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Evaluation of Highway Design Altemnatives Based on
Reliability Criterion for Traffic Safety
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Abstract : It has been well known that traffic accidents occur under combined functional contributions of drivers,
vehicles and road facilities, and that evaluation of safety levels for a specific road section or point is generally much
complicated. Additionally, most of traffic accidents occur randomly implicating it is necessary to be evaluated in terms
of probability theory. Thus, the evaluation model which reflects various characteristics and probabilistic distributions
of traffic accidents has been necessary. The present paper provides a reliability based model with variables of pro-
babilistic operating speeds and design speeds together which have been individually explaining associated characteris-
tics in traffic accidents. Consequently, the model made it possible for speed management and road improvement pro-
jects to be evaluated in a common index. Application studies were performed in three cases. Through the studies,
couples of facts were identified that the model successfully considered the probabilistic operating speeds and design
speeds together and that then, the model evaluated road safety altemnatives relatively which are complicatedly cha-
racterized and differently located.

Key Words : reliability index, traffic safety, design speed, observed speed, highway design
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Table 2. Contributing factors on elements of design speeds
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Elements Physical factors Engineering judgement factors
Radius Friction factor, cross slope Feasibility, region(urban or rural), existence of entry/exit
Cross slope Friction factor, radius Peasibility, region(urban or rural), existence of entry/exit, drainage,

cross slope of entry/exit, winter climate

Longitudinal slope Length of slope

Feasibility, region(urban or rural), existence of entry/exit,
constructability, existing terrain, heavy vehicle performance

Slope change rate of

longitudinal curve Sight distance

Feasibility, region(urban or rural), existence of entry/exit,
constructability, existing terrain,
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Table 3, Comparison of conditions over exit nose improvements

Schematic

Description

- Accidents around exit nose

- Length of deceleration lane : 190m
Before - Avg and variation of Speeds at nose:
T3km/h, 154
- Cross slope at nose: good for max.
50km/h
Afterl Speed limits :50km/h
AT
ey o z - Length of deceleration lane extended
After2 e ; - A ~ . tcor:sgosfgpe of nose increased for
7 T0km/h
i
Table 4. Reliability index changes over exit nose improvements
Before
Running Speed(demand) Design Speed(capacity)
Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var - - 73/154 60 60 40 56/133
Reliability Index -1.16(87% of Failure Prb.)
Speed margin -17km/h
After 1(Running speed contrel at 60km/h}
Running Speed(demand) Design Speed(capacity)
Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var - - 60/75 60 60 40 56/133
Reliability Index -0.28 {61% of Failure Prb.)
Speed margin 4km/h
After 2(Geometric improvement)
Running Speed(demand) Design Speed(capacity)
Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var - - 62/111 60 60 70 63/33
Reliability Index 0.11(46% of Failure Prb.)
Speed margin lkm/h
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Table 5. Comparison of conditions over curved ramp improvements

Schematic

Description
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- Accidents at curved ramp

- Avg and variation of speeds at ramp:
62km/h, 59
- Radius at ramp is 150m : good for

Before

60km/h

- Longitudinal slope change rate is
14.45m/%: good for 50km/h

- Cross slope: 6%
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o

After2,3

Speed limits : 60, 50km/h

Speed camera installed at curved ramp with speed limits of 60km/h or SO0kmv/h

S

Afterd

- Cross slope change to 8%(Design
speed increased to 70km/h)

- Longitudinal slope change rate to
20m/%(Design speed increased to
70km/h)
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Table 6, Reliability index changes over curved ramp improvements

A
Running Speed(demand) Design Speed(capacity)
Elements Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var 62/59 60 50 60 56/33
Reliability Index -0.55 (71% of Failure Prb.)
Speed margin -6 kmh
After 1(Running speed control at 60km/h)
Running Speed(demand) Design Speed (capacity)
Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var - 60/55 60 50 60 56/33
Reliability Index -0.42(56% of Failure Prb.)
Speed margin ~4km/h
After 2(Running speed control at 50km/h)
Running Speed(demand) Design Speed(capacity)
Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var 50/38 60 50 60 56/33
Reliability Index 0.71(24% of Failure Prb.)
Speed margin -4km/h
After 3(Longitudinal geometric improvement)
Running Speed(demand) Design Speed(capacity)
Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var - 62/59 60 70 70 67/33
Reliability Index 0.38(34% of Failure Prb.)
Speed margin Skm/h
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Table 7. Comparison of conditions over 2 way 2 lane highway improvements

Schematic Description
PRI WREPY sReID BREPy  asdy
- 3 Head-on and 5 turn over accidents /
3years
Before - 84km/h of avg free flow speed with
variance of 55(demand speed=84km/h)
- Average Platoon speed: 78km/h
8. O 165 0 R (design speed=78km/h)
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Afterl Speed camera installed with speed limits of 80km/h, to decrease platooned speeds. | Speed camera fo decrease avg free flow
Lower than speed limit of 80km/h is practically impossible. speed equal to platooned speeds
- -
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s NG flow running
After o S s e - 2+1 highway design increase platooned
. g speeds equal to avg free flow speed
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Table 8, Reliability index changes over 2 way 2 tane highway improvements

Before

Running Speed(demand)

Design Speed(capacity)

Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var 84/55 - - 78
Reliability Index -0.85(80% of Failure Prb.)
Speed margin -6km/h
After 1(Running speed control at 80km/h)
Running Speed(demand) Design Speed(capacity)
Elements Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var 80/49 - - 78
Reliability Index -0.28(61% of Failure Prb.)
Speed margin Okm/h
After 2(Geomefric improvement to 2+1 highway)
Running Speed(demand) Design Speed(capacity)
Element Lane 1 Lane 2 Overall Plane Longitudinal | Cross sectional Overall
Avg/Var 84/55 - 84
Reliability Index 0.0(50% of Failure Prb.)

Speed margin

Okm/h
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