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A Driving Simulator Study to Evaluate the Effects of Different Types of Median Separation on Driving Performance on 2+1 Roads
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2+ 1 ROADS

TRAFFIC PERFORMANCE

SPEED INCREASE AND DELAY REDUCTION
INCREASE OF THE PASSING RATES

REDUCTION OF PLATOONING

IMPROVEMENT OF OPERATING CONDITIONS AND

REDUCTION OF DRIVER’S DISCOMFORT LEVELS

DESIGN PARAMETERS

POsITION IN THE ROAD NETWORK AND SPACING
CROSS-SECTION DIMENSIONS (LANES, MEDIAN WIDTH, ...)

GEOMETRICAL FEATURES OF CHANGEDOVERS

SAFETY PERFORMANCE

BEFORE-AFTER STUDIES SHOW A REDUCTION OF CRASHES

NOT TAKEN INTO ACCOUNT IN THE SCIENTIFIC LITERATURE

s HUMAN FACTORS AND DRIVING

PERFORMANCE ARE NOT CONSIDERED

PASSING LANE LENGTH, MERGING LENGTH

MEDIAN SEPARATION TYPE

MERGING CONFIGURATION

9 GAP IN THE LITERATURE
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e MEDIAN SEPARATION

MEDIAN SEPARATION TYPES

® NO VEHICLE REDIRECTION: )
° NO PHYSICAL SEPARATORS
° DELINEATORS

° VEHICLE REDIRECTION:
° MEDIAN BARRIERS

MERGING CONFIGURATIONS AT THE END OF THE ADDITIONAL LANE

° ROAD MARKINGS ONLY

® USE OF ROAD SIGNS

® CABLE BARRIERS

® MERGING LENGTHS
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OBJECTIVES

THE RESEARCH PROJECT IS AIMED AT INVESTIGATING THE HUMAN FACTORS AND DRIVING BEHAVIOR
WITH THE USE OF DRIVING SIMULATION AND MICRO-SIMULATION

Lund University

= = Roma Tre University W Cracow University Of Technology [ff;"ﬁ\‘% University of Catania _
£ A S Department of Engineering % Faculty of Civil Engineering %':;j Civil Engineering and Architecture Department ~ Luxps Department of Technology and Society

\ : 1. INNOVATIVE DESIGN GUIDELINES BASED ON ROAD SAFETY AND OPERATIONS

2. BEHAVIORAL MODELS FOR TRAFFIC MICRO-SIMULATION

DRIVING SIMULATION 1. ANALYSIS OF DRIVING BEHAVIOR FOR DIFFERENT GEOMETRIC AND OPERATING CONDITIONS

INVESTIGATION OF: TRAFFIC VOLUME, MERGING LENGTH, PASSING LANE LENGTH
= —— 3

STUDIES DEVELOPED: .
2_ ANALYSIS OF DRIVING BEHAVIOR FOR DIFFERENT TYPES OF MEDIAN SEPARATION

INVESTIGATION OF: MEDIAN SEPARATION TYPE, PASSING LANE LENGTH
L’ I — —

3_ ANALYSIS OF DRIVING BEHAVIOR FOR DIFFERENT MERGING CONFIGURATIONS

INVESTIGATION OF: MERGING CONFIGURATION, PASSING LANE LENGTH
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METHOD — DRIVING SIMULATOR

THE EXPERIMENTS WERE CARRIED OUT USING THE DRIVING SIMULATOR AT ROMA TRE UNIVERSITY

v

ONE CURVED SCREEN PROJECTION (180° UFOV), MANUAL

GEAR, STEERING WHEEL, PEDALS

IT IS INSERTED IN A REAL CAR IN ORDER TO GET THE BEST
FEELING OF REALISM AND IT IS COMPLETED WITH AN

ODOMETER AND THREE REAR-VIEW MIRRORS

HIGH RESOLUTION OF THE VISUAL SCENE WITH A REFRESH
RATE UP TO 60 Hz. THE DATA RECORDING SYSTEM

ACQUIRED MORE THAN 40 PARAMETERS

SOUND SYSTEM (ENGINE AND OTHER VEHICLES), EYE

TRACKING SYSTEM AND OTHER TOOLS FOR

PSYCHOPHYSICAL MEASURES

THIS SET-UP PROVIDES A REALISTIC VIEW OF THE ROAD AND SURROUNDING

ENVIRONMENT AND ALLOWS TO TAKE INTO ACCOUNT HUMAN FACTORS, USING AN

EFFECTIVE INTERDISCIPLINARY AND MULTIDISCIPLINARY APPROACH.
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e METHOD — SCENARIO

THE SCENARIO IS BASED ON THE «DK 17» ROAD, IN THE MUNICIPALITY OF PIASKI IN POLAND.

THE TRAFFIC VOLUME WAS EXACTLY IMPLEMENTED IN THE SIMULATED ENVIRONMENT ACCORDING TO ON-SITE
MEASUREMENTS, AND WAS UNCHANGED AMONG THE DIFFERENT TESTS AND SCENARIOS IMPLEMENTED.

"
FIRST 2.5 km 1st 2+1 segment: «PIASKI 1» 2nd 2+1 segment: «PIASKI 2»
Conventional 2-lane configuration Single lane (1600 m) > Double lane (1600 m) Single lane (800 m) > Double lane (800 m)

CONFIGURATIONS OF MEDIAN SEPARATION TYPES

ek i e

a) Type 1: Double solid lines b) Type 2: Reflective elements c) Type 3: Flexible guideposts d) Type 4: Cable barriers
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Nl METHOD — SAMPLE OF DRIVERS AND PROCEDURE

THE SAMPLE OF PARTICIPANTS CONSISTED OF FORTY-SIX DRIVERS, FORTY-ONE AFTER VALIDATION OF DATA, 16

WOMEN AND 25 MEN, MEAN AGE OF 28.6 YEARS (SD = 6.8 YEARS), RANGING BETWEEN 22 AND 41 YEARS.

THE SAMPLE OF DRIVERS WAS TESTED USING FOUR DRIVES OF THE SCENARIO TO INVESTIGATE THE EFFECTS OF THE
DIFFERENT TYPES OF MEDIAN SEPARATION ON DRIVING AND TRAFFIC PERFORMANCE ON THE 2+ 1 ROAD. THE

SEQUENCE OF DRIVES WAS RANDOMLY SELECTED IN ORDER TO AVOID ANY REPETITIVE INFLUENCES.

EACH PARTICIPANT DROVE THE SCENARIO FOUR TIMES ON TWO DIFFERENT DAYS. AFTER A PRELIMINARY DRIVE OF A
TRAINING SCENARIO TO HELP THE PARTICIPANT FAMILIARIZING WITH THE TOOL, THE PARTICIPANT WAS THEN GIVEN A

BRIEF EXPLANATION OF HOW 2+ 1 ROADS WORK AS WELL AS A GENERAL DESCRIPTION OF THE SCENARIO THEY WILL

BE DRIVING.

FOLLOWING THE DRIVING TESTS, EACH DRIVER WAS RERQUIRED TO FILL IN A DIGITAL QUESTIONNAIRE THAT CONSISTED
IN EVALUATING HIS OR HER THOUGHTS ON THE PERCEIVED SAFETY OF EACH TYPE OF MEDIAN SEPARATION

ENCOUNTERED IN THE SIMULATIONS (WITH THE USE OF SCREENSHOTS FROM THE SCENARIO).



A Driving Simulator Study to Evaluate the Effects of Different Types of Median Separation on Driving Performance on 2+1 Roads

RSS 2022
= METHOD — DATA COLLECTION

s 053 4w oo 8

1. EFFECTS ON DRIVING PERFORMANGE

INFLUENCE OF THE INDEPENDENT VARIABLES ON THE DEPENDENT VARIABLES

ACCELERATION

SPEED POSITION
S,: beginning of the 2+1 lane P: beginning of the lane-change maneuver a,,: average acceleration along 2+1 lane
S,: beginning of the lane-change maneuver LP,,: average lateral position along 2+1 lane a,.: Mmaximum acceleration along 2+1 lane

S,,: average speed along 2+1 lane LP,,,: average lateral position along the right lane

. TO STUDY DRIVING BEHAVIOR AT THE BEGINNING OF THE

2+ 1 SEGMENTS, ON THE SINGLE-LANE SEGMENTS AND WHILE

PASSING SLOWER VEHICLES

2. EFFEGTS ON TRAFFIC PERFORMANCE

SPEED INCREASE AND DELAY REDUCTION

3. SUBJECGTIVE MEASURES S
1

SCREEN-BASED QUESTIONNAIRE
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EFFECTS ON DRIVING PERFORMANCE

. Median Separation Type
Varia
ble | Type | Type | Type | Type F p
1 2 3 4
ekl AS KL
S, 821 | 803 | 797 | 799 | 122 | 0.305
S, 878 | 878 | 885 | 86.1 | 0.75 | 0.524
S,, | 1022 |102.4 | 101.4 | 101.8 - 0.967
s
P 455 | 558 | 61.1 | 62.2 - 0.101
LP,,, | 16 1.6 1.6 1.8 | 10.30 | 0.000
LP,, | 1.8 1.8 1.9 2.0 - 0.007
a,, 0.03 | 0.05 | 0.06 | -0.01 - 0.000
A | 166 | 1.70 | 1.76 | 1.60 - 0.921
PIASKI 2
S, 832 | 803 | 805 | 804 - 0.299
S, 861 | 868 | 871 | 847 | 1.09 | 0.355
S,, | 1019|1005 | 97.8 | 1003 | 1.70 | 0.170
P 276 | 414 | 540 | 39.8 - 0.006
LP,,, | 16 1.7 1.7 1.9 - 0.000
LP,, | 1.7 1.9 1.9 1.9 - 0.000
a,, | -0.02 | 0.001 | -0.02 | -0.01 - 0.982
A | 148 | 160 | 1.57 | 1.55 - 0.793

EFFECTS OF MEDIAN SEPARATION TYPE ON SPEED

NO STATISTICALLY SIGNIFICANT DIFFERENCES

THE DIFFERENT MEDIAN SEPARATION TYPES HAVE SMALL EFFECTS ON DRIVERS’ SPEED

BsSs WS LIS,

105 A

90 1 AVERAGE SPEED
—
&= 76
= e DOUBLE SOLID LINES = 101.57 KM/H
=]
=, 60 - REFLECTIVE ELEMENTS = 100.72 KM/H
=]
O gus4---1HB--IB----1BI-IHR 1B B FLEXIBLE GUIDEPOSTS = 99.91 KM/H
o -
j= ™
%) CABLE BARRIERS = 101.05 KM/H

30 4

15

Praski 1 Piaski 2 Piaski | Piaski 2 Piaski 1 Piask: 2 Piaski 1 Piaski 2

Type | Type 3 Type 4
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EFFECTS ON DRIVING PERFORMANCE

EFFECTS OF MEDIAN SEPARATION TYPE ON LATERAL POSITION

. Median Separation Type

Varia

ble | Type | Type | Type | Type F p

1 2 3 4 STATISTICALLY SIGNIFICANT DIFFERENCES
PIASKI 1
AN INCREASE IN THE OVERALL DIMENSIONS OF THE

S, 82.1 80.3 79.7 79.9 1.22 | 0.305

S, | 87.8 | 87.8 | 885 | 86.1 | 0.75 | 0.524 MEDIAN SEPARATORS CAUSES GREATER DEVIATIONS TO

Soy 1022 | 1024 | 101.4 | 1018 | - | 0.967 THE RIGHT OF THE VEHICLE TRAJECTORIES

P 455 | 558 | 61.1 62.2 - 0.101
LP,,, 1.6 1.6 1.6 1.8 10.30 | 0.000 t DIFFERENT RISK PERCEPTION

Piaski 1
| 18 | 18 | 19 | 20 | - o007 . _ S AME PHENOMENGN N e
a, | 003|005/ 006 |-001| - |0.000 P2 | —
Type | SINGLE-LANE SEGMENTS
a,, | 166 | 1.70 | 176 | 160 | - |0.921
PIASKI 2 - Plaski 1 —

Si | 832|803 | 805 | 804 ] - |02%9 el e | ———

! Tvpe 2 Bua LATERAL POSITION

S, | 8.1 | 86.8 | 87.1 | 84.7 | 1.09 | 0.355 el

Sy | 1019 ) 100.5] 978 | 100.3 | 1.70 | 0.170 Eak # PRUBLE Sanb LiNEs = 156 M
P 27 6 414 540 398 _ 0.006 Pl | : ; ; | REFLECTIVE ELEMENTS = 1.65 ™M
LP,,, 16 17 17 19 . 0.000 Type 3 FLEXIBLE GUIDEPOSTS = 1.65 M
LPo 7 | 19 | 19 15 | - 0000 Piaskd | — CABLE BARRIERS = 1.81 ™

a,, -0.02 | 0.001 | -0.02 | -0.01 - 0.982 Piaski 2

a,, | 148 | 160 | 157 | 155 | - |0.793 Type 4 .| : ; : :

0 0.4 0.8 1.2 1.6 2.0
WL, [LP, Lateral Position (m)
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EFFECTS ON TRAFFIC PERFORMANCE

REDUCTION AGF PTSF
(PERCENT TIME SPENT FOLLOWING)

i 3
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INCREASE IN SPEED

Separation Lane length Average speed variation Avera_ge speed in the Separation Travel time [s] PTSF variation [%]
type [km/h] passing lane [km/h] type
1600 m +10.92 101.75
Type 1 800 m +10.28 101.40 Type 1 275.52 -9.18
1600 m +10.68 101.64
Type 2 860 m +906 99.79 Type 2 278.05 -8.34
1600 m +10.20 101.55
Type 3 860 m +907 0828 Type 3 278.54 -8.18
1600 m +10.48 101.81
Type 4 860 m +9.85 100 29 Type 4 278.01 -8.36
\/ AVERAGE SPEED INCREASES BETWEEN 9 AND 11 KM/H \/ AVERAGE REDUCTION BETWEEN
GREATER BENEFITS FOR LONGER ADDITIONAL LANES 8.18% AND 9.18%
. Average speed in
Country Medllan Avc_ara_ge e the passing lane PTSF variation [%]
barrier variation [km/h]
[km/h]
Sweden [21] Yes +2 - -
Sweden [21] No +4 - -
THE RESULTS ARE Sweden [3] Yes +10 - -
Finland [1] Yes +1 - -
IN LINE WITH THE Finland [16] No - 100 + 130 -
PREVIOUS LITERATURE Germany [1] No +5to +10 100 + 130 -
Germany [13] No - - -15
FINDINGS South Korea [7] No +20 (one section) 100 + 130 -8.3 (one section)
Poland [23] No +10 (one section) - -
Japan [12] Yes +8 to +14 (simulation) - -
United States [1] No +1 to +10 (simulation) - -2810-15
United States [10] No “Modest” - -
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SUBJECTIVE MEASURES

RUESTIONS THAT THE PARTICIPANT HAD TO REPLY AFTER THE TESTS, USING A NUMERICAL VALUE FROM 1 TO 5!

Q1:
Q2:
Q3:
Q4:
R5:

Do YOU CONSIDER THIS TYPE OF MEDIAN SEPARATION TO BE SAFE? (1: NOT SAFE, 5. VERY SAFE);

DID THE SEPARATION ELEMENTS INFLUENCE YOUR SPEED IN THE ADDITIONAL PASSING LANE? (1: LITTLE, 5: GREAT);

DID THE SEPARATION ELEMENTS INFLUENCE YOUR POSITION IN THE ADDITIONAL PASSING LANE? (1: LITTLE, 5: GREAT);

DID THE SEPARATION ELEMENTS INFLUENCE YOUR SPEED IN THE REGULAR LANE? (1: LITTLE INFLUENCE, 5: GREAT INFLUENCE);

DID THE SEPARATION ELEMENTS INFLUENCE YOUR POSITION IN THE REGULAR LANE? (1: LITTLE INFLUENCE, 5: GREAT INFLUENCE).

Median separation type

Questions
Type 1 Type 2 Type 3 Type 4 p-value
Q1 2.54 2.85 3.22 4.00 0.000
Q2 2.70 2.56 2.76 2.96 0.503
Q3 2.74 2.72 2.93 3.04 0.541
Q4 2.11 2.06 2.20 2.30 0.530
Q5 2.28 2.11 2.30 2.46 0.500

RESULTS SHOW THAT DRIVERS CONSIDER CABLE BARRIERS TO BE THE SAFEST MEDIAN SEPARATION SOLUTION

AMONG THOSE TESTED, WITH ROAD MARKINGS ONLY BEING THE LEAST SAFE
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CONCLUSIONS

A Driving Simulator Study to Evaluate the Effects of Different Types of Median Separation on Driving Performance on 2+1 Roads

Median
separation

Main effects
on driving behavior

Operation and safety
features

Notes

Road markings
only

X Vehicle trajectories closer
to the opposite traffic flow

No installation costs
Very little maintenance required
X No redirection of errant vehicles

Increases traffic performance
compared to two-lane

configurations but maintains
the risk of head-on collisions

Non-containing
objects

Vehicle trajectories close
to the lane center

Little maintenance required
X No redirection of errant vehicles

Should be preferable to road
markings only for better
delineation and safer
trajectories

Cable barriers

~ Qreat vehicle trajectory
deviations to the right

Mitigate the risk of head-on collisions
~ Increase in PDO crashes
~ Higher costs and maintenance

Best safety performance, but
requires wider passing lanes
and wider median to
accommodate deflections

\/ GREATER OPERATIONAL BENEFITS

~>

PASSING LANE LENGTH

PROPOSED GUIDELINE:

L > 1000w™
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DRIVING SIMULATION

® FUTURE STUDIES WILL FURTHER VALIDATE CURRENT FINDINGS
* WIDER FIELD OF ANALYSES IN OTHER FEATURES:

EFFECTS OF DIFFERENT OPERATING CONDITIONS (LOS) BEFORE THE 2+ 1 SEGMENTS

® FURTHER MODIFICATIONS OF THE GEOMETRICAL ELEMENTS (LANE WIDTH,

CHANGEOVERS, MERGING AREA,...)

° FURTHER CONFIGURATIONS OF TRAFFIC (VOLUME AND COMPOSITION)

TRAFFIC MICRO-SIMULATION

® IN-DEPTH ANALYSIS OF TRAFFIC AND SAFETY PERFORMANGCE:

° SAFETY ANALYSIS IN MICROSIMULATION
° ANALYSIS OF PLATOONING

° CAPACITY ASSESSMENT

® ASSESSMENTS OF THE SPACING BETWEEN DIFFERENT 2+ 1 SEGMENTS ON A

ROAD NETWORK LEVEL
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