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1. Background and Objectives

To pursue the goal "improving motorcycle rider safety”, CMC has studied the most frequent
PTW (Powered Two-Wheeler) accident scenarios in the GIDAS (German In-Depth Accident
Study) database (Figure 1). Out of those accident scenarios, the U-turn case accounts for
5.1% of the total of PTW accidents, and is mainly caused by other than PTW riders. CMC
performed a study of this U-turn scenario using the GIDAS database, which is explained in this
report.

The analyses of the other accident scenarios are explained in the other reports.

Accident causation in PTW accident scenarios

Crossing traffic [T, 806 | 5 o/
Longitudinal traffic 12.8% [ 56% |
° i
= lanechange [ 40506 [N 800
S Left curve 11,9% llo,2%
E Right curve 10.8% flo,2%
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E Animals [T73)0% ] O Accident causer = PTW
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108% B Accident causer = other
Others /Unknown [ 2.7%  |NINS06N

o

500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000 5.500 6.000
Accidents n=27.186 accidents

Figure 1: Accident causation in the PTW scenarios

2. Study structure

Accident analysis of the use cases is a fact-based analysis using the GIDAS database.

Analysis contents

This study uses the GIDAS database which contains precise information of the actual acci-
dents that occurred. From the database, the following fact-based data are extracted and stud-
ied.

a) Location of the accident: rural / urban

b) Accident scene: straight / bend / junction, etc.

¢) Kind of traffic regulation: right of way / stop sign / traffic lights, etc.
d) Kind of road user: M1/N1, M2/N2, motorcycle, bicycle, etc.
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e) Main accident causer

f) Main accident causation: mis-obeyed priority / turning, etc.
g) Types of speed limitation: local limit / traffic sign, etc.

h) Maximum permitted speed: 30 km/h, 50 km/h etc.

i) Speed limit and distribution

i) Speed before the accident and at the time of collision

k) View obstruction

[) Used lane when encountering an accident

m) Road surface: asphalt / cobble stone / sand, etc.

n) Precipitation at the time of the accident

0) Road condition: dry / wet / snow, etc.

p) Interview result: visibility limitation

q) Interview result: overlooked / distracted, etc.

r) Interview result: misjudgement

s) Interview result: accident-avoidance possibility by other action
t) Interview result: mistakes in executing the avoidance action
u) Interview result: influence from vehicle technology

V) Interview result: influence of road condition

Selecting and combining the use cases for analysis

Within the selected U-turn accident scenario, there exist more precise accident types as shown
in Figure 2. Figure 2 Which use case to first concentrate on has been decided based on the
frequency of the specific use case. The accident type 721 accounts for 64.0% of all U-turn
case, the accident type 722 accounts for 26.3%, and the accident type 723 accounts for 8.4%.
Considering the similarity of the accident type 722 and 723, the analysis of these types was
combined as one analysis.

U-turn - Top 4 accident types
100%

0
% 64,0%
60%
40%

26,3%
20% . (3%
- 1,3%
0% o
[-721 jaz 7 unknown if
A? lB B 721-724
. q i
n=1.389 A

Figure 2: Selection of U-turn accident type
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3. Use case description

5.1 U-turn accident type 721

The U-turn accident type 721 describes a conflict between a road user (Participant A) who is
turning around, and a road user (Participant B) who is following behind (Figure 3).

721

A
A
ol

Figure 3: U-turn accident types 721

5.2 U-turn accident types 722 & 723

The U-turn accident type 722 describes a conflict between a road user (Participant A) who is
turning around, and oncoming traffic (Participant B). U-turn accident type 723 describes a con-
flict between a road user (Participant A) who is turning around after a central island, and on-

coming traffic (Participant B).

I A
A H
Figure 4: U-turn accident types 722 & 723
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4. Summary of the analysis results

In this chapter, a summary of the analysis results of each accident type is provided. Detailed
analysis results can be found in Chapter 5.

4.1 U-turn accident types 721, 722 & 723

Main findings.

More than 90% of these accidents occurred on urban roads. In comparison, the aver-
age accident location for all PTW accidents is on urban roads in 56.9%, on rural roads
in 40.1%, and on motorways in 3.0%. (5.1)

Accidents are caused by M1/N1 vehicles in more than 90% of cases and Participant B
is a PTW in more than 90% of the accidents.

In the U-turn accidents, accidents are caused by turning Participant A in more than
90% of cases and most of them are M1/N1 vehicles (Cars and Trucks), while Partici-
pant B is a PTW in almost all cases. (5.4,5.5)

The most frequent main accident causations for the accident type 721 and 722 & 723
are “error while turning”. (5.6)

Approximately 30% of participants B exceeded the speed limit, especially at speed
limits of 50 km/h. None of participants A exceeded the speed limit, as was to be ex-
pected, since they are the ones making the U-turn. (5.9)

On average, Participant B rides at 50 km/h and decelerates before they crash (decel-
erates 16km/h in the type 721 case and 12km/h in the type 722 & 723 case) (5.10)

In more than 84% of accidents, there was not view obstruction between Participants A
and B (5.11)

Weather condition is not a major factor for the accidents (5.14, 5.15)

At the accident type 721, in the participant interview results, Participants A report that
visibility or audibility was limited at the time of accident in 38.1% of the known cases.
(5.16)

At the accident type 721, in the participant interview results, Participants A report over-
looking or distraction in 72.9% of the known cases. At the accident type 722 & 723,
Participants A report overlooking or distraction in 70.6% of the known cases. The most
frequent influencing factor of these cases is stress or hurry (5.17)

At the accident type 722 & 723, in the participant interview results, Participants A report
that the accident would have been possible to be avoided by some other reaction /
action in 58.0% of the known cases. (5.19)

5. Analysis results in detail

5.1 a) Location of the accident

The majority of PTW accidents for the U-turn accident type 721 occurred on urban roads which
account for 93.9% of all the type 721 accidents (Figure 5), and 91.5% of all the type 722 & 723
accidents (Figure 6), and the percentage of it is much higher than average (For PTW accidents
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on average, urban roads account for 56.9% rural roads account for 40.1%, and motorways for
3.0%).

Location of the accident scene

Burbanroads  [rural roads w/o motorways O motorways n=889

Figure 5: Location of the accident (721)

Location of the accident scene

Burbanroads @rural roads w/o motorways O motorways n=482

Figure 6: Location of the accident (722 & 723)

5.2 b) Accident scene

The majority of PTW accidents for the U-turn accidents occurred on straight roads, which ac-
counts for 66.1% at the accident type 721 (Figure 7) and accounts for 54.8% at the accident
type 722 & 723 (Figure 8). At the accident type 721, the second frequent scene is a junction
(17.2%), the third is a bend (9.3%), the forth is a crossing (7.3%). At the accident type 722 &
723, the second frequent scene is a crossing (24.3%), the third is a junction (17.2%).
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Accident scene within the road network

@ straight Ebend O junction O crossing @ roundabout
@ other W unknown M car park M property exit n=889

Figure 7: Accident scene (721)

Accident scene within the road network

B[54,8%

@ straight BEbend O junction O crossing @ roundabout
@ other M unknown M car park [ property exit n=482

Figure 8: Accident scene (722 & 723)

5.3 ¢) Kind of traffic regulation

At the accident type 721, the majority of the accidents are not regulated, and in 26.5% there
was a rule to give right-of-way (Figure 9). At the accident type 722 & 723, there was no traffic
regulation in 41.3% of cases, there were traffic lights in 34% of cases, and there was a rule to
give right-of-way in 21% of cases (Figure 10).
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Kind of traffic regulation

none 67,7%

right-of-way 26,5%

other :I 3,7%

traffic lights :I 2,0%

n=889 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 9: Kind of traffic regulation (721)

Kind of traffic regulation

none | 41,3%

traffic lights | 34,0%

right-of-way 21,0%
other :I 3,7%

n=482 0% 10% 20% 30% 40%  50% 60% 70% 80% 90% 100%

Figure 10: Kind of traffic regulation (722 & 723)

5.4 d) Kind of road user

Traffic participants in the U-turn accidents involving a PTW, are shown in Figure 11 and Figure
12. From these figures, it can be seen that in almost all cases at the accident type 721 and
722 & 723, Participant A consists of M1 / N1 vehicles (passenger cars / light commercial vehi-
cles) and Participant B of motorcycles.
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Kind of road user according to the participation

100% n=889

O motorcycle; 3,3%
80%
60%
40%

20% .
E M1/N1 vehicle; 2,0%

0%
Participant A Participant B

B M1/N1 vehicle EN2/N3 vehicle EM2/M3 vehicle B motorcycle Obicycle B other

Figure 11: Kind of road user (721)

Kind of road user according to the participation
n=482

100% .
@ N2/N3 vehicle; 3,7%
80%
60%
40%

20%

0%
Participant A Participant B

B M1/N1 vehicle EN2/N3 vehicle BEM2/M3 vehicle O motorcycle Obicycle B other

Figure 12: Kind of road user (722 & 723)

5.5 e) Main accident causer

The main accident causer in the U-turn accidents is shown in Figure 13 and Figure 14. It is
clear from the figure that the main accident causer for the accident type 721 and 722 & 723 is
Participant A and in only a small percentage Participant B. In case Participant A is the main
causer, Participant A consists of 90% of M1 / N1 vehicles (passenger cars / light commercial
trucks).
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Main accident causer according to the kind of road user and participation

100%

80% @ motorcycle; 3,3%
60%
40%
2 [))

0% O motorcycle 6,7%\-

0% pe e

Participant A Participant B
(z 9313%) (2617%) n=889
B M1/N1 vehicle EN2/N3 vehicle @ motorcycle Obicycle ™ other
Figure 13: Main accident causer (721)
Main accident causer according to the kind of road user and participation
100%

80% @ N2/N3vehicle 3,7%
60%
40%
20%

0% pe

Participant A Participant B
(5 100%) (20%) n=482

E M1/N1 vehicle [EN2/N3vehicle M@ motorcycle [Obicycle m other

Figure 14: Main accident causer (722 & 723)

5.6 f) Main accident causation

The main causation of the accidents is studied and shown in Figure 15 and Figure 16. The
most frequent main accident causation for the accident type 721 and 722 & 723 is “Error while

turning” (approximately 90%).

Main accident causation® according to the participation

= Turnin 89,2%
E & 1 0,0%
S 2,0%
t Overtaking : -
w 2,0% m Participant A
2 0% (93,3%)
Other mistakes made by driver ro 0’% ° ® Participant B
’ (6,7%)
0,0%
Unadapted speed L
3,3%
0,0%
Error while driving past L
1,5%
n=889 0% 20% 40% 60% 80% 100%

Figure 15: Main accident causation (721)
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Main accident causation? according to the participation

Turning
0,0%

0 37%

0,0%

Error while

Driving past

[ 23%
Priority, precedence

Failure to
observe

0,0%

M Participant A
(100,0%)

W Participant B
(0,0%)

n=482 0%

Figure 16: Main accident causation (722 & 723)

20%

40% 60% 80%

100%

1: The police and also the technical investigation units in GIDAS have to assign a main accident causer with one main accident

causation in each accident.

The multiple accident causations according to the participant are shown in Figure 17 and Fig-

ure 18.

At the accident type 721, “Error while driving past” (18,7%) is also a common accident causa-
tion for Participant A, and “Overtaking” (26,1%) and “Unadapted speed” (21,6%) are common
accident causations for Participant B (Figure 17).
At the accident type 722 & 723, “Error while driving past” (34,4%) and “Other mistakes made
by driver’ (18,0%) are also common accident causations for Participant A, and “Unadapted
speed” (26,3%) is a common accident causation for Participant B (Figure 18).

Accident causations? according to the participation

Turning

0,0%

Error
while

Driving past

18,7%
3,5%

Other mistakes made by driver

5,3%
4,0%

Error while overtaking

2,0%
26,1%

Unsufficient driving fitness

2,0%
2,0%

Failure to observe priority, precedence

i 1,2%
0,0%

Unadapted speed

0,0%
[ 21,6%

Road condition

0,0%
2,0%

Error in use of the road

0,0%
I 1,2%

98,4%

m Participant A
m Participant B

n=889

0% 20% 40% 60% 80%

Figure 17: Accident causations (721)
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Accident causations? according to the participation

z Turnin 100,0%
< € 1o0%
S . _ 34,4%
—
= Driving past 0,0%
. . r 18,0%
Other mistakes made by driver 7.5%
. . 2,3%
Technical or maintenance faults r0,0%
- L 3,7%
Insufficient driving fitness F,O%
. - 2,3%
Failure to observe priority, precedence ro 0%
0,0%
Unadapted speed _ 26,3%
. . 0,0%
Error while overtaking L 23%
n=482 0% 20% 40% 60% 80% 100%

Figure 18: Accident causations (722 & 723)

M Participant A
m Participant B

2: The police and the technical investigation units in GIDAS can assign up to 3 accident causations for each accident participant.
Consequently, one accident can have several accident causes depending on the participant and so the sum of the accident

causations is 2100%

5.7 g) Types of speed limitation

What provides the speed limit to each participant is shown in Figure 19 and Figure 20. Both
for Participant A and B, a large majority of speed limits are provided by local traffic rules and

in a small percentage, by traffic signs.

Type of speed limitation according to Type of speed limitation according to
participant A participant B
fmited by locality _ % fimited bylocalit _ sop
limited by traffic signs I 5,3% limited by traffic signs I 6,5%
limited, not specified I 3,5% limited, not specified I 3,5%
n=889 0%  20% 40% 60% 80% 100% oo 0%  20% 40% 60% 80% 100%

Figure 19: Types of speed limitation for the participants (721)
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Type of speed limitation according to Type of speed limitation according to
participant A participant B

- =T e by Ioca“ty - .
I 14,5% limited by traffic signs . 18,3%

0% 20% 40% 60% 80% 100% =482 0% 20% 40% 60% 80% 100%

limited by locality

limited by traffic signs

n=482

Figure 20: Types of speed limitation for the participants (722 & 723)

5.8 h) Maximum permitted speed

The maximum permitted speed on the accident site is shown in Figure 21 and Figure 22. The
most frequent permitted speed is 50 km/h. This is in line with Figure 5 and Figure 6, which
indicate that approximately 90% of accidents occurred at urban roads.

Maximum permitted speed according to Maximum permitted speed according to
participant A participant B
100% 92,7% 100% 92,7%
80% 80%
60% 60%
40% 40%
Zg: 1,2% 2 23: 1,2% &
®
maximum permitted speed [km/h] =889 maximum permitted speed [km/h] =889
Figure 21: Maximum permitted speed (721)
Maximum permitted speed according to Maximum permitted speed according to
participant A participant B
100% 91,5% 100% 87,8%
80% 80%
60% 60%
40% 40%
20% 8,5% 20% o 8,5%
0% 0.0% | 0% =2 |
® ® ®
maximum permitted speed [km/h] =482 maximum permitted speed [km/h] o482

Figure 22: Maximum permitted speed (722 & 723)

5.9 i) Speed limit and distribution

The percentage of participants exceeding the speed limit is shown in Figure 23 and Figure 24.
At the accident type 721, 30.6% of participants B exceed the speed limit, especially at speed
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limits of 50 km/h. None of participants A exceed the speed limit. At the accident type 722 &
723, 31.5% of participants B exceed the speed limit, especially at speed limits of 50 km/h.
None of participants A exceed the speed limit.

Exceeding the speed limit according to participant A Exceeding the speed limit according to participant B
@ no speeding M exceeding speed limit M@ no speeding M exceeding speed limit
100% 100% B 29.4%
B 86,6% 6,1% unknown B 59,3% 4,0% unknown
80% 80%
60% 60%
40% 40%
20% 20%
o o 12% B 61% % ® 12% B 61%
° o —
®
maximum permitted speed [km/h] n=889 maximum permitted speed [km/h] n=889
Figure 23: Exceeding Speed limit (721)
Exceeding the speed limit according to participant A Exceeding the speed limit according to participant B
@ no speeding M exceeding speed limit @ no speeding M exceeding speed limit
100% 100%
? ®81,7% 9,8% unknown ° | 278% 15,8% unknown
80% 80% o 442%
60% 60%
40% 40%
20% B ss% 20% 2w B 85%
0% [ 0% — —_—
maximum permitted speed [km/h] n=482 maximum permitted speed [km/h] n=482

Figure 24: Exceeding Speed limit (722 & 723)
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The distribution of how much Participant B exceeded the allowable speed for each given speed
limit before reaching the point of incident can be deducted from Figure 25 and Figure 26.
Though Participant B in the U-turn accident scenario has the right of way, in some cases,
exceeding the speed limit could be one of the influencing factors for Participant B.

Exceeding the speed limit according to participant B
Distribution of the initial speed of participant B
at speed limit 50 km/h (n=788)
- M@ no speeding @ exceeding speed limit 250 100%
100% 29,4%
B 59,3% 4,0% unknown 20%
o » 200 80%
s0% N T——
60% ,Eu15 o 0 60% g
% 66,9% 33,1% o
40% E 100 ’—‘ 40% E
€ 0% 2
20% 2 50 mn 0% 3
o 61%
B 1% 2 M ‘ H ﬂ 10%
o% o — ol BT fl ol
NPT
SIS P S S S 0 S S S0 S S SO S
maximum permitted speed [km/h] n=889 M e
Distribution of the initial speed of participant B Distribution of the initial speed of participant B
at speed limit 60 km/h (n=11) at speed limit 100 km/h (n=54)
250 100% 250 100%
90% H 90%
. 200 % 5 4 200 o 0% 5
H 0% § § 100,0% £ 09 0% §
g 150 60% § g 150 A /0 60% §
5 0% 50% g s E 50% g
5 100 a0% £ 5 100 H 0% &
g 100% 30% 2 E H 0% 2
Z 50 20% S Z s0 H 20% 3
10% H H 10%
m :
0 0% 0 - 0%
NSRRI NIRRT NN
S S S T T ST TS S S & @ S S ST S S
SIS S S S S S S S0 S S S s RO N Nl N E AL AN
R R R R R R N R R R R R R N P
SRR R
Exceeding the speed limit according to participant B
Distribution of the initial speed of participant A
at speed limit 30 km/h (n=18)
Lo Wno speeding M exceeding speed limit 100 . oo
o H
o 278% 15,8% unknown Zg : zg: .
80% B 442% 2 70 70% é
3 H 2
b S
60% S = 60% 8
5 0% : 100,0% o6y
40% g % . 0% 5
E 30 H 30% 2
9 5 5
20% "o 8,5% 2 » = 20% O
0% — [ 1 d 0%
3 H
o - 0%
TS N N NN
S S S S S S S S SE
S S S S PSP P PSS S E TSS9 S S P S
i i VT T VP PP ELEIENNEFPDE PP
maximum permitted speed [km/h] n=482 I R S
Distribution of the initial speed of participant B Distribution of the initial speed of participant B
at speed limit 50 km/h (n=347) at speed limit 70 km/h (n=41)
250 100% 250 - 100%
90% H 90%
o 200 0% 200 H 80%
b= 2 a " [
5 o § H 100,0% : 0%
3 150 Frmssnssensssssssssssssesssssssessesssees % E S 150 : o §
: 61,4% 38,6% o : : o
5 100 H aw% 5 3 100 : % §
] ) H 0% 2 € : 0% 2
2 50 " m 0% 3 2 5 . 0% 3
10% H 10%
mm H H lnm m H
0 - 0% 0 - 0%
OISO IR NI SN
R P O AW S E S
SLEPPDPEHOEPEDESEPOS S S OE PP RS N 2 D JE DN IR N S e
B S SR R w",g:'«v‘««a“g'q,h',y*?@ S MR O
SRS
Detailed analysis of accident types Page 20

Figure 26: Speed distribution by Participant B (722 & 723)

5.10)) Speed before the accident and at the time of collision

The initial speed of each participant is shown in Figure 27 and Figure 28. It is clear from these
figures that Participant B, going straight, has a higher average speed than Participant A who
waits to start the turning process.
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Initial speed w/ and w/o tolerance Initial speed w/ and w/o tolerance
according to participant A according to participant B
100 100
<€ £
£« o 66
> € > E 58 61
g8 o 38 50 50 —
S © o 45 45
gt g e 40 |
e I e |
E 25 =
18 14 -
@ 10
0 0 0 == 0
intial speed intial speed intial speed intial speed intial speed intial speed
n=435* - tolerance w/o tolerance + tolerance n=406* - tolerance w/o tolerance + tolerance
Figure 27: Initial speed of participants (721)
Initial speed w/ and w/o tolerance Initial speed w/ and w/o tolerance
according to participant A according to participant B
100 100
— 80 —_ 80
< <
£« Enm
S £ 60 = E 60 60
= g £ g 53 55
EE: g £ 47 I:—:' 50 .
SE 40 2E 40 ° 40
;6 & '_3 S 35
k=S 2 k=]
< 2 20 =
1§ 7 10
0 0 0 2 0
intial speed intial speed intial speed intial speed intial speed intial speed
n=835* - tolerance w/o tolerance + tolerance n=853* - tolerance w/o tolerance + tolerance

Figure 28: Initial speed of participants (722 & 723)

The collision speed of each participant is shown in Figure 29 and Figure 30. Comparing the
initial speed of Participant A and the collision speed, Participant A is found to slowly start and
collide with a slightly higher speed. This could indicate that Participant A was waiting for a
chance to start the process but overlooked the other participant or missed its timing and col-
lided.

Looking at Participant B, comparing the initial speed and the collision speed, it is seen that it
starts from 50 km/h initially and decelerates to 34 km/h or 38 km/h for the median scenarios.

Obviously Participant B has recognised Participant A blocking its way and consequently starts
decelerating.
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Collision speed w/ and w/o tolerance

according to participant A according to participant B
100 100
= 80 = 80
E =
= < § o
= 60 £ 60
El 3t
o 2 g2
£ E < 2
st 4 s € 40 4
5 & 28 37 34
= = 28 25
[e}
© 20 16 ié 8 20 20
11 11 10
& 6
0 4 0
collision speed  collision speed  collision speed collision speed  collision speed
n=770* - tolerance w/o tolerance + tolerance n=817* - tolerance w/o tolerance

Figure 29: Collision speed of participants (721)
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Figure 30: Collision speed of participants (722 & 723)

5.11 k) View obstruction

Collision speed w/ and w/o tolerance

48
39

collision speed
+ tolerance

Collision speed w/ and w/o tolerance

53
45
35

collision speed
+ tolerance

Figure 31 and Figure 32 show the existence of view obstructions. Figure 33 and Figure 34
show the types of obstruction. It can be seen that in approximately 84% to 88% of the cases

there was no view obstruction for the participants.

In the case with view obstructions of the accident type 721, the most common ones for both
Participant A and Participant B are waiting/starting vehicles (31,0% for Participant A and 34,3%
for Participant B) and parking vehicles (25,0% for Participant A and 27,6% for Participant B).
At the accident type 722 & 723, the most common known view obstructions for both Participant

A and Participant B are driving vehicles (23,7%).
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View obstruction according to
participant A

not permanent ‘. 11,8%
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View obstruction according to
participant B
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Figure 31: View obstruction (721)
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Figure 32: View obstruction (722 & 723)
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Figure 33: Type of view obstruction (721)
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Figure 34: Type of view obstruction (722 & 723)

5.12 1) Used lane when encountering an accident

Figure 35 and Figure 36 show which lane the participants used when encountering an acci-
dent. The most frequent situation, for both Participant A and Participant B, was a single lane
road.

721
q Top-5 used lane of participant A Top-5 used lane of participant B
] 100% - 100% -
n=889 n=889
E 80% 80% £
o
60% 60% o
40% 40%
§
20% 20% ul
0% o% N
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Figure 35: Used lane at an accident (721)
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Figure 36: Used lane at an accident (722 & 723)

5.13 m) Road surface

Figure 37 and Figure 38 show which kind of road surface it was when encountering an acci-
dent. The majority of U-turn accident scenario participants were driving at a conventional as-
phalt road.

Road surface at the time of the accident
according to participant B

el ot _ =%

paving/cobble stones I 4,0%

concrete I 6,7%

n=889 0% 20% 40% 60% 80% 100%

Figure 37: Road surface (721)
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Road surface at the time of the accident
according to participant B

ronventondtasehel _ o
asphalt, not specified . 11,2%
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Figure 38: Road surface (721 & 722)

5.14 n) Precipitation at the time of the accident

Figure 39 and Figure 40 show the occurrence of precipitation at the time of the accident. From
these figures, it can be observed that in most accidents there was no precipitation occurring.

Precipitation at the time of the accident

no 93,3%

rainfall 6,7%

n=889 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 39: Precipitation (721)
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Precipitation at the time of the accident

no 100,0%

n=482 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 40: Precipitation (722 & 723)

5.15 o) Road condition

Figure 41 and Figure 42 show the road condition at the time of the accident. From these fig-
ures, it can be observed that in around 86% to 89% of all accidents there was a dry road
surface which would allow full brake performance. In around the rest 11% to 14% of accidents

the road surface was damp or wet.

Road conditions at the time of the
accident according to participant B

dry 89,2%

damp :I 4,0%

wet :I 6,7%

n=889 0% 20% 40% 60% 80% 100%

Figure 41: Road condition (721)
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Road conditions at the time of the
accident according to participant B

damp . 13,5%

n=482 0% 20%

40% 60% 80% 100%

Figure 42: Road condition (722 & 723)

5.16 p) Interview result: visibility / audibility limitation

Figure 43 and Figure 44 show the participant interview results about visibility and audibility
limitations. At the accident type 721, Participants A report more limitation in visibility or audi-
bility than participants B. Out of those who answered "yes" or "no", (so taking out the unknown
cases), 38.1% (=13.3/(13.3+21.6)x100) of Participants A reported that visibility or audibility
was limited at the time of accident. At the accident type 722 & 723, there was no Participant A
who reported that visibility or audibility was limited.

Limited visibility? Hearing or visual problems?

Participant A

yes - 13,3%

0% 20% 40% 60% 80%
n=889

Figure 43: Interview -

Participant B

yes I 3,3%

100% 0% 20% 40% 60%
n=889

visibility / audibility limitation (721)
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Limited visibility? Hearing or visual problems? Limited visibility? Hearing or visual problems?
Participant A Participant B

yes  0,0% yes I2,3%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=708 n=482

Figure 44: Interview - visibility / audibility limitation (722 & 723)

5.17 q) Interview result: overlooked / distracted, etc.

Figure 45 shows the participant interview results of the accident type 721 whether they over-
looked important information or if they were distracted. Participants A report overlooking or
distraction in 72.9% (=26.9/(26.9+10.0)x100) of the known cases, while Participants B report
that in only 6.6% (=3.3/(3.3+46.1)x100) of the known cases.

Figure 46 and Figure 47 show further insight into the “yes” cases of Participants A. It appears
that most distractions came from the drivers themselves (being stressed or hurried or uncon-
centrated and so on), or from inside the vehicle but not from outside of the vehicle. These
distractions then caused Participants A to fail to control their view properly. Among Participants
A who answered “yes”, 62.3% forgot or omitted to control their view properly.

Important information was not recognized / Important information was not recognized /
overlooked? Were you distracted? overlooked? Were you distracted?
Participant A Participant B

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=889 n=889

Figure 45: Interview - overlooked / distracted (721)

CMC Basic Specification 26



Accident Analysis — U-turn

overlooked? Were you distracted?-~

Influencing factors of overlooking the
opponent by participant A

BYes EMNo [@Unknown

Participant A -

yes - 26.9% Distraction inside the vehicle 7

Distraction outside the vehicleo,

no 10,0% Stress, hurry 57,7% 22,6%
Tired / Unconcentrated /

69,9% 5,1%

Alcohol / Drugs / Medication

unknown 63,1%
Overburdened by the situation 0,
0% 20% 40% 60% 80% lOOs%\ 0% 20% 40% 60% 80% 100%
n=889 ™

| n=239

Figure 46: Interview — Influencing factors for overlooking (721)

Important information was not recognized /
overlooked? Were you distracted? ..
Participant A -

no 10,0%

Participant A was concentrated on whom/what

not applicable - 7,5%

Not further specified - 7,5%

unknown 63,1%

n=239

0%

0% 20% 40% 60% 80% 100%

n=889

Figure 47: Interview — Influencing factors of concentration (721)

Figure 48 shows the participant interview results of the accident type 722 & 723 whether they
overlooked important information or if they were distracted. Participants A report overlooking
or distraction in 70.6% (=18.0/(18.0+7.5)x100) of the known cases, while Participants B report
that in only 6.8% (=2.3/(2.3+31.7)x100) of the known cases.

Figure 49 and Figure 50 show further insight into the “yes” cases of Participants A. Figure 49
shows that, among them, 20.7% stated that they were distracted due to stress or hurry, and
66.7% stated that there was no influence. Figure 50 shows that, among them, 54.0% forgot or
omitted to control their view properly and 20.7% was distracted by multiple factors.
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Important information was not recognized / Important information was not recognized /
overlooked? Were you distracted? overlooked? Were you distracted?
Participant A Participant B

yes - 18,0% yes I2,3%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=482 n=482

Figure 48: Interview - overlooked / distracted (722 & 723)
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Figure 49: Interview — Influencing factors for overlooking (722 & 723)
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Figure 50: Interview — Influencing factors of concentration (722 & 723)
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5.18r) Interview result: misjudgement

Figure 51 shows the interview results of accident type 721 about whether the participants mis-
judged the situation or not. Participants A report they have misjudged the situation in 21.1%
(=6.5/(6.5+24.3)x100) of the known cases, and Participants B report that in 15.4% (=7.3
/(7.3+40.0)x100) of the known cases.

Figure 52 Figure 53shows further insight into the influencing factors of Participants B (predom-
inantly PTW riders), who answered that they misjudged the situation or course of events. This
chart shows that the most frequent reason was a false expectation (100%) and the second
reason was misjudgment of speed / distance of other vehicles (27.7%).

Situation / course of events misjudged?
Participant A

yes l 6,5%

0% 20% 40% 60% 80% 100%

n=889

Situation / course of events misjudged?
Participant B

yes . 7,3%

unknown

0% 20%
n=889

40% 60% 80% 100%

Figure 51: Interview - Misjudgement (721)

""""""""" Influences why the situation/progress was
misjudged by participant B

BEYes ENo @Unknown

yes . 7.3%

Had a false expectation?

Misjudgement of
speed/distance of other road
users

no 40,0%

unknown Misjudgement of

‘ 52,6%
speed/distance of own vehicle

72,3%

0% 20% 40% 60% 80% 100‘%\ 0%

n=65

20% 40% 60% 80% 100%

n=889

Figure 52: Interview — Influences why misjudged (721)

Figure 53 shows the interview results of the accident type 722 & 723 about whether the par-
ticipants misjudged the situation or not. Participants A report they have misjudged the situation
in 13.3 % (=3.7/(3.7+24.1)x100) of the known cases, and Participants B report that in 6.8%
(=2.3/(2.3+31.7)x100) of the known cases.
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Situation / course of events misjudged? Situation / course of events misjudged?
Participant A Participant B

yes IB,T% yes |2,3%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=482 n=482

Figure 53: Interview - Misjudgement (722 & 723)

5.19 s) Interview result: accident-avoidance possibility by other action

Figure 54 shows the interview results of the accident type 721 about whether the accident
would have been possible to be avoided by some other reaction / action. Comparing the num-
ber of participants answering "yes" to "na", the ratio of "no" is higher for both Participants A
and B. Participants A report they could have avoided the accident by taking other reaction/ac-
tion in 29.0% (=10.0/(10.0+24.4)x100) of the known cases, and Participants B report that in
22.3% (=11.0/(11.0+38.4)x100) of the known cases.

Figure 55 and Figure 56 show further insight into “yes” cases. In the cases, Participants A
stated that they deliberately executed wrong turning (32.6%) or disregarded the rules of the
way (14.6%). Participant B stated that they overtook incorrectly (52.0%) or exceeded the speed
limit (11.2%).

Accident avoidable by other reaction / action? Accident avoidable by other reaction / action?
Participant A Participant B

yes . 10,0% yes - 11,0%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=889 n=889

Figure 54: Interview - Accident avoidance possibility (721)
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Which traffic rule did participant A violate?
Accident avoidable by other rg}tﬁ;n/acﬁon? deliberate wrong turning _ 32,6%
Parﬁcipag}ﬂ'
. : i deliberate disregard of the - 14,6%
rules of the way
unknown 65,6% \‘\
not applicable 32,6%
0% 20% 40% 60% 80%  100% \‘\ n=89
n=889 N 10
0% 10% 20% 30% 40% 50% 60% 70%

Figure 55: Interview - Which traffic rule did Participant A violate? (721)

Which traffic rule did participant B violate?
Accident avoidable by other rg}tﬁgn / action? incorrect overtaking _ 52,0%
Parﬁcipag&'ﬁ'
ves [ 120% others [T 18,4%
no 38,4% excessive speed - 11,2%
unknown 50,6%
not applicable 18,4%
0% 20% 40% 60% 80% 100% \\‘\ n:98

n=889 S 0% 10% 20% 30% 40% 50% 60% 70%

Figure 56: Interview - Which traffic rule did Participant B violate? (721)

Accident avoidable by other reaction / action? Accident avoidable by other reaction / action?
Participant A Participant B

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=482 n=482

Figure 57 shows the interview results of the accident type 722 & 723 about whether the acci-
dent would have been possible to be avoided by some other reaction / action. Comparing the
number of participants answering "yes" to "no", the ratio of "yes" is higher for Participants A
and the ratio of "no" is higher for Participants B. Participants A report they could avoid the
accident by taking other reaction/action in 58.0% (=19.7/(19.7+14.3)x100) of the known cases,
and Participants B report that in 22.3% (=11.0/(11.0+38.4)x100) of the known cases.

Figure 58 and Figure 59 show further insight into “yes” cases. In these cases, Participants A
stated that they deliberately executed wrong turning (32.6%) or disregarded the rules of the

CMC Basic Specification 31



Accident Analysis — U-turn

way (14.6%). Participants B stated that they overtook incorrectly (52.0%) or exceeded the
speed limit (11.2%).

Accident avoidable by other reaction / action? Accident avoidable by other reaction / action?
Participant A Participant B

yes - 19,7% yes l 6,0%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=482 n=482

Figure 57: Interview - Accident avoidance possibility (722 & 723)

Which traffic rule did participant A violate?

Accident avoidable by other rgpn?gn / action? deliberate disregard of the _ 43.2%
Participant A’ rules of the way '

yes - 19,7%
deliberate wrong turning _ 18,9%
no 14,3%
unknown 66,0% not applicable | 37,9%
0% 20% 40% 60% 80% 100% \\“\ n=95
n=482 0% 10% 20% 30% 40% 50% 60% 70%

Figure 58: Interview - Which traffic rule did Participant A violate? (722 & 723)

Which traffic rule did participant B violate?

Accident avoidable by other rg,acﬁ;)n / action?

Participant8 :
excessive speed 37,9%

yes . 6,0%
no 25,7%
not applicable 62,1%
unknown 683% .
0% 20% 40% 60% 80% 100% n=29
n=482 0% 10% 20% 30% 40% 50% 60% 70%

Figure 59: Interview - Which traffic rule did Participant B violate? (722 & 723)
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5.20t) Interview result: mistakes in executing the avoidance action

Figure 60 shows the interview results of the accident type 721 about difficulties / mistakes in
taking the planned action. None of them answered that they had difficulties / errors in executing
the planned action.

Difficulties / mistakes '_“ e;(ecutlng the Difficulties / mistakes in executing the
plann.et_l action? planned action?
Participant A Participant B
0,
yes  0,0% ves  0,0%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=889 n=889

Figure 60: Interview - Mistakes in avoidance action (721)

Figure 61 shows the interview results of the accident type 722 & 723 about difficulties / mis-
takes in taking the planned action (e.g., mixing up the brake pedal with the accelerator pedal).
None of the Participants A answered that they had difficulties / errors in executing the planned
action, and Participants B answered they had such difficulties in 10.9% (=3.7/(3.7+30.3)x100)
of the known cases.

Difficulties / mistakes in executing the
planned action?
Participant B

Difficulties / mistakes in executing the
planned action?
Participant A

yes  0,0% yes I3,?%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=482 n=482

Figure 61: Interview - Mistakes in executing the planned action (722 & 723)

5.21 u) Interview result: influence from vehicle technology

Figure 62 and Figure 63 show the participant interview results about any influence of the vehi-
cle technology. This query is asking whether the participants had difficulty in operating a certain
function provided by the vehicle or whether they were distracted by any function on the vehicle.
There are almost no participants answering "yes" meaning that there was no influence from
the vehicle technology leading to an accident.

CMC Basic Specification 33



Accident Analysis — U-turn

Influence from vehicle technology? Influence from vehicle technology?
Participant A Participant B

yes Iz,o% ves | 0,0%

49,4%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=889 n=889

Figure 62: Interview - Influence from vehicle technology (721)

Influence from vehicle technology? Influence from vehicle technology?
Participant A Participant B

yes  0,0% yves  0,0%

no

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=482 n=482

Figure 63: Interview - Influence from vehicle technology (722 & 723)

5.22 v) Interview result: influence from the condition of the road

Figure 64 shows the participant interview results about any influence from the condition of the
road. There is no participant answering "yes".
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Run of road, recognizability, sudden slippery Run of road, recognizability, sudden slippery
roadsurface, other influences? roadsurface, other influences?
Participant A Participant B

yes  0,0% yes 0,0%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=889 n=889

unknown

Figure 64: Interview - Influence of road condition (721)

Run of road, recognizability, sudden slippery Run of road, recognizability, sudden slippery
roadsurface, other influences? roadsurface, other influences?
Participant A Participant B

yes  0,0% yes  0,0%

no

27,8% no

34,0%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
n=482 n=482

Figure 65: Interview - Influence of road condition (722 & 723)

6. Conclusion

CMC analysed U-turn accidents type 721, 722 and 723, for the future improvement of motor-
cycle rider safety with technology. U-turn accidents account for 5.1% of the total of PTW acci-
dents and 98.7% of them consists of these 3 types. A total of 22 potential influencing factors
a) to v) were reported.

U-turn accidents involving PTW riders are caused by M1/N1 vehicles (cars/trucks) in more
than 90% of cases. From the analysis, an important outcome is that there was no view ob-
struction in more than 84% of the cases, but still Participant A (mainly cars/ trucks) overlooked
Participant B (mainly PTWSs). At the accident type 721, in the participant interview results, Par-
ticipants A report that visibility or audibility was limited at the time of accident in 38.1% of the
known cases, and that there was overlooking or distraction in 72.9% of the known cases. At
the accident type 722 & 723, in the participant interview results, Participants A report that vis-
ibility or audibility was not limited at the time of accident in the known cases, and that there
was overlooking or distraction in 70.6% of the known cases. Further interview results show
that the most frequent influencing factor of overlooking for the accident type 721 and 722 &
723 is stress or hurry.
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Abbreviations

CMC Connected Motorcycle Consortium
GIDAS German In-Depth Accident Study
PCM Pre-Crash-Matrix

MID Maneuver IDentifier

PTW Powered Two-Wheeler

TTC Time To Collision
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