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ABSTRACT

The roadside safety research community has placed a significant amount of effort in developing design
and safety guidelines, while focus on the assessment of the proper implementation of these guidelines
is lacking. Meanwhile, nearly one-third of all fatal road crashes worldwide involve single-vehicle,
run-off-road (SVROR) crashes. The objective of this study is to conduct a roadside design compliance
evaluation in an urban, high-density area with regards to a pre-selected benchmark. Visits were made
to over 100 SVROR injury-crash locations. Almost all locations were found to be non-compliant. A
lack of the minimum recommended clear zone (CZ) provision was the main cause of non-compliance,
while 80% of all locations suffered from barrier misplacement. In conclusion, roadside design
guidelines have been poorly implemented in the area studied, and findings indicate that more focus on
proper, on-site design implementation is warranted. We are not aware of previous studies that have
investigated roadside design compliance in other parts of the world. Hence, we encourage researchers
to replicate this study in their respective geographical areas of interest. The authors discuss how the
findings of this study may be relevant to researchers, governmental transportation agencies, roadside
safety equipment suppliers, practitioners, and decision-makers.
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1 INTRODUCTION
1.1 Background

Design guidelines have recommended roadside areas to be treated based on five design
priorities [1], [2]. The first priority is to, whenever possible, remove the hazard if it is located
within the minimum recommended clear zone (CZ) width. According to the 2011 American
Association of State Highway and Transportation Officials (AASHTO) Roadside Design
Guide (RDG), CZ is defined as the unobstructed, traversable area provided beyond the edge
of the through travelled way for the recovery of errant vehicles and should be determined as
a function of design speed, average daily traffic (ADT), and roadside terrain topography [1],
[2]. The CZ distance values contained in the Abu Dhabi Department of Transport (DOT)
RDG are the same as those contained in the 2011 AASHTO RDG, except that the Abu Dhabi
DOT RDG does not make recommendations for CZ distance values for design speeds of
90 and 110 km/hr. In addition, the Abu Dhabi DOT RDG does provide recommended CZ
distance values for design speeds higher than 110 km/hr, whereas the 2011 AASHTO RDG
does not. In situations where completely removing the hazard is not possible, design priority
#2 may be pursued, which consists of relocating the hazard farther from the roadway edge
such that the hazard may be outside the minimum recommended CZ. Alternatively, the
hazard may be re-designed, if possible. Design priority #3 consists of making the hazard
traversable. This can be accomplished in a number of ways. For example, in the case of poles
and traffic signs, it has been long shown that the use of breakaway devices, energy absorbing
steel columns, and collapsible poles all present the potential to significantly decrease crash
severity [3]-[7]. Another example of the application of design priority #3 would be the
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utilisation of steel grates in the case of culvert openings [8], [9]. If, and only if, none of the
first three design priorities are viable options, shielding the hazard with a roadside barrier
(i.e., design priority #4) should be considered. Roadside barriers have been found to
contribute to road crash injury causation [8], [10]-[13]. Therefore, barrier installation should
be used only when the implementation of the previously cited design priorities is not
technically and/or economically feasible. If none of these alternatives are feasible,
delineation (i.e., design priority #5) should be considered, as a minimum [1], [2].

However, while these guidelines have been recommended for many years, there has
been no research that has investigated how properly these guidelines have actually been
implemented in a dense, urban setting. Instead, much research has been devoted either to
study the relationship between SVROR crash frequency/severity and its contributing factors
[14]-[19], or to assess the safety performance of roadside hardware based on full-scale crash
tests [20], [21].

The first attempt to investigate the characteristics of installed roadside design (i.e., in
terms of roadside crash locations and roadside feature configurations) date back to the 1980s
[22], which was followed by another research published in 1990 [23]. However, these early
studies not only were conducted a long time ago (which means they covered areas that may
not reflect the urban areas of today’s major metropolitan centres), but they also were limited
to one specific roadside feature: trees. Later on, a few other studies focused on investigating
the relationship between installed urban roadside design and roadside crash frequency. These
studies found that the presence of urban roadside furniture, placed to make streets more
liveable, tended to significantly decrease the number of roadside crashes [24]-[26]. Another
recent study found that streetscape design tending to result in smaller, more enclosed
streetscapes contribute to fewer injury or fatal crashes [27].

In sum, previous studies focused on: (a) studying the relationship between single-vehicle,
run-off-road crash frequency/severity and its contributing factors [14]-[19], (b) assessing the
safety performance of roadside hardware [20], [21], (c) investigating the characteristics of
installed roadside design in relation to tree location and configuration [22], [23], and (d) on
investigating the relationship between urban street design (i.e., in terms of liveability) and
roadside crash frequency or severity [24]-[27]. However, none of these studies identified the
level of high-density, urban roadside design compliance to current, state-of-the-art
guidelines. Moreover, assessing roadside design compliance should be relevant due to a
number of reasons. Firstly, this may provide a feedback to researchers and practitioners in
terms of how developed guidelines have actually been implemented on the ground. Secondly,
such assessment should shed light into how practical (or impractical) implementation of these
guidelines actually may be. For example, roadside design guidelines [1], [2] propose the
adoption of CZ values which have been developed based on a narrow set of road
characteristics [28], which may not be reflective of urban areas. Lastly, transportation
agencies may prevent costly liability costs by improving roadside design compliance levels.

1.2 Research objectives

The objective of this research is to assess the roadside design of an urban, high-density area
in terms of its compliance to the selected benchmark. The Abu Dhabi DOT RDG was selected
as the benchmark [2]. The 2012 Abu Dhabi DOT RDG is heavily based on the 2011
AASHTO RDG, including its CZ distance policy [1], [2].
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2 METHODS

2.1 Study area

The present study conducted an assessment of the roadside design at 119 locations where
SVROR-injury crashes had occurred between years 2013 and 2016 within the black, outlined
portion of the city of Abu Dhabi, in the United Arab Emirates (UAE), shown in Fig. 1.
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Figure 1:  Satellite image for the city of Abu Dhabi and one of its main islands. (a) The city
of Abu Dhabi outlined in red and island outlined in black; and (b) Studied
SVROR-injury crash locations in yellow and excluded SVROR-Injury crash
locations in red. (Source: Google Maps, 2019 [29]; Google Earth, 2019 [30].)
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Fig. 1(a) shows the boundaries of the city of Abu Dhabi in red, as well as those of one
of its main islands outlined in black. In Fig. 1(b), the yellow dots represent the 114
SVROR-injury crash locations studied, while the red dots represent the five SVROR-injury
crash locations which were excluded from the study because those locations were not
accessible due to ongoing construction work taking place during the time the site visits were
carried out. The rationale behind focusing on the island outlined in black only was because
it is a dense, urban part of the city of Abu Dhabi, making it a suitable area for this study,
considering that the objective of this research was to assess roadside design compliance in an
urban, high-density environment. The land in this island is mostly used for commercial and
residential purposes, translating into a built environment filled with residential villas
and apartments, as well as office buildings and commercial properties. The downtown area
is located in the north-western part of the island. This is the densest part of the island due to
the large number of tall, multi-story buildings in close proximity to each other. In this part of
the island, most residents live in apartment buildings; thus, the low number of residential
villas. On the other hand, land use and built environment patterns change towards the side of
the island closer to the mainland (i.e., the south-eastern corner). That is, not only the number
of multi-story buildings per unit of land area decreases, but also the average building height
is lower than that in the downtown area. On this side of the island, land use becomes more
residential, and the built environment is more occupied by residential villas.

Finally, from a road transportation perspective, the area outlined in black is a very relevant
part of the city of Abu Dhabi, demanding its roads to carry larger daily traffic volumes as
compared to those observed in Abu Dhabi mainland.

2.2 Data collection and roadside design problems

Crash data was provided by the Abu Dhabi Traffic Police. Only injury crashes contained GPS
information. Thus, this study was limited to injury crashes. All crashes classified as having
involved only one vehicle, as well as falling into the “off-road crash” category, were selected.
After excluding 5 sites due to ongoing construction work, a total of 114 cases were
selected. Site visits were made to these crash locations. Data collected during site
visits included descriptions and measurements of fixed-object type, CZ distance,
hazard-to-roadway lateral offset, curb height, barrier length, barrier-end terminal type,
hazard-to-barrier offset, roadside terrain topography, as well as breakaway device and crash
cushion use/type. Crash location data collected during visits were compared with roadside
design guidelines contained in the Abu Dhabi DOT RDG [2]. Data collected from crash sites
was merged with the crash data received from the Abu Dhabi Traffic Police. The Abu Dhabi
DOT provided traffic data pertaining to the average daily traffic (ADT) of road locations of
interest. ADT information was needed in order for a specific CZ value to be determined, as
per the roadside design guidelines contained in the benchmark [1], [2]. Crash descriptions
and diagrams were also reviewed in order to better understand crash dynamics, as well as to
extract data on the sequence of crash events and rollover occurrence outcome. Lastly, field,
crash, and traffic data were merged into a single, injury-crash dataset.

2.3 Roadside design guidelines and assessment

As discussed in Section 1.1, the selected benchmark defines 5 design priorities. In addition
to the design priorities, a few other design considerations contained in the benchmark were
taken into account to assess whether a roadside design deviated from design guidelines or
not. They were: (a) curb height, (b) barrier installation in curb vicinities, (c) roadside barrier
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length of need, (d) barrier crash test level (TL), and (e) barrier working-width requirements
[1], [2]. Table 1 provides a few cases of roadside design assessments performed in this study.
All 3 cases pertained to locations with flat roadside terrain and ADT volumes of over 6,000.
None of the previously described design priorities was properly implemented in any of these
cases. Therefore, these designs were found to be non-compliant with the benchmark adopted.
However, in the right-most case, the sign was located within the CZ area but equipped with
a breakaway device, thus, this location was found to be compliance with the
benchmark adopted.

Table 1: Roadside design assessment examples.

Vehicle was traveling in the
Vehicle was traveling in the | second lane (from the left | Vehicle was traveling
left-most lane of a 4-lane road | roadway edge) when it left | northbound when it left
when the driver lost control of | the roadway and hit a TL-2 | the roadway and hit the
the vehicle, left the roadway, | concrete barrier, light pole, | curb.
hit two traffic signs, and | and tree. After the tree
Crash rolled over. impact, the vehicle rolled
description and over.
diagram — s -
— e B e ) e
51_01\ T ;’/ /ﬂ:i,.\iu 4
F1r§ t harmful Traffic sign Concrete barrier Curb
object struck
Crash severity Fatal Fatal Moderate
Design'V speed 120 kph 100 kph 80 kph
CZ width
provided and 3.79 and 12-13 ms 2® and 9-10 m 1.7 and 6-6.5 m
recommended®
Curb height 19 cm Not Available 14 cm
Brea_lkaway No No Yes
device use
Barrier use/need No/ Yes® Yes/Yes® No/No
Roadside design Non-compliant Non-compliant®® Compliant
compliance

(1)  Taken from the Abu Dhabi Roadway Design Manual [31].
(2) Based on Table 3-1 from the 2011 AASHTO RDG and Table 2.2 from the 2012 AD RDG.
(3) Since fixed-objects were located within the minimum CZ width recommended.

(4)  Measured from the roadway edge to the nearest shielded hazard.

(5) A TL-2 concrete barrier was installed where a TL-3 barrier was warranted.

2.4 Data tabulation

Data was cross-tabulated showing crash-severity distribution in relation to a number of
relevant road-, roadside-, and crash-related variables. Crash severity was classified into two
levels: “not severe” and “severe,” as shown in Table 2. Injuries reported as “minor” or
“moderate” were included in the “not severe” category, while injuries reported as “disabling”
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or “fatal” were included in the “severe” category. Bivariate analyses using cross-tabulation
were carried out [32]. Dual percentages are shown for each cross-tabulation category.
Percentages in the left-most cells refer to percentages in relation to the column totals, while
the percentages in the right-most cells refer to percentages in relation to the row totals. For
example, in Table 2, the underlined value 58.3 is a percentage, the product of the ratio
between the number of “not severe” crashes that occurred at locations which did not contain
deviations from the benchmark (i.e., 7) and the total number of crashes that occurred at
locations that did not contain deviations from the benchmark (i.e., 12). Thus, 58.3% of all
crashes that occurred at compliant locations did not involve severe injuries. On the other
hand, the italicised percentage value 7.8 is the product of the ratio between the number of
“not severe” crashes that occurred at locations that did not contain deviations from the
benchmark (i.e., 7) and the total number of “not severe” crashes (i.e., 89). Thus, only 7.8%
of all non-severe crashes occurred at compliant locations.

3 RESULTS
A total of 1,573 injury crashes and 119 SVROR-injury crashes occurred on the island
between 2013 and 2016. Hence, SVROR-injury crashes accounted for only 7.5% of all injury
crashes. This is a much lower number than that found in previous research conducted in
Dubai [14]. This may be explained by the differences in the areas covered. This study focused
on a highly dense, urbanised area, whereas the Emirate of Dubai includes areas with varying
density levels and road classes.

Table 2 shows that almost 22% of all SVROR-injury crashes involved severe injuries
while a staggering 89.5% (see number in bold) occurred at locations found to be
non-compliant. This indicates that meeting roadside design compliance may be slightly more
challenging in a dense, urban area as compared to areas that are not densely populated [33].
This may be attributed to more limited right-of-way (ROW) availability in densely populated
areas and may be an indication of the need for research related to the identification of a more
practical, minimum-recommended-CZ-distance policy for urban areas. Table 2 also shows
that a higher percentage (i.e., 41.7 versus 19.6) of severe crashes occurred at locations in
compliance as compared to those not in compliance with the benchmark (see underlined
numbers in bold). It is worth stressing that, of course, there is no statistical evidence
suggesting that compliant locations tend to produce a higher percentage of severe crashes.
Indeed, one cannot draw meaningful conclusions based on a sample size as small as 12, which
is the number of compliant locations. Furthermore, there are a number of other variables that
may affect crash severity such as impact speed and seatbelt usage.

Table 2: Crash severity distribution by roadside design compliance.

Roadside design
compliance
Yes No # Sub-to‘(t;)ls
Crasn Notsevere 583 S T
e severe Oi 41.7 520.0 19.6 2080.0 2 219
Sub-totals % 11)?5 81325
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Out of the 102 sites (i.e., 114 total sites minus 12 compliant sites) found to be
non-compliant, 61 contained poles and traffic signs installed within the minimum
recommended CZ distance. These poles or signs were neither equipped with breakaway
devices nor shielded by a barrier. Thirteen sites contained trees, fences, electrical boxes, and
walls installed within the minimum recommended CZ area. These hazards were also not
shielded by a barrier. A CZ distance of about 7.8 m would satisfy the minimum requirements
of about 85% of all locations studied, while about 85% of the locations studied were actually
provided with a CZ distance of no more than 5.2 m. Six sites contained an insufficient
barrier-to-hazard lateral offset, and nine sites contained a TL-2 concrete barrier whereas a
TL-3 barrier was warranted. Many of these sites also had curbs that were found to be
excessively high. However, only 13 of these locations were classified as non-compliant due
to excessively high curbs alone. That is, the convention adopted was that if a crash location
contained an excessively high curb but also had a fixed object within the minimum
recommended CZ, the roadside design on this location was classified as non-compliant based
on the fixed-object presence inside the CZ. Ninety-six out of the 114 studied injury-crash
locations were found to contain curbs. There were 76 locations found to have excessively
high curbs. Thus, a staggering 79% of all locations had curb heights higher than 15 cm. In
fact, about 35% of all locations had curbs 20 cm or higher, and about 20% of the locations
had curb heights of 25 cm or higher. These numbers are intriguing as the UAE has very light
rainfall and, therefore, does not have a storm drainage concern. In addition, these numbers
communicate a real safety concern as curbs may be ineffective in redirecting errant vehicles,
especially those leaving the road at sharper angles and travelling at higher speeds (i.e., greater
than 60 km/hr) [34]. Almost 12% of all urban SVROR-injury crashes involved a rollover.
Out of all rollovers, half were preceded by a curb impact. This is noteworthy, as rollovers,
followed by a roadside crash, have been linked to increased crash severity [10].

Table 3 shows that only 13 (see numbers in bold) out of 114 studied injury-crash locations
were located on roads that had design speed of 60 km/h or lower. This low number may be
reflective of the data type (i.e., injury only). That is, injury roadside crashes may be less likely
to occur on low speed roads.

Table 3 also shows that 25 out of the 114 studied injury-crash locations were located on
roads that had design speeds of 100 km/h or higher. This relatively low number may be a
reflection of the nature of the area studied, which is an urban, highly populated area. Hence,
there are fewer higher-speed roads. On the other hand, 66.7% (see underlined number) of the
locations studied were located on roads with design speed of 80 km/h. Table 3 also indicates
(though no statistical significance has been established) that crash severity on non-compliant
road locations with design speeds of no less than 100 km/h were higher (see underlined
numbers in bold) than crash severities on non-compliant road locations with lower
design speeds. This may reinforce the importance of revising the roadside design on
higher-speed roads.

Table 4 indicates that trees, poles, barriers and curbs were the first harmful object struck
in 69.39% (see numbers in bold) of all SVROR-injury crashes. Curbs were the first harmful
object most often struck, accounting for 24.6 of all SVROR-injury crashes. The fact that the
studied area is an urban area (i.e., increasing drivers’ exposure to a potential curb impact)
partially explains the high percentage associated with curb impacts. In addition, many of the
curbs in the studied locations were found to be excessively high, potentially magnifying
vehicle deceleration upon impact, as well as causing vehicle instability resulting in greater
potential for rollovers [34]. In any case, both high deceleration and increased rollover
propensity may have been contributing factors to the appearance of curb impacts in the
injury-focused data used.
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Table 3: Crash severity distribution by design speed and roadside design compliance.

Legally allowable travelling speed (km/h)

Sub-totals
< > - e
<60 80 >100 p 7
4 2 4 1
Notsevere =y ™60 286 500 571 500 143 7 383
Compliant with # 0 4 1
benchmark Severe % 000 000 500 800 500 200 > 417
# 2 8 2
Sub-totals =/ 16.7 66.7 167
# 9 57 16
Notsevere —™—o7 9110 838 695 696 195 o2 804
Non-compliant # 2 11 7
with benchmark Severe % 182 100 162 550 304 350 20 196
Subtorals 11 68 23
ub-totals - ! 10.8 66.7 225

Table 4: Crash severity distribution by the first harmful object struck.

First harmful object struck

Tree Pole Barrier Curb Others 7S#ub—tot;a/ls
0
Not _# 6 19 14 23 27
Crash  cre % 667 674 826 214 737 157 821 258 771 303 o 781
sever- # 3 4 5 5 8
ity - Severe 533100 174 160 263 200 179 200 229 320 > 219
Sub- _# 9 23 19 28 35
totals % 7.89 20.2 16.7 24.6 30.7

Table 4 also shows that while only 17.4% (see bod underlined number) of all pole crashes
involved severe injuries, a striking 95% of all pole-injury crashes occurred at locations
containing design not in line with the benchmark. This can be attributed to the fact that the
majority of poles located within the minimum CZ distance recommended by the benchmark
were not equipped with breakaway devices or any other sort of energy-absorbing mechanism,
and/or were not shiclded. Table 4 shows that tree crashes proved to be the most severe
crashes, as 33.3% (see underlined number) of all tree encounters resulted in severe injuries.
All tree locations were classified as non-compliant, except for only one location. It is also
relevant to point out that all tree crashes involved palm trees, which may be considered
unforgiving, rigid roadside-object hazards. The “others” category involved crashes with
objects such as traffic signs, signal poles, fences, and walls. Lastly, Table 4 shows that 26.3%
(see italicized number) of all crashes involving a roadside barrier resulted in a severe crash
outcome. This reinforces the fact that barriers are also hazards [8], [10], [11]. Therefore,
design priorities preceding priority #4 should always be sought whenever possible.

Table 5 shows the distribution of crash site locations by crash severity, barrier usage,
barrier requirements, and barrier compliance status. As can be seen, 64.9% (see underlined
number) of all SVROR-injury crashes occurred at locations where a barrier was not installed
where it should have been. These locations mostly included those where fixed-object hazards,
such as unforgiving poles and trees, were within the minimum recommended CZ distance.
Table 5 also shows that 16.7% (see numbers in bold) of the locations had a roadside barrier
installed where one was warranted, but 15 out of the 19 roadside designs contained in these
locations were classified as non-compliant. Six out of these 15 designs involved an
insufficient barrier-to-hazard lateral offset. This lateral offset is the distance from the back of
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the barrier to the front face of the hazard, which should be provided in order to accommodate
barrier deflection as well as zone-of-intrusion (ZOI) upon a vehicle impact. ZOI can be
defined as the area that should be provided behind a barrier and beyond its dynamic deflection
distance. ZOI values may vary widely depending on a number of variables such as barrier
TL, type, and height. Finally, out of the 15 barrier locations classified as non-compliant, nine
cases involved a TL-2 barrier where a TL-3 was warranted. Hence, these numbers suggest
that greater emphasis on proper barrier selection and layout may be warranted. Finally, Table
5 shows that 18.4% (see double underlined number) of the locations did not have a roadside
barrier installed when one was not required. Thus, 78.1% (i.e., 13.2 plus 64.9) of all crash
sites investigated did not meet roadside design guidelines for barrier placement. A total of
18% (i.e., 15 out of 89) of these sites involved severe crashes.

Table 5: Crash severity distribution by barrier used.

Barrier use

U,R,C U,R,NC NU,R,NC NU,NR,C #S“b'%

(1]

Not # 2 12 62 13 0 781

Crash severe % 50 225 800 135 838 697 619 146 :
severity # 2 3 12 8

Severe o500 80 200 120 162 480 381 320 > 219
Sub- _# 4 15 74 21
totals % 35 132 64.9 18.4

U: Used barrier, NU: Not used barrier; R: Required, NR: Not required.
C: Compliant with the benchmark; NC: Non-compliant with the benchmark.

4 DISCUSSION
This research study may be relevant to:

4.1 Researchers

This study may enable researchers to identify research gaps needing to be filled as well as to
formulate roadside-safety/design-related research questions worth answering. For example,
researchers may want to investigate whether increased roadside compliance levels (e.g.,
proper implementation of crash-tested and approved roadside hardware) translates into
significantly lower crash severity in the real world. Such an assessment would require
in-service safety evaluations. Some might argue that it is intuitive that in-service safety
performance would be improved on locations meeting roadside design compliance. However,
previous research has shown that conclusions derived from fully-controlled experimental
testing do not necessarily always hold true in the real world [10]. Furthermore, urban streets
with more liveable streets (i.e., shorter CZ distances) have found to be safer [24]-[26]. The
findings from these later roadside safety studies conducted in urban streets, along with
the fact that the present study revealed that almost all studied urban crash locations did not
meet the minimum recommended CZ distance requirements, suggest that CZ values
recommended by AASHTO, as well as those recommended by Abu Dhabi DOT, should be
re-assessed when it comes to urban street applications. The AASHTO CZ values find their
roots in a 1966 study [28] which was conducted in rural areas, focused on medians, had its
share of limitations, and was later confronted [35]. Such an assessment could be performed
based on in-service crash severity reduction effectiveness. Hence, if researchers find that
matching CZ distances to those recommended by the benchmark does not translate into
significantly lower crash injury levels, researchers may consider recommending shorter CZ
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distance values which may be more practical to adopt in the urban street context. Even though
previous studies [24]-[26] have suggested that shorter clear zones in urban streets may be
associated with lower crash severity, researchers are yet to develop CZ guidelines based on
identified optimal CZ values for urban applications.

4.2 Practitioners and road safety equipment suppliers

The findings of this paper can provide practitioners with valuable feedback, allowing them
to gauge the extent to which they have actually followed guidelines that, in theory, they must
adhere to. Often times, road designers tend to focus on roadway geometrics and pavement
design, while roadside design may be overlooked. However, this study indicates that
practitioners are encouraged to place a greater focus on roadside design, as over 90% of all
crash sites investigated in this study were classified as non-compliant.

This study found that poles were the second first harmful object most often struck, while
none of these poles was found to be equipped with breakaway devices or any sort of
energy-absorbing mechanism. Thus, suppliers may use these findings to educate and
encourage clients to replace existing poles with forgiving ones, which they may want
to market.

Suppliers may also make use of the findings from this study to encourage their clients to
properly install more safety devices such as crash cushions and non-rigid barriers (e.g.,
w-beam guardrails and cable barriers), especially on higher-posted-speed-limit roads. This
study found that 65% of the crash sites investigated warranted a barrier but one was not
installed, while 80% (see Table 5) of all crash sites investigated did not meet roadside design
guidelines for barrier placement. This is relevant considering that past research has shown
that the odds of fatal injuries occurring in pole and tree crashes are significantly higher than
the odds of fatal injuries occurring in guardrail crashes [36].

4.3 Governmental transportation agencies and decision makers

This study may be instrumental to governmental transportation agencies in order to
understand what the main causes for non-compliance were. Then, these agencies will be in a
better position to decide (for the sake of increased compliance levels) whether the causes for
non-compliance should be treated or design guidelines should be modified in the first place.
Having a compliant design is important for these agencies since public money can be saved
by avoiding potential liability-related costs.

Decision makers are encouraged to invest heavily in road safety audits across road
networks in order to monitor proper, on-site design implementation of roadside guidelines.
Road safety audits have been found to be cost-effective safety procedures that have the
potential to be a proactive, rather than a reactive measure [37]. Decision makers may also
make use of this study’s findings to understand the areas where their capital resources should
be allocated. In the area studied, higher-design-speed roads, as well as tree, pole, and curb
locations are all places that might warrant receiving capital deployment, if roadside design
compliance is to be improved.

5 CONCLUSIONS
Previous research studies focused on: (a) studying the relationship between SVROR crash
frequency/severity and its contributing factors [14]-[19], (b) assessing the safety
performance of roadside hardware [20], [21], (c) investigating the characteristics of installed
roadside design in relation to tree location and configuration [22], and (d) on investigating
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the relationship between urban street design (i.e., in terms of liveability) and roadside crash
frequency or severity [11], [14]-[16]. However, none of these studies identified the level of
urban roadside design compliance to current, state-of-the-art guidelines [1], [2].

The objective of this research is to assess the roadside design of an urban, high-density
area in terms of its compliance to the selected benchmark defined in section 1.2. Therefore,
it was not the primary objective of this study to investigate the relationship between
compliance levels and crash severity, though crash severity data has been displayed
throughout this text. It is known that such an investigation would require a larger sample
size to enable researchers to draw statistical evidence while controlling for potential
crash-severity-contributing factors. Nevertheless, this is a unique research study in the sense
that the authors are unaware of any other previous study done addressing this topic in any
other part of the world.

This research reveals that the roadside design in the area studied significantly deviates
from the benchmark, defined in section 1.2 [1], [2]. Thus, significant design modification is
required if it is to match design standards recommended by the international roadside safety
community. It is important to stress that land use characteristics and built environment
patterns may have contributed to the currently installed roadside design’s significant
deviation from the benchmark. That is, because of its highly dense, urbanized character, a
large portion of the island may have roads with extremely limited CZ areas.

While the development of life-saving guidelines is important, this paper shows that
researchers and practitioners are encouraged to place more focus on the proper, on-site
design implementation of these guidelines, and/or the revision of the guidelines under an
urban-application viewpoint.
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