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SUMMARY

Traffic engineering approaches to road safety typically rely on treatment of individual sites,
identified through their recorded crash history. A pro-active approach to traffic engineering
safety involves identifying sites which have the potential to develop a poor safety record and
treating them before this happens.
This report presents the results of research on a pro-active approach to the treatment of bridges
and culverts in Victoria. The primary aim of the study was to develop guidelines to help traffic
engineers identify bridge and culvert sites which may become abnormally hazardous to road
users, especially sites which are not yet experiencing exceptional reported crash frequencies or
rates. The aim of such early identification is to enable preventative measures to be implemented
to reduce longer term hazards at the sites.
The report reviews the nature of crashes at bridges and culverts, analyses past crash patterns
at such sites in Victoria in recent years, and describes the range of treatments which may be
applied to bridges and culverts.
A range of recommendations are presented, in three areas: delineation, safety barriers, and
other actions. The first two are on-going programs, while the third comprises mainly one-off
elements, such as the development of a training program, and the need for further research.
The delineation program would aim to introduce, in priority order, devices which meet current
standards at all sites which meet the relevant warrants. These devices include guideposts and
post mounted delineators, bridge width markers, edge lines with raised reflective pavement
markers, and chevron signs on curved approaches.
The safety barrier program would aim to install, in priority order, guard fencing to current
standards at all sites which meet the relevant warrants.
A feature of both of these programs is that all sites, including those which have delineation
devices and/or guard fencing installed, should be assessed to ensure that such installations are
in accord with current standards.
Bridge and culvert sites are recommended to be assessed in a priority order which depends on
(a) bridge width, (b) traffic volumes (AADT), and (c) bridge length. These variables have been
shown to be key factors affecting bridge safety, and the values recommended are based upon
current NAASRA bridge assessment criteria. The recommended priority order is shown in Table
38, which is reproduced overleaf.
Other recommendations cover safety devices at new bridges and culverts, the need for the
development of effective transition arrangements between guard fencing and bridge end posts,
the need for adequate maintenance of guard fencing, the development of a training program
aimed at improving the standard of installation and maintenance of guard fencing, research
needs in relation to sealed shoulders and bridge widening, a safety audit of current bridge
design standards and practices, and the need for better data on crashes at bridge sites.

TABLE 38
RECOMMENDED

Priority

PRIORITIES FOR THE TREATMENT OF BRIDGES

<
<(m)
60
>
7.9
5.0
-- 5.9
151
-100
300
7.0
<< Bridge
4.9
7.9
>1,001
100
6.0
6.0
6.9
6.9 widthall
61
-150
7.0
7.9
4.9
>
300
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4,001
- 4,000
6,000
1,000
4,000
6,000

Notes:
(a) within each of the above priority rankings, bridges are to be
ranked in order of bridge length (longer bridges having higher
priority).
(b) bridges which are identified as "black spots" through data
records as to be treated as such.
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STATISTICAL ANALYSES
EXTRACTS FROM THE RCA TRAFFIC ENGINEERING
MANUAL
STEEL W-BEAM GUARD FENCE: ITS FUNCTION AND USE1
DRAFT BRIDGE ASSESSMENT FORMS

PLATES

1 By John Cunningham

1. INTRODUCTION
This report is part of a study aimed at determining the potential to apply a pro-active approach
to the treatment of hazardous road locations. The study, conducted by the Monash University
Accident Research Centre, involves the development of processes aimed at identifying sites
which have the potential to become high crash frequency sites. The objective of the study is that
any sites so identified could be treated before their crash record becomes high enough for them
to feature on a "black spot" listing.
In essence, the primary purpose of this study is "to develop guidelines to help traffic engineers
identify locations which are likely to become abnormally hazardous to road users. These
locations may not yet be experiencing exceptional reported crash rates. Early identification of
these sites should enable preventive measures to be implemented to reduce longer term hazards
at the site" (Howie, 1988).
One of the areas for investigation is crashes at bridges and culverts. This report is the output
of that investigation. It comprises four parts, as follows:
- overview of crashes at bridges and culverts
- crashes at bridges and culverts in Victoria
- treatment of bridge and culvert sites
- recommendations
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2. OVERVIEW OF BRIDGE AND CULVERT CRASHES
2.1 INTRODUCTION
Crashes at bridges and culverts include those involving vehicles (or pedestrians, cyclists, etc)
travelling over the bridge or culvert, under the bridge, or on the approaches to the bridge or
culvert.
Bridges are inherently hazardous because their abutments, railings or piers intrude into at least
the roadside, and often into the shoulder of the road; in some cases they also intrude into the
normal lane width. This inherent hazard of bridges is emphasised by Figure 1, taken from
Symons and Cunningham (1987), which indicates a desirable "clear zone" beside a road; any
fixed object within that clear zone would be designated as a hazard. It is clear that the great
majority of bridges would have their end posts and railings within the desirable clear zone, and
that the bridge piers of many overbridges would also be within that zone. Similarly, the end walls
of many culverts would also be within the desirable clear zone.
This inherent hazard of bridges is reflected in bridge piers and end posts having the highest
severity index of all roadside hazards in the Road Construction Authority's roadside hazard
program (Graham, 1987). Similarly, bridges had the highest accident severity rating of all
roadside hazards in the study undertaken for the Road Traffic Authority by Pak Poy and
Kneebone Pty Ltd (1986, P 25). Accident severity in this study was defined as the ratio of fatal
plus personal injury accidents to total accidents.
A major study conducted as part of the US National Cooperative Highway Research Program
(Ivey, et al, 1979) attempted to define a "narrow" bridge. Based on studies of driver behaviour
at bridges and bridge crash records, the study concluded that:
"any bridge less than 7.3 m (24') wide should be considered a restricted-width bridge, but
not necessarily a hazardous bridge site.
any bridge less than 5.5 m (18') in width should be considered a one-lane bridge.
any bridge with a width of 4.5 m (15') or less should be considered a hazardous site" (op
cit, p 1).
Crashes at bridges have been found in various studies to be a significant proportion of total
road crashes, especially in rural areas. For example, Hollingworth (1983) in a study based on
data for Queensland in the late 1970s found that bridges were associated with "something
slightly less than 10% of (road) trauma." However, he noted that since bridges represent less
than 0.5% of the total length of the Queensland road network, "it becomes obvious that, as a
road element type, they make an inordinate contribution to the annual road crash trauma."
Building on results of this sort, the 1984 NAASRA Roads Study (NAASRA, 1984, P 78) claimed
that "it has been established that bridges make an inordinate contribution to road accidents on
a length basis compared to roads generally". The report went on to develop ideal bridge width
requirements in relation to traffic flow (see Section 2.4 below).
An American study (Pigman, Agent and Zegeer, 1981) based on all reported crashes in the
State of Kentucky in 1976 found that crashes at bridges constituted 11.1% of the total. Crash
rates in terms of the number of crashes per 100 million vehicles using the bridge were calculated
as:
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- 11.2 for large urban areas,
- 11.8 for medium urban areas, and
- 15.5 for rural areas.
Another US study (Zegeer, 1986) surveyed 40 state and 17 local government agencies, asking,
inter alia, for details of specific hazardous highway elements within their respective jurisdictions.
The most frequently cited element by far was "narrow bridges, abutments, piers, and bridge
approaches". This was mentioned by 27 State and 5 local government respondents, and the total
of 32 responses was more than twice that for the next most cited element (guard rail
deficiencies, at 15 responses).
An important part of the current project is to assess the significance of bridges in the Victorian
context (Chapter 3), but these examples will serve to establish the validity of considering bridges
and culverts as a target for a pro-active traffic engineering safety study.
2.2 DRIVER BEHAVIOUR AT BRIDGES

!

Central to the proposition that certain bridge widths may be too "narrow" is the notion that
driver behaviour is affected by either the presence of a bridge or its width. It is thus necessary
to examine what is known about driver behaviour at bridges.
Research on this topic has focused on two main factors - lateral placement and speed.
Reviewing this work, King et al (1978, p 4) concluded that "vehicle speed is not significantly
affected on narrow pavements even when in the presence of opposing traffic. However, lateral
placement is affected, both by pavement width and by the width and type of shoulder." Triggs
(1987) also noted that "in experimental test situations, it has been found that drivers displace
their vehicles laterally away from fixed roadside hazards ... even when the object is somewhat
removed from the path of the vehicle."
These general conclusions are quantified in the work of Ivey et al (1979, p 17). Field
observations were undertaken at 25 two-lane, two-way bridge sites in the US. Their main
observations were:
- drivers slow down approx 3.2 km/h (2 mph) when approaching a bridge,
- even if drivers recognise the bridge as a potential hazard, this does not result in
significant speed reductions,
- driver reaction to the presence of a bridge is indicated primarily by the lateral
movement of the vehicle towards the centre-line,
- the extent of the movement towards the centre line depends on both the absolute width
of the bridge, and the relative width of the bridge with respect to the approach roadway
width,
- Although there is considerable scatter in the observed results, lateral repositioning
varies from around 0.3 m (1') on bridges more than 8.2 m (27') wide to more than 0.6
m (2') on bridges 4.5 m (15') wide,

1
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- little lateral adjustment takes place if the relative width (ratio of bridge to roadway
width) is 1.25 or more,
- for a relative width of 1.0 (i.e. bridge and roadway width equal), the lateral
repositioning averages about 0.25 m.
3

(In the above results, "width" generally refers to pavement width, except in the case of roads or
bridges with paved shoulders, in which case the shoulder width is also included).
It was on the basis of these observations that Ivey et a1reached the conclusion, noted in Section
2.1 above, that a narrow bridge was one with a width of less than 7.3 m (24') between kerbs.
2.3 CRASH TYPES
In generaL crashes at bridges and culverts may be divided into three categories, as follows (King,
et aL 1978; Hollingworth, 1983):
- vehicles colliding with the bridge or culvert (e.g. end posts, railings, piers) or its
approaches,
- collisions between vehicles, due to the presence of the bridge or culvert (e.g. lateral
position of the vehicles, visibility restrictions due to road or bridge geometry),
- collisions near bridges or culverts, where the presence of the bridge or culvert is not
a contributing factor (for example, Hollingworth, 1983, p 18, noted that "one-third of
all crash trauma reported in the 1978-79 bridge crash summary was totally unrelated to
bridge or culvert involvement (in most cases, such crashes had merely occurred in the
general vicinity of such a structure)."
The aforementioned Queensland study (Hollingworth, 1983) examined the types of crash
associated with bridges. The most significant bridge crash types in order of occurrence were:
Single vehicle, hit fixed object
Single vehicle, overturned
Rear End
Side swipe, opposite direction
Head-on
All other

244
102

93
53
50
41

Considering only fatalities and severe injuries, the most significant crash types were:
Single vehicle, hit fixed object
Single vehicle, overturned
Head-on
Side swipe, opposite direction
Rear end
Side swipe, same direction
All other

183

68
68
31
26
21
27

It can be seen that similar crash types were involved, although the order changed a little. To
gain further insights into the effect of bridge width, the top three crash types in each category
were analysed in detail. An example, for single vehicle hit fixed object crashes, is shown:
l\pproach guardrail
Bridge endpost
Bridge rail
All other

6.6% of crashes
3.2 % of fatalities and serious injury
16.7% and 36% respectively
36.7% and 19.4% respectively
40% and 41.4% respectively
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Hollingworth concluded (op cit, P 12) that "there was potentially a significant amount of bridge
crash trauma which could be alleviated by increasing the trafficable width of some bridges."
The Kentucky study mentioned previously (Pigman, Agent and Zegeer, 1981) also analysed
crash types, with the following results (first event only):
Crash on bridge after skid on icy or wet deck
Rear end
Hit another vehicle on bridge (dry conditions)
Construction crash
Hit bridge rail
Hit bridge abutment
All other

113
75
53

50
35
18
66

For fatal crashes, the main types were:
7
6

Hit bridge pier
Vehicle went through bridge railing
Vehicle rebounded off bridge railing
Hit bridge abutment
Gap between parallel bridges
Icy bridge

5
3
2

1

As with the Queensland study, these results indicate that collisions with the bridge itself are
associated with the more severe crashes. The effect of weather is also noticeable.
The bridge structure question was raised in an interesting way in another US study (Smith,
1982), who examined the case for removing bridge and culvert railings on low volume rural
roads. He concluded that for roads carrying less than 400 veh/ d "in many instances it would be
far better for the vehicle to go over the side of the structure than to strike the bridge rail,
especially the end of it." The exceptions were where there was a very deep, steep ditch or the
culvert or bridge had a large drop off to its bottom. Although he did not quantify these
exceptions, it is interesting to note again the presence of bridge railings as a specific hazard.
2.4 BRIDGE CRASH PREDICTION MODELS
Various attempts have been made to develop models of crash frequency or rate in relation to
bridge dimensions or roadway geometric factors.
Ivey et al (1979) developed a so-called bridge safety index (BSI), based upon crash data for a
sample of bridges in Texas. This comprised ten factors, as follows:
- bridge width factor
- relative bridge width (bridge lane:approach lane width)
- guardrail and bridge rail factor
- approach sight distance factor
- distance from bridge to end of adjacent horizontal curve
- grade continuity factor
- shoulder reduction factor
- volume/capacity ratio for the road
- traffic composition factor
- distractions and roadside activities factor
It can be seen that this index is a curious mixture of subjective variables (e.g. assessment of the
5

adequacy of guard fences and bridge railing) and quantifiable variables such as dimensions,
and that most variables are expressed as a factor, developed empirically. It would be difficult
to apply in practice, and would not necessarily translate easily from one situation to another;
the authors of the report acknowledge this as they note (op cit, P 6) that "as highway agencies
begin to use the BSI, they should give consideration to the development of weighting factors that
reflect local conditions."
However, in the way that the index is constructed, three factors "explain" most of the index.
These are the absolute and relative width factors, and the guardrail/bridge rail factor. (Though
here again, the emphasis on these three factors was subjective - "the authors have chosen to
rank these three factors above the other seven".
A later Texas study attempted to improve this Bridge Safety Index (Gandhi, Lytton and Das,
1984). This first divided bridges with crash records into two categories - "more safe" and "less
safe". A thorough statistical procedure was developed to classify the bridges, determine
relationships between safety performance and bridge and roadway factors, and relate these to
crash rate.
The resulting model had seven variables, as follows:
- bridge width
- bridge length
- average daily traffic
- approach speed
- grade continuity factor (approach and departure grade difference)
- shoulder reduction factor
- traffic mix factor (variations in the proportion of trucks)
The resulting model should be easier to apply than the original model (Ivey, et al), but still
relies on the subjective assessment of certain factors. Nomograms and charts are presented in
the paper to assist in the estimation of the last three factors.
These two Texas studies are interesting in a more general sense than just the model results.
They serve to indicate the sorts of bridge, traffic, and roadway factors that are apparently
related to hazard. This aspect is taken up again in Section 2.5 below.
Hollingworth (1983) developed a series of equations for crashes at bridges in Queensland.
Because his data did not allow individual bridge sites to be identified, data unique to that
bridge could not be used. Thus, he based his analysis on data for road sections, each section
comprising the length of a given road in a single local government area. Low standard roads
were excluded by including only roads with design speed of 72 km/h or greater, and bridge
width data for all bridges in the road section were extracted. These were "used as surrogate
measures of bridge width to test for bridge width-crash rate relationships." A total of 21 road
sections involving 348 bridges were included in the analysis.
Two equations were developed, for two classes of crash by severity. These were:
R1 = -5.9 + 4.1X + 0.62Y - 1.2Z
R2 = -47.9 + 17.1X + 12.6Y - 20.3Z
where R1 and R2 are the crash rates for bridge crashes in each severity class (crashes on a road
section per 100 million vehicle passages)

x = number of bridges < 8.5m (28') trafficable width
Y = total number of bridges on road section
6

Z = number of bridges > 8.5m (28') trafficable width
A more simple approach has been reported by Roy Jorgenson Associates (1978), who quoted
an earlier (1966) US study which related crash rates (per vehicle) to the difference in road and
bridge width. In view of the age of the data, the results are hardly worth quoting in detail, but
it might be noted that a 0.3 m (1') reduction in relative bridge width was associated with an
increase of about 8 crashes per million vehicles.
Another US study, reported by Turner (1984) investigated bridge crashes in Texas. A very large
data base was assembled, involving over 4000 crashes over a 4 year period 1975-78. Various
crash prediction models were developed, the final one of which was as follows (this is applicable
to relative bridge widths from about -0.6 m to 4.8 m, where relative width is defined as bridge
width minus road width):
A = 0.4949 - 0.0612W + 0.0022W2
where A = reported crashes per million vehicle passages
W = relative width in feet.
This equation had an R2 value of 0.81, indicating that "the equation was an excellent predictor
for the data set" (op cit, P 52).
Finally, it is important to note that the NAASRA Roads Study (NAASRA, 1984) developed a
table indicating the "quality of service" of bridges, taking into account traffic volume, safety,
and traffic flow. The Table is reproduced as Table 1 below.
The report noted that according to this criterion, 13% of the bridges in Australia were "poor".
These were spread across all road categories, and were mainly in the lower width range (5.0
m - 5.9 m), although a "substantial proportion" of bridges in the 6.0 m - 6.9 m range were
assessed as "fair".
The RCA report for the NAASRA Roads Study on the Victorian road network (Road
Construction Authority, 1984, p 52) indicated that about 5% of the bridges on the Victorian
rural arterial road network were assessed as poor, according to the above criteria. Of the total
1529 bridges involved, the distribution across these categories was as shown in Table 2.
Data on bridges in the urban and local road networks are less comprehensive. However, the
Report on the Victorian Road Network (op cit, P 148) presented an estimate that there were
around 5500 bridges on the Victorian local road network, and about 5000 of these were in rural
areas.
2.5 OVERVIEW OF FACTORS ASSOCIATED WITH BRIDGE CRASHES
The previous sections have referred, implicitly or explicitly, to factors which have been found
to be associated with crashes at bridges. In this section, these various findings are brought
together and summarised.
Ivey et al (1979) used 10 factors to develop a bridge safety index. These were
- bridge width factor
- relative bridge width (bridge lane:approach lane width)
- guardrail and bridge rail factor
- approach sight distance factor
- distance from bridge to end of adjacent horizontal curve
7

- grade continuity factor
- shoulder reduction factor
- volume/capacity ratio for the road
- traffic composition factor
- distractions and roadside activities factor
Of these, the first three were considered the most important.
A later Texas study (Gandhi, Lytton and Das, 1984) refined this index, and found the following
seven factors to be significant:
- bridge width
- bridge length
- average daily traffic
- approach speed
- grade continuity factor (approach and departure grade difference)
- shoulder reduction factor
- traffic mix factor (variations in the proportion of trucks)
Hollingworth (1983) found that bridge width was related to crashes, especially for bridges less
than 8.4 m (28') in width.
Turner (1984) tested 25 variables for their usefulness in predicting bridge crash rates. He found
four variables to be most valuable, as follows:
- relative bridge width
- average daily traffic
- approach roadway width
- road classification.
Hilton (1973) in a study of bridge crashes in Virginia, USA, surveyed police officers and
highway engineers asking them to list the factors which caused those crashes. The three main
factors (applicable to more than 20% of the bridges involved) were:
- bridge too narrow
- curved approaches
- bridge on curve.
Behnam and Laturos (1973) in a study of bridge crashes on two-lane two-way rural highways
in the US used multivariate regression analysis to conclude that the key variables explaining
such crashes were:
- average daily traffic
- sight distance available at night
- degree of curvature
Wright (1979) in a study of all roadside obstacles (including bridge structures) listed the key
factors in determining priorities for treatment as:
- approach grade/curve radius combinations (for example, highest priority to locations with a
curvature of more than 6° and a downhill slope of more than 2%; second priority to locations
with curvature of more than 3° and slope of more than 2%, and so on)
- road classification (emphasis on arterials and collectors)
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- emphasis on the outside edge of the curve
In earlier work, Brown and Foster (1966) of New Zealand listed the following factors in order
of importance:
- night time
- relative bridge width
- left curvature
- right curvature
In a study of roadside hazards carried out for the Road Traffic Authority, Pak Poy and
Kneebone Pty Ltd (1986) listed the following characteristics as being most consistently
associated with crashes; while not all apply specifically to bridges, the list is nevertheless relevant
since bridges and culverts are a specific form of roadside hazard:
- horizontal road curvature (especially isolated curves on otherwise straight roads)
- high traffic flows
- low lateral offsets
- pavement deficiencies (e.g. corrugations, pot holes)
- pavement crossfall
- visual obstructions (e.g. locations obscured by horizontal or vertical curves)
- kerb discontinuities
- clearway or other non-parking conditions
In summary, it seems that the factors found to have been significant in bridge crashes include:
- bridge width
- bridge relative width (i.e. ratio of bridge width to roadway width)
- traffic volume (for which road classification may be a surrogate)
- geometric factors, of which the most important are:
: curvature on approach to bridge
: curvature on bridge itself
: grade on approach to bridge
- perhaps a greater incidence of night-time crashes
- these last two perhaps also imply·a visibility factor as well.
- weather
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3. CRASHES AT BRIDGES IN VICTORIA
3.1 INTRODUCTION
This chapter reviews the bridge and culvert crash situation in Victoria. The data base is the
Victorian State Accident Record, for the five years 1982-86, and analysis of this data set has
been carried out using the same procedures as those developed for the other parts of the proactive traffic engineering safety study (Howie, 1988).
Bridge and culvert crashes were defined as those which met at least one of the following
criteria:
- variable RDCH = 5. (RDCH is a road characteristic variable, and up to three such
characteristics may be recorded for each crash; one of these must be either 1 (straight)
or 2 (curved). The value 5 is "bridge, culvert or causeway") (Road Traffic Authority,
1987, p 2-42).
- variable OBJHIT = 13 or 21. (OBJHIT describes the first non-vehicular object struck
in the initial event. The value 13 is "bridge, not on path", and 21 is "bridge, on path")
(Road Traffic Authority, 1987, p 2-37 and Appendix H).
-variable OBJHIT1 or OBJHIT2 = 13 or 21. (OBJHIT1 and OBJHIT2 describe the first
and second subsequent objects hit respectively. Other details are as for OBJHIT) (Road
Traffic Authority, 1987, p 2-42 and Appendix H).
3.2 OVERVIEW
A total of 885 casualty crashes were identified. This represents only 1.07% of the total of 80,722
casualty crashes which occurred in Victoria in the 5 year period under study. However, bridge
and culvert crashes were more severe than crashes as a whole; 119 out of 3442 persons killed
in the period of the study (3.46%) were involved in bridge and culvert crashes.
In Chapter 2, data from several sources were quoted which seemed to indicate that bridge and
culvert crashes were more significant in the total road crash scene than the above figures would
indicate. For example, Hollingworth (1983) using data from the late 1970s in Queensland
reported that bridges were associated with "something slightly less than 10% of (road) trauma."
At first sight, it would appear that there is a very substantial, order of magnitude, difference in
the importance of bridge crashes between Victoria and Queensland. This needs to be
investigated. To do this, we consider only fatalities, since these have fewer coding inconsistencies
and definitional problems.
Hollingworth indicated that for the five years 1974-75 to 1978-79, a total of 198 persons were
killed in Queensland in crashes at bridges. According to ABS records (Australian Bureau of
Statistics, 1981) the total number of road fatalities in Queensland over that period was 2971.
Thus bridges were associated with 6.7% of fatalities.
The corresponding figure for Victoria for the period 1982-86 was 3.5%, as noted above. Thus
it would appear that bridges and culverts are about half as significant in the total road crash
scene in Victoria as they are in Queensland. This factor of around 2 is perhaps understandable;
the initial observation of a factor nearer 10 was not. Possible reasons for this include the fact
that Victoria is a more compact state, so there is a greater likelihood that deficient bridges have
been treated, that there are fewer bridges per unit length of road (perhaps because of terrain
10

or weather), and that the greater degree of urbanisation in Victoria reduces the significance of
rural crashes, including rural bridge crashes.
The remainder of this chapter is a review of bridge crashes in Victoria, as described above. In
general, these highlight relationships which are significantly different from the mean, i.e. crash
types which are over-represented (or under-represented) in each category. The basis of this
analysis is explained in Appendix A.
3.3 ROAD USER MOVEMENTS
Figures 2-4 show the distribution of Victorian bridge and culvert crashes in reducing order by
road user movement (RUM) code, for metropolitan areas, non-metropolitan areas, and the
State respectively.
These figures show that a small number of RUM codes accounted for a high proportion of the
bridge and culvert crashes, but that there are significant differences between metropolitan and
non-metropolitan crash patterns. These features are summarised in the following table:
6.0
11.0
14.3
7.7rural
RUM code
5.5
3.0
41.9
33.9
10.1
15.7
2.4
%
total
20.4
15.9
12.2
All other

4.6
9.5
%
50.1
6.7metro
9.8

In the metropolitan areas, these six RUM codes accounted for just over half of all bridges and
culvert crashes. (The other main types here were 24 - intersection, right near side collision; 85
- head on; 77 - cornering, head on; and 37 - rear end at intersection.) In many of these crashes,
it would seem that the bridge was incidental to the crash; the crash merely occurred in the
vicinity of the bridge. The "permanent obstruction" coding apparently refers mainly to bridge
piers (rather than to the bridge or its approaches, which would presumably be coded as a fIXed
object), or to high vehicles striking a bridge with low overhead clearance; see section 3.8.
In rural areas, the pattern is clearer; bridge and culvert crashes primarily involve vehicles
striking the bridge or another fixed object (see Section 3.7 and 3.8 below). There is some
evidence that alignment, particularly the presence of horizontal curves, is also a factor. (see
Section 3.9 below)
Tables 3-5 show the number of casualty crashes and number of casualties (fatal, hospital, minor,
none) by RUM coding. This shows that at a statewide level, the most severe bridge crash type
among the eight RUM groups identified above was 74 (off left bend into fIXed object), with
14.3% of fatalities from 7.7% of crashes. RUM 74 was over-represented in fatalities in both
metropolitan and rural locations, but was not over-represented in hospital admissions. This level
of severity, together with the loss of control implied in the crash type itself, suggests that speed,
visibility, and/or adverse geometry may have been contributing factors.
RUM 72 (off right bend into fixed object) was also over-represented in fatal crashes, with 19.3%
of fatalities from 11.9% of crashes. This RUM group was especially over-represented in
metropolitan crashes.
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Taken together, crashes at bridges on bends accounted for 33.6% of bridge fatalities from 19.6%
of crashes, pointing again to the presence of road geometry as an associated factor. This is a
factor in both metropolitan and rural crashes. Left hand bends are more highly represented than
right hand bends, and crashes involving vehicles leaving the carriageway to the right are more
prevalent than those to the left.
RUM groups 51 and 55 (rear end and permanent obstruction) were significantly underrepresented in bridge fatal crashes, accounting for only 0.8% of fatalities from 11.5% of crashes;
in fact, no fatalities resulted from rear end crashes on bridges. RUM 55 accounted for 9.9%
of hospital admissions from bridge crashes in the metropolitan area.
RUM groups 82 and 84 (off carriageway) were not greatly over-represented in fatal crashes
accounting for 31.9% of fatalities and 30.7% of hospital admissions from 27.9% of crashes.
Tables 6-8 summarise the results of Tables 3-5, for aggregate RUM groups. Again, the
significance of off-path and cornering movements, and the severity of crashes of the latter type,
are shown in this table.
Two further interesting features are revealed in these aggregate tables. First, there is the
contribution of overtaking manoeuvres to the overall bridge crash situation (4.2% of fatalities
from 1.7% of crashes); although the actual frequencies are small, this over-representation was
especially marked in the metropolitan area. Examination of Tables 3-5 indicates that these
were mostly spread over RUM codes 61 (head on), 62 (out of control), 63 (sideswipe or cutting
in) and 64 (pulling out). Once again, it would appear that the presence of the bridge would be
an incidental factor in these types of crash.
Second, there are a few cycle crashes (4.2% of fatalities from 2.7% of crashes), mostly in the
metropolitan area. Of these, one type (RUM 11, rear end) could perhaps be related to the
presence of the bridge, if it formed a "squeeze point" for cyclists. With the other bicycle crashes
(entering, cornering), the presence of the bridge is more likely to be incidental.
Tables 9-11 show the distribution of crashes by RUM group and traffic control. This is
interesting as it reveals that 17.9% of the crashes by location were at intersections (27.3% of
metropolitan locations). This suggests that in at least some of these cases, the presence of the
bridge or culvert may have been rather incidental, but that the crash occurred at an intersection
with a bridge adjacent to it.
As might be expected, the majority of bridge and culvert crashes occurred at sites with no form
of traffic control (i.e. stop signs, give way signs, or signals).
3.4 TRENDS
Tables 12-14 show the year-by-year variation in casualty crashes at bridges and culverts. The
main feature to note here is the apparent significant reduction in crashes in 1986. This reduction
was experienced in both metropolitan and rural areas. The reason for this is apparently that
prior to 1986,the data was based upon entries made on the Accident Report Form by the Police
Officer who attended the crash; the Police Officer was presented with a list of road features
from which to choose. However, from the start of 1986, the data coder in the RTA office was
given the task of determining relevant road features from written descriptions and sketches
provided by the reporting Officer.
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3.5 LOCATIONS
Tables 15-16 list all sites which were recorded as having a bridge or culvert crash in the data set.
Three features of this list are of interest:
- the relatively small number of crashes at any given site. Only 10 sites have had more
than 3 crashes over the 5 year period, and only 84 had 2 or more crashes (These 84 sites
had 212 crashes.) This very even distribution is revealed in Figure 5, which shows
cumulative crashes against cumulative sites. The fact that the distribution is close to a
straight line indicates that the bridge crash problem is not one which can be approached
on a "black spot" basis; that is, it is not a question of identifying specific sites with a
particularly high crash history. Rather, it is a question of developing a strategy which is
going to have to applied at a very wide range of bridges, with and without an actual
crash history.
- the high proportion of bridge crashes in the Melbourne metropolitan area. Previous
tables have shown that 43.9% of bridge and culvert crashes occurred in the Melbourne
metropolitan area, and these tables show that of the 756 bridges and culverts which
experienced a crash, 297 or 39% were in the metropolitan area. Furthermore, most high
crash frequency sites were metropolitan; for example, of the 23 sites with 3 or more
crashes, only 4 were outside the metropolitan area. The notion that bridge crashes are
predominantly rural in nature is clearly incorrect. On the other hand, it may be that for
many of the metropolitan bridge crashes, the presence of the bridge was coincidental;
see Sections 3.7 and 3.8 below.
- the presence of railway bridges, especially in the metropolitan area.
3.6 VEHICLE TYPE
Tables 17-19 show the distribution of crashes by vehicle type. The original data identifies quite
detailed vehicle type codes, but for present purposes, three vehicle types were defined, based
upon the vehicle being driven by the driver of the first vehicle recorded in the data set; it is
recognised that this will not identify every vehicle involved in bridge crashes, but since most
such crashes involve only a single vehicle, it should be reasonably representative. The three types
were as follows (Road Traffic Authority, 1987, p 2-83):
small motor vehicle: 1 (car), 2 (station wagon), 3 (taxi), 4 (utility), 5 (panel van), 9
(minibus, 12 seats or less)
large motor vehicle: 6 (articulated truck), 7 (truck, other than 6), 8 (bus or coach)
other: all other types, including cycles, motor cycles and pedestrians.
Tables 17-19 show that, as might be expected, most vehicles involved in crashes involving bridges
and culverts were small motor vehicles (78.3% statewide, 77.1% metropolitan, and 79.2% rural).
Large motor vehicles were over-represented in on-path crashes, in both rural and metropolitan
areas; the latter may be a result of collisions with bridges with low overhead clearance. They
were also slightly over-represented in crashes at bends in rural areas, but were underrepresented in off-path crashes, especially in the metropolitan area.
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3.7 ROAD CHARACTERISTICS
Tables 20-22 show the recorded presence of a bridge against the object hit (see Section 3.1
above).
This shows, as expected, that if a bridge was not recorded (RDCH not equal to 5) and no
vehicle struck a bridge, the crash was not included.
These tables show that in only 25.9% of the bridge and culvert crashes recorded, the bridge was
actually struck by any vehicle. (In the metropolitan area, this occurred in 19.0% of the crashes,
while in rural areas, it occurred in 31.7% of crashes. It is clear therefore, that in the majority
of crashes involving bridges and culverts, the bridge itself is not struck.
Where the bridge i§ struck, it is predominantly the first object struck; in only a few crashes is
the bridge struck after another object.
Moreover, safety rails on the approaches to a bridge were struck in only a small proportion of
bridge crashes (7.4% in the metropolitan area, 8.6% in the rural areas); in most such cases,
the safety rail is the fIrst object struck.
In total, collisions between vehicles and the bridge or its approach safety rail is more significant
in rural areas (40.3% of bridge crashes) than in the metropolitan area (26.4%). This reflects
the fact that many of the latter are vehicle-vehicle crashes in which the presence of the bridge
may be coincidental (see Section 3.8 below).
The implication of these observations from the viewpoint of countermeasures is that several
different types of collision must be considered at bridges and culverts:
- vehicle/vehicle collisions
- vehicle/bridge collisions
- vehicle/other fixed object collisions.
3.8 NUMBER OF VEHICLES
To extend the analysis performed in Section 3.7, Tables 23-25 show the number of vehicles
involved in the crash tabulated against object hit. This shows significant over-representation of
single vehicles striking both safety rails and bridge rails as the first object hit, especially in the
metropolitan area.
Metropolitan bridge crashes are approximately equally distributed between single vehicle crashes
and multi-vehicle crashes. By contrast, rural crashes are much more likely to involve only a
single vehicle.
With single vehicle crashes, around 40% do not record the vehicle as having struck the bridge
or its safety rail. At fIrst sight this is anomalous; how could one have a single vehicle crash, but
not have the bridge itself being struck? The answer must lie in the way in which the data was
recorded. If the bridge itself was not struck, the crash could only have got into the data set by
having the road characteristic variable coded as a bridge. This in turn gives the likely answer to
the anomaly, in that if the bridge was not struck by the single vehicle involved, it was likely that
the object struck was a fixture or feature on the bridge (e.g. a pole), or probably more
commonly, on the approach to the bridge (e.g. pole, guide post, embankment, etc).
Unfortunately, the data do not provide sufficient information on this, as although there is a field
detailing the object hit, this is left blank in many cases. This reinforces the conclusion that in
many cases the vehicle did not hit a precise object as such, but left the road in the vicinity of
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the bridge.
Tables 26-28, which show the number of crashes by RUM code and object hit, provide some
insights into the type of crash. Where the bridge is struck as the first object, the distribution of
crashes is concentrated into a few RUM codes, as follows:
in the metropolitan area:
RUM
RUM
RUM
RUM

55
82
84
72

(permanent obstruction)
(left off carriageway into fixed object)
(right off carriageway into fixed object)
(off right bend into fixed object)

in rural areas:
RUM 82, 84 and 72 as above
RUM 74 (off left bend into fixed object)
These patterns are quite straightforward and easily understood. The presence of the permanent
obstruction in the metropolitan area is probably explained by vehicles hitting low bridges;
bridges on bends seem to be more of a problem in rural areas.
Multi vehicle crashes rarely involve either vehicle striking the bridge or safety rail, as either the
first or subsequent non-vehicular object hit (90.3% of multi-vehicle metropolitan crashes, and
82.4% of multi-vehicle rural crashes were in this category: Tables 23 and 24).
Multi-vehicle bridge crash patterns are much less clear than single-vehicle crash patterns, as
shown in Tables 26-28. Consider the column headed "object hit - other" (i.e. crashes in which
the bridge was not struck). It can be seen that a large number of RUM groups are represented.
While conclusions are difficult to draw, it is of interest to note that the main ones are:
in the metropolitan area:
RUM
RUM
RUM
RUM

51
24
77
85

(rear end, mid block)
(intersection, right near)
(cornering, head-on)
(mid-block, head-on)

77
82
84
72

and 85 as above
(left off carriageway into fixed object)
(right off carriageway into fixed object)
(off right bend into fixed object)

in rural areas:
RUM
RUM
RUM
RUM

Because of the wide variety of collision types, conclusions are difficult to draw, but it appears
that where the bridge is not struck, the main concerns in the metropolitan area have to do with
vehicle/vehicle collisions, whereas in rural areas, it is more likely to be a collision between a
vehicle and a fixed object other than the bridge or its safety rail.
This raises the question as to whether the bridge was a contributing factor in many multi-vehicle
crashes, especially in the metropolitan area. In some cases, it would be reasonable to suppose
that it was a contributing factor; the presence of the bridge may alter the position of a vehicle
in a traffic lane (especially on a narrow bridge: see section 2.2), or the absence of shoulders may
reduce a vehicle's manoeuvring space and thus the driver's ability to avoid another errant
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vehicle. In other cases however, the bridge may have been quite coincidental to the crash. (For
example, one of the sites with the highest number of bridge crashes was Princes Bridge, but it
is doubtful that the bridge itself was a contributing factor in any of these crashes).
Unfortunately, the data do not allow us to determine positively the extent to which bridges per
se are a contributing factor in multi-vehicle crashes at bridge sites.
However, perhaps the most important point to note is that there is no predominant type of
crash, which in turn implies that countermeasures cannot be directed at reducing specific types
of crash, but rather that they need to be more general in their application.
3.9 ROAD GEOMETRY
Previous discussion has hinted at the association of road geometry with crashes at bridges. In
an attempt to investigate this further, tabulations were prepared showing the number of crashes
categorised according to whether the alignment was recorded as straight or curved. (As noted
in Section 3.1, the data was supposed to record this feature for all crashes.)
Unfortunately, the resulting tabulations, which are presented in Tables 29-31, do not provide
much useful information because in many cases this data field was not filled in. The column
headed "RDCH1" (which according to the codebook should be either 1 or 2) was recorded as
a blank in all but a handful of cases. Therefore, no further information can be extracted from
this source.
However, it should be noted that the earlier discussion in Section 3.3, based upon analysis of
RUM codes, indicated that horizontal curves were associated with a significant proportion of
crashes. In rural areas, RUM code 72 (off right bend into fixed object) and RUM code 74 (off
left bend into fixed object) accounted for 14.3% and 10.1% of bridge crashes respectively. In
the metropolitan area, the corresponding proportions were 6.7% and 4.6%. Thus bends were
associated with about one-quarter of rural bridge crashes, and over 10% of metropolitan bridge
crashes.
Table 27 shows that most of these crashes in rural areas were single vehicle crashes where the
vehicle hit the bridge (rather than safety rail or other object). This is consistent with a situation
where sub-standard horizontal geometry is a contributing factor, although no information is
available concerning the geometric conditions applying at those sites where the crashes were
recorded.
3.10 LIGHT CONDITION
Tables 32-34 show the distribution of crashes by light condition. This does not reveal a great
deal about factors associated with bridge crashes, although the following RUM codes do appear
to be over-represented:
in the metropolitan area:
72
24
84
77

(off right bend), at night with street lights on
(intersection, right near), during daylight hours
(right off carriageway into fixed object), at night with street lights on
(cornering, head-on), during daylight hours

in rural areas:
82 (left off carriageway into fixed object), at night with no street lights
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84 (right off carriageway), at night, both with and without street lights.
77 (cornering, head-on), during daylight hours
51 (rear-end, mid-block), during daylight hours
Although these results are not overwhelming, they support the proposition that for some crash
types at least, there may be a night-time visibility problem, or a situation which produces poor
driver judgement. Improved delineation and/or night-time illumination could therefore be of
assistance for several categories of bridge crash.
3.11 ROAD CONDmON
III

Tables 35-37 show the distribution of bridge and culvert crashes by road condition and RUM.
Again, there are only a few factors here which are worthy of note. These include:
- most bridge crashes occur in dry conditions (road condition 1); 73.8% of metropolitan
crashes and 77.0% of rural crashes, and
- in the metropolitan area in wet conditions (road condition 2), there may be a small
over-representation of RUM 51 (rear end), RUM 72 (off right bend into fixed object)
and RUM 77 (cornering head on) crashes, and
- in rural areas in wet conditions, there may be an over-representation
crashes.

of RUM 72

3.12 SUMMARY
In aggregate, bridge and culvert crashes in Victoria represent only a small proportion of total
casualty crashes, although they tend to be more severe than crashes as a whole. About 44% of
bridge and culvert crashes occurred in the Melbourne metropolitan area.
Crashes were mostly classified as:
left or right off carriageway into fixed object,
off left or right hand bend into fixed object,
striking a permanent obstruction, or
rear end collision between vehicles.
There are important differences between metropolitan and rural crash patterns, especially in
that the former are more likely to be multi-vehicle crashes in which the bridge is not struck,
while the latter has a higher proportion of single vehicle crashes in which the bridge, its
approach, or another fIxed object is struck.
Bridge and culvert crashes are very widespread, with little concentration into "black-spots"; it
is for this reason that a mass-application, pro-active approach is much more applicable than a
reactive approach based on crash history. The most crashes at anyone site over the fIve-year
period was 7, and that occurred at only 3 sites. (All of these were in the metropolitan area, and
it is likely that the presence of the bridge itself was coincidental.) Railway bridges featured
significantly, especially in the metropolitan area.
Most vehicles involved in bridge crashes were small vehicles (i.e. mostly passenger cars), as.
might be expected. Large vehicles appear to be over-represented in on-path crashes, especially
in the metropolitan area (possibly as a result of colliding with over-bridges), and in crashes on
bends in rural areas.
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In the majority of bridge crashes, the bridge and its approach safety rail are not struck; these
features were struck in about 26% of metropolitan and 40% of rural bridge crashes. This means
that countermeasures
must be directed not only at preventing collisions (or alleviating the
consequences of collisions) between vehicles and the bridge or its approach, but also at
vehicle/vehicle and vehicle/other fixed object collisions.
Single vehicle crashes at bridges mostly involve a collision between a vehicle and the bridge or
its safety rail (although even here, a significant proportion of crashes involve a collision with
another fixed object). Road geometry (horizontal curvature) appears to be a factor here,
especially in rural areas
Multi-vehicle crashes rarely involve the bridge or its approach safety rail being hit, and indeed
it is likely that in many of these crashes, the presence of the bridge is coincidental.
Light condition and road condition do not appear to be related in a significant way to crashes
at bridges and culverts.
In summary, since there is only a small probability of any given bridge being associated with a
crash, and since the crash patterns are quite widespread, the best approach to the development
of countermeasures
is likely to involve a mass application of low cost treatments, applied to a
very large number of bridges. Those few bridges which are revealed through crash data records
as being worthy of treatment as a "black spot" should of course be treated as such, but for all
but a handful of bridges, the black spot approach is inapplicable.
Chapter
applied.

5 of this report will discuss the ways in which a mass application
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program

may be

4. TREATMENT OF BRIDGE HAZARDS
4.1 INTRODUCTION
The previous chapters of this report have reviewed the nature of crashes at bridges generally,
and examined in particular the recent Victorian experience with bridge crashes. It has been
shown that crashes at bridges are a small proportion of total crashes, but that they are more
severe than other crash types. For this reason, a program aimed at reducing these crashes or
their severity is worth considering.
This chapter examines how such a program may be designed. It reviews the range of treatments
which have been, or can be, applied to the treatment of bridges from the viewpoint of improving
their safety performance. Particular attention is paid to ensuring that treatments (especially low
cost treatments which may be carried out with a minimum of professional supervision) are
properly installed, and adequately maintained.
Roadside Hazard Treatment
Bridges and culverts represent a form of roadside hazard. This hazard may take many specific
forms, for example:
- bridge or culvert narrower than the formation (Plates 1,2,3)
- bridge or culvert narrower than the pavement (Plates 4,5)
- bridge on curve (Plate 6) or adjacent to curve (Plate 7)
- overbridge with low overhead clearance (Plate 8)
- overbridge with piers close to carriageway (Plate 9)
- bridge with inadequate railings (Plate 10)
- bridge or culvert with unprotected, or inadequately protected approaches (Plates 11,12)
- deep culverts with no railing (Plate 13)
In addition, the treatments (especially guard fencing) sometimes given to bridges and culverts
are inadequate or not in conformity with current standards (see below).
Since bridges and culverts are a form of roadside hazard, it is useful to recall the hierarchy of
solutions to roadside hazards suggested by Jarvis and Mullen (1977):
(a) eliminate all obstacles from the roadside, either by good design and technology for
new facilities, or the removal or resiting of all existing obstacles.
(b) if it is not possible to eliminate all roadside obstacles, then either:
(i) identify those obstacles most likely to be struck, establish priorities and
organise selective removal or resiting, or
(ii) make harmless those obstacles most likely to be struck, but impossible to
remove.
(c) give effective protection to and from those obstacles which cannot be removed or
modified.
Since most bridges have rails and/or piers well within the safe "clear zone" (refer to Section 2.1
above), and resiting, removal or rendering harmless is rarely practicable, most bridge treatments
fall into category (c), i.e. protection.
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Moreover, as noted in Section 3.12, the emphasis in bridge safety should be on the development
of mass application, low cost treatments, since the probability of a crash occurring at any given
site is quite low.
This again is a characteristic of many run-off-the-road type crashes. For example Sanderson and
Fildes (1984) have examined these crash types and concluded, inter alia, that:
- they are a widespread problem, especially in rural areas,
- those in which a vehicle did not actually strike a fixed roadside object were comparable
in frequency to those which did, indicating that the presence of a fixed object may be
incidental to the crash,
- about half occurred on straight sections of road, emphasising the need to treat all sites,
- there was an equal chance of vehicles leaving the road to either left or right (although
where the crash occurred on a bend, right hand bends were twice as prevalent),
indicating again the random nature of most such crashes,
- these crashes were not particularly associated with light conditions, so treatments must
be applicable at all hours.
4.2 BRIDGE SAFETY TREATMENTS
A number of bridge safety treatments are potentially available. For example, lvey et al (1979)
listed 14 generic alternative treatments for bridge crashes, and presented brief guidelines for
when each may be appropriate. These are reproduced below:
Treatment Number

1
2

3
4

5
6

7
8
9

10
11
12
13
14

Treatment Descrintion
change approach grades
realign roadway
install smooth bridge rail
install approach guardrail
place edge lines
remove centre-line for one-way operations
place pavement transition markings
install NARROW BRIDGE sign
install STOP or GlYE WAY sign, or signals
transition shoulders to bridges
advisory speed signs
re-route commercial vehicles
environmental control
(eg access control, distracting lights, roadside disturbances)
approach bridge delineation

The guidelines related to the use of the above treatments were:
- to reduce probability of crashes:
- manage speed, use 8,9,11
- change physical conditions, use 1,2,9,13
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- change visual conditions, use 2,3,4,6,7,10,14
- manage lateral position, use 2,3,4,5,6,7,10
- increase expectancy, use 2,4,8,9,10,11,14
- change traffic mix, use 12
- to reduce severity of crashes
- manage speed, use 8,9,11
- change physical conditions, use 2,3,4,13
The report went on to test many of these treatments at specific sites, especially the use of
various methods of widening bridges. It concluded (op cit, P 27) that "safer bridges are produced
by well-engineered combinations reflecting the objectives of
- early warning,
- bridge delineation, and
- crashworthiness of rail structures."
In general therefore, approaches to bridge safety treatment can be seen to fall into five distinct
categories:
- warning and delineation,
- safety barriers (especially the provision of guard fences),
_ alignment, especially of the bridge approaches, but in some cases the bridge itself,
_ environment, relating for example to street lighting, skid resistance, crash cushions,
traffic management, overhead clearance, etc.
- bridge design and construction.
In addition to these treatments, which apply to existing bridges, it is necessary to emphasise that
new works do not perpetuate past mistakes, but that their design and construction ensures that
safety is built in.
Similarly, when remedial treatments are undertaken, such works should be carried out in accord
with current standards; this is particularly the case when guard fencing is installed; since if it is
not installed correctly its effectiveness can be drastically reduced.
These approaches are considered in the balance of this chapter.
4.3 WARNING AND DELINEA nON
This approach includes treatments no. 5, 7, 8, 9, 10, 11, and 14 from the above listing developed
by Ivey et al (1979).
The Importance of Delineation
Most of the information which the driver uses to control a vehicle is visual. Delineation is vital
in enabling the driver to locate the vehicle on the roadway and to make navigation and control
decisions. Adequate delineation (Good and Baxter, 1985) enables the driver to:
_ keep the vehicle within the traffic lane (short range delineation), and
_ plan the immediate forward route driving task (long range delineation).
Schwab and Capelle (1980) have noted that "delineation of the outside edge of the travel lane
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is highly desirable, especially for roads wider than 6 m.... there is substantial evidence that
delineation provides important guidance information to motorists, especially when visibility
decreases due to adverse weather or night time conditions".
Delineation has always been important, but it is likely that it may become even more critical in
the years ahead as the driving population ages; older drivers have a reduced visual capability
and hence rely to a greater extent on correct delineation of the road ahead (Transportation
Research Board, 1988).
Warnin~ and Delineation Devices
Sanderson and Fildes (1984) and Hoque and Sanderson (1988) give a comprehensive review of
a range of delineation devices. These and others relevant to bridge safety include:
- guide posts and post mounted delineators (PMD)
- bridge width markers
- centre lines and edge lines
- raised reflective pavement markers (RRPM)
- chevrons
- advisory speed signs
- electronic signing
- novel delineation devices
Guide Posts and Post Mounted Delineators. Triggs, Harris and Fildes (1979) demonstrated that
the combination of centrelines and guideposts with reflectors enhanced static direction
judgements at night. Increasing the number of posts on the outside of a bend improved these
judgements.
Good and Baxter (1985) found that PMD's were the best form of long range delineation, and
that a combination of PMD's and wide (150 mm) edge lines best catered for drivers' needs for
both long and short range delineation.
Long range delineation enables the driver to plan the forward route, and thus needs to be
consistent and continuous; it is not restricted to locations where forward visibility is particularly
confusing or critical (e.g horizontal curves over a crest vertical curve), but has application to a
road as a whole. Even if it is not provided throughout the length of a road, its use on an
approach to a bridge can be beneficial since it will assist the driver to locate the vehicle
satisfactorily; this is especially the case if the bridge is on a curve. Lay (1986, P 386) has noted
that "the curve characteristics of direction and curvature may need to be assessed up to 9
seconds ahead (and) even detailed tracking data for actual curve negotiation may be required
3 seconds ahead of the curve". Charlesworth (1987) has also stated that a driver must be
supplied with visual information to enable a correct estimate of curvature some 3 seconds before
entering a curve.
High intensity corner-cube delineators, which are much brighter than other forms of reflective
material in common use, have been shown to reduce night-time crashes in Victoria (Vincent,
1978). The installation of these devices is now widespread on rural arterial roads throughout the
State. Significantly, as part of the program of installing these devices, deliberate attention was
paid to pre-existing guidepost spacing and location to ensure that the installation conformed to
contemporary standards (Cunningham, 1986).
The RCA Traffic Engineering Manual (RCA, 1986, Section 25) provides guidelines for the use
of guide posts and delineators. Post spacing on tangents is generally recommended to be 150
m, while on curves, a closer spacing is required. Specific guidelines for the location of guide
posts and delineators on bridges are provided.
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Brid~e Width Markers. A delineation device which is particularly relevant to this discussion is
the bridge width marker - a rectangular signboard with alternate black and white diagonal
stripes to indicate the presence of the bridge end post or pier (Plate 14).
The RCA Traffic Engineering Manual (RCA, 1986, Section 24.4) provides guidelines for their
use and location. Essentially, these are:
(a) unkerbed approaches (typically rural):
where the clearance between bridge kerb and running lane is:
- less than 2.4 m, for an approach pavement (excluding shoulders) 7.4 m or more wide,
- less than 1.8 m, for an approach pavement (excluding shoulders) less than 7.4 m.

I

(b) kerbed approaches (typically urban):
_where the width between kerbs on the approach is greater than that on the bridge, or
_where there are non-frangible obstructions less than 600 mm behind the bridge kerb.

I

Il,
I
111111.

(c) unsealed approaches:
_any bridge less than 2 m wider than the approach pavement or running portion of the
formation.
(d) bridges on freeways:
_ any bridge where full approach shoulder width is not carried across the bridge.
In essence, these warrants refer to situations where the bridge is narrower than the normal
approach formation width. Where the bridge is wider than this, normal delineation (especially
PMD's) are carried across the bridge; i.e. the route and not the hazard is delineated.
Ed~e Lines and Centre Lines. Centre lines have long been considered a standard form of road
delineation and are virtually standard on all multi-lane roads; they assist the driver to locate the
vehicle laterally on the roadway, and thus assist in avoiding collisions with both roadside objects
and opposing vehicles (see Section 2.2 above).
Edge lines (Plate 15) have been found to give marginal advantages in driving performance
(Johnston, 1983). Their main advantage is in short-term lane positioning (Triggs, 1980); this is
particularly relevant to bridges, since safe negotiation of the bridge involves successfully locating
the vehicle with respect to the bridge rails or piers, which in general are much closer to the
vehicle than other roadside objects. Schwab and Capelle (1980) have noted that edge lines are
as effective, if not more so, on straight alignments as on curves.
The RCA Traffic Engineering Manual (RCA, 1986, Section 19.4) provides guidelines for the use
of painted edge lines, including their use at bridges. They should not be used on roads with a
two-way sealed carriageway less than 6.2 m wide, and only where a separation line is also used.
Guidelines for the use of edge lines along extended lengths of road are provided (Section 19.4.2
(i)); generally these are on roads with an AADT of 2000 veh/d or greater, unless special
conditions warrant a lower figure. However, no guidelines are provided concerning their use for
"isolated short lengths on the approach to hazards" (Section 19.4.2 (li)). It is therefore suggested
that in these cases, the same criterion as that used for bridge width markers (see above) is
applicable; this essentially refers to situations where the bridge width is less than the normal
formation width.
Section 19.4.2 indicates that the edge line should commence a distance before the beginning of
the hazard as follows (Table 21.3.2a):
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85le speed (km/h)

start of edge line (m)

< 75
75 - 90
> 90

36
60

96

However, where the bridge is regarded as a "narrow bridge" or a "single lane" bridge, the edge
lines should commence 30-50 m sooner (Figure 30.4). For these purposes, a "narrow bridge" is
one which is (Section 13.6.1):
- between 5.0 m and 5.5 m between kerbs,
- between 5.5 m and 6.0 m between kerbs where the traffic volume exceeds 1500 AADT
and the 85 percentile traffic speed exceeds 80 km/h, or
- less than the approach pavement regardless of width.
A "single lane" bridge is one which is "capable of safely carrying a single line of traffic only,
having regard to the vQlume and type of vehicles using the road, and the approach alignment
(op cit, Section 13.6.1).
These recommendations are reasonable in the light of the aforementioned need for advance
warning of not less than 3 seconds.
Edge lines may be either 100 mm or 150 mm wide according to the RCA Traffic Engineering
Manual (op cit, Table 19.4.1). Although bridges are not specifically mentioned in this table,
research has shown that 150 mm edge lines are more effective delineation devices, especially
on curves (see above). It is therefore suggested that the wider edge lining should be adopted
for bridges located on curves. (Plate 1 above shows the effect of edge lines on delineation of a
narrow bridge on the approach to a curve.)
Raised Reflective Pavement Markers. RRPMs provide better night time delineation than
painted centre lines and edge lines, especially under adverse weather conditions. Hoque and
Sanderson (1988) quote various studies which show crash reductions of 15% - 18% following
their installation. An unpublished Country Roads Board (now RCA) study suggested that nighttime crash reductions could be 25%, and for winding roads the crash reduction could be 40%
overall, and 50% at night.
RRPMs are considered to be most effective when used in combination with edge lining on
curves. The RCA Traffic Engineering Manual (RCA, 1986, Section 22.1) allows for the use
of red markers "on the approaches to special hazards such as bridge ends". It noted that such
applications "should generally be regarded only as an accident countermeasure."
In a review of the use of RRPMs at narrow bridges in the USA, Niessner (1984) determined
that such devices were effective in reducing encroachment across the centre line, and appeared
to have a beneficial effect on safety.
Chevrons. Delineation is critical on horizontal curves, especially isolated curves with a radius
less than 600 m. (Johnston, 1982). (The effect of road geometry on safety is taken up in Section
4.5 below, but it might be noted here that isolated small-radius curves, or the first curve in a
road section after a long straight are especially hazardous.)
As part of a major study of safety and driver behaviour at horizontal curves, Johnston (1982,
1983) determined that the most effective form of delineation was a combination of wide (150
mm) edge lines and post-mounted chevron signs (Plate 16). The combination was especially
effective for alcohol-affected drivers; chevron signs alone were almost as effective as the
combination for sober drivers.
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This has relevance to bridges because of the fact that a high proportion of crashes at bridges
occur where the bridge is on a horizontal curve (Section 3.3 above); to the extent that improved
delineation assists the driver to negotiate the curve, it will also assist in ensuring that the driver
safely crosses the bridge.
The RCA Traffic Engineering Manual (RCA, 1986, Section 24.6) provides a guide for the use
and location of chevron markers. This is based on estimation of a "speed deficiency", which is
the difference between the 85 percentile speed of traffic and the safe speed as measured by a
ball bank indicator; it is stressed that they should only be used where other forms of delineation
are not adequate by themselves. However, as an alternative to the use of the speed deficiency
criterion, a curve radius criterion is suggested. There are two reasons for this, first that the ball
bank indicator is not generally available and can give imprecise results, and second that the work
of Johnston and others (see Section 4.5 below) strongly indicates that a curve radius of 600 m
is critical, especially for isolated curves. The use of a 600 m radius criterion for the provision
of chevrons on curves with bridges may be somewhat more stringent than for curves without
bridges, but this is justified on the grounds that the bridge railing is within the clear zone. as
defined in Section 2.1 above.
Advisory Speed Signs. While early studies (e.g. Kneebone, 1964) suggested that advisory speed
signs may be effective in reducing vehicle speeds and the severity of crashes, especially on bends,
Hoque and Sanderson (1988) suggest that reliance on these devices is risky because they require
the driver to both see the sign and obey it. It must thus be comprehensible, conspicuous and
credible (Cairney and Jenkins, 1984).
Electronic Si~s. Hoque and Sanderson (1988) mention experimental signs which have been
successful in trials in reducing crashes. These include speed-activated "too fast" signs which have
reduced crashes at sharp curves in Canada, and electronic freeway management systems in
Holland. King et al (1978) describes a range of dynamic aids which were tested at bridge sites;
these included flashing beacons, actuated flashing strobes, actuated "narrow bridge" and
"oncoming traffic" signs, etc.
Novel Delineation Devices. A number of illusory devices have been trialled at various places
with the intention of emphasising hazardous locations. These include (Hoque and Sanderson,
1988) innovative signs, road markings, irregular post spacing, transverse lines on the pavement,
etc. While these have been found to have had some immediate impact on reducing speed and
the incidence of crashes, their effects have dissipated with time.
Delineation and Bridge Safety
In summary, effective delineation is a vital component of bridge safety, and appropriate
delineation devices should be provided at every bridge. Delineation assists the driver to plan the
forward driving task (long range delineation) and maintain lane control (short range
delineation). Both are relevant to bridges; the driver needs to be able to align the vehicle and
adopt an appropriate speed on approach to the bridge, and ensure that the vehicle stays within
its lane so that it does not collide with the bridge rails or piers or another vehicle while
negotiating the bridge.
While delineation is important to all components of the road system, it is particularly important
in the case of bridges because most bridges have piers and/or rails closer to the travelled way
than most other roadside objects. The clear zone width described in Section 2.1 is rarely
provided for bridges (except in the case of some freeway structures where the piers are kept
well away from the through lanes).
Delineation is also critical on horizontal curves, especially those with a radius of less than 600
25

m (Johnston, 1982). Since many bridges are on curves, and curves have been shown to a factor
in a high proportion of bridge crashes (Section 3.3 above), particular attention should be paid
to delineation on bridges on curves, especially where the curve radius is less than 600 m.
Recommendations
On the basis of the above, the following recommendations concerning delineation are made.
They should be introduced in priority order at all sites in Victoria which meet the respective
warrants, at:
- bridges, in both rural and urban areas, where the bridge end post, rail, or (in the case of
underpasses) pier or abutment is within the clear zone width described in Section 2.1.
- culverts with a drop greater than 1 m (NAASRA, 1987, Table 3.1) or where the culvert end
wall encroaches on the normal formation width (i.e. within the shoulder). Where a guard fence
is provided adjacent to a culvert end wall, the guard fence should be regarded as equivalent to
a bridge rail, as above.
(i) unless street lighting is present, install guideposts1 with corner cube reflective
delineators (or similar), in accordance with the RCA Traffic Engineering Manual,
Section 25. This will provide effective long range delineation and thus assist the driver
to plan the immediate driving task, in terms of navigation and speed,
(ii) where warranted according to the RCA Traffic Engineering Manual, Section 24.4,
install bridge width markers on or adjacent to the bridge end posts, piers, or abutments
on both the left and right side of the carriageway. This will provide visual warning about
the presence of the hazard.
(iii) where bridge width markers are installed, provide edge lining. together with raised
reflective pavement markers. This should commence a distance in advance of the bridge
as shown in RCA Traffic Engineering Manual. Table 21.3.2a or Figure 30.4 (depending
on bridge width), and continue across the full length of the bridge. The edge line should
be 100 mm wide unless the bridge is on a curve with radius less than 600 m, in which
case the edge line should be 150 mm wide. This will provide short range delineation and
thus facilitate good lane control.
(iv) unless the road section has an overall low geometric standard, where the bridge is
on a curve with a radius of 600 m or less, install chevron signs on the outside of the
curve in accord with the RCA Traffic Engineering Manual Figure 24.6.3. This will assist
the driver to negotiate both curve and bridge.
All of these devices should be installed in accord with Road Construction Authority Traffic
Engineering Manual, the relevant parts of which are attached as Appendix B.
4.4 SAFETY BARRIERS
This approach includes treatments no. 3 and 4 from the above listing developed by Ivey et al
(1979).
Safety barriers are of three basic types: flexible (e.g. cable barriers), rigid (e.g. New Jersey

1 Where guard fencing is used, the PMDs would normally
be
mounted on the guard fence posts, not on separate guide posts.
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barriers), or semi-rigid (e.g. steel W-beam guard fences). The first type is not considered
satisfactory and is no longer used, the second has limited application in specific circumstances
to bridge approaches, so the third is the most common type relevant to this application. This
section is therefore limited to this type.
Guard fencing has three basic purposes (RCA, 1985, Section 7.4):
- it can reduce crash severity by redirecting errant vehicles,
- it can minimise the effect of possible vehicle collision with vulnerable roadside objects,
and
- it assists in delineation of the roadway.
However, collisions with guard fences almost always result in property damage, and sometimes
injury or death, so the use of guard fencing must be carefully assessed to ensure that there is
likely to be a net benefit from its use. It is not a panacea, but in certain applications its
installation (when performed properly) can be beneficial.
New Installations.
Guard fencing has been found to be an effective treatment in a number of situations (RCA, op
cit), including:
- embankments
- roadside objects (including bridges piers and abutments)
- sub-standard curves
- curves on steep down grades
- approaches to structures (including bridges)
- median barriers
- culvert end walls.
The RCA (1985, Section 7.4) has developed quantitative warrants for each of these. Those that
apply to bridges are:
- fixed roadside objects such as bridge piers within 9 m of the outer edge of traffic lanes
where the AADT exceeds 2,000 vehjd, except where the object is on a cut batter and
more than 1.5 m vertically higher than the formation surface.
- on 2-way structures less than or equal to 18 m between kerbs, guard fencing is provided
on both sides and at each end of the structure. Structures more than 18 m between
kerbs need only be protected on the left hand approach at each end.
The background to these warrants (and the associated NAASRA guidelines) are presented in
Troutbeck (1983).
Guard fencing acts by resolving the kinetic energy possessed by an impacting vehicle into
components in three dimensions (vertical, parallel to the rail and perpendicular to the rail). If
the vehicle is to be redirected effectively, the perpendicular and vertical components must be
reduced or dissipated. This energy dissipation is accomplished through bending and crushing
of various parts of the vehicle and barrier, including the soil.
To be effective, guard fencing must be installed in such a way that this energy dissipation can
occur. This requires attention to detail in the assembly and installation of all of the components
of the barrier. An excellent description of the various components of guard fencing, their role
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in energy dissipation, and the importance of correct procedures has been prepared
Cunningham (1985). This paper is appended as Appendix C.

by

It covers the following components:
- rail
- posts
- blocks
- rubbing rail
- anchorages (including the Breakaway Cable Terminal now used as standard by the
RCA)
It also presents construction details, including beam height, post spacing, post length, barrier
offset, and terminal flare.
The important point to stress here is the need for correct installation, in accord with current
practice. Guard fencing which is not correctly installed may be hazardous (possibly forming a
greater hazard than the object it is shielding), and may render the installing authority open to
a charge of negligence in the case of a crash (Epstein and Hunter, 1984).
Existing Barriers.
The NAASRA (1987) guidelines for the provision of safety barriers note that existing barriers
may not fully conform to the requirements of current practice. It suggests that Ita decision
regarding the acceptance, removal, modification or replacement of the barrier can be based on
an assessment of the performance of the particular installation concerned and the significance
of the departure from current practice."
It suggested that factors which need to be considered in this assessment include:
- potential hazard of the barrier compared with that of the feature being shielded or with
that of a modem barrier,
- suitability of the barrier, its post-spacing, terminals, transitions, etc,
- barrier length, alignment, clearances, and location relative to the adjacent lanes,
- barrier height,
- condition of the roadside between the traffic lane and the barrier, and
- alignment of the adjacent traffic lane.
These considerations are especially cogent in the case of bridges. Because bridges are readily
recognised as hazardous roadside locations, they have long been prime targets for treatment,
and one of the obvious treatments is the installation of guard fences. As a result, many bridges
have guard fences on their approach, but in many cases its installation goes back many years,
or the installation was not carried out in a proper engineering fashion. Even a cursory inspection
of sample of bridge guard fencing would find many examples of deficiencies of the sort listed
above. Examples of the most common (or most serious) deficiencies include:
- poor or non-existent connection between the guard fence and the bridge end post; in
some cases the guard fence would actually lead an errant vehicle into a collision with the
end post (Plates 17, 18, 19). For comparison, Plate 20 shows a satisfactory connection,
with the guard fence bolted onto the end post, and the connection recessed to avoid
snagging.
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- guard fencing too low, with the risk that vehicles may roll over the guard fence rather
than be retarded (Plate 21).
- guard fencing too high, due perhaps to the approach embankment height and width;
in this case, a vehicle may pass beneath or be trapped under the guard rail (Plate 22).
- exposed "fish tail" approach end to guard fence, and guard fence not anchored; the
exposed end constitutes a hazard in itself, while the lack of anchorages may result in the
guard fence being demolished in a collision, rather than staying in place and redirecting
and decelerating the vehicle (Plate 23). For comparison, Plate 24 shows a current
standard installation, with a bullnose end section and a Breakaway Cable Terminal (see
Appendix C).
_ guard fencing with inadequate post spacing (Plate 25). By comparison, Plate 26 shows
a more satisfactory installation, with post spacing decreasing near the bridge end post
to stiffen the transition between guard fence and bridge.
- guard fencing with inadequate taper, resulting perhaps in the guard fence terminating
within the pavement (Plate 27). By comparison, a correctly tapered guard fence will have
its end well away from the pavement, and will be unlikely to be struck end on (Plate 28).
Commenting specifically on the guard fence to bridge rail transition, Bligh, Sicking and Ross
(1987, p 1) note that "approach guardrails are typically much more flexible than the bridge rails
or parapets to which they are attached ... these flexible barriers can deflect sufficiently to allow
an errant vehicle to impact or "snag" on the end of the rigid barrier, even when the two barriers
are securely attached." To which must be added that the effect may be much greater if the guard
fence is not attached to the bridge, as is all too common. In general, guard fence to bridge rail
transition improvements are of two types: physical connection, and stiffening of the guard fence
near the bridge (Bronstad, et a~ 1988; McDevitt, 1988). Development of a program of upgrading
transition arrangement at existing bridges is therefore a need. In many current installations
where guard fencing has been retrofitted, there is either no transition, or at best a simple bolted
connection (Plate 29).
In summary, an important component of any bridge safety program should be an inspection of
all current guard fence installations, and a program of upgrading these installations so that they
conform with the requirements of current practice. Included in this should be an educational
program aimed at field personnel and design staff with the objective of disseminating
information about the importance of correct design and installation.
Existing Bridge Rails

o

There are cases where the existing bridge railing is inadequate or hazardous. Examples include
older bridges with timber rails (Plate 30), or bridges where the rail comprises a short length of
guard fencing without any bridge end post (Plate 3 above). In these cases, replacement or
modification of the railing may be an appropriate treatment. A common treatment would be to
integrate the bridge railing and the approach guard fencing to provide a continuous rail. This
may replace the pre-existing bridge rail (Plate 31). Alternatively, the guard fencing may be
simply attached to the old posts with the old rail remaining in place, either on both sides of the
bridge, or on one side only (e.g. the outside edge where the bridge is on a curve - Plate 32;
Plate 33 shows a short bridge where the guard fence terminates at each end, whereas a more
satisfactory arrangement may be to carry it across, as shown in Plate 32).
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Maintenance.
W-beam safety barriers require an on-going maintenance effort, not only to effect repairs when
and if the barrier is hit (Plate 34), but also to ensure that it can continue to fulfil its design
function.
NAASRA (1987) suggests that routine maintenance tasks include:
- tensioning of cable anchors,
- correction of the rotation, shrinking or splitting of spacer blocks,
- treatment of the tops of posts,
- checking post deterioration
longitudinal splitting, and

due to rotting (including the buried section) and

- correction of the effects of embankment settlement on the installation.
The report goes on to make suggestions about installation and design measures which can
minimise or simplify routine maintenance. For present purposes, the important point to note
is that guard fencing needs to be maintained if it is to continue to perform its safety-related
task.
Recommendations
On the basis of the above discussion, the following recommendations concerning guard fencing
are made.
(i) for new bridges, guard fencing should be installed according to RCA warrants and
in accord with the RCA Road Design Manual, Section 7.4.
(ii) all existing bridges which do not have guard fencing should be examined, in priority
order, to ascertain whether guard fencing is warranted, and if so, it should be installed
in accord with the RCA Road Design Manual.
(ill) all existing bridges which have guard fencing already in place should be examined,
in priority order, to determine whether they conform with the requirements of current
design and installation practice, and where they do not, the installation should be
upgraded to conform with the RCA Road Design Manual.
(iv) development of a range of effective transition arrangements between guard fencing
and various bridge end posts is required. These arrangements should then be applied
to existing bridges, as part of the previous program of upgrading.
(iv) guard fencing, once installed, must be repaired when and if it is hit, and must also
be routinely maintained to ensure that it can continue to perform as intended.
(v) an educational program, aimed at field personnel and design staff should be
developed; this would have the objective of improving practice by disseminating
information about the importance of correct design, installation and maintenance of
guard fencing.
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4.5 ALIGNMENT
This approach includes treatments no. 1,2, and 10 from the above listing developed by Ivey et
al (1979).
Realignment of a road is obviously a major task, and one that is much more costly than the
ameliorative tasks described above. However, there are instances where a bridge is located on
a poor alignment, and where funds are available for its upgrading, this can certainly contribute
to improved safety. In some cases this might include replacement of the bridge as part of an
overall improvement of that section of road; in other cases, the bridge may be retained and its
approaches realigned.
Normally, any such roadworks would be carried out to an appropriate standard, according to
the RCA Road Design Manual. Particular points to note from the viewpoint of bridge safety
include the following.
Horizontal Alignment
As noted above, Johnston (1982) has found that horizontal curves of less than 600 m radius are
associated with a high crash rate. In new works therefore, this should be regarded as a minimum
desirable curve radius. However, Hoban (1988) has noted that consistency of design is very
important; this implies that where a road is of consistently low design standard, it is likely to
be satisfactory, but an isolated curve with short radius, or the first curve in a low-standard
section after a long straight, is particularly hazardous. Hoban concludes that "curves present a
hazard to drivers when their design speed is more than 10-15 km/h below the 85 percentile
traffic speed on the approach". This is consistent with, and based on the same logic as, the
provisions of the NAASRA guidelines for the design of rural roads (NAASRA, 1980).
Pak Poy and Kneebone (1986, Table 4.1 and 4.2) also adopted 600 m value as being "good" in
the case of existing roads in both urban and rural situations. In rural roads, a value between 400
m and 600 m was described as "medium", and below 400 m as "poor". However, in urban areas,
a curve radius as low as 60 m was considered as "medium"; presumably this was in reflection of
lower speeds and the built-up environment of the urban street network. Symons and
Cunningham (1987) have suggested that 60 m radius in urban areas is the "start of a very high
risk range".
Gradient
Pak Poy and Kneebone (1986, Table 4.2) suggested that a gradient of 3% or less on rural roads
was "good", between 3% and 5% was "medium, and greater than 5% was "poor". Hoban (1988)
suggests that "steep grades above about 6% are also associated with a higher accident rate."
The coincidence of horizontal and vertical alignment should be noted here. A driver's desired
speed is determined by the perception of the overall standard of the road section, particularly
horizontal alignment. Vertical alignment is less significant, so a long or steep grade will not
discourage the driver from adopting a high speed if the horizontal alignment encourages it. It
is important therefore that horizontal curves at the foot of long or steep grades are designed
with a high design speed (NAASRA, 1980; Lay, 1986, p 369).
Sunerelevation
Sinclair, Knight and Partners (1973) have mentioned the importance of adequate superelevation
and cross fall. If it is excessive, vehicle stability can be affected, while if it is too small, hazards
from inadequate drainage and the risk of hydroplaning can result.
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Brid~ Span
Where the road realignment involves rebuilding an overhead bridge (e.g. a rail over road
bridge), it may be relevant to take the opportunity to increase the span of the bridge to reduce
the hazard from piers and abutments. Pak Poy and Kneebone (1986, Table 4.4) suggested that
where this was feasible and relevant, it could have a high benefit cost ratio.
Road Shoulder Sealing
Armour (1984) has reported that sealing or partial sealing of road shoulders has been found to
reduce crashes by between 20% and 50%.
There is no direct evidence that sealing shoulders in the vicinity of bridges is especially effective
in reducing crashes at the bridge. However, if the work of Armour (1984) and Charlesworth
(1987) can be interpreted, it seems that sealed shoulders reduce crashes by giving a driver a
little extra width within which to regain control of a vehicle which has strayed from the traffic
lane. Further, since Sanderson and Fildes (1984) have suggested that such straying from the
road is more or less a random occurrence, it follows that sealing shoulders in the vicinity of
bridges should be of assistance; a driver whose vehicle strayed near the approach to a bridge
would have a better chance or regaining control with a sealed shoulder.
Transition between a full width shoulder on the roadway, and the restricted width shoulder on
the bridge has been identified as a hazard (Ivey, et aL 1979). Perhaps having a sealed shoulder
helps here; it would seem to be a reasonable conjecture that this would be so. However, there
is no evidence to support this, and further research would be necessary to confirm this
hypothesis.
Recommendations
In relation to road alignment in the vicinity of bridges, it is recommended that:
(i) current RCA design standards be adopted in any realignment. This would include
curve radius (with a minimum of 600 m being recommended), gradient, crossfall and
superelevation. Particular attention should be given to horizontal curves which are
isolated, or are located at the end of a section with a higher design standard, or at the
foot of a long grade.
(ii) research is necessary to determine the safety benefits, if any, of sealed shoulders in
the vicinity of bridges.
4.6 ENVIRONMENT
This approach includes treatments no. 6, 12, and 13 from the above listing developed by Ivey
et al (1979).
It includes a number of fairly ad hoc treatments, which would in practice need to be considered
in specific circumstances where each may be useful. For this reason, little of a general nature
can be said here.
Possible changes to the road and traffic environment in the vicinity of the bridge include the
following:
Crash Cushions. Crash cushions are devices installed to decelerate errant vehicles hitting them
head on and/or to redirect vehicles hitting them side on. Their main application is where an
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errant vehicle would have very severe consequences if it was not stopped (NAASRA, 1987).
Bridge piers and abutments have been protected in this way, but this application would be in
extreme cases only because of cost and the availability of alternative arrangements, especially
rigid or semi-rigid safety barriers (see Section 4.4 above).
Skid Resistant Treatments. Skid resistant treatments have the potential to reduce road crashes
(Hoque and Sanderson, 1988, p 17). Their use in connection with bridges could be either part
of a general program of improving the skid resistance of a road section or network, or as a
response to a local skid problem at the bridge itself. The latter can be a problem in areas
subject to freezing, where the bridge can be colder than adjacent road sections and allow a film
of ice to form on the road as it crosses the bridge (Pigman, Agent and Zegeer, 1981; Hilton,
1973).
Overhead Clearance. A safety problem exists at some overhead bridges where the clearance is
sub-standard. This is a particular problem in the inner areas of Melbourne. In fact, Victoria has
a lower maximum vehicle height than other states for this reason, and this can create problems
for interstate vehicles. The safety problem can be countered by the use of physical barriers (e.g.
hanging beams) which prevent an over-height vehicle from approaching the bridge, or electronic
warning devices which detect an over-height vehicle and activate a visual or audible alarm (TfM
Consulting, 1987).
One-way Operation. Narrow bridges can be converted from two-way operation (with attendant
problems of vehicles having to pass on the bridge) to one-way operation. In the latter case,
either the road or street segment containing the bridge may be converted to one-way operation
as part of a local traffic management scheme, or STOP or GIVE WAY signs may be erected
to control one direction of travel so as to give the other direction right of way. Such
arrangements are not common in Victoria, though they have been used elsewhere.
Re-route Commercial Vehicles. Where narrow bridges or low-clearance bridges have particular
problems with heavy commercial vehicles, it may be feasible to divert those vehicles on to
another route.
Street Lighting. The importance of short-range and long-range delineation was discussed above.
In urban areas, the use of guide posts and post-mounted delineators is rarely practicable, and
the driver must rely on street lighting. Where this is inadequate to provide the driver with visual
information about the bridge and its approaches, upgraded lighting may be necessary.
Access Control. In some cases, particular problems may exist with an intersection or driveway
right at the bridge; the resulting visibility restrictions, geometric constraints, or restrictions on
guard fence installation may produce a hazardous situation or preclude a solution. In this case,
closure of that intersection or entrance may be a feasible solution (Hilton, 1973).
Distractin~ Lights and Roadside Disturbances. A case may exist where oncoming headlights,
roadside disturbances, or even street lights may interfere with a drivers view of a bridge or its
approach, and produce confusion. Where this is the case, shielding, relocation of street lights,
or a similar solution may be appropriate.
Rumble Strips. The use of rumble strips on shoulders on the approach to bridges has been
described by Emerson and West (1986). Before and after studies of the installation of these
devices at several hundred bridges in the US state of Oklahoma revealed reductions in crash
and injury rates of up to 55%. Lay (1986, P 365) has pointed out that drivers react very quickly
to a tactile stimulus such as that provided by rumble strips. Further research into the
effectiveness and application of such devices on the approach to Victorian bridges may be
worthwhile.
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Recommendations.
In relation to bridge environment, no specific recommendations are made, since the various
aspects discussed in this section are essentially ad hoc responses to particular local situations.
Depending upon the particular circumstances applying in any case, any of these treatments may
be appropriate, and should be implemented on the basis of professional judgement.
4.7 BRIDGE DESIGN AND CONSTRUCTION
New Bridies
In general, new bridges which are designed and constructed to contemporary standards are
considered to be safe.
This extends to such considerations as width between kerbs, design of end posts and rails,
crossfall, etc. Also, application of current practice in respect of delineation and guard fencing
is considered adequate to produce a safe bridge.
Having said that however, it must also be said that a comprehensive safety audit of current
standards and practices has not been undertaken. While there are no obvious areas of concern,
it would nevertheless be a useful exercise to conduct such an audit to attempt to ascertain any
features of the design and installation which are particularly safe, or where cost-effective
improvements could be introduced.
One example here is the use of full-width shoulders on bridges. At present, these are adopted
only for certain freeway structures, depending on bridge length and number of lanes (Plate
35). The question is, is this reasonable? Could this practice be more widely adopted? Or should
it not be adopted so widely?
Another example is the location of abutments and piers on overbridges. Again, with freeways
current practice is to locate abutments at the top of a cut batter, and generally to have a single
column in the centre of the median to form a two-span continuous structure (Plate 36). This
design is adopted mainly for safety reasons (although aesthetics also plays a part). As before,
is this an optimum cost-effective design from a safety viewpoint?
A research program to investigate this aspect is suggested.
Brid~e Widening.
In some cases of narrow bridges, it may be appropriate to widen the bridge itself. Depending
upon the current bridge width, a satisfactory solution can sometimes be obtained by modifying
the existing cross-section and bridge rail arrangement to increase the between-kerb width.
Typically this might involve removing the bridge posts, rails and kerbs from the top of the
bridge, and bolting new posts on the outside edge of the bridge to give an increased width of
up to perhaps 1 metre (Hilton, 1973 - see also Plate 31 above).
Recommendations
In relation to bridge design and construction, it is recommended that:
(i) a safety audit be performed to appraise currently used bridge design standards and
practices. This might include such aspects as bridge width (including the provision of
full-width shoulders), end post and bridge rail design, transition between guard fence and
end post, pier and abutment design and location on underpasses, delineation on the
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bridge and its approach, etc.
(ii) an investigation be conducted into the potential value of instituting a program of
bridge widening in Victoria, through the re-construction of the kerb, end posts and
bridge railing on selected existing bridges.
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5. RECOMMENDATIONS

AND PRIORITIES

5.1 INTRODUCTION
This Chapter summarises the recommendations which have arisen from this study of crashes
at bridges and culverts in Victoria, and develops guidelines for the priority in which the siterelated treatments should be implemented.
The analysis of bridge crashes presented in Chapter 3 has shown that there is only a small
probability of any given bridge in the State being associated with a crash, and that bridge crash
patterns are quite widespread. Hence, it was concluded that the only valid approach to bridge
safety is to develop and apply countermeasures which involve a mass application of low cost
treatments, applied to a large number of bridges. It was towards this objective that the
recommendations in Section 4 were developed.
However, it must also be recognised that there may be a few bridge sites which have. a
sufficiently high crash experience to justify treatment as part of a black spot program. Where
crash data records reveal that this is the case, those sites should be treated as black spots.
However, this will be rare, and a mass application approach will be the prime means of
improving bridge safety in Victoria.
5.2 PRIORITIES FOR BRIDGE TREATMENTS
The recommendations concerning mass application approaches to the treatment of bridge
hazards, which were developed in Section 4, need to be placed in priority order. There are two
reasons for this:
- resources are limited and thus the actions recommended in Section 4 will need to be
introduced over an extended time frame; however, the highest priority sites should be
treated first, and
- it is important that there be a degree of consistency in the road system so that drivers
do not unwittingly fall into traps and make mistakes of judgement; this principle would
decree, for example, that narrow bridges would be treated before wide bridges, and
heavily trafficked roads before lightly trafficked roads, etc. Further, the treatment would
be similar (but not necessarily identical) at similar sites.
Howie (1988) has noted that to be useful in identifying sites for treatment as part of a proactive traffic safety program, "predictive guidelines will need to be based on physical and
operational characteristics. These need to be characteristics that are relatively easy to observe
and measure, preferably characteristics that are easily recognisable by traffic engineering
practitioners. "
Taking note of these factors, the basis of the
bridge assessment criteria developed during the
4.16 - see also Section 2.4 above). These criteria
traffic flow (AADT). The table is a useful and

priority ranking to be developed below is the
NAASRA Roads Study (NAASRA, 1984,Table
are based upon two variables: brid~e width, and
necessary starting point, for two reasons:

- it is based on an overall assessment of the road system, and its use should thus ensure
consistency across road segments, and between bridge treatments and other road
improvements, and
- the actual bridge width and traffic volume values used in the table reflect the
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experience and judgement of road engineers in the Australian context.
However, this table can only be a starting point for the development of priorities, as the entries
in the table are very broad (e.g. there is likely to be several years work in even treating all sites
with a "poor" assessment). In other words, a way must be found to rank specific sites according
to explicit and easily applied criteria.
This implies the use of a bridge safety model of some sort. However, there are no
comprehensive bridge crash prediction models developed for Australian conditions. Data
deficiencies preclude the development of such a model in the context of the present study; crash
data (see Chapter 3) are not comprehensive and uniform, and site and traffic data for bridges
which have a crash history cannot be related to such a history.
Thus, there is no alternative but to use a bridge safety model developed elsewhere. This is not
necessarily a major disadvantage, as the factors which contribute to the safety or otherwise of
a bridge are unlikely to vary significantly from place to place, and if we can take advantage of
research conducted elsewhere, based upon more explicit and more comprehensive data than we
can assemble, then there is every reason to do so.
In Section 2.4 above, a number of bridge crash prediction models were briefly reviewed. Of
these, the most recent and most detailed was the work carried out by Gandh~ Lytton and Das
(1984).
This work, which built upon but simplified the earlier work ofIvey et al (1979), was based upon
a sample of 78 bridges in Texas, USA. A bridge safety index was developed which included the
following factors:
- bridge width
- bridge length
- traffic speed
- traffic volume
- traffic composition
- grade continuity
- shoulder reduction
An important finding was that of these seven factors, the most significant ones in assessing the
safety index were firstly bridge width, and secondly bridge len~h. These were more important
than traffic flow.
Traffic flow was also found by Ivey et al (1979) to be less critical than bridge width. For
example, the contribution of bridge width to the safety index of a 2-lane bridge varied from
about 2 for a bridge with a width of 4.9 m (16') to 19 with a width of 7.3 m (24'). By contrast,
the contribution of traffic flow varied from 1 with a volume:capacity ratio of 0.5 to 5 with a
volume:capacity ratio of 0.05. In other words, the contribution of traffic is both smaller and less
sensitive than the contribution of bridge width.
The extended model of Gandhi, Lytton and Das is not considered necessary or appropriate to
use in developing a ranking of priority for bridge treatments in Victoria, because to
operationalise it requires the collection of much data, and the use of complex relationships to
express the variables in terms of indices or factors. Rather, the model will be used to make
three powerful observations relevant to the use of the NAASRA bridge assessment criteria, as
just outlined:
- bridge width is more important than traffic flow in assessing bridge safety,
- bridge width is the most important single factor, and
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- bridge length is the next most important factor.
These conclusions lead readily to a suggested priority ranking for the treatment of bridges.
Bearing in mind Howie's (1988) requirement concerning simplicity and measurability, the
recommended priority ranking for the treatment of bridges is as follows:
(i) all bridge sites which are identified as "black spots" be treated as such,
(ii) all remaining bridges be considered for treatment in a priority determined by:
(a) the NAASRA bridge assessment table,
(b) within each NAASRA category of "poor", "fair", and "good", the narrowest
bridges be treated fIrst, and
(c) for bridges in equivalent width categories, treatment be in order of bridge
length (longer bridges having a higher priority).
These recommendations are summarised in Table 38. It should be noted that this table implicitly
concerns bridges with one or two running lanes only; this will be the vast majority of bridges in
the State, and those with three or more lanes will be confined to major roads or freeways. As
such, each would be likely to have high-standard delineation devices and safety barriers fitted.
The above recommendations would therefore need to be interpreted on a case by case basis for
such bridges.
5.3 RECOMMENDATIONS
In Chapter 4, a number of recommendations related to various types of bridge treatments were
presented. These are reproduced below, in a re-arranged format. The revised format comprises
three program elements:
(a) Delineation
(b) Safety Barriers
(c) Other
Programs (a) and (b) are on-going programs, while program (c) includes mainly one-off
elements (e.g. training, research), or relates to current practice (e.g. standards).
Delineation
The following delineation devices should be introduced in priority order at all sites in Victoria
which meet the respective RCA warrants, at:
- bridges, in both rural and urban areas, where the bridge end post, rail, or (in the case of
underpasses) pier or abutment is within the clear zone width described in Section 2.1 above.
- culverts with a drop greater than 1 m (NAASRA, 1987, Table 3.1) or where the culvert end
wall encroaches on the normal formation width (i.e. within the shoulder). Where a guard fence
is provided adjacent to a culvert end wall, the guard fence should be regarded as equivalent to
a bridge rail, as above.
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(i) Unless street lighting is present, install guideposts2 with corner cube reflective
delineators (or similar), in accordance with the RCA Traffic Engineering Manual,
Section 25. This will provide effective long range delineation and thus assist the driver
to plan the immediate driving task, in terms of navigation and speed,
(ii) Where warranted according to the RCA Traffic Engineering Manual, Section 24.4,
install bridge width markers on or adjacent to the bridge end posts, piers, or abutments
on both the left and right side of the carriageway. This will provide visual warning about
the presence of the hazard.
(iii) Where bridge width markers are installed, provide edge lining, together with raised
reflective pavement markers. This should commence a distance in advance of the bridge
as shown in RCA Traffic Engineering Manual, Table 21.3.2a or Figure 30.4 (depending
on bridge width), and continue across the full length of the bridge. The edge line should
be 100 mm wide unless the bridge is on a curve with radius less than 600 m, in which
case the edge line should be 150 mm wide. This will provide short range delineation and
thus facilitate good lane control.
(iv) Except for road sections with an overall low geometric standard, where the bridge
is on a curve with a radius of 600 m or less install chevron signs on the outside of the
curve. This will assist the driver to negotiate both curve and bridge.
All of these devices should be installed in accord with Road Construction Authority Traffic
Engineering Manual, the relevant parts of which are attached as Appendix B.
Safety Barriers
The following program should be carried out, in priority order (Section 5.2 above) at all existing
bridges and underpasses in the State:
(i) Where the bridge does not have guard fencing installed, ascertain whether guard
fencing is warranted, and if so, install in accord with the RCA Road Design Manual,
Section 7.4.
(ii) Where the bridge has guard fencing already in place, determine whether the fencing
conforms with the requirements of current design and installation practice. Where it
does not, upgrade the installation to conform with the RCA Road Design Manual.
Other Programs
Apart from the above program, recommendations in relation to guard fencin~ are that:
(i) For new bridges, install guard fencing according to RCA warrants and in accord with
the RCA Road Design Manual, Section 7.4.
(ii) Develop a range of effective transition arrangements between guard fencing and
various bridge end posts; these arrangements should then be applied to existing bridges,
as part of the previous program of upgrading.
(iii) Guard fencing, once installed, must be repaired when and if it is hit, and must also
be routinely maintained to ensure that it can continue to perform as intended.
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Where guard fencing is used, the PMDs would normally be
mounted on the guard fence posts, not on separate guide posts.
2
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(iv) Develop an educational program, aimed at field personnel and design staff; this
would have the objective of improving practice by disseminating information about the
importance of correct design, installation and maintenance of guard fencing.
In relation to road ali~ment in the vicinity of bridges, it is recommended that:
(i) Current RCA design standards be adopted in any realignment. This would include
curve radius (with a minimum of 600 m being recommended), gradient, crossfall and
superelevation. Particular attention should be given to horizontal curves which are
isolated, or are located at the end of a section with a higher design standard, or at the
foot of a long grade.
(ii) Research be undertaken to determine the safety benefits, if any, of sealed shoulders
in the vicinity of bridges.
In relation to bridge design and construction, it is recommended that:
(i) A safety audit be performed to appraise currently used bridge design standards and
practices. This might include such aspects as bridge width (including the provision of
full-width shoulders), end post and bridge rail design, transition between guard fence and
end post, pier and abutment design and location on underpasses, delineation on the
bridge and its approach, etc.
(ii) An investigation be conducted into the potential value of instituting a program of
bridge widening in Victoria, through the re-construction of the kerb, end posts and
bridge railing on selected existing bridges.
Finally, in relation to data collection and analysis, it is recommended that particular attention
be paid in any re-design of the Accident Report Form to ensuring that crashes at bridges and
culverts clearly distinguish between crashes involving the bridge or culvert and those which do
not, and that the data generally be defined, coded and analysed in such a way that maximum
usefulness from the viewpoint of crash analysis is possible.
5.4 IMPLEMENTATION
It is understood that the RTA and RCA both currently spend approximately $m1 per annum
on bridge safety programs.
Of this total on-going expenditure of about $m2 per year, it is suggested that it be divided
approximately equally between the elements (a) and (b) which were outlined in Section 5.3, i.e.
about half towards upgrading delineation and about half towards upgrading or providing safety
barriers.
The number of bridges in the State is not known with accuracy. However, the RCA (1984, P 51)
has reported that in 1981 there were 1529 bridges on rural arterial roads and an estimated
5,500 bridges on local roads (5,000 of these in rural areas). On this basis, it would seem
reasonable to estimate the total number of bridges in the State at around 7,500.
To this must be added the number of culverts which may need attention according to the above
criteria. No estimate exists for this number.
The RCA (see Table 2) has indicated that in 1981, the great majority of bridges in the Victorian
arterial road system were either "fair" or "good" according to the NAASRA criteria (see Section
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5.2 above). Specifically, the numbers of bridges in each category are shown in Table 39. This
table reveals that in 1981, only 76 bridges were classified as "poor" - i.e. in priorities 1 to 4 as
outlined above, and most of these were in the 5.0 - 5.9 m width range. Quite probably, many of
these have been widened since then, and all or most would have some form of delineation
and/ or safety barriers fitted.
Thus, these recommendations apply mainly to the local road system.
The cost of introducing delineation devices as recommended above is about $1,000 per site, on
average. To take a ''worst case" scenario, if we assume that every bridge on the State's local
road network needs to be treated, it would take about 6 years to implement the above
recommendations concerning delineation at bridges (but not culverts), at a rate of spending of
$m1 per year.
The cost of guard fencing varies considerably depending on site conditions, etc, but a typical
figure is around $15,000 per site. It has not been possible to estimate how many of the bridges
in the State satisfy ReA warrants for the installation and/or upgrading of guard fencing.
However, if, for illustrative purposes, there are 750 such sites (i.e. one bridge in to, excluding
culverts), then it would take in excess of 10 years to treat them all, at a rate of expenditure of
$m 1 per year.
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Appendix D presents a draft pro-forma which may be used to both identify bridges which satisfy
the criteria for delineation and guard fence installation, and to provide data for use in
prioritising works.
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FIG 2: Bar Chart of Crashes by RUM Group - Metropolitan.
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FIG 3: Bar Chart of Crashes by RUM Group - Rural.
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FIG 4: Bar Chart of Crashes by RUM Group for all locations.
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APPENDIX

STA TISTICAL

A

ANALYSES

The various tabulations discussed in Chapter 3 required a quick yet meaningful
identifying characteristics which were over or under represented.
To illustrate how this was done, consider Table 5, which shows the numbers
various types (e.g. fatal, hospital, injury, etc) for each RUM coding.

means of

of crashes

of

Joint probabilities were calculated for all entries in the table, by factoring down the columns and
across the rows to obtain an "expected" value for each entry. The ratio of the actual entries to
the "expected" entries provides a measure of the extent to which each entry was over or under
represented. (This procedure assumes a general independence between RUM and injury type.)
Significant over-representation
revealed in this way is generally noted in the text, where the
actual entries exceed about 10 crashes; in this way, the spurious results that can be obtained by
considering low crash frequencies were avoided.
In order to carry out this task, for each of Tables 3-37, supplementary tables were prepared
which showed the ratio of observed to expected entries. These supplementary
tables were
ranked in order of the observed frequencies. This procedure facilitated the discussion in Chapter
3.
The procedure was developed by Mr Russell Thompson, Professional Officer in the Department
of Civil Engineering at Monash University, who also prepared the supplementary tables.

APPENDIX B

EXTRACTS
FROM THE
ROAD CONSTRUCTION AUTHORITY
TRAFFIC ENGINEERING MANUAL

Section
Section
Section
Section
Section

19.4
22.1
24.4
24.6
25

Edge Lines
Raised Pavement Markers
Width Markers
Chevron Alignment Markers
Guide Posts and Delineators

19.4

EDGE LINES

19.4.1

Description and Use
Edge lines are described and used as in Table 19.4.1.
TABLE 19.4.1

EDGE LINES

(All dimensions in millimetres unless otherwise shown)
Pattern and
Dimension

?
J

Usage

General use unless wider lines indicated.

100 wide

150 wide

~

(i) All edge lines on freeways and ramps. including ramp nose outlines
(ii) Painted median where crossing is permitted
(iii) Outlines for obstruction approach markings and painted islands.
other than where barrier line is required

Except in Table 19.4.1, Cases (ii) and (iii) edge lines should wherever practicable be placed
on both sides of the carriageway.
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Edge lines should not be painted on a two-way carriageway unless it is at least 6.2 m sealed
width and a separation line is also painted.
The line is normally located as follows:
• Unkerbed roads

-

• Adjacent to kerb

- 300 mm clear distance from face of kerb, or just clear of lip of channel
if provided

• Sealed or partly
sealed shoulders

150 mm clear distance in from edge of sealed pavement

line to be at edge of running lane

Gaps should be left in edge lines at all intersections including intersections with minor rural
roads. A "standard" type continuity line, Section 19.5, may be placed across the gap if
delineation is required and the controlled intersection marking is not placed in line with the
edge line.

19.4.2

Guides for the Use of Edge Lines
Guides for the use of edge lines are as follows:
(i) Edge lines are always placed on all rural and urban freeways including ramps, and on other
rural routes where the "Busy State Highway" cross-section has been adopted.
(ii) Edge lines may, with the Regional Manager's approval, be placed:
(a) as isolated short lengths on the approaches to and within hazards such as sub-standard
curves, narrow bridges, railway crossings and major intersections, where there is an
evident need for extra delineation, and provided the sealed width on a two-way
carriageway is at least 6.2 m and a separation line is installed; or,
(b) as short lengths to delineate abrupt changes in the alignment of the carriageway edge
at pavement width reductions and merging areas.
(iii) Edge lines may be applied continuously over lengths in excess of 500 m, subject to the
approval of the General Manager - Road Design and Traffic Engineering, see
Section 19.4.3, as follows:
Rural Roads
(a) AADT 2000 or greater
(b) Roads on which approved shoulder sealing, full or part width, has been carried out,
to define the edge of running lane. (Special approval is not required where the route
length does not exceed 500 m, or if the guide in (i) above applies.)
(c) AADT 1000 or greater, and average rainfall exceeds 1000 mm or where the road is
subject to fogs or wet days of appreciably greater than average frequency
(d) Truck volumes 200 vpd or greater
(e) Provision of continuity of edge lining on interstate or inter-regional routes.
Urban Roads
(f) Unkerbed roads with an arterial road function and AADT at least 2000
(g) Roads in unlit or poorly lit areas where there is a kerb immediately adjacent to a running
lane and there is need for extra delineation.
In cases (ii)(a) and (b) above, the edge line should commence a distance equal to that shown
in Table 21.3.2a in advance of the beginning of the hazard, or as shown in the appropriate
figures in Sections 29 and 30.

19.4.3

Approvals
Except as in Section 19.4.2(i), the edge lining of carriageways over a continuous length in
excess of 500 m may only be carried out with the approval of the General Manager - Road
Design and Traffic Engineering. The granting of such approval may be subject to resource
availability and priority assessment.
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TABLE
21.3.2a
OF LEAD-IN BARRIER LINE AT DIAGONAL
CHEVRON MARKINGS

85 percentile speed

length of Barrier line X,
Figures 21.3.1band 21.3.2

(km/h)

(m)

<75
75 - 90

36
60

>90

96

AND
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TREATMENT AT NARROW AND SINGLE LANE BRIDGE
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SECTION 22 - RAISED PAVEMENT MARKERS AND SAFETY
BARS
22.1

RAISED PAVEMENT MARKERS

22.1.1

Description
Raised pavement markers are of the following types:
One-way raised reflective pavement markers (RRPMs) indicated thus on drawings Two-way raised reflective pavement markers (RRPMs) indicated thus on drawings Non-reflective raised pavement markers (RPMs) indicated thus on drawings - •
Markers used by the RCA are white, except for certain specialised uses of yellow or re,
markers, Section 22.1.3(v), and yellow markers associated with the tram "Fairway" systerr
Coloured markers are indicated thus on drawings

22.1.2

-::0Y

3D

R

General Applications
Markers are used to supplement or replace painted lines as shown in Table 22.1.2.
TABLE 22.1.2
RAISED PAVEMENT MARKERS - GENERAL APPLICATIONS
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::0
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mMulti-lane
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-
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Through carriageways.

• Generally confined to freeways within Metropolitan Area and Mornington Peninsula. Refer requests
for use elsewhere to General Manager - Road Design and Traffic Engineering.
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FIGURE 22.1.2
USE OF RRPM's ON BARRIER LINES
*24 m spacing

I- •••••••••••••••••••••••••

~O=
*Spacing may be decreased to 12m
on curves of 150 m radius or less
(i.e. marker in every stripe gap)

22.1.3

::0
~O~

: : : : : : : : : : : : : : : : : -:: : : : ~

~OE

R.R.P.M.
One-Way
R.R'P.M.
Two-Way

Special Applications
The following indicate special applications for raised pavement markers.
(i) Obstruction

Approach

Markings

These are illustrated in Figure 22.1.3a.
(ii) Painted Island Right Turn Treatments
These are illustrated in Figure 22.1.3b.
(Hi) Freeway Entrance and Exit Ramps
These are illustrated in Figure 33.3.
(iv) . Lane Guidance Through Intersections
This treatment is covered in Section 22.1.4.
(v) Use of RRPM's on Edge Lines
RRPM's are not normally used at carriageway t;ldges, but may be permitted as edge line
supplements subject to the approval of the General Manager - Road Design and Traffic
Engineering where there is a special need for extra edge delineation, as follows:
(a)

Yellow markers may be approved for use on the left side of a two-way carriageway,
or on either side of a one-way carriag-eway, provided that the shoulder outside the
edge line is sealed for at least 1 m width. The markers should be installed on the
non-traffic side of the edge line at longitudinal spacings of 12 m or 24 m depending
on the amount of extra delineation required.

(b)

Red markers may be used only in isolated short lengths at the approaches to special
hazards such as bridge ends or other obstructions close to the carriageway. The
treatment should generally be regarded only as an accident countermeasure.
The length of any installation of red markers should be not more than 100 m with
markers spaced at 6 m. In especially hazardous situations, supplementing these
markers with non-reflective white RPM's at 1 m spacing to provide a rumble effect
may be considered.

22-02

24.4

WIDTH MARKERS

D4-3(R)
A size - 450 X 900mm
B size - 600 X 1200mm

D4-3(L)
A size - 450 X 900mm
B size - 600 X 1200mm

Width markers are used as follows:

(i) At Railway Level Crossings
They are used as part of the Railway Crossing Width Marker Assembly, or in conjunction with it as
described in Section 13.9.3 and illustrated in Fig. 30.6.

(ii) At Bridges
They are used at either one-way or two-way bridges in accordance with the following guides:

(a) Unkerbed Approaches (Typically Rural)
Where the clearance to bridge kerb or non-frangible obstruction from edge of running lane is:less than 2.4 m, for an approach pavement (excluding shoulders) 7.4 m or more wide
less than 1.8 m, for an approach pavement (excluding shoulders) less than 7.4 m wide.

(b) Kerbed Approaches (Typically Urban)
Where the width between kerbs on the approach is greater than that on the bridge; or,
Where there are non-frangible vertical obstructions less than 600 mm clear behind the bridge kerb.

(c) Unsealed Approaches
Any bridge less than 2 m wider than the approach pavement or running portion of the formation.

(d) Bridges on freeways:
Any bridge where full approach shoulder width is not carried across the bridge.
The markers are always placed on both sides of the road, including sites where the guide for a marker
is met on one side only, and are located in front of and as near as practicable to the bridge end post
with inner edges approximately 300 mm clear of the line of the kerb face or, if unkerbed, flush with
the inner edge of the end post, etc., see Fig. 25.1.5.
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The size of markers to be used is as follows:
A Size - Rural areas where traffic volume is less than 300 vpd AADT
B Size - All other cases.
Bridge width markers may be omitted on roads carrying less than 50 vpd AADT.
(iii) At Underpass Piers, Etc.
Width markers are used at underpass piers or similar carriageway constrictions when the width between
obstructions is less than the approach formation width. The markers should be placed on or just in
front of the obstructions with inner edge flush with inner edge of obstruction, see Fig. 30.5.
(iv) At Other Vertical Obstructions
Width markers may be used singly at other obstructions either within the carriageway or so close
to it as to constitute a hazard, e.g. utility poles, central bridge piers. The left-hand marker is used
where traffic passes to the right of the obstruction, and vice versa. Special markers may be designed
where the size or shape of the standard markers is inappropriate. For treatment of obstructions in
the centre of the carriageway, e.g. bridge piers, see Sections 24.2.3 or 24.3.
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CHEVRON ALIGNMENT

24.6.1

General

1986

MARKER

D4-V109
Size:

A - 600 x 750 mm
B - 750 x 900 mm
C - 900 x 1100 mm

These markers are used to enhance the delineation of substandard or other curves in accordance
with the Guides given in Section 24.6.2.
They are located as given in Section 24.6.3. A minimum of two markers is required at any
one curve in anyone direction. However, markers are not normally required on single curves
whose deflection angle is less than about 450, unless there are special curve visibility or other
problems.
Chevron alignment markers should not be used for any other purpose. See Section 24.2 for
use of chevron hazard markers for o'ther purposes.
The markers should only be used in conjunction with appropriate curve or turn warning signs,
Section 13.4, and/or with guide posts or other delineation in accordance with Section 25, and
not as a substitute for either.
B size markers should be used on roads carrying 1000 AADT or more.
C size markers may be used on curves which are greatly substandard and where there is an
actual or potential accident problem.

24.6.2

Guides for the Use of Chevron Alignment

Markers

Guides for the use of these markers at substandard curves are given in Table 24.6.2.
TABLE
FOR THE
ALIGNMENT
AT SUBSTANDARD

GUIDES

24.6.2
USE OF CHEVRON
MARKERS
CURVES (Note (i»

21-40
N,R.Deficiency
N.R.
300
1000
>
300
600
300
40
2500
Volume
(AADT)
or Above
Alignment
Markers
Should
be Which
Used
Speed
of AtCurve
(km/h)
(iii) (ii)
75< - 7595

>

95

85 Percentile
Approach

Speed
10-20

Notes:

(i) Not normally required on single curves with
deflection angles less than about 450•
(ii) On roads with high weekend or seasonal
volumes, the daily traffic at these times should
be used in the Table.
(iii) Speed deficiency is the difference between the
85 percentile approach speed and the safe
speed value as measured by ball bank indicator
or equivalent means.
N.R. - not required under this Guide (see also
below).

In addition to the above guides, chevron alignment markers may be used to enhance the
delineation of any curve which is hidden from view by the vertical alignment, etc., and hence
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may not be appreciated by a driver. They may also be used as an accident countermeasure
where there is a history of curve related accidents. In either case the markers should only
be used where curve or turn warning signs, Section 13.4, and post or other delineation,
Section 25, are already existing but not adequate by themselves.

24.6.3

Location of Chevron Alignment

Markers

The markers are each erected at a height of approx. 1.5 m and placed as close to the
carriageway on the outside of the curve as practicable, within the lateral clearance limits given
in Fig. 6.2. The markers should be angled towards oncoming traffic such that they are at right
angles to an approaching vehicle at the limit of visibility of the marker (subject to the requirements
of Section 6.5). On larger radius curves they maybe able to be mounted back to back, e.g.

Max.
Angle

\

\

18· approx.

Angle

50· Approx.
BRACED SIGNS

UNBRACED SIGNS

Max.

~

They are located and spaced as shown in Fig. 24.6.3.

11\

I

11

I
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LOCATION AND SPACING OF CHEVRON ALIGNMENT MARKERS

Step 2 : Locate equispaced pairs of
.markers as near as possible
to, but not more than 3 times
guide post. spaCing on outside
of curve,
Table 25.1.3

Step 1 : Locate pairs of markers on
prolongation of pavement
edge.

Step 3 : Place one further single
marker at this location, at 3
times gUide post spacing (not
required of reverse curves
with negligible connecting
straight)

Step 4 : All other necessary warning
signs, plus post mounted and
pavement delineation, to be
provided, see Fig 30.2

Note : On short curves where marker positions located as in Step 1 for both directions of travel are less
than 3 times guide post spacing apart, single markers are located independently for each
direction of travel, and a further marker is located in each direction as in Step 3.
A minimum of two markers must be displayed in each direction.
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SECTION 25 - GUIDE POSTS AND DELINEATORS
25.1

GUIDE POSTS

25.1.1

Description and Use
Guide posts are generally installed on rural roads (other than freeways, see Section 25.1.4)
as follows:
• all sealed roads
• all unsealed roads where AADT exceeds 100 vpd
• other cases, at any location, isolated or continuous, where post delineation is considered
necessary.
Delineators are always provided on guide posts, see Section 25.2.
The following types of guide post are available for use as indicated:
(i) Timber posts: 100x50 mm (nominal) cross-section, painted white, see Figure 25.1.1 a.
(ii)

Galvanized steel posts: of approved cross-section with 100x500
plate attached, see Figure 25.1.1 b.

mm white delineator

(iii) Flexible post: 100 mm wide white plastic or fibre-glass strip of approved type, capable
of self-recovery after knockdown, see Figure 25.1.1 c.
Regional Managers may only permit the use of specific brands and/or types of post in categories
(ii) and (iii) above, which have been given prior approval by the ReA as notified in current
instructions.
Steel posts can be readily driven into most soils. Flexible posts can also be driven, but not
as readily into harder soils. Tailored-to-fit hand driving dollies are available for both types, and
in addition, a pilot hole driver is required for the flexible post. A hand operated extractor is
available for the steel post.
Delineators on flexible posts are vulnerable to breakage or fracture in a high energy knockdown
and need frequent inspection to detect damage.
General Usages
Subject to the special uses for certain post types indicated below, and subject to the requirement
that at any location successive posts closer than 60 m shall be of the same type including
any maintenance replacements, the decision as to which post should be used is based on
local economic considerations as to which is the cheapest post to supply, install and maintain.
Special Uses
Flexible Posts: • Substandard curves (as defined in Section 13.4.1), both sides of carriageway
• Posts erected to define carriageway narrowing .
• Any other location where a post is being frequently hit, and its retention in
that location is necessary
Steel Posts:

• Any non-vulnerable location where there is a history of theft or uprooting
of timber posts by vandals (applies only to posts driven into firm soils) .

.•
J

,
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FIGURE 25.1.1
GUIDE POSTS
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25.1.2
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unless otherwise

shown)

Spacing of Guide Posts on Straight Sections
The spacing of guide posts on straight sections is generally 150 m, with posts in pairs, one
on each side of the formation. This spacing may be reduced to 60 m in areas subject to frequent
fogs, and may also need to be reduced at crests, see Section 25.1.4.

25.1.3

Spacing of Guide Posts on Curves
The objective in the delineation of curves is to obtain a regular and continuous pattern of
delineators which will give the approaching driver a reasonable impression of the direction,
extent and sharpness of the curve. The system should be free of gaps and spacing or height
irregularities which will affect the smoothness of the pattern. Installation should desirably be
checked at night to ensure that these objectives are met. Guide posts on curves may also
be supplemented with Chevron Alignment Markers under certain circumstances,
see
Section 24.6.
The spacing of guide posts on curves is achieved as follows:
(i) Obtain the radius of the circular portion of the curve either from construction plans if
available, or if not, approximately (± 20% accuracy will suffice). by measuring the central
offset from a chord of known length, using either the marked separation line or edge of
seal as a guide, and applying the following formula:

Radius R

- -

= C2 + d
Bd

2
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NOTES: (1) 2nd term negligible for radii > 100 m
(2) Recommended chord lengths (Cl:
R < 200 m, C = 50 m
R = 200 to 600 m, C = 100 m
R 600 m, C = 200 m
(3) Desirable accuracy of measurement of d

= ±

0.1 m

(ii) Locate the first post on the outside of the curve at the point where the centre line shift
from the approach straight is 0.5 m (transitioned or plain circular curves). This point can
be estimated by eye where plans are unavailable,
(iii) Continue spacing around outside curve in accordance with the spacing given in Table
25.1.3, terminating at the point at the far end of the curve which is nearest to the point
where the 0.5 m centre line shift occurs as in (ii) above for the opposite approach.
(iv) Locate a post on the inside of the curve opposite both the first and last post on the outside
of the curve. Locate intermediate posts on the inside of the curve in accordance with Table
25,1,3 ensuring that as far as practicable each inside post is opposite an outside post.
(v) Locate a further pair of posts (one on each side of the road) at each end of the curve
at a spacing equal to twice the outside-of-curve spacing, Table 25.1,3, in advance of
(or beyond) the first and last posts previously located.
TABLE 25.1.3
SPACING OF GUIDE POSTS ON CURVES
(Including spacing of guard fence delineators)
NOTES:
(i)

curve

m m
incL straights

12
20
15
60
4
6
090
30
40
6150
10
Spacing (ii)
3
20
curve
On
(iii)
inside
(iv) of
90
(iv)
(iv)
150
(iv)
On outside of

(i) Where the radius of an existing curve is not available from
records, it may be determined approximately as given
in Section 25.13(i).
(ii) On guard
necessary,

fence, spacing should be adjusted,
to the nearest multiple of post spacing.

if

(iii) Post on inside of curve to be placed opposite a post on
outside of curve wherever practicable,
(iv) Reduce to 60 m in areas subject to fog,
(v) The spacings in this Table are based on approximations
of the following formulae:
Curve radii up to 500 m
S = 0.03R
Curve radii above 500 m
S = 0.06R
where S = spacing, R = radius of curve

+

5

An existing installation of posts which meets the above requirements to within a spacing accuracy
of ± 20% may be regarded as satisfactory,
Where a side road or private entrance enters on the back of a curve, the spacing may need
to be ajusted, or extra posts installed to ensure that a confusing gap is not left in the delineation
pattern.

25.1.4

Spacing of Guide Posts at Crests and Cuttings
On crests having a straight alignment the spacing of guide-posts will be so arranged that at
least two pairs of delineators, the nearest pair being not less than 40 m ahead of the vehicle,
are at all times fully visible. On crests within horizontal curves, this requirement is combined
with those of Section 25,1,3.
Guide-posts are always continued through cuttings at the spacings indicated elsewhere in this
Section,

L
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Guide Posts at Bridges and Culverts
Where guard fence or hand railing is not provided and the structure is at least full formation
width, gUide-posts are erected as follows:
(a) at structures 5 m or more in length, four posts-one

at each end of kerbing;

(b) at structures less than 5 m in length, two posts-one
headwall or kerbing,

on each left-hand approach end of

FIGURE 25.1.5
LOCATION OF GUIDE POSTS
ON BRIDGE APPROACHES
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I

Where the trafficable width of the bridge or culvert is less than the approach formation width,
guide-posts are located as shown in Figure 25.1.5.

I

I
I

See Section 25.2.3

25.1.6

i

where guard fence is provided on bridge approaches.

Lateral Placement

I:
I;

and Height

"

L

i:
I;

Guide posts are normally located just clear of the outer edge of shoulder, or if located on a
kerbed road, approximately 600 mm behind face of kerb. They are set to the heights indicated
in Figure 25.1.1.

I:
1.1

It

On curves they should be located a constant distance from the edge of pavement so as to
form a smooth line around the curve, and if there are irregularities in the shoulder contours
the posts should be set into the ground so that their tops are on a smooth grade.
See also Section 25.2.4

25.1.7

I:
II

regarding the elimination of extraneous delineation.

i

Guide Posts on Freeways
Present practice is not to erect guide posts on freeways. Any proposals for the use of guide
posts on freeways should be referred to the General Manager - Road Design and Traffic
Engineering.

25.2

DELINEATORS

25.2.1

Description

I
I

I

I

The standard delineator is the 80 mm dia circular corner-cube type, red or white, conforming
with the "Type A" delineator specified in AS 1906, Part 2.
Delineators of other Shapes may be approved from time to time for special purposes, provided
they conform in other respects to AS 1906, Part 2, as above.
NOTE: Sheeting type delineators may continue to be used for the time being. but are to be replaced by the cornercube type when worn out. A mixture of the two types in anyone location should be avoided.

25.2.2

Use of Delineators
Delineators are installed, red on the left and white on the right side of the carriageway as follows:
(i) On ALL guide posts
They are attached with a single central recessed head antHheft wood screw requiring
a speCial installation key available from the Group Manager - Stores and Supplies, and
are located on the posts as shown in Figure 25.1 .1 .
(ii) On concrete bridge end posts and underpass piers
They may be attached with concrete fixing screws 1 m above pavement level and as close
as practicable to the traffic side of the post or pier. They may be omitted where guide
post or guard fence delineators are located close to the end post or pier. or where width
markers, Section 24.4 are provided.
(iii) On guard fence
They are attached to metal plates bolted to a steel guard rail block or fixed to a timber
block with clouts or anti-theft wood screws.
The plate and its location on the block is illustrated in Figure 25.2.2. Delineators are spaced
as given in Section 25.2.3.

!
.;
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FIGURE 25.2.2
GUARD FENCE MOUNTING PLATE FOR
CORNER·CUBE DELINEATORS

Corner cube delineator. one or both
sides. red or white as required.
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GUARD FENCE POST

__L~
100mm

'Omm

./
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(iv) On bridge rail
They are attached either on plates or directly to the bridge rail. Fixing arrangements should
be designed to suit the handrail design in individual cases. Longitudinal spacing is given
in Section 25.2.3.

25.2.3

Spacing of Delineators on Guard Fence and Bridge Rail
(i) On formation edge guard fence and median barriers located not more than 4 m from nearest
edge of running lane in either case, delineators are spaced as for guide posts, see Table
25.1.3, ensuring that there is a delineator at or within 5 m of the leading end of the fence,
discounting any flared section of fence. Delineators are not placed on flared sections.
(ii) If the guard fence is more than 4 m from nearest edge of running lane delineators are
not placed on the guard fence, but guide posts are continued along the edge of formation
at the required spacing, Table 25.1.3.
(iii) On bridge hand rails delineators are spaced at 30 m, or at the lesser spacing given in
Table 25.1.3 if the bridge is on a curve of less than 400 m radius.
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(iv) On approaches to bridges where guard fence (including wing fence) is provided, delineators
are placed on the fence at 7.5 m or 8 m spacing over the last 30 m nearest the bridge.
If the wing fence is less than 30.m long, guide posts are provided as in Figure 25.1.5
to extend delineation at 7.5 m spacing for the full 30 m.
(v) On lengths of guard fence or bridge rail shorter than 30 m, delineators are spaced as
above, but with a minimum of one delineator at each end excluding any flare.

25.2.4

Extraneous

Delineation

Effective route delineation is largely dependent on the establishment and maintenance of clear
and regular patterns of delineators which will define the run of the road under all conditions,
particularly where degraded visibility on wet nights, etc, diminishes other visual cues. Extraneous
delineators which upset the regularity or clarity of the pattern should be eliminated.
Examples of extraneous delineation include:
• delineators on trees, poles, private driveway entrances, etc.,
• delineators on fixed objects close to the carriageway which should instead be treated with
vertical obstruction markers, Section 24.4(iv).
• Use of two or more delineators facing the same direction on anyone guide post or bridge
end post.

1

25-07

•

APPENDIX C

STEEL W-BEAM GUARD FENCE: ITS FUNCTION AND USE
BY: JOHN CUNNINGHAM

This paper was originally presented
at a RCA
November, 1985. It is reproduced here with permission.
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Roadside

Safety

Course
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STEEL W-BEAM GUARD FENCE - ITS FUNCTIONS AND USE

J. CUNNINGHAM

1.

INTRODUCTION

Under the general heading of traffic barriers it is usual to classify
any barrier as being one of two basic types. i.e. longitudinal barriers
or crash cushions.

Longitudinal barriers are placed generally parallel to traffic movement
and

function

primarily

potential hazards.

by

redirecting

errant

vehicles

away

from

They can be further classified by their rigidity

into the following classes:

*

flexible

*

semi-rigid - e.g. steel W-beam or steel box barriers

*

rigid

- e.g. cable barriers

- e.g. New Jersey barrier or bridge rails

Crash cushions are placed generally transverse to the traffic flow and
function primarily by decelerating errant vehicles to a stop.
modern

types

of

crash

cushions do

however

have

the

The more

capability

to

redirect errant vehicles when struck along their side.

The use of crash cushions and rigid longitudinal barriers in Victoria in
the past has been very limited and, due to their high cost and very
specialised nature, it is not intended to discuss them further in this
paper.

Any proposals for their use would require careful consideration

and the approval of

the General Manager

- Road Design

and Traffic

Engineering.

In addition, the use of flexible barriers has not been recommended for
some time.

This paper therefore concentrates on the semi-rigid barrier and the type
now used almost exclusively by the RCA,

1. e.

the blocked-out

W-beam guard fence•

..• /2

steel

11
I

I
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2.

WARRANTS

Guard

fence

is

not

1983/84

and

dollars

on the purchase,

but

is

it

therefore
effort

84/85

only

in

financial

itself

always

listed

for

in Section

roadside

a significant

has

maintain
spent

objects,

It is important
always
should

of any

critically

and

its

and carried

barrier.

guard fence

substandard

to

such

curves,

things

grades

in considering

by judgement

be adopted

-

should

out properly.

Every

to eliminate

will

generally

the severity

mean

as

and

embankment

with

to the community

and without

the safety

is warranted

.

accidents

use

that their

The main principle

that installation

of potential

Extracts

are attached.

of the cost

both

relate

heights,

structures.

these warrants

is the minimising

are currently

These warrants

and discretion.

at the site assessed

it reduces

fence

installation

stages

the

$2 million

of guard

on new works

Manual.

of the Road Design Manual

be tempered

This

of guardfence

7.4 of the Road Design

to remember

accident

nearly

and maintenance

hazard

- during

fence.

of

from this section

where

and

the ReA

installation

the installation

installation

which

install

should be made in the design and construction

Warrants

must

to

years

be reviewed

the need for guard

the

costly

at the site.

only

1

( Note

1)
,1'1
11,

·1'

,

. !

In the case
out

of embankment

(principally

(1971)

by

heights

G1ennon

and Ross and Post

and

(1974))

and slopes research
Tamburri

(1967),

to determine

has been

Michie

relationships

and

carried
Rronstad

between

the
I
I1

:1

II

1.

NOTE:
(1) It is important to note that the probability or
frequency of accidents will not in general affect the severity of
potential
accidents 1.e. if it is judged that guard fence is not
required at a particular embankment (that is the guard fence is a
greater hazard
than the embankment)
then this decision remains
valid whether one or one thousand vehicles run off the road at that

i!

point •
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I
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I
I

L

I
i
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embankment
studies

height

and

are reflected

graphically

slope

and

the

to some extent

in Figure

severity

of

in our warrants

accidents.
which
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of
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The warrants
in other
AASHTO

as depicted

Australian

"Guide

tending

to

be

for

states

and from

Selecting

more

generally

accepted

protected

by a guard

that

fence)

from warrants

the warrants

contained

on

slopes

and

Designing

the

flatter

flatter

that slopes

of

adopted

in the

Traffic
slopes

than

and less conservative

considered

at about

considerably

Locating

conservative
now

(i.e. it is generally
to be protected

above vary

Barriers",

(Le.

3:1

need

on the steeper

it
not

3.

is
be

slopes

1.5:1 or steep~er

is

1977

need

1.5 to 2m height).

n
wl

sc
g\
rn\

Guidelines

currently

our warrants

drafted

but in the meantime

should be reviewed
out in recent
representatives
Division

being

critically.

years
from

and Traffic

guardfence

may

a joint

the

relevant

inspection
project

lead to alterations

installations

This process

during

Engineering

by NAASRA

on embankments

has generally
of new major
or

division,

to

been

carried

projects
Road

11
a:

by

Design

Group.

w:

A

h
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It is sincerely hoped that this process of consultation between design
and operation will continue on a more formal basis in the future.

For fixed roadside objects or features, research has also been carried
out

to

establish

relationships

between

traffic volumes

and

speeds,

expected encroachment frequencies and relative accident severities.

Again this research is reflected to a certain extent in our warrants
where

it is stated that consideration should be given to protecting

fixed objects within 9m of the outer edge of traffic lane.
warrant

tends

to

be

conservative

in

terms

of

modern

Again this

practice and

certainly insensitive to variations in traffic volumes.

The

future

NAASRA

guidelines

may

also

prompt

a

rethink

on

these

warrants.

Certainly the tendency over the last 4-5 years has been away from the
mass

installation

of

guardfence

and

the

previous

guardfence as being the panacea for all evils.

perception

of

This approach, which

promotes a realistic assessment of community costs and the investigation
of alternative treatments to eliminate safety barriers where possible,
is ultimately a more healthy one than the previous approach.

3.

STEEL W-BEAM GUARD FENCE

COMPONENTS AND THEORY

The W-beam guardfence is made up of a number of components, each of
which has a significant part to play in the successful operation of a
safety barrier during a collision.

It must be remembered that the

guardfence is required to serve dual and often conflicting roles.
must

It

be capable of redirecting and/or, containing an errant vehicle

without

imposing

untolerable

conditions

on

the

vehicle

occupants.

Importantly it should be able to do this for a range of vehicle sizes
and weights, impact speeds and impact angles.

Accordingly rigorous crash testing of the various types of guardfence
has been carried out in the past (mostly in the USA) to check their
performance and action during collision.

The steel W-beam guardfence is

•••/5
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made
to

up of a number
play

in

the

of components.
successful

operation

collision.

The

interaction

of each of these components.

3. 1

Rail

W-Beam

crash

each of which

Satisfactory
of

guardrail

sufficient

geometric

testing

strength

design.

This

is

alternative

to the steel
aluminium

individual
combination

of

through

tensile

materials

capabilities.

The

tests

many

suitability

At

carried

in

instant

kinetic

energy

perpendicular.

of

impact.

which

may

be

through

parts of the vehicle

to hold

stresses.

in the
numerous

due

excess

has

an

to a

of

the

indicated

its

vehicle

has
into

certain

or dissipated.

bending

the vehicle
axial

on

tensile

energy

of various

the soil.

is first evidenced

road.

then begins
Thus

stresses.

is

dissipation

and crushing

including

distortion

the

and vertical
energy

of

parallel.

If the vehicle

This

distortion

amount

components

the perpendicular

and the barrier.

high

a

to act in

the beam
as well

as a

must

be

as bending

if it is to function properly.

to develop

that each section
have

in

of a

as

generally

beam

of the rail into a wide band which

to withstand

In order

steel

testing

exhibited

stresses

resolved

In the case of the steel W-beam

able

zone.

proven

Association

trials

and

a beam

a

promoted

to the guardfence.

effectively.

must be reduced

is accomplished

tension

impact

the

the

and vertical

to be redirected

flattening

the

bending

on

was

when

a

as a guardrail.

the

components

out

which

the Aluminium

the

and

action

with

in crash

part

during

the

conjunction

emphasized

beam

used

guardfence

to highlight

in

beam by

beam

failures

used

alloy

the

can only be expected

point was

aluminium

The

served

performance

corrugated

u. S.

also

of

has a significant

shown

that

the required

tensile

of rail is properly
these

joints

when

stresse~,

bolted

done

it is important

to the next and tests

properly

are

at

least

strong as the rail itself .

. . . /6

as

-

To

avoid
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the possibility of any part of the impacting vehicle

snagging on the splice, the rail overlap should always be made away
from the direction of oncoming vehicles.

3.2

Posts

There are currently two types of post permitted for use on RCA
works.

The more traditional 175x125 timber post and the 176x76

steel channel section.

Crash

testing

of

both

timber

and

steel

(of similar

strength

properties to the RCA standard post) posts has indicated that both
types are suitable.
steel

post

system

However the testing did indicate that the
required

two

slight

modifications

to

the

traditional timber post system
i.e. (a)

a 300mm long back-up plate was required between the rail
and the block at posts where rail splices did not occur,
and

(b)

the older style end

anchorage connection using

cable

clips needed to be replaced by a swaged end fitting.

'I
'1"1

il

Both of these changes are now common practice and shown on our
standard drawings.

To

understand

III

the reasons for the changes it is necessary

to

understand the functions of the post during a collision.

The primary function of the posts is to hold the rail at its
correct height both before and during collision.

In order to

maintain the correct height during collision it is essential that
the posts themselves be the correct length not only above ground
level but below it as well.

During a collision, posts in the innnediatevicinity of the impact
point are required to deflect backwards.

1:1

Testing has shown that

this deflection occurs as a rotation about a point close to the
buried end of the post with the point of rotation being further
down as the impact severity and therefore deflection increases.
•.. /7

-
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If the post embedment is insufficient (Le.
l050mm

required),

accordingly.

then

Because

the

of

radius

this

of

smaller

say 450mm instead of
rotation

radius

of

is

reduced

rotation,

as

deflections increase the height of the rail decreases much more
rapidly than required.

(see Figure 3.1 below)

This can in turn

lead to vaulting of the rail or rollover of the vehicle.

Having allowed the rail in the vicinity of the impact to deflect,
the posts on either side are then required to resist the tensile
forces developed in the rail and passed through to the posts by the
bolts securing the rail.

This action causes extremely high bearing

pressures on one-half of the block-post interface and usually leads
to splitting of timber blocks through the bolt holes.

When steel posts and blocks are used the torsional rig~dity of the
post/block system is significantly reduced
times)

and

hence

their

ability

developed in the rail is limited.
twist and

transmit a

large

to

(in the order of 90

absorb

the

tensile

load

Instead, the steel posts tend to

load almost

instantly

to

the

end

anchors.

Due to this large dynamic load ("jerk") the cable tends to slip
through

the

cable

clips

used

in

the

older

style

anchorages.

Slipping of the cable relaxes the tension in the steel beam

... /8
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sufficiently

to allow

deceleration

forces.

The

the

use

of

deflected
blocks

Of

rail

steel
formed

steel

in

this

vehicle

to

the

hard

people
ground

or

therefore

the

sharp

is

based

posts

in
on

ground
a

high

will

it is felt

has

much

higher

tendency

edge

been

e.g.

of

of

the

steel

our

will

paved

own

the

energy

be

at the critical

that point

and

timber

being

drag

The

I

posts
level

guardrail

supported

by

the

height.

much more

(rather than snap) at ground

about

for which

to snap at ground

then

posts,

verges

drawings.

that

collision.

therefore

that steel

areas

standard

feeHng
tend

compacted

of

ductile,

level allowing

the attached

rail

the
down

them.

this action has not been proven

in order

recommended

to overcome

under

be deleted.

Highway

it,

and

it does remain a possibility

for

that the 75x45 rectangular

installation

bolts,

the head

The U.5.

Administration

steel posts

of

other
washers

the button

Department

recommends

reasons,

this

of deleting

it has

currently
head

action

been

specified

post mounting

of Transportation
for both

but as yet there has been no discussion

on the subject

Federal

timber

within

and

the ReA

the washers.

Blocks

Early W-beam
directly
highlighted
rather

guardrail

onto
the

the

systems were
posts.

'Unfortunately

possibility

then being smoothly

installed

of

vehicles

redirected.

with the beam mounted
inservice

snagging

on

experience
the

posts

Thus the 175mm deep blocks

I

~

the

the suitability

hard,

the concrete

and remain at or nearly

to rotate

Whilst

3.3

and

reduces

the

specified

during

tend to buckle

posts

works

in unforgiving

By contrast

for

along

to some

are

fear

impacted

attached

and

sections

unforgiving

posts

installed

will

tear

for Autograde

believe

with

to

concern

posts

when

back-up

pocketing

and posts.

additional

the

severe

... /9
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were

introduced

directly

However
two

impacting

crash

other

first

testing

that

dependant

the

second

mentioned

and

the

time

during

a

vehicle

from

revealed

system.

a

post

roll

at

plane

The

which

ground

the deflected

the

the

is

level.

posts

the

thereby minimising

deflection

in preventing

vehicle

is

either

the horizontal
of

collision

but before

axial

centre

impact

maintained

or

or

roll-over.

hindered

of gravity

Since

usually

As

effective,
increased

the

of the
by

the

of the car

the most

during

as the beam

tension has become
be

the posts

by the weight

helped

the beam.
is

after

of

the rail it tends to roll toward

and

of gravity

height

and

out

out

attains

to this roll is provided

of a second

beam

beam

during

contacts

hundredths

the

the

and assists

between

centre

of

processes

blocked

the vehicle

the rail

downward

couple

of

the

stay in the vertical

vehicle

acting

chances

of the crash

of

is derived

Resistance

vehicle
moment

hold

benefit

the impacting

the

on the vehicle.

earlier

barrier.

impact

readily

the roll imparted

The

benefits

angle

the blocks

rail can more

reduce

and analysis

during

on

to

the posts.

significant

is

Because

primarily

the

critical

first

is being

few

deflected

it is important
slightly

as

the

that
post

rotates.

As

is

illustrated

deflection
avoid
centre

By

Figure

the blocked-out

vehicle

rollover

of gravity

contrast

immediately
effectiveness

by

rail

3.2

below

actually

providing

during

rises

this

thereby

restraining

forces

initial

helping
above

to
the

of the vehicle.

the

height

decreases

of

the

original

during

post

rotation

of the barriers

in the beam acting
resisting

in

restraining

as a ramp before

non-blocked
thereby
forces.

out

decreasing
This

it has an opportunity

beam
the

can result
to start

axially •
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Rubbing Rail

The lSOx65 steel channel section which is provided on our standard
type A guardfence, is provided primarily to stop wheel entrapment
on the posts.

It is essential for this purpose in installations

with beam heights above the 680mm standard (Type B guardfence).

In

addition

increases

to

the

this

primary

strength

of

function

the

system

the

rubbing

rail

significantly.

also

It

is

therefore recommended that consideration be given to the use of
Type A guardfence at locations where:

(a)

the guardfence system is likely to be subjected to higher
angle impacts;

)]

and

•.• /11
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(b)

where
well

there is a higher
as the additional

the

extra

height

preventing

3.5

of

strength
the

affor4ed

type

trucks from riding

truck volume

A

expected.

by the rubbing

guardfence

should

As

rail,

assist

in

over the rail.

Anchora.a.es

In

order

tensile
also

for

the

strength

W-beam

However

if the guardfence
posts

posts

to

fully

Properly

designed

and

anchor

Breakaway

Cable

Bronstadt.

This terminal

CONSTRUCTION

Detailed

force

this

restraining

at appreciable

to its end so that there
of the beam,

or, if

is short so that again there are
the

beam

strength,

then

the

anchorages

must

be

provided

at

system.

recommended

developed

in

is discussed

now

the

in the RCA

U.S.

further

by

is the

Michie

in Section

and

5 below.

DETAILS

drawings

of how

steel W-beam

are given

in RCA standard

important

features

length, barrier

close

develop

commonly

Terminal

restraining

to the posts

the strength

constructed

system most

axial

in some other manner.

each end of every guardrail

The

full

from the point of impact.

installed

must be developed

its

of guardfence

is struck

strength

develop

that sufficient

to develop

the length of guardfence
insufficient

to

by load transfer

in both directions

are insufficient

system

In long lengths

can be provided

distances

rail

it is essential

be provided.

force

4.

than normal

drawings

Nos.

of these designs

location

guardfence

and terminal

SD350

are beam

should

- 406.

height,

be

construe tee

Some

of the morE

post

spacing,

post

flare •
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4.1

Beam Height

Operational

experience

height

the

of

significant
barrier

The

crash

above

variables

testing

ground

have

level

contributing

to

indicated

is

the

one

of

that
the

effectiveness

the
more

of

a

system.

two

standard

type Band

The

beam

and

heights

used

now

are

680mm

for

the more

common

750mm for type A guardfence.

range

of

heights

at

which

guardfence

will

perform
i

satisfactorily
vehicle

is inclined

backwards
the

is fairly

centre

of

height "the vehicle
a rubbing

4.2

mount

position,

gravity

of

is inclined

entrapment

Thus

tolerances

need

to take

for

this

guardfence

or where

At 600mm beam height

into

crosses

the

the impacting

the rail

rotates

the rail

Between

entrapped

680

due

and

750mm

on the posts

75Omm, even with

if

the rubbing

are

tight

Particular
is located

overlays

and

all

care

installations

should

near kerbs

be

taken

(see below)

are expected.

Post Spacing

Post spacing
length

is very much controlled

commonly

and the former

manufactured
standard

by standard

now is 5m, with

length was

beam lengths.

post

12' (3.7m) with

spacing

The

of 2.5m,

post spacing

12' or 6'•
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to

to occur.

account.

future road surface

rail.

Above

height

drains,

as

or to roll-over

is likely

beam

the rail

to become

rail is not provided.

rail, vehicle

where

to either

into a "ramp"

lower

small.

1---------------
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Again operational and experimental experience has shown that posts
at 12' spacing do not provide sufficient torsional stability to the
beam and allow vaulting of the rail or pocketing between posts.
There is certainly still a great deal of guardfence on Victorian
roads with posts at this spacing and the question must seriously be
asked as to whether this guardfence does not in fact present more
of a hazard than a safety device.

Although testing has not been carried out with posts at the now
standard 2.5m spacing, operational experience has indicated that
the

barrier

does

perform

satisfactorily.

It

is

considered,

however, that the distance between posts should not be increased to
any more than 2.5m.

In addition it is important that, where there is a significant
change in the lateral strength or lateral stiffness of a roadside
barrier, i.e. at bridges or New Jersey barriers, then a transition
section

should be

barrier.

provided

from

the

semi-rigid

to

the

rigid

This gradual increase in stiffness is normally achieved

by closing up the post spacing to Im in the immediate vicinity of
the bridge end post.

4.3

(Ref. SD 400-406)

Post Lens.th

As indicated earlier it is essential that post length, and thereby
post embedment, be no less than the 1800mm shown on the standard
drawings.

Reduction of this length will lead to a rapid decrease in height of
the rail during deflection.

4.4

Barrier Offset

As a general rule, where the ground in front of any length of
guardfence is flat and free of kerbs, ditches, drains etc., the
guardfence should be

erected as far away from the edge of the

carriageway as possible •

.• . /14
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However where there are obstacles, which are likely to affect the
vehicle

trajectory,

necessary

located

to modify

this

in

rule

front of
to

take

the guardfence
account

of

it

this

is

fact.

Standard Drawings No. SD 360 - 369 all contain notes regarding the
location of guardfence in relation to shoulders and kerbs.

Where a kerb is present it is important that the face of the rail
be located either as near as possible to the face of the kerb (and
definitely within 30Omm) or far enough away for the vehicle to
assume a new level after traversing the kerb (at least 2.4Om).

In

the later case the rail height should be set above the new ground
level not the road surface level.

Where

guardfence

is

to

be

erected

in

the

verge

area

of

an

embankment a minimum clearance of the order of 500mm should be
maintained to the top of batter or longer posts used.

In general guardfence should not be erected on batters, however
where the slopes are flatter than 4:1 and adequate rounding of the
hinge point has been carried out it.may be permissible.

Further

advise on vehicle trajectories should be sought if a need arises to
install guardfence on a batter.

4.5

Terminal Flare

The standard drawin~s indicate a standard splay of
approach

to any straight section of guardfence.

1.2m on the

This approach

splay, and it is pointed out that the 1.2m should be considered
minimum,

is

very

important

including

those using

in

all

guardfence

the modern breakaway

cable

8

installations
terminals as

anchorages.

In the case of an end-on impact, the curvature of the flared end
section causes the vehicle forces to be introduced into the rail
eccentrically, thereby reducing the column strength of th~ rail and
reducing the tendency for spearing.

••. /15
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5.

THE BREAKAWAY CABLE TERMINAL (B.C •T •)

With the initial solid anchorages used on guardfence installations it
was recognized that the approach end of a guardfence was a significant
roadside hazard.

Actual accidents and full scale crash tests indicated

that most end designs failed to provide the same protection as the rest
of the guardrail.

Vehicles had been speared on terminals fitted with

"fish-tail" end sections and whilst ramped end sections such as the
"Texas

Twist"

design prevented

spearing

they did

cause

high

speed

roll-overs.

The need for an improved guardrail terminal lead to the development of
the Breakaway Cable Terminal or BCT by M.E. Bronstadt and J.D. Michie at
the Southwest Research Institute in Texas.

The BCT was adopted by the CRB/RCA in 1982 and its essential features
are shown on standard drawings SD 350 and 351, copies of which are
attached.

Some of the more important features of the design are:
(i)
(ii)

two timber posts installed in concrete footings;
80mm diam. holes drilled through the timber posts
approximately 100mm above the ground;

(11i)
(iv)
(v)

an enlarged end section (called a "Bullnose");
a cable connecting the W-beam to the first post;

and

500mm diam. reinforced concrete post footings.

In their work on the BCT, Michie and Bronstadt warned that "Significant
modification or deviation from proven details is discouraged, unless
verified

by

full

scale

testing".

Unfortunately,

from

observations

around this state, this advise has been ignored in many cases•

.•• /16
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5.1

How Does A BCT Work?

(a)

Head-on

Impact

If an errant
second
rail

vehicle

posts,

hits

weakened

to buckle

the beam spearing
drastic

(b)

around.

contact

The BCT can be struck

the terminal

by the drill

and wrap

vehicle/barrier

head-on,

holes,

shear

The bull

nose

area, distributing
head-on

with

the vehicle,

the first and
allowing

the

increases

the

the impact

a very

loading.

low probability

or of the vehicle

of

stopping with

decelerations.

Impact Along Guardfence

If

the

guardfence,

developed
anchor

5.2

16 -

beyond

in the W-beam

the

is

hit

is transferred

cable and the concrete

Installation

BCT

the

tensile

force

to the soil through

the

footing.

Details
I'

The

following

drawings,
proper

(i)

details,

should

be

functioning

all

of

checked

which

during

attachment

on

construction

normally

bolts must be deleted

stripping

is greatly

collapse

installed
in order

of the rail from the posts

Once the rail is separated

the
to

stand.ard

ensure

is greatly

reduced,

The reinforced
performance
.sufficient

concrete

the

consequently

the rail

to facilitate
impacts.

its column

and its resistance

to

reducing

the

vehicle.

footings

are essential

of the BCT since the footings
strength

under

in end-on

from the posts,

increased

force on the impacting

(ii)

shown

of the BCT.

The steel plate washers

length

are

for the wooden

to the

must have

end posts

to shear •
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(iii)

The

1.2m flare must be provided

The eccentric

(iv)

loading

reduces

Elimination

of the blocks

eccentric

the chance

loading

end-on or downstream

(v)

The

'.

of the rail when

end further

avoids

anchor

cable

guardrail

to

taut

all

at

deflection

the

and properly

installed.

impacted

of spearing

at the

of the vehicle.

from the terminal

section

of the end posts during

both

impacts.

transfers
end

post.

times

to

tensile
This

avoid

in the guardrail.

forces

cable

the

be

kept

should

increasing

However,

from

the

provided

impact

the bearing

plate on the end post does not get out of position,
amount of slack

(up to 4Omm) will not seriously

It is important

that the bearing

position
thereby

so that it bears
transfers

the correct
secure

The

essential

Don'ts

it either with

of guardrail

of

affect

of the plate

safety

in its correct

the post as intended

the load properly.

positioning

principles

against

plate remain

a small

In order

and

to ensure

it is advisable

to

thin wire or small nails bent over.

the

installations

B.

c. T.

concept

are attached

and

some

Do's

and

ATTACH.MENTS TO "STEEL W-BEAM GUARD FENCE:
ITS FUNCTION AND USE"
BY: JOHN CUNNINGHAM

.t-

_

ROAD

DESIGN

7.4.1

~ANUAL

AUGUST,

I',.

GUARD FENCE 7.4

7.4.1 General

(b) Roadside Objects
Guard fence should be located where it is
considered desirable to provide protection
from the following roadside objects:
• At locations where the consequences of a
vehicle leaving the road embankment
would be more severe than collision with
the quard fence itself, e.g. vertical

Guard fence is a structure designed and located
with the object of:
• errant
Reducing
accident
vehicles
nearly severity
parallel tobytheredirecting
direction
of the guard fence.
• Minimising the effect of possible vehicle collision with vulnerable portions of structures
and roadside fixtures.

retaining
wall, an adjacent road, railway,
river
or house.

An added advantage of the use of guard fence Is
delineation of the roadway.
These standards are to apply to new work. For

• Fixed objects such as trees and bridge
piers
of the
outerexceeds
edge of traffic
lane within
where9mthe
AADT
2000
vehicles/day, except where the object Is
on a cut batter and more than 1.5m
vertically higher than the formation
surface.

upgrading
existing
reference
should
made
to
the Chief
Roadroads,
Design
Engineer.
For be
existing
facilities, an accident history should be considered
In conjunction with the warrants by the Divisional
Engineer, for any proposal for guard fence.
As guard fence can also be a hazard the cost of
alternative treatments to eliminate It should be
carefully examined In all cases.

• Major sign supports and lighting pOles
that require protective treatment unless
they have been designed to be frangible.
(c)· Sub-Standard Curves
On the outside and/or Inside of all sub·
standard horizontal curves, where embank·

7.4.2 Warrants
Guard fence Is erected where one or more of the
following warrants are satisfied.
(a) Embankment.
On the side of embankments on either
straight road or horizontal curves with the
following
embankment height/embankment slope/road class combinations. (Table
7.4.2 (a))

ItWI
• s.....,
s....~ U:l

4OIS1eeoer
72:1
4:1 1.5:1
"'-l1er
not
501
4:1
S
OIS1eeoer
Ol

~

I'll HeigIll __

au.d

43

F..- ,....

TABLE 7.4.2(a)

ment
side-slope combinations
are
as height
in Tableand
7.4.2(c).
TABLE 7.4.2(c)
Fill Height (m)

2 ·2.5

2.5·3.0
3.0·3.5

3.5 or greater

au.d
F..-

Embankment
1.5
2
2.5
••

:
:
:
:

1 or
1 or
1 or
1 or

Slope

Steeper
Steeper
Steeper
Steeper

A sub-standard curve is defined as any curve
whose safe speed value (shown by the ball
bank Indicator) is 10 or more km/h below the
85 percentile approach speed.
(d) On Curve. on Steep Down Gr8des
On down grades of 8% or more and where

/JIlI

approach
speeds
high, guard
may
be required
on theare
outside
and/orfence
inside
of
curves on embankments, even though

Not •• on T.ble 7.4.2(.)
•
The above warrants are subject to
variations by the Chief Road Design
Engineer, subject to the particular site
or local requirements.
•
In particular the Justification for guard
fence should be critically examined for
tourist type roads or roads constructed
In steep Sidll,ng for AADT < 2000.

above conditions
7.4.2(a),(b)
and (c) do
not
apply.
In this case
traffic volumes
of 100
vehicles/day or more and 85 percentile
speeds of 6Okm/h or more should be the
warrant for guard fencing .
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7.4.3

MANUAL

AUGUST,

(g) Culvert Endwalls
Guard fence of Iimlled length may be placed
adjacent to culvert endwalls under the
following conditiom'.
• The endwall of tM culvert is located gm or
more from the outer edge of the traffic
lanes.
• The batters are f1:itter (around 4 : 1).

(e) .On Approaches to Structures

s

18m
Two Way Traffic:
W
guard fence at locations 1, 2, 3, 4.
Two Way Traffic:
W > 18m
guard fence at locations 1, 4.

• The culvert drop 10greater than 1 metre.

7.4.~ Type of Guard Fencing

One Way Traffic: for all widths: W
1,2 = Approach Warrant
3 = Height or other Warrant
. 4 = Narrow Median Warrant

(f)

For details of the transition of guard fence
to bridge barrier refer to Section 2.6.10.
Median Barrier
Guard fence is generally considered only for
freeway and expressway conditions. For
these facilities the following warrants are to
be used as a guideline in the determination
of median barrier usage. (Table 7.4.2(f)
TABLE 7.4.2(f)

The two main types of guard fence used in road
design are:
.
• Rigid Barrier - In which little or no deflection is
permitted e.g. guard fence with posts spaced
approximately one metre apart; or New Jersey
RC type.
• Seml·Rlgld Guard F.nce - where small to
moderate deflection lit permitted.
The semi-rigid guard fence is the most common
type used.
The uses of each particular type of semi-rigid
guard
fence are
(Refer
Drawings"),
as Types
follows:A 10 F - "Book of Standard
(a) Road Edge Barriers (Types A. B, C, 0,) Table
7.4.3(a)

80
- Desirable
40
AADT (Thousands)
80
20
45
Minimum
Standard
30
15

TABLE 7.4.3(a)

dth
B

~

BB
.01
B
orC
A
B1000
<400
C-or
>B 1001 TrafllC Volume (AADT)
85 Percentile
km/h

Approach Speed
< 80
Applicable
Guard Fence Type

• For particular cases on urban roads such
as heavy traffic volumes, narrow median,
steep cross fall or accident history, consideration should be given to the use of
guard fence In the median.
• Where split carriageways are used, the
guard fence should be placed on the
median side of the high carriageways.
• For median width 12.0m or greater median guard fencing is normally omitted.
• For roads with AADT values less than
shown in the above table - median guard
fence is not required unless required by
another warrant or there is a history of
cross median accidents along the existing
or similar facility.

J......

1t71
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For use on freeways and other
roads In accordance with the
above warrant. It should also be
used whnre the location of the
guard fence is such that the consequencoS of fence penetration
would be severe.
Type B: For use on freeways and other
roads in accordance with the
above warrant.

.Type A:

As requlrrtd by the above warrant.
Where thtt consequence of fence
penetratl()O would be severe,
Type B guard fence should be
used.
Type D: To be USfJdfor security purposes
only, e.g. parking areas, scenic
lookouts. where low speed (less
than 3Oknl/h) impact will occur.
Type C:

B.C.T.

CONCEPT

PERFOR~lA;'!CE

Deslgn
ComEonent

1.

End

or

Pos

Ena=- on

Feature

t'

-1 mEac

Post breaks
¥way at bored
hole, releaslng
cable,
thus minimizing
spearing
forces,

Post is designed
to
transfer
breaking
strength
of cable to
concrete
footing.

No

function,

Distributes
forces from
post.

vertical
cable to

function.

Distributes
forces from
post.

horizonta
cable to

Pipe

(b)

Bearing

Plate

No

(c)

Absence

of Block

Avoids
eccentric
of post through
section.

Terminal

3.

Anchor

4.

Concrete

s

End

6.

Second

(a)

*

Section

Cable

Footing

Flare

(S2l!l)

Post

Absence

of Block

Extract
from
by Troutbeck,

Flffictlon
.
._
Do\,nstream
lInEac

ts

( a)

Insert

*

PRl;';ClPLES

loading
terminal

Avoids

eccentric

of anchor
rail.

post

load
throug

Large nose distributes
loads over a large area,
thus reducing
chances
of
rail penetration
into
passenger
compartreent.

No

The cable releases
end-on
impacts.

Cable transfers
tensi
forces from beam to e
post.
Proper anchors
is essential
for angl
impacts
do"nstream
f1
the end.

during

function.

Reduces
tendency
for post
to rotate
(deflect)
in
soil, thus assuring
that
post will break
in end-on
impacts.

Distributes
loads
post to soil.

For end-on
impacts,
the
curvature
of the flared
terminal
causes
the vehicle
forces to be introduced
into the rail eccentrically,
thereby
reducing
the column
strength
of the
rail and reducing
the
tendency
for spearing~

No

function.

Under more severe
impact
conditions
the post
breaks
away at bored
hole, minimising
the
tendency
for the rail
element
to act as a ramp.

No

function.

Avoids
eccentric
loading
thereby
aiding the breakaway function.

No

function.
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DO'S

1\:\0 DO\T'S

-

1\'-!3EA~1

STEEL

with

I\ST,\LUTIO\S*

1.

Check the plans.

2.

The 175 mm dimension of IllS x 125 tir.lberposts should
perpendicular
to the rail.

3.

The posts should be set to the full depth shown on the plans.
If this is not possible ~ue to ~presence
of spread footings
or other underground
obstruction, some acceptable alternative
method of setting the posts should be used.
Alternative
methods may be obtained through the Construction or
Traffic Divisions.

e

Be familiar

GUARDRAIL

the design

requirements.
be

If a guardrail post interferes with drains, kerbs, etc. the
post can be set further back and blocking can be increased
to 2 or 3 instead of the usual one.
Note that no blocks
are used on the two end posts associated with the Break-away
Cable Terminal.

,~

4.

All rail laps should
to the rail.

S.

Splice bolts should be tight.
The bolt head (not the shoulder)
should be in full bearing with the rail.
The recess in the
nut should face the bolt shoulder, otherwise the splice will
not be tight.
Use all 8 splice bolts unless the plans show
otherwise.

n

6.

be in the direction

of traffic

adjacent

Bolts should be long enough to provide for full threading of
the nuts.
A one or two thread connection is not satisfactory.
This point should also be checked at connections to structures.

7.

Excessive rail mounting bolt threads exposed beyond the nut
should be cut off.
This is particularly important where
there is pedestrian
or bicycle traffic behind the guardrail.
Excessive bolt length on double beam median barriers can
increase vehicle panel damage in otherwise minor collisions.

8.

Rail elements must be set and maintained at the proper height
(680 % 20 mm).
Where the rail element is too low (less
than 660 mm), there is an increased chance that a vehicle
may go over the top of the guardrail.
Where a guardrail
element is too high (more than 700 mm) there is an increased
chance that a small vehicle will be snagged on a post.

9 . The area in front of guardrail

should be flat and smooth,
free 'of berms, dikes, kerbs, windrows, ruts, etc., that
could launch a vehicle over the barrier.

*

10 .

Anchor cables should be taut with no obvious slack in the
.cable.
This will ensure that tension is quickly developed
in the rail element during a collision,
thus minimisin&
any tendency towards pocketing by the vehicle.

11.

Concrete anchors and footings must be constructed according
to dimensions shown in the plans.
Undersized footings,
where soil has caved into the hole before concrete was placed,
have been torn out of the ground by impacting vehicles.

Extract
from
by Troutbeck,

paper
presented
Field
& Duncan.

at

Xth

AARB

Conf.,

1980

-

12.

Where posts are installed in loose soil or close to the
edge of an embankment, it may be necessary to use longer
posts to ensure that the barrier will have adequate strength
A barrier with inadequate post support can be knocked down
with relatively little effort, allowing a vehicle to proceed
beyond the barrier.
,

13.

Where cable clips are used, the saddle of the clip (not the
"U" of the clip) should be on the live or load carrying end
of the cable.
If not, t~e cable can slip, the rail will not
develop full tension and a vehicle can penetrate the guardra
A simple rule to remember is: "Never saddle a dead horse".

14.

The ends of all guardrail installations must be flared back
away from traffic.
Setbacks for flares are shown in the
plans.
A flare reduces the end-on stiffness of the rail
thus reducing the chance of spearing a vehicle involved
in an impact on the end of the installation .

15.

Do not make "off the cuff" field changes in the installation
design.
Small changes in an installation can result in
sub-standard performance durjng a collision.

16.

When a problem develops or if something is not clear do not
hesitate to ask questions.
It is most important that if you
observe something that does not work out the way it is
intended to, either in building, in maintaining, or in the
manner in which it is supposed to perform, pass the word on.
This is one sure way we can avoid perpetuating past mistakes
and preclude costly corrective measures.

.
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APPENDIX D
DRAFT BRIDGE ASSESSMENT FORMS

Presented below are draft pro-formas which could be used to aid in the
determination of works and assist in establishing priority for works in accord
with the recommendations of this study.
It is envisaged that such forms would be prepared and distributed to Local
Government and RCA or RTA regions, and a form be completed for each bridge or
culvert which satisfies the priority ranking.
To operationalise this, it is suggested that the priority ranking developed in
this report (Table 38) be used to determine the criteria for allocation of
resources in any given year. (For example, in the first year, only bridges and
culverts in priority ranking 1 and 2 in Table 38 might qualify.) Question 1 on
the pro-forma would then be used to sift those jobs which qualify in that year.
Those jobs which do qualify would then be ranked on:
1. Their priority grading according to Table 38, and
2. Bridge length (see Question 1)
Works would then be carried
Chapter 5.

out according to the recommendations

presented
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BRIDGES: DELINEATION DEVICES
Bridge Location
.
AADT
.
Bridge Width between kerbs
.
Bridge Length between end posts
.
Clear Zone Width 1 ..•....•...•.........•.•..•.......•....•...
85 percentile speed
.
Curve Radius2 •••••••••••.•••••••••••••••••••••••••••••••••••••...

1. Bridges may be eligible for funding if the AADT exceeds
is less than or equal to
m.
---

vehj d and the bridge width

Does this site qualify for consideration in the current program?

NO

YES

Go to the next site

Go to (2)

2. Is the bridge structure (i.e. rail, end post, pier, abutment, etc) within the clear zone defined
. in Figure 1, based on AADT and speed?

NO

YES

Go to the next site

Go to (3)

3. Is street lighting provided?

NO

YES

Go to (4)

Go to (5)

4. Are guide posts and delineators provided in accordance with the RCA Traffic Engineering
Manual, Section 25?
YES
Go to (5)

NO
Estimate cost of provision $
Go To (5)

*

CULVERTS: DELINEATION DEVICES
Culvert Location
.
AADT
.
Culvert width between endwalls or guard fence
Length of culvert or guard fence
.
Culvert drop
.
Clear Zone Width 1 •.••••••••••••••••••••••••••••.•••••••••.•.
85 percentile speed
.
Curve Radius2 ••••••••••••••••••••••••••••••••••••••••••••••••••••

.

1. Culvert may be eligIble for funding if:
AND
AND

YES/NO
YES/NO

AADT exceeds
veh/ d
width between endwalls or guard fencing is less than __ m
culvert drop is greater than 1 m
OR culvert end wall is within the approach formation width
(i.e. within the road shoulder)

YES/NO

Does this site qualify for consideration in the current program?

NO

YES

Go to the next site

Go to (2)

2. Is the culvert end wall or guard fence within the clear zone dermed in Figure
1, based on AADT and speed?

NO

YES

Go to the next site

Go to (3)

3. Is street lighting provided?

NO

YES

Go to (4)

Go to (5)

4. Are guide posts and delineators
Engineering Manual, Section 25?
YES

Go to (5)

provided

in accordance

with the RCA Traffic

NO
Estimate cost of provision $
Go To (5)

*

BRIDGES: DELINEATION DEVICES (CONTINUED)
5. Are bridge width markers provided in accordance with RCA Traffic Engineering Manual,
Section 24.4?

NO

YES
Go To (6)

Are they warranted in accordance with that
Section?
If YES, estimate cost $

*

Go to (6)
If NO, Go to (7)
6. Are edge lines and raised reflective pavement markers provided in accordance with RCA
Traffic Engineering Manual Sections 19.4.2(ii) and 22.1.3(v)(b) respectively3?

NO

YES
Go to (7)

Estimate cost of provision $

*

Go to (7)
7. If the bridge is on or near a horizontal curve2, is that curve radius < 600m?

NO
Go to (8)

YES
Estimate cost of provision of chevron
markers in accordance with RCA Traffic
Engineering
Manual Figure 24.6.34
$
*

8. Total cost of installation (sum of items marked *) $

1. Distance from edge of through lane to bridge kerb
2. If the bridge is on a curve, or within 200 m of the TS point of a curve.
3. For length of edge line refer to Table 21.3.2a or Figure 30.4.
4. These may be omitted if the alignment of the road section is generally of a low geometric
standard.

' I

I

r"I
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CULVERTS: DELINEATION DEVICES (CONTINUED)
5. Are width markers provided in accordance with RCA Traffic Engineering Manual, Section
24.4?

NO

YES
Go To (6)

Are they warranted in accordance with that
Section?
If YES, estimate cost $

*

Go to (6)
If NO, Go to (7)
6. Are edge lines and raised reflective pavement markers provided in accordance with RCA
Traffic Engineering Manual Section 19.4.2(ii) and 22.1.3(v)(b) respectively3?

NO

YES
Go to (7)

Estimate cost of provision $

*

Go to (7)
7. If the culvert is on or near a horizontal curve2, is that curve radius < 600m?

NO
Go to (8)

YES
Estimate cost of provision of chevron
markers in accordance with RCA Traffic
Engineering
Manual Figure 24.6.34
$
*

8. Total cost of installation (sum of items marked *) $

_

1. Distance from edge of through lane to bridge kerb
2. If the bridge is on a curve, or within 200 m of the TS point of a curve.
3. For length of edge line, refer to Table 21.3.2a or Figure 30.4.
4. These may be omitted if the alignment of the road section is generally of a low geometric
standard.

BRIDGES: GUARD FENCES
Bridge Location
.
AADT
.
Bridge Width between kerbs
.
Bridge Length between end posts
.
Clear Zone Width 1 ••••.••••••••••••••••••••••.••.•.•...••.•••
85 percentile speed
.
CUIVe Radius2 •••••••.•••.••••••..••...•.••..•••••.••.••.•.....•.•

vehj d and the

1. Bridges may be eligible for funding if the AADT exceeds
bridge width is less than or equal to __ m.
Does this site qualify for consideration in the current program?

NO

YES

Go to the next site

Go to (2)

2. Is the bridge structure (i.e. rail, end post, pier,
clear zone defined in Figure 1, based on AADT and speed?

abutment,

etc)

NO

YES

Go to the next site

Go to (3)

within

the

3. Is there guard fencing currently in place at the bridge?
YES

NO

Go to (4)

Go to (5)

4. Does the installation
Section 7.4?

accord with the provisions of RCA Road Design Manual,

YES

NO

Go to next site

Go to (5)

BRIDGES: GUARD FENCES (CONTINUED)
5. Does the site meet the warrants for guard fence installation presented in RCA Road Design
Manual, Section 7.4.2(b) or (e)?

NO
Go to next site

YES
Estimate cost of provision of guard
fence to satisfy RCA Road Design
Manual Section 7.4 $

----

1. Distance from edge of through lane to bridge kerb
2. If the bridge is on a curve, or within 200 m of the TS point of a curve.

'e
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CULVERTS: GUARD FENCES
Culvert Location
.
MDT
.
Culvert width between endwalls or guard fence
Length of culvert or guard fence
.
Culvert drop
.
Clear Zone Width 1 •••••••••••••.•.•••.••.•.•.••...••.....•..•
85 percentile speed
.
Curve Radius2 ••••••••••••••••••••••••••••••••••••••••••••••••••••

.

1. Culvert may be eligible for funding if:
AND
AND

MDT exceeds
veh/ d
width between endwalls or guard fencing is less than
culvert drop is greater than 1 m
OR culvert end wall is within the approach formation width
(i.e. within the road shoulder)

YES/NO
ID

YES/NO
YES/NO

Does this site qualify for consideration in the current program?

NO

YES

Go to the next site

Go to (2)

2. Is the culvert end wall or guard fence within the clear zone defined in Figure 1, based on
MDT and speed?

NO

YES

Go to the next site

Go to (3)

3. Is there guard fencing currently in place at the culvert?

YES

NO

Go to (4)

Go to (5)

4. Does the installation accord with the provisions of RCA Road Design Manual, Section 7.4?

YES

NO

Go to next site

Go to (5)

,
CULVERTS: GUARD FENCES (CONTINUED)
5. Does the site meet the warrants for guard fence installation presented in RCA Road Design
Manual, Section 7.4(C) or (g)?

NO
Go to next site

YES
Estimate cost of provision of guard
fence to satisfy RCA Road Design
Manual Section 7.4 $

----

1. Distance from edge of through lane to bridge kerb
2. If the bridge is on a curve, or within 200 m of the TS point of a curve.

~------------

,

1IIIIfI'I
..-- -,

PLATES
The photographs on the following pages illustrate some of the points made in Chapter 4. In
particular, some illustrations of the ways in which bridges and culverts may constitute roadside
hazards are presented, and some examples of good and poor practice in relation to the provision
of delineation devices and guard fencing are given.

