Tu, X. S., Saba, P., & Tripathi, S. (2025). Development of an Alternative Design for Single
Slope Concrete Barriers to Reduce Working Width. Journal of Road Safety, 36(1), 31-38.

https://doi.org/10.33492/JRS-D-25-1-2461726

Article Type 1: Peer-reviewed papers

Development of an Alternative Design for Single Slope Concrete

Barriers to Reduce Working Width

Xuchun Steven Tu'®, Pooya Saba’, Santosh Tripathi'

T Queensland Department of Transport and Main Roads

Keywords: working width, single slope concrete barrier, safety barrier, road safety, roadside design, design exception

https://doi.org/10.33492/JRS-D-25-1-2461726

Journal of Road Safety
Vol. 36, Issue 1, 2025

Abstract

In the most recent 2020 edition of the Austroads Guide to Road Design Part 6, important
amendments were made to the required working width values for public domain extruded
concrete road safety barriers. These changes deviated from the narrower widths that
some Australian states, particularly Queensland, had adhered to for decades. During the
transition, many completed road designs followed the previous standards for concrete
barrier working width, raising concerns among asset owners about whether the residual
risk is acceptable - especially when the barrier shields bridge piers or other critical
roadside structures. The catastrophic risk of bridge collapse could result in serious injury
or even fatality among other road users. To address this challenge, two extrapolation
methods were developed based on the only available crash testing for a single slope
concrete barrier. These methods retain the profile of the public domain single slope
concrete barrier commonly used in Queensland but achieve a reduced working width
by increasing the barrier height. Practitioners would benefit from this evidence-based
approach when the existing or designed cross-section is constrained and the structure is
at risk of impact. The relevant design guidance and considerations have been discussed
to establish the conditions for use. The outcome of this study has been summarised in a
technical note published by the Queensland Department of Transport and Main Roads for

practitioners to consider under the domain of Design Exception.

Key findings

of working width estimation.

study demonstrated functional equivalence.

« A negative correlation between the barrier height and the roll angle of an impacting vehicle was identified
through analysis of existing simulation and physical crash test data.
 Incorporating the roll angle factor into the “point of contact” method was found to improve the accuracy

o Both the linear extrapolation method and the improved “point of contact” method introduced in this

Introduction

The working width of a safety barrier constitutes one of
the crucial design parameters when roadside design is car-
ried out (Troutbeck, 2022b). The working width value of
a specific safety barrier product is determined by a crash
test, subject to test level (Austroads, 2024). The Manual
for Assessing Safety Hardware (MASH) (AASHTO, 2016) is

a United States of America (USA) crash testing protocol to
identify the containment level of road safety barrier sys-
tems and has been adopted in Australia at both the federal
and state government levels. Through a series of MASH
tests, the working width subjected to the test level can
be recorded and referred by road design practitioners to
consider the minimum offset from the traffic face of the
safety barrier to the furthest point behind the barrier where
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Table 1. RPDM working widths, 2014 and 2022 versions

2014 RPDM Speed zone Working width Barrier Design vehicle
Volume 3 Part 6 Crossfall height
(TMR, 2014a) rossta
0% 3% 7% 1100 mm 4300 mm high
60km/h 500 600 800 vehicle
mm mm mm
100 km/h 800 900 1100
mm mm mm
2022 RPDM Test level Working width Barrier Design vehicle
Volume 3 Part 6 (TL) height
(TMR, 2022) -
AGRD Part 6 TL-3 500 mm 915 mm 3:r(])icc)lr:m high
(Troutbeck, TL-4 2300 mm 915 mm
2022b)
2200 mm 1070 mm
TL-5 2400 mm 1070 mm
1500 mm 1370 mm

no objects should exist (Troutbeck, 2022b). Due to a strict
safety barrier product approval process and supplier regis-
tration scheme implemented in most state jurisdictions in
Australia, all the accepted proprietary safety barrier prod-
ucts have their design parameters including working widths
disclosed to the public. However, the working width of a
public domain extruded single slope concrete barrier was
historically reliant on state road authorities published de-
sign manuals or guidelines. For this project, conducted in
Queensland, the document of interest was the Road Plan-
ning and Design Manual (RPDM) produced by the Queens-
land Department of Transport and Main Roads (TMR) which
provides Queensland specific design requirements to sup-
plement the Austroads Guide to Road Design (AGRD) series
(TMR, 2020).

The superseded RPDM 274 Edition, Volume 3, Part 6
(TMR, 2014a) suggested a working width of 900 mm for the
public domain single slope concrete at the speed of 100
kilometres per hour (km/h) with a crossfall of 3 percent on
the ground surface. The recent version of RPDM Volume 3,
Part 6 (TMR, 2022) accepted the updated minimum working
width values as indicated in AGRD Part 6 — Roadside De-
sign, Safety and Barriers (Troutbeck, 2022b), which requires
a working width of up to 2400 mm, subject to test level and
barrier height. The superseded and current working widths
for single slope concrete barriers are listed for comparison
in Table 1.

It should be noted that the superseded working width
values specified in the 2014 version of RPDM Volume 3 Part
6 were adopted directly from the dated Road Traffic Author-
ity (RTA) of NSW Road Design Guide (RTA, 2000) that did
not specify the original source of these working widths and
that we were unable to locate or verify. Given that the orig-
inal crash testing data to substantiate the working widths
in NSW RTA Road Design Guide is untraceable, the up-
dated working width values provided in the 2022 version
of AGRD Part 6 were derived from the few credible crash
tests available from the USA and therefore were deemed
more reliable. In addition, the design vehicle used in the
old standard does not represent the current motor vehicular
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features in Australia where heavy vehicles can reach 4600
mm high as regulated by the Heavy Vehicle National Law
(HVNL) applied across most of Australian states since 2014
(NHVR, n.d.; Queensland Government, 2024).

It should be acknowledged that in practice the super-
seded design standards may have been adopted for a ready-
to-construct project after publication of the new design
guide. However, the design was valid at the time. For in-
stance, a 900 mm working width was adopted for a Queens-
land road project and the design had been finalised prior to
October 2022 when the new 2022 version of RPDM Volume
3, Part 6 was released. Whilst valid at the time, the 900 mm
working width does not represent contemporary research
findings and recommendations that have been nationally
accepted. Hence, from an asset owner’s perspective, resid-
ual risks within the controllable range need to be managed
and assessed.

When redesigning the cross sections is impractical due
to site constraints like bridge piers, gantries, or pre-deter-
mined land resumptions, using a redesigned single-slope
concrete barrier is an acceptable alternative. A working
width of 900 mm in constrained designs can be achieved
through a Design Exception by applying the concepts and
working widths outlined in AGRD Part 6 (TMR, 2023b).

The aim of this study was to develop an alternative de-
sign methodology for the working width value of a specific
safety barrier product to address the situations not covered
by either the Normal Design Domain (NDD) or the Ex-
tended Design Domain (EDD).

Development of an alternative design
methodology

Crash testing data selection

The safety barrier crash testing data selected for this study
should meet the following three conditions: compliance
with MASH standards, testing to TL-5, and a profile similar
to TMR’s public domain single-slope concrete barrier. To
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Slope 5.28V:1H (10.70° from vertical) 5.25V:1H (10.80° from vertical)

Table 2. Profiles of the Sheikh barrier (Sheikh et al., 2019) and the TMR barrier (TMR, 2014b)

meet these requirements, only two existing barrier tests
were found and both were tested according to the Test 5-12
criteria. Test 5-12 requires a 36000V truck (36 tons in mass)
to impact the test article at the angle of 15.00° at the speed
of 80 km/h (ASSHTO, 2016).

One of the products was developed by the University of
Nebraska-Lincoln, the USA (Rosenbaugh et al., 2007). The
test was conducted to the NCHRP350 standards (Ross et
al., 1993), but equivalent to MASH Test Level 5 (TL-5) in
terms of the testing conditions. This tested barrier is differ-
ent from the TMR public domain single slope concrete bar-
rier as the former is much more vertical than the TMR one.
This may cause less comparability if extrapolating for the
height and working width of the TMR single slope barrier.
Therefore, this test was not considered further.

Another product was also designed in the USA (Sheikh et
al., 2019), but it followed the standard MASH TL5-12 test,
unlike the test conducted by the University of Nebraska-
Lincoln. The test vehicle was 4060 mm high (Sheikh et al.,
2019). This tested single slope barrier (Sheikh barrier) is
different from the TMR public domain single slope concrete
barrier (TMR barrier). The slope of the traffic face is very
similar to the TMR barrier, except that the Sheikh barrier is
taller i.e., 1372 mm versus (vs) 1100 mm. Consequently, the
Sheikh barrier test has been chosen as the only compara-
ble data to derive the required height of the TMR barrier for
achieving 900 mm working width. The comparison in pro-
file is illustrated in Table 2.

Method 1 - Linear extrapolation

The working width, as demonstrated in the test reported by
Sheikh et al. (2019), is 1020 mm. This measurement aligns
with the current definition of working width, which entails
measuring from the outermost extremity on the traffic side
of the safety barrier to the furthest extremity of any part of
the system or vehicle during and after impact (Troutbeck,
2022b).

Journal of Road Safety

Notwithstanding that no formula was identified in aca-
demic publications that quantified the correlation between
the vehicle height and the working width, jurisdictional
guidance has been exercised in practice. For example, the
Victoria State Government in Australia published a safety
barrier design technical guideline including a “point of con-
tact” method (Victoria DoT, 2023). The “point of contact”
means drawing a straight line representing the vehicle roll
line to contact two points of a F-shape concrete barrier at
the kerb reveal and the top corner respectively (Victoria
DoT, 2023). In this project, we had two assumptions: 1) its
rationale is based on a negative correlation between the
barrier height and the working width, and; 2) the vehicle
height vs the working width follows a proportional relation-
ship which was applied to adjust the vehicle height from
4060 mm (test vehicle) to 4600 mm (design vehicle).

As for the correlation between the barrier height and the
working width, we did not identify any published research
that directly explored this relationship. However, indirect
justification can be drawn from a study by Sheikh et al.
(2012) who undertook computer simulation Test 4-12 with
a 10000S truck (10 tons in mass) impacting single slope
concrete barriers with heights of 915 mm, 940 mm, 965
mm, 991 mm, and 1067 mm at an angle of 15.00° at a speed
of 90 km/h. As the test article used in the physical crash test
undertaken by Sheikh et al. (2019) had the same profile and
footing design as the simulated safety barrier except height,
these physical testing datasets are deemed comparable and
therefore included in the correlation analysis. A correlation
coefficient for the six paired data sets has been calculated
using the formula cited as Equation 1 and the results (see
Table 3) show a negative correlation. However, that should
not be understood as a reflection of the real world due to
the limited data sample size and that five of six datasets
were simulation results with only one dataset from physi-
cal crash testing. In spite of that, a negative correlation be-
tween the barrier height and the roll angle was, to some
extent, confirmed via this simulation exercise. Given that
the working width is affected by the vehicle roll (Troutbeck,

33


https://journalofroadsafety.org/article/128267-development-of-an-alternative-design-for-single-slope-concrete-barriers-to-reduce-working-width/attachment/261898.png

Development of an Alternative Design for Single Slope Concrete Barriers to Reduce Working Width

Table 3. Correlation coefficient for the relationship between roll angle and barrier height derived from simulated

and physical Test 4-12 (Sheikh et al., 2012, 2019)

Barrier height
915 mm 940 mm 965 mm 991 mm 1067 mm 1372 mm
Roll angle! 27.00° 26.00° 24.00° 23.00° 16.00° 11.00°

Correlation coefficient = -0.938

Note: 1. All the angle values represent the roll of the cabin not the cargo box.

2022a), this study assumed that barrier height vs working
width follows an inversely proportional relationship.
e n x [Y(BH x )] - (X BH) x (3 o) (1)

\/[(n x (3 BH?) — (ZBH)Z] x [(n XY a?— (zaﬂ

where

r = correlation coefficient

n = number of observations

BH = barrier height

a = roll angle

By acknowledging the above-mentioned two assump-
tions for simplification of the calculation procedures, the
following formula (Equation 2) has been developed to de-
rive a barrier height value to achieve the 900 mm working
width for the TMR barrier.
WW x FS " VH'

BH' = BH
Tww VH

(2)

where

BH’ = designed barrier height

BH = tested barrier height (1372 mm adopted in this
case)

WW = working width of the tested barrier (1020 mm
adopted in this case)

WW’ = designed working width (900 mm adopted in this

case)

VH = height of the test vehicle (4060 mm adopted in this
case)

VH’ = height of the design vehicle (46 mm adopted in
this case)

FS = factor of safety (1 adopted for low risk; 1.2 adopted
for high risk)

For low risk roadside structures, a factor of safety is not
applied or is regarded as 1.0 for calculation using Equation
(2) so the single slope concrete barrier needs to be 1756 mm
high to achieve a 900 mm working width for a 4600 mm
high design vehicle. Where a roadside object is thought to
be a high risk structure such as a bridge pier or a gantry
which must not be damaged, a factor of safety should also
be applied to the working width to further mitigate the risk.
AGRD Part 6 (Troutbeck, 2022a) suggests a factor of safety
of 1.2 to deal with the high risk level of roadside structures
and was adopted in this study. Hence, if applying this fac-
tor of safety, the single slope concrete barrier increases to
be 2109 mm high to achieve the 900 mm working width.

Method 2 - “Point of contact” with roll angle
considered

The tallest public domain concrete barrier, regardless of
single slope or F-shape, listed in AGRD Part 6 (Troutbeck,

2022b) is 1370 mm high with a working width of 1500 mm.
This has been accepted as the standard design guideline
for ordinary (non-high-performance) road safety barriers
by individual state government jurisdictions in Australia.
These prescriptive design parameters were derived from the
Sheikh barrier test (Sheikh et al., 2019; Troutbeck, 2022a).
Nevertheless, for any concrete barrier taller than 1370 mm,
AGRD Part 6 (Troutbeck, 2022b) does not provide a further
guidance to determine the working width.

To close the gap in practice, the aforementioned “point
of contact” method is recommended by Victoria DoT (2023)
to determine the working width of any F-shape barrier
taller than 1300 mm. The threshold of 1300 mm for TL-5
lacks supporting raw data, which should account for factors
affecting the system height threshold across different types
of concrete barriers, such as profile, structural reinforce-
ment and anchorage. When the Victorian “point of contact”
method is applied to TMR’s single slope concrete barrier,
it is assumed that the roll angle cannot exceed the angle
formed by the projected roll line contacting the traffic-fac-
ing side of the barrier, i.e., the roll angle equals the slope of
the barrier face.

Nevertheless, this assumption may not be able to cover
all possible scenarios particularly for a single slope concrete
barrier subjected in this study because the maximum roll
angle in Test 5-12 for the Sheikh barrier is 16.82° which is
much greater than 10.70° of the slope of the barrier face.
It should be noted that 16.82° is a back calculation result
based on the recorded working width of 1020 mm. The test
report for the Sheikh barrier only recorded the maximum
roll angle of 11.00° (Sheikh et al., 2019). The difference in
roll angle is presumably because there may be only one gy-
roscope fixed to the cabin of the test vehicle without an-
other gyroscope attached to the cargo box. As such, 11.00°
should be the maximum roll angle of the cabin only, while
16.82° should be the maximum roll angle of the cargo box.

An improved “point of contact” method with roll angle
considered is therefore adopted in this study to explore a
second method. Firstly the 4060 mm long projected vehi-
cle roll line was extended to 4600 mm, with the roll angle
of 16.82° applied (assuming same as the measured value
in the Sheikh barrier test), resulting in a working width of
1176 mm for a 4600 mm high vehicle. This process is illus-
trated in Figure 1 below.

The subsequent steps are same as the extrapolation ap-
proach in Method 1. Assuming that the working width is in-
versely proportional to the barrier height, the barrier height
should be increased to 1793 mm to achieve a 900 mm work-
ing width for a 4600 mm high vehicle using Equation (3).
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Figure 1. Working width for 4600 mm high vehicle
derived from recorded value for 4060 mm high vehicle
using “point of contact” method with roll angle
considered (TMR, 2023b)

, WW x FS
BH' = BH x — W (3)
where

BH’ = designed barrier height

BH = tested barrier height (1372 mm adopted in this
case)

WW = derived working width of the tested barrier for
4600 mm high vehicle using the “point of contact” method
as illustrated in Figure 1 (1176 mm adopted in this case)

WW’ = designed working width (900 mm adopted in this
case)

FS = factor of safety (1 adopted for low risk; 1.2 adopted
for high risk)

Likewise, if a roadside object is considered a high-risk
structure, a factor of safety of 1.2 may be applied so a single
slope concrete barrier increases to be 2151 mm high to
achieve the 900 mm working width.

Discussion

Application of methodology for varying
working widths

The barrier heights derived to achieve the 900 mm working
width using both methods are very similar. To investigate
the substitutability of these two methods utilised to derive
other heights of a single slope concrete barrier to achieve
a reduced working width, a sensitivity analysis has been
conducted for the targeted working widths of 1400 mm,
1200 mm, 600 mm and 400 mm. The reason for selecting
the working widths descending from 1400 mm is that the
working width of 1400 mm is the Extended Design Domain
(EDD) value recommended in AGRD Part 6 (Troutbeck,
2022b) only when the cargo box is allowed to impact a
bridge pier but the cabin shall not. The ratio of the cabin
height (2700 mm) to the cargo box height (4600 mm) was
multiplied by the working width of 2400 mm under the Nor-
mal Design Domain (NDD), resulting in 1400 mm under
EDD (TMR, 2023a). As the purpose of this study was to de-
velop an alternative design methodology to address the sit-
uations not covered by either the NDD or EDD, it was not
considered necessary to assess any working width greater
than the EDD value.

Table 4 shows the standard deviation values are close to
zero, which proves that statistically, both methods would
result in very similar barrier heights for a given working
width narrower than the EDD value (1400 mm).

Another condition for applying Methods 1 and 2 is that
they should be restricted to a single slope concrete barrier
with a 1800 mm height and above. This is because the cen-
tre of gravity of the cargo box of the 4060 mm high vehicle
in the Sheikh barrier test (Sheikh et al., 2019) was approxi-
mately 1800 mm above the ground surface and the centre of
gravity would tend to result in less roll as the barrier height
increases from 1372 mm. Considering the elevated centre
of gravity of a 4600 mm design vehicle, the roll angle would
be likely increased but also may be concurrently offset, to
some extent, by the barrier height increased to 1800 mm or
taller, though the effects are unable to be quantified due to
the lack of adequate data.

In addition, practitioners should be conscious that the
working width will be equal to the system width when the
system width is wider than the rollover of the impacting
vehicle. Once the system width reaches the target working
width (which is greater than 900 mm), further increasing
the barrier height may not be necessary. Therefore, practi-
tioners should perform project-specific calculations to de-
termine the appropriate barrier height, ensuring a min-
imum height of 1800 mm, based on the target working
width.

Network-wide asset review

It is recommended that road authorities undertake a com-
prehensive network-wide review to identify locations where
the working widths of single-slope barriers protecting sig-
nificant roadside structures do not meet current standards.
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Table 4. Sensitivity analysis on various working widths using both methods

Working width (mm)
900 1400 1200 600 400
Method 1 Linear extrapolation Barrier Low 1756 1133 1321 2642 3964
height (mm) risk
High 2109 1360 1585 3171 4756
risk
Method 2 Barrier Low 1793 1152 1345 2689 4034
Point of contact with roll angle height (mm) risk
considered High 2151 1383 1613 3227 4840
risk
Standard deviation Low risk 0.0185 0.0095 0.0120 0.0235 0.0350
High risk 0.0210 0.0115 0.0140 0.0280 0.0420

This review should focus on routes with high volumes and
high proportion of heavy vehicles, allowing for the prioriti-
sation of road corridors in need of treatment.

Limitations

No new crash tests have been undertaken for the subject
TMR barrier to experiment on taller system heights due to a
lack of funding. This study relied on the existing data from
other’s published works. The source of crash testing data
matching the profile of the TMR barrier is limited as only
the Sheikh barrier presents a near-identical slope gradient
of the traffic face.

The footing design of the Sheikh barrier was assumed to
play a role in stabilising the barrier that affected its perfor-
mance in terms of the resultant working width in the crash
test. The structural design is out of the scope of this pa-
per, however, in practice, practitioners should always seek
advice from qualified structural designers to either adopt
the design of the Sheikh barrier or design the anchorage to
achieve equivalence on a case-by-case basis.

Notwithstanding both Methods 1 and 2 were expected to
yield very similar barrier heights for a given working width
narrower than the EDD value from a statistical perspective,
assumptions carry slightly less weight in Method 2. This is
due to the working width for a 4600 mm design vehicle de-
rived from the 4060 mm test vehicle based on the “point of
contact with roll angle considered” method where the 1800
mm centre of gravity has been taken into account.

Conclusions

This study explored alternative solutions to achieve a re-
duced working width for a public domain single slope con-
crete barrier. Specifically when the designed working width
was compliant with a prior design guide at the time but
now is narrower than the current standards required value.
Due to constraints where the offset from the concrete bar-
rier to a significant roadside structure cannot be increased
by shoulder widening, increase of the barrier system height
within the fixed footprint (i.e., utilisation of vertical space)

was employed to avoid the demand to laterally shift the
safety barrier away from a roadside structure.

The only available existing crash testing data for a USA
single slope concrete barrier was referred as the basis to
derive a taller barrier with a theoretically reduced working
width. Two methods, the linear extrapolation and the
“point of contact” with roll angle considered, were devel-
oped and are expected to generate very similar results of
system heights for a target working width. The outcome of
this study has been acknowledged by TMR and the system
height values to achieve a 900 m working width using the
methodology introduced in this study have been incorpo-
rated in TMR’s technical note as a Design Exception guid-
ance (TMR, 2023b).

It is recommended that physical crash testing or com-
puter simulation be considered for future works to either
provide a first-hand data including recorded working width
values or validate the above-mentioned design methodol-

ogy.
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