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Clear Zones 
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Ideally – up to 10.5m (14m)  
In practice – < 10.5m 
f(design speed, ADT, batters) 
 



Clear Zone Correction for Curves 
• Crash histories indicate a need  

• A specific site investigation shows a definitive crash 
potential that could be significantly reduced by 

increasing the clear zone width, and  

• Such increases are cost-effective.  
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Some terminology 

University of Adelaide 4 

R 

R 

Apex 



Superelevation 
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Background 

• The practice of using clear zones in lieu of barrier 
protection needs to be challenged 

– 10-20% of errant vehicles will exceed the 10.5m clear zone 

– Even if ≥10.5m is achieved, surface often contains trip hazards 

– this is exacerbated on bends (due to superelevation etc) 

 

• Previous simulation modelling work at CASR 

– Departures on straights 

– Influence of wide medians and centreline barriers 

– Interplay between clear zones and barriers from a Safe Systems 
perspective 

– Only the shallow angle drift off departures are catered for 
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Crashes associated with curves on rural 
roads 

• Curves are over-represented in rural road crashes 

• 2001 to 2005 (Tziotis et al 2005): 
– 27% of all injury crashes 

– 52% of road departure crashes (run off road) 

• Issue for young drivers (Clark et al 2010) 

 

• Many factors associated with crash rates: 
– Radius 

– Super-elevation 

– Grade 

– Transitions 

– Signs and delineation 
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CASR In-depth crash database 

• Several different studies in rural areas 

• Criterion of ambulance call out / transport to hospital 

• Bias towards daytime crashes during business hours 
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Crash severity Number Percentage 

PDO 4 6.3% 

Doctor 3 4.7% 

Treated 20 31.3% 

Admitted 18 28.1% 

Fatal 19 29.7% 

Total 64 100.0% 



Characteristics of the sample 
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Speed zone (km/h) Number Percentage 

80 7 10.9% 

100 44 68.8% 

110 13 20.3% 

Total 64 100.0% 

Rollover Number Percentage 

No 37 57.8% 

Yes 27 42.2% 

Total 64 100.0% 

Lighting Number Percentage 

Day 49 76.6% 

Night 15 23.4% 

Total 64 100.0% 



Road Departure Types 
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Departure Characteristics 
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Departure direction 

Curve radius 

0-199 200-399 400+ Total 

Left Left bend 6 1 2 9 

Right bend 15 7 4 26 

Right Left bend  5 2 1 8 

Right bend 12 6 3 21 

Total 38 16 10 64 

Departure type 
Curve radius 

0-199 200-399 400+ Total 

Left Bend 

Drift off 3 1 1 5 

Single yaw 5 1 2 8 

Double yaw 3 0 0 3 

Right Bend 

Drift off 9 2 3 14 

Single yaw 11 6 3 20 

Double yaw 6 5 1 12 
Total 37 15 10 62* 
*2 cases involved more than two yawing movements but were not included here 



Initiation of departure and actual point of 
departure relative to apex 
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Departure 

Departure initiation 

Before 
curve Before apex After apex Unknown Total 

Before apex 1 6 0 0 7 

After apex 1 8 13 2 24 

After bend 0 5 26 0 31 

Unknown 0 0 0 2 2 

Total 2 19 39 4 64 



Cumulative distribution of curve radius for 
road departure crashes on curves (n=64) 
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Run off road crashes on curves by advisory 
speed and curve radius 

University of Adelaide 14 

 
Advisory speed (km/h) 

Curve radius 

0-199 200-399 400+ Total 

25 2 0 0 2 

45 2 0 0 2 

55 7 0 0 7 

60 1 0 0 1 

65 7 0 0 7 

70 1 0 0 1 

75 1 4 1 6 

80 2 0 0 2 

85 0 3 1 4 

95 1 0 0 1 

Curve Advisory Sign 1 2 0 3 

None 13 7 8 28 

Total 38 16 10 64 



Departure Speed vs Advisory Speed (n=16) 
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Departure Speed by Curve Radius 

University of Adelaide 16 

0

20

40

60

80

100

120

140

160

180

200

0 100 200 300 400 500 600 700 800

D
e

p
ar

tu
re

 S
p

e
e

d
 (

km
/h

) 

Curve Radius (m) 



Friction demand if vehicles had to negotiate 
the bend at their chosen entry speed (proxy 
was the estimated departure speed) 
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Friction demand Number Percentage 

0-0.19 7 20.0% 

0.2-0.39 16 45.7% 

0.4-0.59 7 20.0% 

0.6-0.79 3 8.6% 

0.8-0.99 2 5.7% 

Total 35 100.0% 



Longitudinal and lateral displacement by 
curve radius (an outlier removed for clarity) 
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Cumulative distributions of lateral 
displacements by curve radius category 

University of Adelaide 19 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25 30 35 40

P
ro

p
o

rt
io

n
 

Lateral Displacement 

All (n= 64)
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Simulated Cases 

Case Type Bend 
direction 

Radius 
(metres) 

Departure 
angle 

(degrees) 

Lateral 
displacement 

(metres) 

Speed 
Zone 
(km/h) 

Rollover Severity 

R011 Drift off Left 44 1 2.3 100 No Fatal 

R037 Drift off Right 107 16 3.9 100 No Admitted 

R202 Drift off Right 466 5 5.3 110 No Admitted 

C054 Single yaw Right 61 13 2.8 100 No Treated 

R151 Single yaw Left 74 16 3.6 80 No Treated 

R238 Single yaw Right 373 19 4.5 100 No Admitted 

C031 Double yaw Right 318 16 11.2 100 Yes Admitted 

R106 Double yaw Right 133 17 2.9 100 No Fatal 

R135 Double yaw Left 73 25 9.1 100 Yes Admitted 
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Lateral  Displacement – Steering input only 
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Lateral displacement – Braking only 
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Barrier Normal Velocity 

• Proxy for injury threshold 

• 30 km/h for side impacts 
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Barrier normal velocity relative to the lateral 
offset of the barrier - steering input only 
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Barrier normal velocity relative to the lateral 
offset of the barrier - braking input only 
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Conclusions 

• 10m clear zones on curves assist with drift off departures 

• Yawing departures not well catered for 

• Better off having barriers as close as practicable to edge 

of road 

• Rollovers are a major issue 

• Majority of departures beyond apex of curve 

• Excessive speed (in terms of exceeding friction demand) 
did not seem to be a dominant factor in the sample of 

crashes 

• Protection on inside of curves also necessary 
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Implications 

• Providing a clear zone in lieu of barrier protection is not 
recommended 

 

• Better off having narrower clear zones and using barriers 

 

• Barrier protection needed on inside of curves as well 

 

• Barrier protection length needs consideration on the exit 
tangents and beyond 
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Limitations 

• Barrier performance under varying impact 
configurations 

• Unsure of proportion of road departure crashes that 

involve yawing or drift off 

• Assumption of level terrain from edge of road 

• Representativeness of sample 

• Ideally would look at horizontal curve sub categories in 

more detail as well (simple, reverse, compound, spiral) 
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Ongoing Work 

• Rollover and tripping mechanisms in clear zones 

 

• What level of imperfections can be tolerated in a clear 

zone? 

– Terrain 

– Cross fall and slopes 

– Hinge points and drop offs 
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Kloeden and McLean 1999 
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Departure Speeds vs Design Speeds 
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