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Towards Safe Systems Infrastructure: £
A Compendium of Knowledge Austroads

* A reference document of the latest evidence
and commentary

» Aimed at practitioners who plan, design, and
management the road network;

* Provides practical steps to take things forward

* Must do things differently to the past =

Towards Safe System Infrastructure

A Compendiurn of Current Knowledge i n n Ovati O n iS eSSe nti a I

 The focus is on harm minimisation



What the book covers?
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Ressarch Report
AP-RS60-18
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Towards Safe System Infrastructure
A Compendium of Current Knowledge

Austroads g

It covers

Introduction
Safe System explanation

Influence of the road environment on road
user performance

Role of speed in harm minimisation
Intersections

Lane departures

Specific road user groups (VRUSs)
ITS and CAVs

Tools and prioritisation approaches
Resources



Treatment Hierarchy

Austroads

Table 7.6: Safe System Assessment Framework hierarchy of heavy vehicle related treatments
Influence
(E = exposure,
L L = likelihood,
S = severity)
Prim ary Safe Safe Syslen! options (“primary” or * Separation (separate heavy vehicle roadways) E
System ‘transformational” treatments) + Very low speed environment, especially at intersections L, S
Treatments » Heavy vehicle rated barriers*™ S
Supporting treatments (compatible » Wide Centrelines L

with future implementation of Safe
Supporting  Systemoptions)

Treatments Supporting treatments (does not « Shoulder sealing and reduced edge drop to assist with L
affect future implementation of Safe heavy vehicle control
System options)
Other considerations * Speed enforcement L,S
+ Enforcement of other regulations L
+ Evolve a culture of safety in organisations L
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Lane departure crashes
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Table 6.7:

Safe System options
(‘primary’ or
‘transformational’
treatments)

Supporting treatments

(compatible with future
implementation of Safe
System options)

Supporting treatments
(does not affect future
implementation of Safe
System options)

Other considerations

Safe System Assessment Framework hierarchy of head-on crash treatments

Treatment

One-way traffic

Continuous lengths of flexible median barrier (or an equally / better
performing future equivalent)

Very low operating speed.

Very wide median

Painted median / wide centrelines

Frangible delineation posts on the centreline

wide median

Non-flexible barrier provision

Lower speed environment/speed limit

Ban overtaking

Skid resistance improvement

Audio-tactile centreline 0

Audio-tactile edgeline

Roadside barriers

Consistent design along the route (i.e. no out-of-context curves)
Consistent delineation for route

Overtaking lanes*

Improved superelevation.

Speed enforcement

Rest area provision

Lane marking compatible with vehicle-lane-keeping technology.

Primary treatment: Roadside and
median barriers to protect road

Users

Influence
(E = exposure

L = likelihood
S = severity)
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Table 6.1:

Hierarchy

Safe System options
(‘primary’ or
‘transformational’
treatments)

Supporting treatments
which move towards better
Safe System alignment
(compatible with future
implementation of Safe
System options)

Supporting treatments
(does not affect future
implementation of Safe
System options)

Other considerations

Safe System Assessment Framework hierarchy of road departure crash treatments

Treatment

Continuous lengths of flexible roadside and median barriers (or an
equally / better performing future equivalent)

Very low speed environment/speed limit

Continuous lengths of flexible roadside barriers (or an equally /
better performing future equivalent)

Continuous lengths of flexible median barriers (or an equally /
better performing future equivalent)

High quality well maintained run-off areas consisting of compacted
roadside surface, very gentle to flat side slopes

Wide sealed shoulders with audio-tactile edgeline
Lower speed limit

Run-off areas, with well-maintained shallow drainage and gentle
side slopes

Other safety barriers types

Consistent design along the route (i.e. no out-of-context curves)
Consistent delineation for route

Skid resistance improvement

Improved superelevation

Audio-tactile centreline

Audio-tactile edgeline

Vehicle activated signs

Speed enforcement
Rest area provision
Lane marking compatible with in-vehicle lane-keeping technology.

AUSLroads

Influence

(E = exposure

L = likelihood
§ = severity)
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Intersection crashes J*;-‘%
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Figure 2.1: F5I crashes for different intersection types in New Zealand and Victoria
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Note: Percentages relafe fo tofal of severe infersection crash sample in each jursdiction ssparafely.
Sowurce: Vicforia crazh data 2006—2011, New Lfealand CAS database 20062011, prowvided by NZTA.
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Key variables regarding collisions =3,
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Energy as a function of:

* Speed

 Mass

* Impact configuration 30 km/h  Pr(FSI)=10% 55 km/h

Energy model being developed

* Numerical analysis of relative FSI probabilities for a given impact angle and
speed (mass equal)

* X-KEMM-X

10



X-KEMM-X application examples =%
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Probability of FSI injury at each conflict point

DweDd  DRIER\AL

1
55 56, 2 3

54

46 12

45

a4

43

42

41

40 18

32 26

31 39 28 27

Assumes a crash will occur at full speed

11



Urban signalised roundabout

EA
=

Austroads

All entry speeds 50 km/h
50 km/h ¢

60 km/h

X

Source: Google 2015
A=Y VT MO

w 60 km/h

60 km/h

Signalised roundabout - conflict points and
corresponding Pr(FSI)

1
18 1 2
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17 0.8 3
0.7
0.6
16 0.5
0.4
03

15 0.2 5

0.1 g
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10
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Urban signalised with vertical approach deflections

Austroads

=2
130 1:35

OIRECTION OF TRAVEL — 1 \
REFER SH 3 FOR

FAVEMENT DETAIL

TYPICAL SECTION - RAISED PLATFORM

Source: VicRoads

13



A
Urban signalised with vertical approach deflections é”\?.;
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80 km/h

Divided Arterial Int (40km/h) - conflict points and
corresponding Pr(FSI)
54 > 0y 23 4
57 0.9 6
51 0.8 7
0.7
0.6

48 10
0.5

47 11
46 12
45 13
44 14
43 15
42 16
41 17
40 18

39 19

38 20
37 21
36 2
35 23
34 24
¥ 5 2% 2
31 30 28 %7

14



Safe System Infrastructure Intersection Solutions
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Table 5.4: Safe System Assessment Framework hierarchy™ of intersection treatments

Safe System options
(‘primary’ or
‘transformational’
treatments)

Supporting treatments

(compatible with future
implementation of Safe
System options)

Supporting treatments
(does not affect future
implementation of Safe
System options)

Other considerations

Treatment

Close intersection

Grade separation

Low speed environment/speed limit
Roundabout

Raised platform

Left-infleft-out, with protected acceleration and deceleration

lanes where required
Ban selected movements
Reduce speed environment/speed limit.

Redirect traffic to higher quality intersection
Turning lanes

Vehicle activated signs

Improved intersection conspicuity

Advanced direction signage and waming
Improved sight distance

Traffic signals with fully controlled right tumns
Skid resistance improvement

Improved street lighting.

Speed cameras combined with red light cameras
Route planning to avoid unprotected right turns

Influence

(E = exposure
L = likelihood
S = severity)

| ! e e s e i i
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Creating liveable, vibrant and healthy cities see secton 3 =Y

N e
Austroads

Vulnerable Road Users

CITYO-SYDNEY®

Cycle Strategy and Action Plan

2007 - 2017

Rural

STREETS
FOR PEOPLE | |
e p— AN Car Occupants Y T
Movement and Place
Urban Pt o0 ::r:m-

Bikeway 'f
Design
Guide 8

il A ane ation
Oty TimAspastatian OFffciats

©© 66 6

Images source: NACTO http://nacto.org
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Pedestrians Some important considerations == %

Austroads

Issues

* Collisions in CBD

 Collisions in high pedestrian activity areas

» Spatially random nature of crashes along arterials
* Intoxication still a significant issue

Treatments

* Lower speed limits

* Vertical deflection

 Dwell on red

Strategically — Long Term

* Movement and Place Framework

18



Pedestrians Safe System treatments
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Hierarchy Treatment

Safg System options + Separation (footpath)
(‘primary’ or « Separation (crossing point)
‘transformational’

+ ‘Very low speed environment, especially at intersections or

treatments) - ;

Crossing points.
Supporting treatments » Reduce speed environment/speed imit
(compatible with future « Pedestrian refuge

implementation of Safe

System options) + Reduce traffic volume.

Supporting treatments * Pedestnan signals
_(dmlas not taaftriect ﬁ%'t;g?  Skid resistance improvement
implementation o € * Improved sight distance to pedestrians

System options)

* Improved lighting

» Rest-on-red signals.
Other considerations + Speed enforcement.

Influence
(E = exposure
L = likelihood

S = severity)

Y e el el el
woow

Source: Safe System Assessment framework, Austroads 2016
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Cyclists Safe System approach
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Motorcyclists Safe System treatments
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Hierarchy

Safe System options
(‘primary’ or
‘transformational’
treatments)

Supporting treatments

(compatible with future
implementation of Safe
System options)

Supporting treatments
(does not affect future
implementation of Safe
System options)

Other considerations

Treatment

» Separate motorcycle lane (e.g. on freeways).

» Shared motorcycle/bus/taxi lane (e.g. on freeways).

+ Consistent design along the route (i.e. no out-of-context curves)
+ Consistent delineation for route

+ Skid resistance improvement

+» Motorcycle-friendly barrier systems.

» Speed enforcement
» Enforcement of other regulations.

Influence
(E = exposure
L = likelihood

S = severity)

(7 20 i i

| —

Source: Austroads 2016a
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Motorcyclists : barrier protection ? == %
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« Half of all barrier collisions occur with motorcyclist in sliding posture

« Severe injuries can occur at 30 km/h + impacts with barrier post
(Bambach and Grzebieta 2015)

* Barriers that are more forgiving are evolving but not Safe System

| 2 /

Source: Dua and Sapkota 2012

22
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Safe System Assessment Framework

Safe System Assessment Framework

Exposure

Likelihood

Severity

AADT; length
of road
segment

Speed;
geometry;
shoulders;
barriers;
hazard offset;
guidance and
delineation

Speed;
roadside
features and
design (e.g.
flexible
barriers)

AADT; AADT for
length of each
road approach;
segment intersection
size
Geometry;  Type of
separation;  control;
guidance speed,;
and design,
delineation; visibility;
speed conflict
points
Speed Impact
angles;
speed

AADT; length AADT;

of road
segment

Speed; sight
distance;
number of
lanes;
surface
friction

Speed

pedestrian
numbers;
crossing
width; length
of road
segment

Design of
facilities;
separation;
number of
conflicting
directions;
speed

Speed

AADT;
cyclist
numbers;
pedestrian
s

Design of
facilities;
separation
; speed

Speed

/'r‘

Austroads

motorcycle
numbers;
length of road
segment

Design of
facilities;
separation;
speed

Speed



New Zealand example before and after review
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Table 4.3: Safe System matrix for Safe Roads and Roadsides and Safe Speeds
ROR HO INT OTHER | PED cve e
Exposure 20 2 1 206 | 30| | 2 | 3
Likelihood
i 3 | 3 | 4 | 26 L 0 | 14 | 24
Severity
2h | Y | 4% | 20 | 40 | 4 | 4
P - &
roduet 27/6s | 36 /e z,g/“ /ey | Oley | Elos | 2464 157 /148
R ‘Table 4.3: Safe System matrix for Safe Roads and Roadsides and Safe Speeds
ROR HO INT OTHER PED CcYC MIC
S = 7 BT/ /A = Y7 B B A
Likeood
I %I.l"t; 1'.l'r.g l}-v".; r:"r.1, l‘:j;.é 2:"]4 lla'lrd.
Sever
e v R VR I V7 R VA I M I A B VA
Product
rofw ]‘2—.-"154 '3.;54 é."fﬁ,.} 3.1'!54, G."lﬁq. if."rﬁq 6-"II(-.J# EH"III-}"I-B |25




Change in scores across 14 projects in Victoria, Australia £A

v
Austroads

Average scores of Safe System Assessments of
14 Major Projects in Victoria; worth ~$3.8 billion

Run-off-road Head-on Intersection Other Pedestrian Cyclist Motorcyclist

Safe System Score (out of 64)
N w N vl ()] ~
(] o o (=] o o

—
o

o

W Existing Conditions B Orignial Design M Design after SSA
Projects Costs increased from 0% to 7%
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Thank you for participating
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