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Objective of the Study

Percentage of Speeds (%)

Demonstrate the hazard correlation of a horizontal curve in relation to the variation of spot
speed of travelling passenger cars and heavy vehicles

Highlight differences and similarities between passenger cars and heavy vehicles, as well as
between daytime and nighttime speeds.

Theoretical Framework

e Free flow speeds follow the normal
distribution.

J \\ decreases.
e Parameters such as range, gradient, width and

i | e As dispersion increases the road safety level
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Data Collection

Road section Evagelismos — Leptokari.

e e T G Road section: Traffic speed measurements:
| e Two-lane rural highway e 20 locations
e Approximately 35km e 24-hour measurements
length 17 - 20 May 2016
» Daily traffic volume « 13 vehicle categories
approaches 10,000
vehicles
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= PC - passenger Cars

L 4

Py HV - Heavy Vehicles (> 4 axles)




Data Analysis - Speed data processing
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Free flow conditions

Only the cases with
a headway greater
than 6 seconds were
utilized

Day-time

Only passing vehicle
data from 08:00 to
19:00 were utilized

D)

Night-time

Only passing vehicle
data from 22:00 to
06:00 were utilized




Data Analysis - Speed data processing

Operating Speed Vs (km/h)
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Data Analysis - Speed data processing

e Coefficient of Variation

o
CV = —
u

Higher values, regarding to common or
Identical operating speeds (Vss), leads
to a reduced provided road safety level.

(J. Mason et al. TRB 2011)

 Normal Distribution Gradient

NDG = + - . @705
o2 \2.m

a = the step of speed selected

Defined in the context of this research
as the gradient of the diagram «Speed
(km/h) — Percentage of passing vehicles».

Theoretically, while NDG obtains
higher values (i.e. for smaller variation
of spot speed range) the provided level
of road safety Is increased.



Normal Distribution Gradient (NDG)
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Correlation between R and NDG
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NDG values are particularly high
In the case of HV (almost doubled)
compared to PC.

NDG values during daytime are
higher than those of nighttime
regarding to PC. This observation
Is confirmed for HV only at larger
horizontal radii.

Dispersion of HV speeds is
remarkably lower than dispersion
of PC speeds, which is also
confirmed by standard deviation’s
values.



Data Analysis - Methodologies and software

e Criterion II

It evaluates road safety level
of a horizontal curve based on
the deviation between
operating speeds of two
consecutive and Independent
geometric elements of the
road .

For higher difference between
the  successive  operating
speeds (Vss), the provided
road safety level is reduced.

* Predicted accidents according to
CPM model of IHSDM software

“Crash prediction model" CPM,
determines, based on a
mathematical model, the accidents
that are expected to occur per
geometrical element of the road in
the next 5 years.

For higher number of predicted
accidents, the provided road safety
level is reduced.

e FM 19 Software

The software 1s based on the
same  philosophy  with
Criterion 11 but is taking into
account more parameters for
the evaluation of the road
safety level.

For higher software’s value,
the provided road safety
level is reduced.



Results analysis and hierarchy

o Predicted Passenger cars Heawy Vehicles (>=4 axles)
Direction | Location [ R (m) K/]Ii Crltlelrlon ';Mllf accidents | v85 Vp S V85 Vi S

(gon/km) M spM | vy | kvhy [ evby | €Y | NPC | vy | k) [ eemy | €Y | NPC
1 4 20 | 2548 | 17371 | 478 133 | 9001 | 7762 | 1219 | 1570% | 1629% | 7415 | 6820 | 613 | 899% | 64.33%
1 S5 160 | 398125 | -17,19 | 6517 144 | 7276 | 6613 | 7,00 | 10,74% | 47.94% | 66,28 | 6096 | 507 | 831% | 94.28%
1 S6 180 |35383889| -1451 | 5356 174 | 7614 | 67,68 | 882 | 1303% | 31,18% | 67,50 | 6158 | 578 | 93% | 72.36%
1 s7 600 | 106,16667| -057 1447 084 | 8671 | 76,60 | 11,06 | 14,42% | 1978% | 7444 | 6779 | 652 | 9,62% | 56,87%
1 s8 120 | 530,83333 207 | 6354 | 56,26 | 7.96 | 14,14% | 3823% | 60,10 | 52,86 | 7,98 | 1509% | 38,01%
1 s9 120 |53083333| -1572 | 6319 6864 | 6057 | 829 | 1369% | 35,18% | 59,55 | 5398 | 544 | 10,08% | 81,69%
1 S10a | 135 |47185185| -1595 | 6285 147 | 7487 | 6565 | 924 | 1408% | 2832% | 6384 | 5835 | 537 | 920% | 8393%
1 S10b | 135 |47185185| -1595 | 6285 147 | 7870 | 6886 | 1037 | 1505% | 2251% | 67,50 | 61,83 | 567 | 917% | 75.26%
1 S11 | 230 |27695652| -1359 | 5445 093 | 77,90 | 69,75 | 858 | 12,30% | 32.90% | 6961 | 6386 | 572 | 895% | 74,02%
1 S12a | 280 | 2275 0,00 42,94 107 | 7979 | 69,40 | 11,11 | 16,01% | 1959% | 7251 | 6577 | 679 | 1032% | 5251%
1 S12b | 170 |37470588| 7,78 | 4030 259 | 7634 | 66,25 | 11,65 | 17,59% | 17,82% | 7082 | 6425 | 658 | 1023% | 5597%
1 S13a | 520 | 1225 6,48 34,97 069 | 9623 | 8300 | 12,10 | 14,58% | 1652% | 8057 | 7345 | 7,24 | 9,86% | 46,11%
1 S13b | 13000 | 49 0,92 0,67 053 | 97,21 | 8300 | 1364 | 16,44% | 1300% | 81,90 | 7503 | 7,00 | 9,33% | 49.42%
1 s15 | 370 [17216216] -1051 | 1791 | 080 | 9165 | 7807 | 1360 | 17,42% | 13,08% | 7510 | 6509 | 10,39 | 1596% |[NCORMGGN
1 S16 | 81,3 | 78351784 64,33 167 | 6417 | 57,12 | 704 | 12.33% | 48,79% | 5173 | 4690 | 486 | 1036% | 102,48%
2 s4 250 | 2548 | -17,37 | 4178 133 | 8656 | 7540 | 11,20 | 14,85% | 1929% | 7166 | 6518 | 670 | 10,27% | 5398%
2 S5 160 | 398125 | -17,19 | 6517 144 | 7401 | 6627 | 808 | 12,19% | 37,06% | 6615 | 6102 | 525 | 860% | 87,88%
g S6 180 |35383889| -1451 | 5356 174 | 7643 | 6869 | 860 | 1253% | 32,69% | 67,82 | 6182 | 574 | 929% | 7340%
7 s7 600 | 106,16667| -057 1447 084 | 8330 | 74,18 | 10,97 | 1479% | 20.11% | 7313 | 6672 | 6,27 | 9,40% | 61,54%
2 S8 120 |530,83333 207 | 6878 | 6040 | 851 | 14,09% | 38340% | 5914 | 5367 | 527 | 9.81% | 87,22%
2 s9 120 |53083333| -1572 | 6319 69,35 | 61,82 | 7,75 | 12,54% | 40,29% | 5950 | 5436 | 542 | 9.96% | 8252%
2 S10a | 135 |47185185| -1595 | 6285 147 | 7466 | 6501 | 1012 | 1557% | 23,63% | 6260 | 5651 | 626 | 11,08% | 61,69%
2 S10b | 135 |471.85185| -1595 | 6285 147 | 8042 | 7076 | 1035 | 14,63% | 2259% | 6828 | 6197 | 634 | 1023% | 60,18%
2 S11 | 230 |27695652| -1359 | 5445 093 | 8033 | 70,97 | 10,30 | 1452% | 22.79% | 67,41 | 61,10 | 6,75 | 11,08% | 5313%
7 S12a | 280 | 2275 0,00 42,94 107 | 8223 | 71,07 | 1045 | 1451% | 22.17% | 7143 | 6435 | 698 | 1084% | 49,73%
2 s12b | 170 |s747088| 778 | 4030 259 | 8830 | 7652 | 1180 | 1542% | 17,37% | 7573 | 6828 | 7,39 | 10,83% | 44,27%
) S13a | 520 | 1225 -6,48 34,97 069 | 10142 | 8641 | 1452 | 16,80% | 11,48% | 8528 | 7728 | 741 | 958% | 44,11%
2 S13b | 13000 | 49 0,92 0,67 053 | 10662 | 91,40 | 1542 | 1687% | 1017% | 8849 | 8136 | 7,58 | 9,81% | 42,15%
2 s15 | 370 |172,16216| -1051 | 17,91 080 | 90,03 | 76,10 | 14,11 | 1854% | 12,16% | 7146 | 62,34 | 1030 | 1652%
2 S16 | 81,3 | 78351784 64,33 167 | 59,86 | 5357 | 647 | 12,09% | 57,72% | 5329 | 47,30 | 587 | 1242% | 70,17%

Low risk
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High risk
Very high risk

e Connection between CV,
NDG and all software results
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Correlation of NDG with the provided road safety level - Passenger Cars

F@I19 Rank

'used as afi ifidicator to evaluate or estlmate the prowded road safety IeveI.
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Correlation between NDG and FM19 rank, Criterion Il and predicted accidents IHSDM according to V85 variation

Indicator’s values (NDG) concerning to PC appear to be higher during daytime and lower during
nighttime, which shows that the speeds dispersion is more intense during day than night.



Correlation of NDG with the provided road safety level - Heavy vehicles
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The dléﬁirams O\Fﬁ\[\regardlag io aII cases: (Fmﬁﬁnk,\predlded: accidents #HSDﬁmrlon II§
indicate a relatively parallel dgrectlon but without déeveloping a. strong correlation with NDG

(reliability coefficients R2 <0,45). This fact is probably based to the small sample that was utilized or

ng Speed Vs (kimv/h)

CereIat on between ND riterion IL.and predicted accidents IHSDM according to V85 variation

However, a S|m|Iar|ty etween the software results also occurs.

Indicator’s values concerning to HV appear to be significantly higher during daytime and lower
during nighttime, which indicates that speeds dispersion is particularly stronger during day than night.

due to the Fact that software do not a Cgp I to HV characteristics.



Conclusions

1. The correlation NDG achieved with all software evaluating the provided road safety level
seems particularly strong in the case of passenger cars and important in the case of heavy
vehicles, which indicates that it can be used as an indicator for estimating/evaluating the
provided level of road safety for a single curve or an individual location of a road section.
This Is very important as it becomes possible to evaluate an individual point/location
exclusively by speed measurements and their statistical processing and analysis.

2. The difference in operating speed between heavy and passenger vehicles is about 20km/h
In large horizontal curves and tangents and 10km/h in small value radii.



Conclusions

3. Speed during nighttime hours seems to be significantly higher for passenger cars in

larger radii and tangents, while at small radii values regarding both types of vehicles
speed is slightly lower during nighttime hours.

4., The form and trend in the diagrams of NDG indicator are similar to the
corresponding forms and trends of all software evaluating the provided road safety

level (FM19, IHSDM, Ciriterion Il), which demonstrates its correlation with the
provided safety level of a road section.



Subject for further research

Confirmation of the present research results by using a larger sample of measurements and
more two-lane road categories (national, provincial roads, etc.).

Evaluation of corresponding speed measurements for highway sections in order to
demonstrate correlation similarities and differences between operational speed and critical
risk indicators, as well as with the expected and reported accidents.

Evaluation of differences of research results for other types of vehicles e.g. motorcycles.

Correlation of research results with available data in order to establish mathematical
relationships/equations to define severity of accidents (fatalities, serious/light injuries,
PDO) and not only their expected number.
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