreflectivity
values on road signs during their life-span and the influencing
factors contributing to the rate of deterioration should be built
into the models to allow the prediction of the condition of road
signs in advance.

16.6.6 Other

4

The other items in Section B of Table 16.3 are self-explanatory.

1

2
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The items under Section E of Table 16.3 are self-explanatory
and provide useful information for a comprehensive database.

SARTSM – VOL 2

RSMS

16.7.1

MAINTENANCE PROCEDURES
16.7

TYPICAL PROCEDURES FOR THE
MAINTENANCE AND MONITORING
OF ROAD SIGNS

16.7.1 General
1

(b) Level 2:

The procedures involved in the maintenance and/or monitoring
module of a RSMS are important for the following reasons:

The afore-mentioned procedures are normally executed on
a less comprehensive scale by maintenance teams - road
signs maintenance is only one of their various maintenance
duties and is often neglected - rehabilitation and
maintenance on road signs is normally done after routine
inspections and urgent requests - a few important aspects
of signs are recorded on forms as input to a database.

(a) improved productivity of maintenance teams;
(b) better control of resources;
(c) objective performance measurement is possible;
(d) better control of maintenance budgets and exact cost
allocation for jobs.

The procedures are normally fulfilled at one of two levels of
detail, namely:

Different types of forms can be used by the system to capture
or transfer maintenance/monitoring information. These forms
are not discussed in detail as each road authority will have its
own design and form layout. However, some typical examples
are:

(a) Level 1 (see Figure 16.6):

(a) defect report or list;

These procedures should be implemented by means of
computerisation of a RSMS.
2

A comprehensive set of procedures, where all
maintenance, rehabilitation and inspection activities with
respect to every road sign on the network, is linked to the
allocation and availability of personnel, materials,
equipment and transport; this level is also linked to a
costing system for labour costs, machine costs, material
costs and transport costs; this procedure is based on a
pre-planning process of tasks on job cards;

Fig 16.6
MAY 2012

3

(b) inspection form or list;
(c) job card for internal team;
(d) job card for contractor.

Maintenance Procedure Model
SARTSM – VOL 2
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17.1.1

INTRODUCTION

CHAPTER 17:
SIGNFACE MATERIALS

17.1

INTRODUCTION

17.1.1 General
1

Traffic signs are an essential component of streets and roads.
They help motorists find their way in a safe manner by
providing for the orderly and predictable movement of traffic.
For signs to accomplish their needed purpose, they must be
visible to the motorists. Although sign visibility is generally not a
problem during daylight, signs with inadequate retroreflectivity
may not be sufficiently visible at night and can contribute to
accidents.

2

Road signs also have to be conspicuous and legible from a
reasonable distance. To ensure good conspicuity and legibility
there has to be a high colour and luminance contrast between,
firstly, the sign and the background that it is viewed against
(external contrast) and secondly, the sign legend or symbol and
the background of the signface (internal contrast). To maintain
a high colour and luminance contrast at night, signs have to be
partly or fully reflective. New signs normally comply to these
requirements but as time passes, colours and retroreflectivity
deteriorate. This deterioration is not constant but is influenced
by factors such as ultra-violet radiation, temperature, humidity
and material characteristics.

3

While visibility can be accomplished through external
illumination of the signs, retroreflection is the most commonly
used means of making signs visible to the driver at night.
Retroreflection is where light is reflected back towards its
source. In the case of retroreflection from road signs, the
source of light is commonly the headlights of vehicles during
night-time.

4

Those responsible for designing, constructing and maintaining
roads need to be familiar with the many aspects of sign
retroreflection, of which some are:

It is intended to aid those who apply the specifications found in
SANS 1519-1 and SANS 159-2.
6

Certain of the good practices and detailed information related to
signing are not discussed in this chapter. Therefore, readers
should be familiar with the key publications listed in Section
17.10.

7

This chapter concentrates on materials for vertical road
signs whilst Volume 2, Chapter 18 deals with materials for
horizontal road sign material

(a) the types, specifications and properties of retroreflective
materials for signs;
(b) retroreflective sheeting application guidelines;
(c) sign fabrication;
(d) handling, stockpiling and installation of retroreflective signs.
5

Better understanding of these aspects can ensure that
motorists will be provided with adequate visibility of roadway
signs for safe navigation. The purpose of this chapter is to
explain relevant principles of sign retroreflection and to:
(a) give guidance on the selection of retroreflective sheeting for
new signs;
(b) discuss the minimum retroreflective values and colour limits
for replacement purposes;
(c) recommend retroreflective values for different road signs
used in different circumstances.

MAY 2012
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REFERENCES
17.10 REFERENCES
17.10.1
1

General

The following documents represent a useful reference base for
those wishing to read further on the subject of signface
materials, either generally or on specific points of detail.

14. BHISE, V.D.ET AL., Modelling Vision with Headlights in a
System Context, Society of Automobile Engineers, No.
770238, March 1977.

1. Federal Highway Administration, Manual on Uniform Traffic
Control Devices for Streets and Highways. US Department
of Transportation, Washington D.C., 1988.

15. DAHLSEDT, S.M., Luminance Uniformity and Legibility of
Traffice Signs, Lighting Research and Technology 6, No. 4,
1974.
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Retroreflectance of Traffic Signs, NCHRP Project 5-10,
February 1989.

16. OLSON, P.L., Minimum Requirements for Adequate
Nightline Conspicuity of Highway Signs, The University of
Michigan Transportation Research Institute, Ann Arbor,
Michigan. UNTRI-88-8, 1988.

3. CUNARD. R.A., Maintenance Management of Street and
Highway Signs, NCHRP Synthesis of Highway Practice
157. Transportation Research Board, National Research
Council, Washington D.C., September 1990.
4. Instrumental Photometric Measurement of Retroreflective
Material and Retroreflective Devices, Federal Test Method
Standard, March 1977.
5. MACE, D.J., Sign Legibility And Conspicuity. Transportation
Research Board, Special Report 218, Volume 2, pp.
270-293, 1988.
6. Institute of Transportation Engineers,
Traffic Sign
Illumination with External Fluorescent Pictures, Technical
Committee 7-C, Traffic Engineering 30, No. 6, March 1960.
7. ALLEN, T.M., ET AL., Luminance Requirements for
Illuminated Signs, Highway Research Record 179, 1967.
8. MCGEE, H.W. and MACE, D.L., Retroreflectivity of
Roadway Signs for Adequate Visibility: A Guide, Report No.
FHWA/DF-88/001, Federal Highway Administration, Office
of Direct Federal Programs, November 1987.
9. International Commission on Illumination, Guide to the
Properties and Uses of Retroreflectors at Night, Publication
CIE No. 72, Vienna, Austria 1987.
10. International Commission of Illumination. Road Signs.
Publication CIE No. 74, Vienna, 1988.
11. GOLDING, A.P., Eyesight on the Roads: A Demographic
Investigation of the Relationship Between Visual Acuity and
Accident Risk in Drivers. NIPN, Contract Report PERS 355,
Pretoria, Human Sciences Research Council, 1984.
12. PERCHONOK,
K.,
and
POLLACK,L.,
Luminous
Requirements for Traffic Signs, Interim Report, Institute for
Research, State College, Pennsylvania, December 1981.

17. MORALES, J.M., Retroreflective Requirements for Traffic
Signs - A Stop Sign Case Study, Report No.
FHWA/RD-87-017, January 1987.
18. WAGNER, J.A., Investigation of the Legibility of Sign Letter
and Background Type Combination Under Various
Conditions of Weather and Viewing and Durability of
Reflective Sheeting, Florida Department of Transportation,
FL/DOT/SMO/357-89, 1989.
19. LAGERGREN,
E.,
Traffic
Sign
Retroreflectivity
Measurements Using Human Observers, Washington State
Department of Transportation, WA-RD 140.1, 1987.
20. MACE, D.J., ET AL., Signs Luminance Requirements for
Various Background Complexities, Institute for Research,
State College, Pennsylvania, Report FHWA/RD-85/056,
September 1985.
21. SATOR, W., Road Signs Replacement, Division of Roads
and Transport Technology, CSIR, Pretoria for the
Department of Transport (South Africa). Draft Research
Report.
22. International Commission of Illumination, Maintained
Night-time Visibility of Retroreflective Road Signs,
Publication CIE No. 113, 1995.
23. MORALES, J.M., Reflective Requirements for Traffic
Signs - A Stop Sign Case Study, Federal Highway
Administration, FHWA/RD-87-017, January 1987.
24. OLSON, P.L., Minimum Requirements for Adequate
Night-time Conspicuity of Highway Signs, The University of
Michigan, Report No UMTRI-88-8, February 1988.
25. JENKINS, S.E., GENNAUI, F.R. Terminal Values of Road
Traffic Signs, Australian Road Research Board Ltd. Special
Report No, 49, Vermont South, ARRB, March 1992.

13. MACE, D.J. ET AL., Traffic Signs in Complex Visual
Environments, Report No. FHWA/RD/82/102 November
1982.
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17.11 RETROREFLECTION - LITERATURE
REVIEW
17.11.1
1

General

3

In the exposed lens sheeting the front half of the glass beads
are exposed to the outside air. Glass beads work best when
exposed to the air. However, because of the small size of the
beads, a film of water can cover the beads when it rains and
can greatly reduce the retroreflectivity of the beads. Hence, this
type of sheeting is not recommended for road signs, and
generally is not included in specifications. Nonetheless,
exposed lens sheeting is still found on road signs on some
low-volume rural roads controlled by local jurisdictions.

4

Enclosed lens sheeting material consists of a layer of
transparent plastic of appropriate colour in which glass beads
are imbedded. A metallic reflection shield is provided behind
the plastic, with a layer of adhesive at the rear, which is
covered by a protective liner that is removed during sign
manufacture. The plastic covering enables the sheeting to be
equally bright under dry and wet weather conditions.

5

With encapsulated lens sheeting the glass beads are also
protected by a transparent material that is supported slightly
above the beads by walls creating an air filled compartment.
The back of the beads are covered with a reflective surface.
The resulting airspace in front of the beads makes this type of
sheeting more highly retroreflective, and is hence known as
high performance sheeting.

The following three topics are focused on in this review of
literature:
(a) principles of retroreflection and retroreflective sheeting
materials;
(b) specifications for retroreflective sheeting materials;
(c) sign luminance requirements, feasibility of performance
standards and sign maintenance practices.

17.11.2 Principles of Retroreflection
1

2

Nearly all road signs have to be legible and colour
distinguishable at night as well as during the day. While this
can be accomplished through external illumination of the signs,
retroreflection is the most commonly used means of making
signs visible to the driver at night. Three reports,
"Retroreflectivity of Roadway Signs for Adequate Visibility: A
Guide" (8), "Maintenance Management of Street and Highway
Signs" (3) and "Guide to the Properties and Users of
Retroreflectors at Night" (9) are the primary sources of the
background information (see Section 17.10).
Retroreflection occurs when light rays strike a surface and are
reflected back to the sources of light. Two principles followed to
achieve retroreflectivity for road signs are prismatic and
spherical lens retroreflection. Prismatic, also known as
cube-corner, retroreflection is achieved through total internal
reflection. As shown in Detail 17.1.1, incoming light hits the first
surface and reflects to the rear surface, which reflects it to the
last surface, which then reflects the light rays back to the
source. Typically, the prismatic device reflects light off these
surfaces at 90 degrees to each other, i.e. the corner of the
cube. In the second type, spherical lens retroreflection is
achieved through a combination of a glass sphere (bead) and a
reflecting (mirror type) surface placed at the focal point. As
shown in Detail 17.1.2 an incoming ray is bent and directed
inside towards the back of the sphere, reflecting off the
reflective surface, and after being bent at the exterior of the
sphere.

17.11.4
1

One of the most important properties of retroreflective sheeting
is the ability to return light which is commonly described by a
variety of terms including brightness, retroreflectivity, luminance
or candlepower. The International Commission of Illumination
(SIE) (6) uses the term co-efficient of luminous intensity, which
is defined as the ratio of luminous intensity of reflector in the
direction of the observation to the illumination at the
retroreflector on a plane perpendicular to the light. In the
International System of Units (SI), i.e. the metric system, it is
expressed as candelas (cd) per lux (lx). It is a measure of
efficiency of the retroreflector, because it describes the amount
of luminance (candelas) that emerge from the retroreflector per
amount of light (lux) entering from the light source, i.e. the
vehicle headlights. This definition treats the retroreflector as a
point source. But because signs have a relatively large area
they are treated as an extended light source which may be
thought of as consisting of many point sources each with a
luminance intensity of one candela. To account for this term,
co-efficient (R) of retroreflection has been adopted by the CIE.
It is merely the co-efficient of luminous intensity divided by the
area and expressed in SI units as candelas per lux per square
metre. (The English equivalency is candelas per foot-candle
per square foot and is described as specific intensity per nit are
(SIA). The conversion from English to metric (SI) is unity;
hence, a value expressed in SIA terms is the same value in R
terms).

2

The retroreflectivity of sheeting material is described in the
context of another important property, namely angularity.
Angularity is defined by the entrance (of the light) and the
observation (of the motorist) angles. The entrance angle is the
angle formed between a light beam striking the surface of a

17.11.3 Types of Retroreflective Sheeting
1

Retroreflective sheeting consists of micro cube-corners or
spheres enclosed in a weather resistant transparent plastic film.
To reflect colour, pigment or dye is inserted into the film or onto
the reflecting surface. Figure 17.4 shows a typical construction
of cube-corner retroreflective sheeting. This type of sheeting is
typically manufactured with an air cushion behind the cubes. A
unique property of this sheeting is its high co-efficient or
retroreflection at low entrance angles, which means it appears
bright at long distance if the device is not too far laterally
removed from the light source.

2

There are three types of spherical lens (bead) retroreflective
sheeting:

Properties of Retroreflective Sheeting

(a) exposed glass bead;
(b) enclosed glass bead;
(c) encapsulated glass bead.
These are shown in Detail 17.4.2.

MAY 2012
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Fig 17.4

Sections Through Types of Retroreflective Sheeting
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17.11.4
sign and a line emerging perpendicular to the surface. The
entrance angle changes with distance between the vehicle and
is a function of the location of the sign and the vehicle. An
entrance angle of 30 degrees is considered wide for highway
signing. The observation angle is the angle between the
incoming light beam, and the reflected light beam, and is a
function of the height of the driver's eye with respect to the
vehicle headlamps. Figure 17.5 illustrates the entrance and
observation angles.
3

Since a retroreflective material is supposed to reflect most of
the light directly back to the source, the optimum observation
angle should be zero. However, in reality this is not the case
since the driver's eye is higher than the vehicle headlight and
can range from 530 mm for small cars to as much as 1625 mm
for large trucks. A wide observation angle is anything over 2
degrees. For purchase specifications, minimum SIA is
prescribed for each type of sheeting for two observations
angles, two entrance angles, and the different colours.

SIGFACE MATERIALS
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17.12 LITERATURE SURVEY
17.12.1 General
1

It is clear from Section 17.3 that most of the visual problems
concerning signs are related to the hours of darkness. For this
reason many studies have concentrated on the retroreflectivity
of signs. Relatively few studies have been conducted on the
daylight visibility of signs (see Section 17.10 for relevant
authors and studies).

17.12.2
1

Table 17.10 gives the minimum values for red retroreflective
values for STOP signs for the area complexity as found by
Olson. These values apply to a 750 mm (USA 30 inch) STOP
sign and are corrected for driver expectancy.

6

A major study on the terminal values of road signs has been
conducted in Australia. The study carried out by Jenkins et al,
was divided into five parts, namely literature review, daytime
survey, night-time survey, laboratory experiment, to determine
the terminal value of signs, and model for the determination of
the terminal value of signs. The findings of this study are given
below.

7

Literature review - Different studies determined the luminance
of signs at different distances using two types of headlight
beams (SAE and ECE). Figure 17.6 shows the luminance of
overhead and shoulder mounted signs from 40 m to 500 m
using ECE low beam headlights (Schmidt - Clausen 1983).

8

The night-time legibility of a sign as a function of its luminance
has been studied over many years. Sivch and Olson reviewed
18 experiments and found that the geometric mean of these
studies was 2,4 cd/m2.

Night-time Visibility of Retroreflective
Road Signs

The CIE has produced a technical report on the night-time
visibility of road signs. All the major research studies carried out
internationally have been incorporated into this report. Two
major reports on the minimum retroreflectivity requirements for
traffic signs have also been produced, one in the USA and the
other in Australia. Also of interest are two reports prepared in
the USA on the minimum retroreflective requirements for
STOP, warning and direction signs by Morales.

2

5

Morales conducted research into the minimum retroreflective
values for STOP signs. A field test is used to obtain a
relationship between the retroreflectivity and the recognition
distance. He concludes that retroreflectivity is important but that
the contrast ratio between the red and white for stop signs is
not that important, because the stop sign is recognised by its
unique shape, and does not necessarily have to be read to be
understood.

3

Table 17.9 gives the minimum overall co-efficient of
retroreflection for various approach speeds under ideal
conditions as shown by Morales. He assumes a deceleration of
2,44 m/sec2 and a perception-reaction time of 1,5 sec, with the
overall co-efficient of retroreflection (cd/lx/m2) = 0,76 x Red
co-efficient of retroreflection + 0,24 white co-efficient of
retroreflection.

4

Olson investigated the conspicuity of signs at night. He found
that background complexity, age of driver and colour of sign
had a significant effect on the conspicuity of signs.

TABLE 17.9

9

Furthermore, a number of studies into the night-time legibility of
a sign as a function of its retroreflectivity have been conducted.
It has been found that differences between the studies are
significant. This is partly due to high legibility distances which
had been chosen. Several studies have been conducted to
determine the range of distances at which signs are used. A
range of 50 m - 120 m was proposed.
10 The degradation of white Class I retroreflective sheeting has
been studied in a number of countries. The regression lines
found in Germany, Australia and South Africa are as follows:
(a) CIL/m2
=
83 - (3,30) (Age);
(b) CIL/m2
=
106 - (3,30) (Age);
(c)
CIL/m2 =
82 - (3,30) (Age).

MINIMUM OVERALL RETROREFLECTIVE VALUES FOR SIGNS (SAE
TYPE HEADLIGHTS) OF TWO SIZES
(760 mm AND 610 mm)

Speed

Stopping Distances

40 km/h
48 km/h
56 km/h

TABLE 17.9

Overall Coefficient of Retroreflection
760 mm in 30 m

610 mm in 24 m

42 m
57 m
74 m

3
4
5

4
7
11

64 km/h
72 km/h
80 km/h
89 km/h

92 m
113 m
135 m
161 m

7
10
18
40

35
40
40
40

97 km/h

188 m

40

40

40
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Luminance if Road Signs as a Function of the Distance from the Sign
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17.12.3

LITERATURE SURVEY
TABLE 17.10

Speed

MINIMUM RED RETROREFLECTIVE VALUES
2
FOR STOP SIGNS (cd/lx/m )

TABLE 17.10

Area Complexity
High

Medium

Low

48 km/h
56 km/h
64 km/h
72 km/h

8
26
30
70

3
5
11
25

2
3
4
8

80 km/h
89 km/h
97 km/h
105 km/h

170



63
155






14
30
70
150

 The use of supplementary warning signs is recommended

(a) 11 cd/lx/m2 for White;

11 Daytime survey - 2 661 signs were measured in the field. The
retroreflectivity of the symbol and background was measured
with a field retroreflectometer (the entrance angle was -4o and
the observation angle was 0,2o). The ages of 2 441 signs were
recorded, these varied from 1 to 18 years. The deterioration of
the retroreflectivity (CIL/m2) can be presented by the following
linear regression for the different classes and colours:
(a) White Class III

CIL/m2 = 294 - (4,05) (Age);

(b) White Class I

CIL/m2 = 116 - (5,62) (Age);

(c) Yellow Class I

CIL/m2 = 96 - (5,07) (Age);

(d) Red Screened Class III

CIL/m2 = 16 + (3,1) (Age);

(e) Green Class I

CIL/m2 = 22 - (1,02) (Age).

12 From data in North Queensland it was found that degradation
was higher than average due to the higher UV. The regression
equations were:
(a) White Class I

CIL/m2 = 111 - (8,6) (Age);

(b) Yellow Class I

CIL/m2 = 96 - (7,1) (Age).

13 The above results showed that white Class III material fell to
80% of its CIL/m2 after about 14 years, and for Class I material
the CL/m2 fell to 50% after 10 years for white, yellow and green.
The red screened signs showed that the colour faded to white
and the CIL/m2 increased with time.
14 The study also looked at the internal contrast between the sign
legend and the sign background (recommended to be 7:1). For
most signs (except STOP signs) the internal contrast could be
considered to remain over the life of the sign. Due to the colour
fading of the red on STOP signs the contrast is reduced with
age. Class III STOP signs degraded below this value (7:1) after
8 years and class I after 4 years.
15 Night-time survey - the purpose of the night-time survey was to
obtain photometric values of signs that were subject rated as
being close to their effective life. Two hundred and ten
retroreflective signs were judged. The results showed the
following mean values:

MAY 2012

(b) 4 cd/lx/m2 for Red (screened);
(c) 6 cd/lx/m2 for Yellow;
(d) 2 cd/lx/m2 for Green.
There was a wide spread of results due to the difficulty of the
subjective rating.
16 Laboratory experiment - the purpose of this experiment was to
determine the minimum luminance and internal contrast of
signs to ensure that they are conspicuous and legible.
17 Slides were used of traffic scenes which fell into three (low,
medium and high) visual complexity categories. On the slides,
warning and guidance signs were superimposed. For the
conspicuity experiment the test person had to detect the sign in
the traffic scene in a short time. For the legibility experiment the
test person had to determine in which direction the gap in a
Landolt C, which was marked on the signs, was pointing.
18 It was found that the average luminance for guidance signs
should be 3,2cd/m2 with the legend luminance of 16,2 cd/m2
and a background luminance of 2,3 cd/m2. For warning signs
luminance should be 9,7 cd/m2. It was also found that the
contrast should be greater than 3.

17.12.3 Durability of Road Signs with Regard to
Retroreflectivity
1

Transportek has been investigating the durability of road signs
in South Africa since 1981. These investigations concentrated
on the changes of retroreflective value and colour over time. A
number of surveys have been carried out on public roads,
mostly in the then Transvaal because the date of manufacture
of signs was recorded on the back. From this the age of the
sign could be determined, which made it possible to determine
a relationship between the change in retroreflectivity and the
sign's age.
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2

LITERATURE SURVEY

It was found that the regression lines were as follows:
(a) White Class I retroreflection = 82 - (3,06) (Age);
(b) Red Class I (pigmented) retroreflection = 21 -0,97) (Age).
For the other coloured sheeting an adequate relationship could
not be found.

3

These regression lines show that the durability with regard to
retroreflectivity for white and red sheeting is very good. For the
white sheeting to deteriorate to the SANS value specified for
weathered samples (40 cd/lx/m2) would take 13,7 years while
red (8 cd/lx/m2) would take 13,2 years.

4

The main problems found with the durability was the fading of
the red colour, especially if the colour was screened. When
SANS colour boundaries were used, approximately 59% of the
pigmented and 96% of the screened signs failed.

5

Transportek has also conducted accelerated natural
weathering tests on sign materials since 1987. Similar results
were obtained as in the field surveys. The regression equation
for white Class I was found to be retroreflection = 73 - (3,38)
(Age).

6

The literature study shows that these equations are similar to
relationships found in Australia and Germany. The accelerated
natural weathering test also showed that the fading of the red
screen colour is the main problem. Recently, new red screened
samples have been tested and are showing an improved result.

7

Green, blue and yellow road sign materials did not prove to be
a problem with regard to durability.

SIGNFACE MATERIALS
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PRINCIPLES OF RETROREFLECTION
17.2

PRINCIPLES OF RETROREFLECTION

17.2.1 General
1

2

3

and candlepower. The International Commission of Illumination
(CIE) uses the term co-efficient of luminous intensity which
is defined as:

Retroreflection occurs when light rays strike a surface and are
reflected back towards the source of light. Two principles
followed to achieve retroreflectivity for road signs are prismatic
and spherical lens retroreflection. Prismatic, also known as
cube-corner retroreflection, is achieved through total internal
reflection.

Luminous intensity of
reflector in the direction of
observation

Incoming light hits the first surface and reflects to the rear
surface, which reflects it to the last surface which then reflects
the light rays back towards the light source. In the second type,
spherical lens retroreflection is achieved through a combination
of a glass sphere (bead) and a reflecting (mirror type) surface
placed at the focal point. The incoming ray is refracted and
directed inwards towards the back of the sphere, reflecting off
the reflective surface, and after being refracted at the exterior of
the sphere, redirected towards the light source. These two
principles for achieving retroreflection are illustrated in Figure
17.1 and further described in Section 17.11. Three references
(3, 8, 9) are suggested for thorough discussion of the principles
of sign retroreflectivity (see Section 17.10).

ratio

Illumination at the
retroreflector on a plane
perpendicular to the light
In the metric system, designated as the International System of
Units (SI), the co-efficient of luminous intensity is expressed as
candelas (cd) per lux (lx). The co-efficient of luminous
intensity is a measure of efficiency of the retroreflector
because it describes the amount of luminance (candelas)
that emerges from the retroreflector per amount of light
(lux) entering from the light source, i.e.. the vehicle
headlights. This definition treats the retroreflector as a point
source. Because signs have a relatively large area, they are
treated as an extended light source which may be thought to
consist of many point sources, each with a luminance intensity
of one candela. The co-efficient of luminous intensity divided by
the area is expressed in SI units as candelas per lux per square
metre and identified as the co-efficient of retroreflection, R.
This can also be described as specific intensity per unit area
(SIA). The SIA designation will be used throughout this chapter.

Retroreflective sheeting consists of micro cube-corners or
spheres enclosed in weather resistant, transparent plastic film.
To reflect a colour, a pigment or dye is inserted into the film, or
onto the reflecting surface.
There are three types of spherical lens (bead) retroreflective
sheeting:
(a) exposed glass bead;
(b) enclosed glass bead; and

4

5

6

7

(c) encapsulated glass bead (see Section 17.11 for more
detail).
In the exposed lens sheeting the front half of the glass beads
are exposed to the outside air. Because of the small size of the
beads, a film of water can cover the beads when it rains and
can greatly reduce the retroreflectivity of the beads. Hence, this
type of sheeting is not recommended for traffic signs and is not
included in specifications.
Enclosed lens sheeting material consists of a layer of
transparent plastic of appropriate colour in which glass beads
are embedded. A metallic reflection shield is provided behind
the plastic together with a layer of adhesive, and with a
protective liner that is removed during sign fabrication. The
plastic covering enables the sheeting to be equally bright under
dry and wet weather conditions.
With encapsulated lens sheeting the glass beads are protected
by a transparent material that is supported slightly above the
beads by a wall creating an air-filled compartment. The back of
the beads are covered with a reflective surface. The resulting
airspace in front of the beads enhances the quality of the
retroreflection and this type of sheeting is therefore known as
high intensity sheeting.
One of the most important properties of retroreflective sheeting
is the ability to return light that is commonly described by a
variety of terms including brightness, retroreflectivity, luminance
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8

The retroreflectivity of sheeting material is described in the
context of another important property, namely its angularity,
which is defined by the entrance (of the light) and the
observation (of the motorist) angles (see Section 17.11). The
entrance angle is the angle formed between a light beam
striking the surface of a sign and a line emerging perpendicular
to the surface. The observation angle is the angle between the
incoming light beam and the reflected light beam, and is a
function of the height of the driver's eye with respect to the
vehicle headlamps. In SANS 1519 and other specifications,
minimum specific intensity per unit area (SIA) are prescribed for
each different type of sheeting for two observation angles, two
entrance angles, and for different colours.

9

Retroreflective materials are supplied according to the CSRA
Standard Specifications, in the following classes and should
comply with the requirements of SANS 1519:
(a) Class I - Engineering grade retroreflective material (medium
intensity sheeting); generally an enclosed lens glass bead
material;
(b) Class II - Super-engineering grade retroreflective material;
generally an enclosed glass bead or prismatic material;
(c) Class III - High intensity grade retroreflective material;
generally an enclosed glass bead or prismatic material.
The durability of these materials is normally guaranteed for 7
years or 10 years.
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17.3.1

VISUAL EFFECTIVENESS
17.3

FACTORS THAT AFFECT THE
VISUAL EFFECTIVENESS OF
ROAD SIGNS

17.3.1 General
1

There are a number of inter-related factors that affect the visual
effectiveness of road signs. The relationship between these
factors is complex since each factor, listed below, is in itself
multi-faceted:
(a) the driver;

visibility Most headlights comply with the United Nations
Economic Commission for Europe (ECE) regulation while some
older vehicles and replacement lights are of the Society of
Automotive Engineers of the USA (SAE) type.
2

Headlight beam aim - for headlights to be effective they have to
be correctly adjusted according to the Road Traffic Act.

3

Type of Vehicle - a car and a large commercial vehicle have
different stopping abilities and also distances between the lights
and driver's eyes are different which affect the observation
angle to the sign.

4

Speed of vehicle - this affects the amount of attention given to
signs and affects the stopping distance.

5

Transmission of windscreen - this affects the luminance of the
sign as seen by the driver. A transmission factor for the
windscreen is stipulated in the Road Traffic Act. Dirt will
decrease the transmission factor of a windscreen.

(b) the sign;
(c) the vehicle;
(d) the roadway; and
(e) the environment.

17.3.2 Driver Factors
1

2

Visual acuity - is the ability of a driver to resolve small detail
and primarily affects the legibility of a sign. Visual acuity is
reduced by old age of the driver and at low luminance values.
Colour vision - is the driver's ability to discriminate between
colours. Approximately 8% of men and 0,6% of women have a
visual colour deficiency.

3

Glare sensitivity - this is the reduction in a driver's visual ability
due to glare (mostly from oncoming vehicle headlights at night).
Old age increases this problem.

4

Reaction time - this is the ability of a driver to react quickly to a
sensory input. The reaction time varies from person to person
and is increased by alcohol and drugs. Further deteriorating
factors are fatigue and old age.

5

Expectation - depends on the alertness of the driver and
attention given to the driving task. The driver's experience and
education in relation to traffic matters are also important by a
driver.

6

Reading ability - the speed at which words can be read on
signs by a driver is important.

17.3.3 Sign Factors
1

Luminance - the luminance and luminance contrast between
the sign and the background that it is viewed against, and the
sign legend or symbol and the background of the signface,
have a major effect on the visual effectiveness of a sign.

17.3.5 Roadway Factors
1

Horizontal and vertical curvature - these curvatures affect the
amount of light which falls on the signs from the vehicle
headlights. The headlight beam is optimum when the road is
straight and level.

2

Roadway width - this also affects the amount of light which falls
on the sign from the vehicle's headlights. On multi-lane roads
large vehicles can block the view of the sign.

3

Sign position - signs are normally placed on the left hand side
of the road. On freeways some signs are applied overhead and
on curves some signs are placed on the right hand side of the
road. The headlight beam produces different illumination values
in these positions.

17.3.6 Environmental Factors
1

Background - seen against uncluttered backgrounds (i.e. on a
dark road) the conspicuity of signs is increased, while complex
backgrounds with relatively high ambient light levels, which are
found in the CBDs at night, can reduce the conspicuity.

2

Fog and rain - reduce the transmission of light in the
atmosphere so that less light is received by the sign and the
driver. The light is also scattered by the water droplets which
reduces the visibility.
Dew - in certain atmospheric conditions dew droplets are
formed on retroreflective signs which reduces their visibility at
night.

2

Colour - the colour coding and therefore the colour contrast of
the sign affect the visibility.

3

Age of the sign - exposure to the weather reduces the
retroreflectivity and colours fade towards white. Different
signface materials have different deterioration rates.

3

Sign and shape - larger sizes of sign are more effective.
Certain shapes are easily recognised and increase
effectiveness.

17.3.7 Principle Factors

4

5

1

As has been noted, there are many factors which affect the
visibility of a sign. The above-mentioned factors can have an
accumulative effect on the effectiveness of a sign. An older
driver with poor visual acuity, in an old un-roadworthy vehicle
on a rainy night, will require signs of high quality to enable him
to perform his driving task safely. It would be difficult to
determine an exact minimum standard, taking all the above
factors into consideration, but an attempt must be made to
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Class of retroreflective sheeting - the retroreflectivity of the
various classes of sheeting differs. This has an effect on the
night-time visibility.

17.3.4 Vehicle Factors
1

Headlight beam - the beam shape and light intensity in the
direction of a road sign have an effect on the night-time.
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VISUAL EFFECTIVENESS

accommodate most circumstances encountered on the road.
2

3

It is therefore difficult to provide prescriptive recommendations
on the selection of different types of retroreflective sheeting for
different applications. The above-mentioned factors affect the
decisions to be taken by road authorities who may give different
priorities to these factors depending upon their policy, location
and method of operation.

higher degrees of retroreflectivity to appear equally as bright as
signs on the left shoulder. Therefore, generally speaking,
overhead signs and right shoulder signs should have
significantly higher levels of retroreflectivity than signs placed
on the left shoulder.
5

It is, however, important to focus on the principle factors when
considering the selection of retroreflective sheeting, namely:
(a) driver visibility needs;
(b) durability and the economics of signface material;
(c) practical considerations.

Distance - A major consideration in the choice of retroreflective
material is the distance at which motorists must be able to
detect a device so that, if necessary, they will be able to take
any action required, in a safe and timely manner. The distance
from the sign where this must occur is the distance which
provides adequate time at the operating speed to allow for the
following to occur:

17.3.8 Driver Visibility Needs

(a) detection of a traffic control device (TCD) critical to the
driving task;

1

(b) recognition of the message contained on the TCD;

Certainly an important criterion for selecting the type of
sheeting is the driver's visibility requirements. The ability of a
driver to see and read a sign is dependent upon many factors
including those that relate directly to the sign, namely:

(c) decision making regarding the alternative actions to be
taken;
(d) initiation of the appropriate response;

(a) brightness;

(e) implementation and completion of the vehicle manoeuvre in
a safe manner.

(b) contrast;
(c) conspicuity; and

6

Not all signs require all of these actions to occur and therefore
not all signs must be visible at equal distances. Many signs do
not require a vehicle manoeuvre, and of those that do, many do
not require the movement to be completed prior to the sign.
Signs which require lane changes with merging activity and
those which require a complete stop, must be detected and
read at considerable distances from the sign. At 120 km/h, for
example, the required distances are of the order of 250 m to
330 m. At a speed of 60 km/h, or when the sign does not
require a driver decision or vehicle manoeuvre, the distance
may be as little as 60 m to 70 m.

7

The visibility distance of signs at night cannot be increased
indefinitely simply by increasing the level of retroreflectivity.
There is an optimum level above which signs become more
difficult to read. To accommodate long detection and legibility
distances, larger signs with larger letters may be needed.

8

Volume 1, Chapter 4, Section 4.2 gives details on the
determination of adequate height of letters on signs.

(d) legibility.

17.3.9 Brightness
1

Brightness refers to the amount of light reflected from the sign
that reaches the driver's eye. Brightness varies for each colour
and type of retroreflective material. In general, the brighter the
sign, the more conspicuous it will be. However, high brightness
letters or symbols mounted on a low brightness background
may reduce legibility because of a halo effect of the brighter
characters, commonly known as overglow.

2

In addition to the type of material, colour, and specific intensity
per unit area, sign brightness will be determined by the
following factors:
(a) headlamp type, aiming, high or low beam;
(b) driver's eye height;
(c) windshield filtering;
(d) weather (frost, dew, rain);

17.3.10

(e) surrounding ambient light;

1

(f) road curvature;
(g) mounting height and orientation angle;
(h) placement of sign: left shoulder, overhead, median, right
mounted, etc.;
(i) viewing distance from sign.
3

Of these factors affecting sign brightness, the first five are
beyond the control of the traffic engineer. Road curvature,
mounting height and orientation angle of the road sign are
discussed in Volume 1, Chapter 1, Section 1.6. Placement and
viewing distance and how they influence sign brightness are
discussed below.

4

Placement - Sign placement is an important factor in the
consideration of sheeting selection. In general, signs mounted
overhead or on the right shoulder of undivided roads require

SIGNFACE MATERIAL

Contrast

When specifying the manufacture of a road sign which requires
the superimposition of one colour of retroreflective material on
another, contrast ratios are achieved from the sign for the
message to be legible. The minimum co-efficient of
retroreflection for the three standard classes of material for
each colour is given in SANS 1519. The actual co-efficient of
retroreflection for a given sample and colour may vary widely
from the minimum, and for new materials, these values are
commonly higher than the value given in SANS 1519. Colour
contrast and therefore legibility, is normally sought by placing a
dark letter on a light background, or vice versa. The contrast
between the luminance of the sign legend and the luminance of
the sign background is a key measure that has been related to
sign brightness. For signs with a black legend on colour
background the legibility is determined by the luminance of the
colour portion of the sign. As a general rule a contrast ratio of
the
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17.3.3

coefficients of retroreflection of colours placed on each other is
recommended as follows:

5

(a) for small finely detailed areas (letters and symbols) - a
minimum ratio for light-to-dark of 7 to 1, with a preference
for 10 to 1 or more;
(b) for large areas (arrow or blocks) - a minimum ratio of 3,5 to
1, with a preference for 5 to 1.

17.3.11
1

Conspicuity

Conspicuity refers to the probability that a sign located in the
visual periphery will be seen at a given distance. The level of
conspicuity for any sign depends upon the following factors:

17.3.12

(a) peripheral to line of sight;

1

Volume 1, Chapter 4, Section 4.2 describes the design factors
for legibility in detail. One of these factors is the luminance of
the signface. For any given driver, the letter size, contrast and
surrounding luminance interact to determine dual legibility
distance. With letter size and stroke width remaining constant,
the legibility index of partially retroreflective signs is primarily
determined by the luminance of the retroreflective material, and
the surrounding luminance. The legibility index of fully
retroreflectorised signs is determined by the internal contrast of
the brighter reflective components to the other portions of the
sign.

2

The luminance of the reflective component of partially
retroreflectorised signs should be at least 2 cd/m2, but 10 cd/m2
is a far safer specification. In general the contrast ratio of fully
retroreflectorised signs should be 5 to 1 as described in
Subsection 17.3.10.

3

Different letter stroke widths and symbols have different
legibility indices. Symbols vary in legibility in ways that cannot
be formally specified; however, symbols are typically larger
than letters for the same size of sign, which generally gives
them a greater legibility distance.

4

A major factor concerning the legibility of a sign is the visual
acuity of the road user population. The visual acuity is the
ability to resolve small detail. The Human Science Research
Council conducted a study to determine the visual acuity of
South African motorists. Table 17.1 gives the results. In the
same table results of studies conducted in the USA and UK are
given as well. The Snellen notation 6/6 indicates the ability to
resolve an angle of one minute of arc. South African law
requires that applicants for drivers' licences have a visual acuity
of 6/12 (two minutes of arc).

(b) degree to which sign is expected and/or being looked for;
(c) visual complexity of the surrounding area;
(d) external contrast;
(e) size of sign.
2

3

4

Conspicuity is most easily improved by increasing size and/or
external contrast. Larger signs provide greater conspicuity
than small signs. Brighter signs are generally more
conspicuous than dimmer signs. For practical reasons, sign
size may not be increased beyond certain limits. Likewise,
brightness is limited both by the availability of materials and by
the fact that excessive luminance may degrade legibility and/or
produce overglow discomfort. Since sign brightness improves
conspicuity by increasing its external contrast, it may be
possible to increase conspicuity by placement of the sign so
that it is seen against a darker background.

"Peripheral to line of sight" refers to the fact that the further
the sign is located from the driver's line of sight, the less likely it
is that it will be seen. Signs mounted on the right of a multi-lane
road or on the left side of roads with unusually wide shoulders
or parking/turning lanes may be less conspicuous. Eccentricity
is generally not a problem for conspicuity at the long distances
where detection generally occurs. However, eccentricity may
be a problem when a sign is used with an unusually short sight
distance (e.g. after a turn or a merge area). Hence, for these
situations it is advisable to use sheeting that maintains its
retroreflectivity thorough wide angles.
Signs are more conspicuous to drivers who are looking for
them. On this basis alone guidance signs are more likely to be
seen than regulatory or warning signs. Also any sign following
another sign that alerted the driver to its presence (e.g. STOP
AHEAD), will be more conspicuous because of the advance
warning.
Visual complexity refers to the presence of both reflected and
direct light sources in the driver's field of view. Signs located in
areas of low visual complexity are more likely to be seen than
signs in high complexity areas. Rural roads with just a few point
sources of light are definitely not complex. However not all
roads with many light sources are visually complex. In general,
lights or reflective sources in the area where signs are located
add to complexity, while such distractions away from the sign
(i.e. right side of road) do not. Roads with activity which
complicates the driving task (e.g. traffic signals and
intersections) are visually more complex.

TABLE 17.1

Legibility

COMPARISON OF THE VISUAL ACUITIES
OF UK, US AND SA DRIVERS

TABLE 17.1

Criterion

UK (Davison & Irving)
N = 1368

US (Burg)
N = 3848

SA (Present Study)
N = 2045

6/6 or better
6/9 or better
6/12 or better
6/18 or better
Worse than 6/18

90.7
97.0
99.0
99.6
0.4

85.8
86.1
99.0
99.8
0.2

75.2
95.3
98.8
99.5
0.5
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17.4

17.4.1

SPECIFICATION SANS 1519: ROAD
SIGNS

17.4.1 General
1

2

Specification SANS 1519 on road signs was re-published
during 2004 (Part 2) and 2006 (Part 1). The purpose of this
specification is to ensure that road signs are effective over a
relatively long time span (+/- seven years in the field). The
co-efficient of retroreflection is given for the three classes of
sheeting. The minimum coefficients of retroreflection for these
three classes when the samples are new, are given in Table
17.2. After a weathering test the minimum values should be
80% of the values given in the table. The values given in Table
17.2 are based on international practice. The coefficient of
retroreflection of Class 1, Class 2 and Class 3 has a ratio of
magnitude of 1:2:3 (Red is 10 for Class 1, 20 for Class 2 and
30 for Class 3).

3

Table 17.3 gives the chromaticity coordinates for daylight
colours of new sign materials and Table 17.4 gives the required
values of the co-ordinates after samples have been subjected
to a weathering test. Figure 17.2 gives the chromaticity diagram
for daylight surface colours and Figure 17.3 gives the proposed
colour boundaries for red, yellow, green and blue. Table 17.5
gives the luminance factor for the different ordinary colours
(paints, plastic film or opaque inks) and for the three classes of
retroreflective sheeting after weathering. These values are
based on international practices.

4

The colour specifications are only for daylight. During the hours
of darkness, ordinary colours will appear black, while
retroreflective sheeting will show similar colours to those shown
in daylight. At present there is no specification for retroreflective
colours, but a CIE committee is looking at this problem. A
number of materials are imported from the USA which comply
to their specification, but fail the SANS specification regarding
the Red colour.

The observation angle of 0,33o and an entrance angle of 5o are
relevant for motor cars at approximately 200 m while the
observation angle of 2o and an entrance angle of 30o are
relevant at approximately 30 m. These distances are somewhat
short for heavy vehicles where the distances between the lights
and drivers' eyes are larger.

MINIMUM COEFFICIENTS OF RETROREFLECTION FOR
NEW SIGNFACE MATERIALS OF DIFFERENT COLOURS
SPECIFICATIONS SANS 1519-1:2006 and 1519-2:2004

TABLE 17.2

Class

Observation
Angle

Entrance
Angle

(Degrees)

(Degrees)

1
2
3

MAY 2012

TABLE 17.2

Coefficient of Retroreflection for Different Colours of Material When Measured
With Standard Illuminant A cd/lx/m2, Minimum
Red

Orange

Yellow

Green

Blue

Purple

White

Brown

0.33

5

10

20

35

7

3

2

50

3

2
0.33
2
0.33

30
5
30
5

0.4
20
0.4
30

0.8
40
0.8
60

1.5
70
1.5
105

0.3
14
0.3
21

0.1
6
0.1
9

0.1
4
0.1
6

2.5
100
2.5
150

0.1
6
0.1
9

2
0.22

30
40

0.4
13

0.8
22

1.5
64

0.3
11

0.1
7.0

0.1
3.2

2.5
95

0.1
0.5
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Fig 17.2
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Chromaticity Chart: Boundaries for Daylight Surface Colours
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Fig 17.3

Proposed Boundaries for Red, Yellow, Green and Blue
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REPLACEMENT CRITERIA FOR SIGNFACE MATERIALS
17.5

REPLACEMENT
CRITERIA
SIGNFACE MATERIALS

FOR

17.5.1 General
1

It is clear from the previous sections that most of the visual
problems concerning signs are related to the hours of darkness.
For this reason many studies have concentrated on the
retroreflectivity of signs. A literature survey review is set out in
Section 17.12 which highlights the "Night Time Visibility of
Retroreflective Road Signs." Relatively few studies have been
conducted on the daylight visibility of signs.

2

Based on the research done overseas and by the National
Department of Transport locally, guidelines for the replacement
of road sign materials in this chapter deal with minimum
requirements for retroreflective sheeting for night-time visibility,
and minimum requirements for retroreflective sheeting for
night-time visibility and minimum requirements for sign colours
for daylight visibility.

6

It should be recognised that the development of minimum
retroreflectivity values is not an exact process. This complex
problem involves many driver, vehicle, roadway and sign factors.
The values given in Tables 17.2 and 17.5 should provide road
authorities with objective values that can be used in deciding
what type of new sign sheeting should be applied. Subsequent
to these tables, Table 17.6 gives further guidance on the
selection of retroreflective sheeting for different road signs in
different environments.

7

It is believed that the luminance values balance the desire to
satisfy all drivers in all situations and the need to provide
practical, implementable values. Based on current knowledge
the recommended replacement values provide an acceptable
level of driver accommodation, while not putting an undue
burden on road authorities in terms of percentage of signs to be
replaced at any point in time.

17.5.2 Retroreflective Sheeting
1

2

3

The CIE has produced international recommendations for the
minimum retroreflective values for various signs at which the
sign should be placed (see Section 17.11). It has been
recommended that these minimum retroreflective values be
adopted as a basis for developing a system for South Africa.
A model has been developed to calculate the terminal
retroreflective value for road sign based on three components:
(a) the minimum luminance required from the sign;
(b) the distance from which the sign needs to be seen;
(c) the geometry of the situation.
The following factors are taken into consideration when the
minimum distance the sign needed to be seen, is determined:

17.5.3 Recommended Criteria
1

The night-time visibility and the colour limits of signs have been
researched by a number of organisations and the CIE has
published an international recommendation. It is proposed that
the CIE recommendation should form the basis for the criteria to
replace road signs in South Africa.

2

Tables 17.7 gives the colour limits for urban streets. The four
different types of street, as well as the different types of signs,
are classified according to Volume 1. The retroreflective value is
cd/lx/m2 measured at an observation angle of 0.333o and an
entrance angle of 5o is given for the symbol, background and
border for each sign group. The colour limits are given in zones
as indicated by Figure 17.2 for the symbol, background and
border. Table 17.8 gives the same information for rural roads.
The minimum contrast for night-time conditions is 5:1. For
daytime conditions a minimum contrast of 5:1 should also be
maintained, but this is not always possible with certain colour
and material combinations.

3

These recommendations should be incorporated into a signs
management system, as explained in Chapter 16, which will
ensure a cost effective sign replacement policy.

(a) the legibility distance should be about 1,5 times the
"minimum required distance";
(b) the time to correctly read a sign having N words is taken as t
= 0.32 N - 0.2;
(c) symbolic signs (including STOP signs) are taken as
equivalent to two words to read;
(d) the distance to read signs is = V x t where V is speed of
vehicle;
(e) drivers will not read signs at lateral angles of 10o or higher
(for overhead signs a limiting vertical angle is taken as 5o);
(f) for lane changes the lateral speed of 1m/sec is used;
(g) for stopping distance a mean deceleration rate of 0.45 m/s2
is used;
(h) the deceleration rate for slowing down is 0.259 m/s2.
4

Once the minimum distance has been determined, the level of
illumination on the sign may be found. The geometry of the site
is required. For this model the ECE low beam headlight intensity
distribution is used. From the illumination values and the
minimum luminance (determined by laboratory experiment) the
retroreflective values can be calculated.

5

Road signs are located in different road environments on
different classes of roads. These environments are critical to the
ambient luminance and the visual complexity around the sign
location.

MAY 2012

SARTSM – VOL 2

SIGNFACE MATERIALS

17.5.2

SIGNFACE MATERIALS

REPLACEMENT CRITERIA FOR SIGNFACE MATERIALS

SARTSM – VOL 2

MAY 2012

REPLACEMENT CRITERIA FOR SIGNFACE MATERIALS

MAY 2012

17.5.3

SARTSM – VOL 2

SIGNFACE MATERIALS

17.5.4

SIGNFACE MATERIALS

REPLACEMENT CRITERIA FOR SIGNFACE MATERIALS

SARTSM – VOL 2

MAY 2012

17.6.1

DURABILITY AND ECONOMICS
17.6

DURABILITY AND ECONOMICS

17.6.1 General
1

Another consideration in the selection of the type of
retroreflective sheeting is the relative durability and service life
of the different types of sheeting and any economic
implications. If a more expensive sheeting has a longer life, it
may prove to be economically advantageous to use that
sheeting especially if it provides a higher level of reflectivity
over the life of the sign. A life-cycle cost analysis using the road
authority's experience, will identify any cost benefits.

2

In preparing a life-cycle cost analysis several factors should be
taken into consideration:

5

A critical determinant in the economic analysis is the selected
performance life. Service lives of the various types of
retroreflective sheeting are highly variable and dependent upon
environmental conditions. Enclosed material sheeting has a
reported maximum service life of 7 - 10 years and
encapsulated sheeting is reported to have a 10 - 15 year
service life. Instead of using an estimated service life, the
manufacturer's performance life guarantee could be used.

6

However, the service life of the sign is as important as the
service life of the sheeting itself. In areas of frequent vandalism,
signs may have a short life span. Also, a sign may become
obsolete because it was installed for a temporary situation or a
new standard sign may necessitate its removal.

7

In selecting the appropriate performance life the road
authorities should draw on their own experience where
possible.

8

Although the economic analysis could be carried out on
life-cycle costs alone, benefits derived by using a sheeting that
maintains a higher level of reflectivity over its useful life could
be included. One way to do this is to include a factor for the
average luminance provided over the service life. This could be
done by using the following equation:

(a) cost of the sheeting and exchange rates;
(b) cost of the sign in-place, including the substrate material,
posts and installation;
(c) cost of signs against total cost of road project;
(d) service life;
(e) benefits.
3

A simple procedure for making the comparative cost analysis is
to divide the total cost by the performance life. This can be
expressed as:

C

=

TC
PL

Where:

4

C

C

=

TC

=

PL

=

Cost per year of useful life
Total cost of material and the sign during the life
of the sign
Performance life, which can be the service life of
the sheeting or the sign or the manufacturer’s
guarantee

Some road authorities believe that cost of the sign in-place
should be used rather than just the sheeting cost. These cost
elements include the substrate, manufacture, posts and
installation expenses.

MAY 2012

=

TC
Ln x Lo
x PL
2

Where:
C, TC and PL are as defined above
Ln = Luminance (SIA of new material), and
Lo = Luminance (SIA of worn material) at end of useful life.
However, this requires amassing data on the sign reflectivity at
the end of the service life or guarantee or warranty period.
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PRACTICAL CONSIDERATIONS

17.7.1 General
1

Some practical considerations may influence the decision
concerning which type sheeting to use. These are:
(a) if the signs are frequently vandalised (i.e. gun shots), which
may be the case for a very low volume (i.e. rural locations),
the apparent economic benefit of high performance
sheeting would not be realised and the decision concerning
which type sheeting to use would be based solely on driver
requirements without regard to durability;
(b) having to stockpile and possibly manufacture signs using
different sheeting may not be efficient.
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SIGN FABRICATION

17.8.1 Application of Sheeting for Substrates
1

5

In the direct application process, the message and borders are
cut out of sheeting and this sheeting is placed directly on the
background sheeting in the appropriate locations. This legend
sheeting is attached by adhesive using either the pressure or
vacuum application method. This method could be employed
for guidance signs that are mounted at the side of the roadway,
and for STREET NAME signs.

6

For alterations to larger side-mounted and overhead guidance
signs, the legend is prepared as individual cut-outs of
retroreflective sheeting applied to a thin metal substrate and
attached to the background sign panel with screws, bolts or
rivets.

The sign manufacturing process typically starts with applying
the blank or background retroreflective sheeting onto a rigid
backing, known as the substrate, in one of two ways:
(a) pressure sensitive adhesive; or
(b) heat-activated adhesive.

2

3

For many small signs, pre-screened signfaces can be
purchased and applied to the substrate.
If the pressure-sensitive adhesive is used, the sheeting is
applied using either a manually driven squeeze roller or a larger
power driven squeeze roller. If heat-activated adhesive is used,
the sheeting shall be applied by heat lamp vacuum application
method. The material manufacturer's specifications shall be
adhered to.
One advantage of the pressure-sensitive adhesive method is
that it can be applied much faster than the heat activated
method. This is of particular concern for manufacturers
producing a large volume of signs. However, many small
volume sign manufacturers purchase per-screened sign faces
for their smaller signs such as STOP, YIELD and warning
signs. These are more easily applied using the heat activated
vacuum applicator method because the dry adhesive allows for
proper positioning of the sign face on the pre-cut substrate.
This is particularly advantageous for small guidance signs
where individual letters are placed on the sheeting backing.

17.8.2 Application of Legend
1

The sign message or legend, which can consist of letters,
numbers or symbols with borders, is applied by one of four
methods:
(a) screen process;
(b) direct applied legend;
(c) demountable legend.

2

During the screening method the message and borders are
printed on the retroreflective sheeting using either a direct or
reverse screen process. In both cases the message and border
is photo-stencilled onto a screen film. This screen is set into a
frame which is placed over the sheeting. The process colour is
then poured over the screen and squeezed over the entire
screen.

3

In the direct screen process, the process colour is printed
through the message and border portions of the screen onto
the sheeting. A typical example of this process is the
application of black opaque ink to yellow sheeting for some
construction signs. In the reverse screen process the process
colour is printed through the background allowing the base
sheeting to provide the message. A STOP or YIELD sign is
made by the reverse screen process, with red transparent ink
applied to white sheeting.

4

With the screening process, the quality of the colour dye or ink
is crucial as early failure of the sign can occur when using the
wrong ink. Sign manufacturers should follow the sheeting
manufacturer's recommendations concerning inks or use a
suitable substitute. Purchasers of pre-screened signfaces
should obtain certification that the appropriate ink has been
used.
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17.9.1

HANDLING, STOCKPILING
AND INSTALLATION

17.9.1 Handling and Stockpiling
1

The proper handling and stockpiling of retroreflective sheeting
and fabricated signs are important to avoid premature failure. In
all cases, follow the instructions and cautions of the
manufacturer or suppliers. In general, good practices consist of
the following;
(a) rolls of unapplied sheeting should be stored horizontally in
the shipping carton or from a rod or pipe in a cool, dry area;
unprocessed sheets should be stored flat;
(b) keep all finished signs dry; should signs become wet, dry
off immediately;
(c) stack finished signs in racks with separations between
faces.
(d) excessive pressure on signfaces can affect the sign's
brightness;
(e) outdoor storage is not recommended but if necessary:
(i) place signs upright on edge on blocks to keep them off
the ground;
(ii) provide space between signs to allow air circulation and
moisture evaporation;
(iii) avoid signface contact with treated wood posts.
(f) when signs are transported for field installation they should
be secured vertically in racks to prevent signs from rubbing
against one another;
(g) packaging tape on the front of the sign should be avoided.

17.9.2 Sign Installation
1

The effectiveness of a new reflectorised sign can be comprised
if not installed correctly. Several aspects of sign installation
influence the sign's visibility and effectiveness. These include:
(a) location and position;
(b) longitudinal location along the highway;
(c) lateral clearance;
(d) height above ground;
(e) orientation angle.
Standards and guidelines on these aspects are provided in
Volume 1, Chapter 1, Section 6.
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