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1.0 Executive Summary

In these days of increasing congestion on our roads, powered two wheelers
(PTWSs)* continue to provide a valuable contribution to mobility in Europe. Their relatively
small size and low cost enable them to blend efficiently into in the traffic flow while needing
less space compared to other vehicles (OVs). However, PTW riders form one of the most
vulnerable groups of road users and road accidents involving injuries to them are a major
social concern. It is therefore essential that all parties work together to understand and
further improve the safety of this valuable mode of transport.

In order to better understand the nature and causes of PTW accidents better, the
Association of European Motorcycle Manufacturers (ACEM) with the support of the
European Commission and other partners conducted an extensive in-depth study of
motorcycle and moped accidents during the period 1999-2000 in five sampling areas
located in France, Germany, Netherlands, Spain and Italy. The methodology developed by
the Organisation for Economic Co-operation and Development (OECD) for on-scene in-
depth motorcycle accident investigations was used by all five research groups in order to
maintain consistency in the data collected in each sampling area.

A total of 921 accidents were investigated in detail, resulting in approximately 2000
variables being coded for each accident. The investigation included a full reconstruction of
the accident; vehicles were inspected; witnesses to the accident were interviewed; and,
subject to the applicable privacy laws, with the full cooperation and consent of both the
injured person and the local authorities, pertinent medical records for the injured riders and
passengers were collected. From this data, all the human, environmental and vehicle
factors which contributed to the outcome of the accident were identified.

To provide comparative information on riders and PTWs that were not involved in
accidents in the same sample areas, data was collected in a further 923 cases. The
collection technique was specifically developed to meet the circumstances of this study
and is commonly referred to as an exposure or case-control study. This exposure
information on non-accident involved PTW riders was essential for establishing the
significance of the data collected from the accident cases and the identification of potential
risk factors in PTW accidents. For example, if 20% of non-accident involved PTWs in the
sampling area were red, it would be significant if 60% of those PTWs involved in an
accident were reported to be red, suggesting that there is an increased risk of riding a red
PTW. On the other hand, if none of the PTWs in the accident sample were red, it would an
interesting finding, needing further study.

The PTW accident data collected in this study indicated that the object most
frequently struck in an accident was a passenger car. The second most frequently struck
object was the roadway itself, either as the result of a single vehicle accident or of an
attempt to avoid a collision with an OV. Whilst each sampling area contained both urban
and rural areas, the majority of the accidents took place in an urban environment.

Travelling and impact speeds for all PTW categories were found to be quite low,
most often below 50 km/h. There were relatively few cases in which excess speed was an
iIssue related to accident causation.

! The term “powered two-wheeler” includes all types of road motorcycles, mopeds and mofas.
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The cause of the majority of PTW accidents collected in this study was found to be
human error. The most frequent human error was a failure to see the PTW within the traffic
environment, due to lack of driver attention, temporary view obstructions or the low
conspicuity of the PTW.

Once all the data had been collected, it was entered into a database for each
sampling area and compared with the exposure data referred to above. Statistical analysis
identified PTW accident risk factors by comparing the accident data to the exposure data.

Thus, for example, the exposure data indicated that whilst scooters represented the
majority of accident cases, scooters were not over-represented in accidents in comparison
with their presence in the sampling area (i.e., their exposure).

When the accident riders were compared to the exposure population, the data
demonstrated that the use of alcohol increased the risk of being in an accident, although
the percentage was lower than in other studies.

Unlicenced PTW operators who were illegally riding PTWSs that required a licence,
were also found to be at greater risk of being involved in an accident when compared to
licenced PTW riders.

The data collected during this study represents the most comprehensive in-depth
data currently available for PTW accidents in Europe. It is expected that this data will
provide much needed information for developing develop future research in relation to
public policy issues. Recommendations for future countermeasures and investigations are
provided.
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2.0 Objectives and methodology

Objectives

There is little detailed information about the casualties and accidents associated
with powered two wheelers (PTW) in Europe. The information currently available comes
from national police reports or from specific studies. National police reports are not
sufficiently detailed to understand the causes of PTW accidents fully. Specific research
studies of PTWs use different data collection criteria and different data collection
methodologies, thereby limiting the ability to compare the different studies and to develop
a comprehensive European strategy for the reduction of PTW accidents.

Previous in-depth research into PTW accidents has been conducted in North
America (Hurt et al., 1981, Newman et al., 1974) as well as in the United Kingdom and
Europe (Pedder et al., 1979, Otte et al., 1998). All of these studies have shown the need
for in-depth investigations in order to provide a clear, detailed and objective analysis of the
causes and consequences of PTW accidents. This in-depth PTW research has also shown
the need to collect information regarding the non-accident PTW/rider population (i.e., a
control population) in order to determine the relative risk of a given PTW/rider factor.

With the support of the European Commission and other partners, the Association
of European Motorcycle Manufacturers (ACEM) conducted an extensive in-depth study of
motorcycle and moped accidents in five European countries: France, Germany,
Netherlands, Spain and Italy.

The objectives of this study were as follows:

1. To identify and indicate the causes and consequences of PTW accidents in a
well-defined sampling area.

2. To compare the accident data to a control population in order to determine the
risk associated with certain factors (e.g., alcohol).

3. To apply this comprehensive and reliable data source in the development of
proper counter-measures that will reduce the frequency and severity of PTW
accidents.

The same methodology for on-scene in-depth motorcycle accident investigations,
developed by the Organisation for Economic Co-operation and Development (OECD), was
used by all five research groups in order to maintain consistency in the data collected in
each region. A complete description of this methodology is presented in the ACEM report
titted “MAIDS Report on Methodology and Process” (ACEM, 2003).

Methodology

Sampling areas

The objective of MAIDS was to do a European study on PTW accidents. That is
why 5 countries and five regions were selected, which altogether were felt to give a
representative view of the PTW accident scene. Each sampling area was handled by a
team under contract to the study’s administration. A total of 921 in-depth accident
investigations were conducted within these five sampling areas and used to form the
aggregate database. Furthermore, the use of a case control study methodology allowed
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for the analysis of risk factors and identification of potential countermeasures based upon
the data collected from these five sampling areas. The analysis therefore focuses on the
European dimension. The results of such a study can be compared with national statistics
and other studies when assessing the implications.

Exposure data

In order to identify potential risk factors associated with PTW operation or use, it
was necessary to compare the accident data with the characteristics of the PTW/rider
population riding within each sampling area. This is referred to as a case control study
wherein the cases (i.e., the accidents) are compared with an identical non-accident
population (i.e., the circulating riding population within the sampling area). Statistical
comparisons of the characteristics of this PTWI/rider population and the accident
population provide a method of estimating whether or not a risk factor (e.g., PTW style) is
over or under-represented in the accident database and whether or not there is greater or
less risk of being in an accident if that risk factor is present. It was the objective of this
study to identify and examine as many of these risk factors as possible. This methodology
has been used successfully in previous in-depth motorcycle accident studies (Hurt et al.,
1980, Haworth et al., 1997).

From the statistical point of view, the validity of the exposure data, based on the
population of riders and PTWSs at risk in the accident sampling area, was given by
sampling the same number of cases as selected for sampling the accidents: i.e., one
control case had to be collected for each accident case. The collection of additional control
cases would not have increased the statistical reliability or power of the data and therefore,
one control case was sufficient (Breslow and Day, 1980). Video surveillance of PTWs
moving through the accident scene one week after the accident was considered as a
potential method of collecting vehicle information and a very limited amount of rider
information. Unfortunately, this method provided none of the human factor data critical to
understanding the human contribution to accident risk. Furthermore, stopping PTW riders
on the roadway was against the law in some areas as well as a logistical challenge;
therefore, an alternative methodology had to be developed.

An alternative control data collection method was developed by the University of
Pavia research team. The method involved conducting PTW rider interviews and PTW
inspections at randomly selected petrol stations within the sampling area. This petrol
station methodology provided both the human and vehicle control data necessary to
estimate the relative risk of a given factor using standard statistical procedures. A total of
923 PTW riders were interviewed using the petrol station methodology and each rider
responded to over 200 human factor and vehicle questions. Each of these responses was
entered into a database that was forwarded to the University of Pavia.

Accident data collection

Each accident was investigated in detail, resulting in approximately 2000 variables
for each accident case. Cooperative agreements were established with local regulatory
agencies (e.g., police and hospitals) within each of the sampling areas. This maximized
the amount of information which could be obtained during the in-depth investigations.
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In order to identify accident cause and consequences, the investigation included a
full reconstruction of the accident, including the documentation of human, environment and
vehicle factors, and an identification of all accident contributing factors. Specific attention
was paid to the conditions under which the accident took place, the initial conditions of the
accident (e.g., vehicles, travel direction, roadway alignment, lighting, traffic controls, etc.),
as well as to the pre-crash motions of all involved vehicles. Vehicles involved in the
causation of the accident were defined as Other Vehicles (OV), whether or not they were
struck. Intended motions (e.g., turning, negotiating a bend, etc.) as well as collision
avoidance manoeuvres were investigated and coded. Detailed post-crash vehicle
inspections provided investigators with information regarding the condition of the vehicle
as well as evidence of contact damage, use of lights and marks on the tyre from braking.
All of this information added to the accuracy and reliability of the in-depth accident
reconstruction.

Accident scenes were documented in detail in order to identify any conditions which
might have contributed to the cause of the accident. Braking skid marks, points of contact
and physical damage were all precisely documented. The entire scene was recorded on a
scaled diagram in order to record the pre-crash, crash and post-crash motions of the
vehicles. The lines of sight, as seen by the PTW rider and the OV driver were documented
photographically by physically walking along the pre-crash paths whenever possible. The
presence of stationary view obstructions (e.g., road signs) or mobile view obstructions
(e.g., lorries or buses), was documented using photographs and included in the detailed
scene diagrams.

Concurrent with the on-scene vehicle and site investigations, investigators trained in
human factors conducted interviews in order to obtain as much information as possible
from those involved in or witnesses to the accident or its consequences. The type of
licences held by the PTW rider and vehicle driver as well as their training and experience,
were all coded to identify any potential trends or risk factors associated with vehicle drivers
or PTW riders.

Immediately following the accident, the investigators initiated the procedures
necessary to obtain detailed medical information for each rider or passenger that was
injured during the accident. Whenever possible, a complete medical summary was
obtained and each individual injury was coded using the Abbreviated Injury Scale (AIS)
developed by the Association for the Advancement of Automotive Medicine (AAAM, 1998).
Thus, each injury was assigned a unique 7 digit numerical injury identifier which included
the AIS value or severity code which utilized the following convention:

AIS Code Description

Minor
Moderate
Serious
Severe
Critical
Maximum

OO WNPE
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Accident reconstruction

Upon completion of the on-scene accident investigations, each research team
completed a detailed reconstruction and accident causation worksheet describing all
phases of the accident and all potential causes. Pre-crash motions of the PTW, PTW rider,
passenger and all involved vehicles were determined and any collision avoidance
manoeuvres were identified. Traditional accident reconstruction techniques were used to
determine both pre-crash speeds and impact speeds of all vehicles.

In addition to the vehicle motions, a complete understanding of the kinematics of
the PTW rider and passenger during all phases of the accident sequence was developed.
The kinematic description included listing all surfaces that were contacted during the crash
and post crash motion of the rider and passenger. Clothing effectiveness was then coded
relative to the effect that the clothing had upon AIS 1 level injuries. It is generally accepted
in the scientific literature that appropriate PTW rider clothing has a minimal effect upon
reducing many serious PTW rider injuries (Noordzij et al., 2001). The decision to consider
only AIS 1 injuries was based upon the need for a consistent coding methodology that
provided practical procedures to get objective results.

The effect of the clothing could be coded under a number of categories. If the
kinematic analysis indicated direct contact with surfaces that could cause AIS 1 injury
(e.g., roadway) but the medical record review provided no such injuries, then the clothing
was considered to have prevented AIS 1 injury. If there was AIS 1 injury, but the
investigators felt that the clothing had reduced the magnitude and severity of the AIS 1
injuries, then the clothing was coded as having reduced the injury severity. If the clothing
had no effect upon the AIS 1 injuries, then this code was applied for the case.

In addition to these possible codings, if the coverage was not present and injury
occurred, this was coded. This includes situations where some type of clothing was worn,
but the clothing did not cover the entire area (e.g., t-shirts, shorts, sandals, etc.). Similarly,
if there was no contact in this region (based upon the kinematic analysis), then the code
“no injury producing contact in region” was used.

The last portion of the investigative process was to determine the contribution of a
given factor (e.g., human, vehicle or environmental factor) in the causation of the accident.
Typically this was done at a team meeting, where all the investigative specialists were able
to provide input on the accident’s causation. A precipitating event was identified for each
case and was defined as the failure or manoeuvre that immediately led to the accident.
This might or might not have been the primary accident contributing factor. All events were
described relative to this precipitating event whenever possible. Based upon the in-depth
accident investigation, all potential environmental, vehicle and human factors were
evaluated. For each factor, a decision was made as to whether or not the factor:

) was present but was not a contributing factor; or,
i) was the precipitating event that initiated the accident sequence; or,
i) was the primary contributing factor in the accident causation; or,
iv) was a contributing factor that was present in addition to other contributing
factors; or,
V) was not applicable, because it was not present.
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Quality control

Development of consistent data coding and data analysis techniques between five
research teams with different levels of accident investigation experience was essential for
the success of the research project. Common training had been provided to each team
and participation in the OECD “Inter-team Workshops” maintained a consistent and
harmonized level of knowledge and understanding throughout the course of the data
collection. These activities strengthened the consistency between each research team and
maximized the overall quality of the data collected. Additional internal and external (i.e.,
OECD) quality control activities were also introduced throughout the data collection period
to monitor and maintain the consistency between each research team. All quality control
activities were conducted according to the recommendations and requirements of the
OECD Common Methodology for on-scene in-depth motorcycle accident investigations
(OECD, 2001).

Upon conclusion of the case analysis, the completed data questionnaire was
entered into an electronic database and forwarded to a central data facility at the
University of Pavia. For each case all raw data was properly sanitized of personal data and
permanently archived by the research team. Typically, the archive included over 50 digital
photographs of the scene, vehicles and rider clothing, a scene diagram indicating all
vehicle motion, the interview forms, vehicle inspection forms and accident reconstruction
calculations. This was done in order to preserve the valuable in-depth investigation
materials for potential future research.

The results of this two year multi-country study are presented in this report. All of
the project objectives have been met and it is expected that this report and the data
associated with it will provide all stakeholders with a clear analysis of the causes and
consequences of PTW accidents.

Explanation of legal categories and PTW styles

For those readers who are not familiar with PTW legal categories, PTW styles or
the presentation of statistical data tables, this section has been provided as a guide to
understanding the information contained in this MAIDS report.

PTW legal category

As part of the regulation for PTW operation in Europe, PTWSs have been divided into
several different vehicle categories based upon their engine capacity and design speed.
There are currently two dominant PTW legal categories: the L1 and L3 vehicle categories.
L1 vehicles include both mopeds and mofas while L3 vehicles include motorcycles. The
definitions of these categories are as follows:

Moped A two wheeled vehicle with an engine cylinder capacity in the case of a
thermic engine not exceeding 50 cm® and whatever the means of propulsion
a maximum design speed not exceeding 50 km/h. A moped is an L1 vehicle
and might be designed to have pedals, or not to have pedals.

Mofa A moped with a maximum design speed not exceeding 25 km/h. A mofa is
an L1 vehicle and might be designed to have pedals, or not to have pedals.
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Motorcycle A two wheeled vehicle with an engine cylinder capacity in the case of a
thermic engine exceeding 50 cm® or whatever the means of propulsion a
maximum design speed exceeding 50 km/h. A motorcycle is an L3 vehicle.

This report will use the term PTW to describe all powered two wheelers, the term L1
vehicle to describe mopeds and mofas and the term L3 vehicle to describe motorcycles.

PTW styles

Over the past 20 years, there has been a constant evolution of PTW. This has been
done in response to the needs, interests and riding patterns of consumers. Today, many
PTW styles are available in both the L1 and L3 vehicle categories.

The OECD Common Methodology for on-scene in-depth motorcycle accident
investigations (OECD, 2001) defines a classification of PTW styles. The pictures below are
provided as illustrations of the definitions in the OECD classification and are not the only
example of a particular PTW style.

Figure 2.1: Conventional street style PTW
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Figure 2.3: Cruiser style PTW
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Figure 2.4: Chopper style PTW

Figure 2.5: Touring style PTW
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Figure 2.7: Step-through style PTW
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Figure 2.9: Enduro style PTW

Explanation of data presentation

The data has been presented as frequency distributions and cross-tabulations. In
each cross-tabulation, there are four rows per major category. The first row presents the
frequency of the given cell. The second row presents the row percentage for that category
while the third row presents the column percentage for the column category. The fourth
row provides the overall percentage of a particular cell relative to the table’s total. Figure
2.10 shows how to read a sample cross-tabulation.

In order to allow the reader to quickly locate specific values discussed in the report,
the corresponding values have been highlighted in both the text and the table.
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Frequency
Row Percent

70.0%

28.0%

Figure 2.10: lllustration of sample cross-tabulation and how to read a cross-tabulation
(Row percentage = red, column percentage = green, total percentage = blue).

Statistical tests

To understand the relationship between the accident data and the exposure data, a
chi-square statistical test was conducted to test the null hypothesis that there was no
relationship between the accident and exposure variables. If the significance level (i.e., the
p value for a two tailed test) of the computed chi-square statistic is below 0.05, then the
two groups are considered to be significantly different and the null hypothesis was
rejected. If the difference between the exposure population and the accident population is
found to be significant (i.e., p<0.05), then an odds ratio is computed for the variable. If the
odds-ratio is found to be above 1.0, then the factor is considered to be over-represented in
the accident data. Similarly, if the odds-ratio is found to be below 1.0, then the factor is
considered to be under-represented in the accident data. A complete explanation of the
chi-square test statistic is presented in Annex B.
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3.0 General accident characteristics

A complete summary of all cases collected by each research team is presented in

Table 3.1.
Table 3.1: Total number of cases collected

Cases Controls Total
University of Pavia (Italy) 200 200 400
TNO (Netherlands) 200 200 400
REGES (Spain) 121 123 244
ARU-MUH (Germany) 250 250 500
CEESAR (France) 150 150 300
Total 921 923 1844

There were 103 accident cases (11.2%) within the MAIDS database that involved a
fatality of either the rider or the passenger (Table 3.2). A fatality was defined as any death
within 30 days of the accident. The number of fatal cases collected by the German
research team was the result of their focus upon more seriously injured riders.

Table 3.2: Number of fatal cases

Fatal Not fatal Total
University of Pavia (Italy) 11 189 200
TNO (Netherlands) 15 185 200
REGES (Spain) 12 109 121
ARU-MUH (Germany) 49 201 250
CEESAR (France) 16 134 150
Total 103 818 921

Note: There were multiple fatalities in two cases.

Table 3.3 gives the distribution of the PTW legal categories for both the accident
data and the exposure or case control data. The data shows that the majority of vehicles
were L3 vehicles; however, when compared to the exposure data, they were neither over-
nor under-represented in the accident data. Therefore, there is no increased risk in the
operation of an L3 vehicle when compared to other PTW legal categories. Similar findings
can be reported for the mofa legal categories. A chi-square test of the relationship
between the L1 accident data and the L1 exposure data shows that the L1 vehicles are
over-represented in the MAIDS database (p < .05).

Table 3.3: PTW legal category

Accident data Exposure data
Frequency Percent Frequency Percent
L1 vehicle - mofa 28 3.0 49 5.3
L1 vehicle - other 370 40.2 324 35.1
L3 vehicle 523 56.8 550 59.6
Total 921 100.0 923 100.0

Table 3.4 presents the PTW collision partners for all cases collected during this
research project. Passenger cars were the most frequent collision partner (60.0%),
followed by the roadway (9.0%). The high percentage of passenger car, truck, sport utility
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vehicle (SUV) and bus collision partners is not unusual since most of the accidents took
place in an urban environment where PTWs must share the roadway with other motorized
vehicles. This distribution only represents the object with which the PTW ultimately
collided, and does not suggest accident causation, since there were many cases in which
the PTW rider successfully avoided colliding with a car, PTW, truck, etc., but instead
impacted the roadway or some other fixed object. The PTW collision partner is not
necessarily the OV. Single vehicle accidents (e.g., running off the roadway) are also
included in this distribution.

Table 3.4: PTW collision partner

Frequency | Percent

Passenger car 553 60.0
Another PTW 64 6.9
Truck/SUV/bus/ 77 8.4
Bicycle/pedestrian | 19 2.1
Fixed object 74 8.0
Roadway 83 9.0
Parked vehicle 25 2.7
Animal 3 0.3
Other 23 2.5
Total 921 100.0

Table 3.5 indicates that the majority of the accidents collected during this study
involved a collision with an OV (80.2%). One hundred and forty-three of the cases (15.5%)
involved only the PTW and PTW rider (e.g., a single vehicle accident).

Table 3.5: Number of OVs involved in the accident

Frequency Percent
None (single vehicle accident) |143 15.5
One 738 80.2
Two 36 3.9
Three 4 0.4
Total 921 100.0

Table 3.6 indicates that the majority of accidents involved only the PTW operator
and that 8.6% of all cases involved a PTW passenger. There were no cases collected with
more than one PTW passenger. Table 3.7 shows the number of fatal PTW accidents in
which a passenger was present. Please note that the value presented in Table 3.7 does
not represent the number of passengers who were killed, but rather the number of cases in
which there was a fatality involved in the crash. There were only five cases in which the
passenger was reported as the fatality.

Table 3.6: Number of passengers on PTW

Frequency Percent
None 842 91.4
One 79 8.6
Total 921 100.0
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Table 3.7: Number of passengers on PTW (fatal accidents only)

Frequency Percent
None 90 87.4
One 13 12.6
Total 103 100.0

Table 3.8 indicates that in our sample approximately three-quarters of all accidents
occurred within an urban area. Approximately three quarters of all collected accidents took
place in an urban area. An urban area was defined as a built up area with a population of
5,000 or more inhabitants. Similarly, a community was defined as rural if its population
density is less than 150 people per square kilometre (OECD, 2001).

When distributed according to PTW legal category, the data shows that more of the
L1 vehicles were involved in accidents which took place in an urban area than L3 vehicles.
The distribution of accidents is directly related to the demographic characteristics of the
sampling area for each research team.

Table 3.8: Accident scene, type of area

L1 vehicles L3 vehicles Total
Frequency Percent Frequency Percent Frequency | Percent
of L1 of L3
urban 342 85.9 324 62.0 666 72.3
rural 43 10.8 186 35.6 229 24.9
other 13 3.3 13 2.4 26 2.8
Total 398 100.0 523 100.0 921 100.0

The distribution of the PTW collision partners by type of area is presented in Figure
3.1. The data indicates that in an urban area, the most frequent collision partner is a
passenger car. This finding was certainly expected, as was the finding that the majority of
truck/SUV/bus collisions occur in an urban area because that is where most vehicles
circulate.

In a rural area, PTW to passenger car collisions decrease (64.1% to 46.7%) while PTW to
PTW collisions increase (6.3% to 9.6%). There is an increase in the number of collisions
between a PTW and a fixed object (4.2% to 19.7%) as well as collisions with the roadway
(7.7% to 12.2%). The data shown in Figure 3.1 may be found in Annex C, Table C.1.

This is a confidential draft document and is the property of ACEM - It is not to be copied or distributed without
the permission of ACEM - Avenue de la Joyeuse Entrée 1 — 1040 Brussels
tel. + 32 (2) 230 97 32 — acembike@acembike.org

Page 24



100%

90%

80%

70%

60%

50%

40%

Percentage of all cases

30%

20%

10%

0%

urban (n=666)

type of area

rural (n=229)

[ passenger car mPTW Ofixed object

O Roadway mother

Figure 3.1: PTW collision partner by type of area

The MAIDS data indicates that half of all PTW accidents were found to take place at
an intersection (Table 3.9). An intersection was defined as any on-grade crossing or

intersection of two public roadways (OECD, 2001).

Table 3.9: Accident location

Frequency Percent
Intersection 500 54.3
Non-intersection 358 38.9
Other 63 6.8
Total 921 100.0

Figure 3.2 shows the time of day in which both the fatal and non-fatal accidents
occurred. The data indicates that most accidents occurred between 17h01 and 18h00, with
the most accidents taking place from 14h01 to 20h00. It is not possible to state whether a
given time of day is “more dangerous” than any other time since PTW rider exposure data
(i.e., number of riders on the roadway at all hours of the day) is not available. Most of the
fatal accidents occurred between 12h01 and 22h00, with the most frequent number of
cases taking place between 19h01 and 20h00. The data shown in Figure 3.2 may be
found in Annex C, Table C.2.
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Figure 3.2: Time of day accident occurred

Table 3.10 shows that the most accidents took place on Tuesday (159 cases,
17.3%), followed closely by Monday (152 cases, 16.5%). Since the exposure data was not
collected at accident-related times (i.e., they were collected during petrol station operating
hours), it was not possible to determine if one day of the week was more dangerous for
riding a PTW than any other day of the week.

Table 3.10: Day of week accident occurred

Frequency Percent

Monday 152 16.5
Tuesday 159 17.3
Wednesday 134 14.5
Thursday 140 15.2
Friday 139 15.1
Saturday 76 8.3
Sunday 121 13.1
Total 921 100.0

Figure 3.3 presents the month in which the accidents occurred. The data indicates
that PTW accidents were more frequent during the spring and summer months,
decreasing during the month of August. The frequency of accidents also decreases after
the month of September, probably due to decreases in temperature and presence of
adverse riding conditions in the northern parts of Europe.

Because the exposure data was not collected at accident-related times, it is not
possible to determine if any given month is more dangerous than any other. Therefore, this
data is presented for information on frequency only. The data shown in Figure 3.3 may be
found in Annex C, Table C.3.
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Figure 3.3: Month in which accident occurred

A general accident typology was determined for the 921 accidents. Since PTW
accidents are complex events that often involve multiple collisions, the investigators often
had to choose the accident typology that best fitted the accident being investigated.
Investigators were asked to describe an accident using one of twenty-five specific accident
typologies generated by the OECD Technical Experts Group (see the report “MAIDS
Report on Methodology and Process”).

The data presented in Figure 3.4 indicates that there is a wide diversity of accident
types. When the data is partitioned according to PTW legal category the data shows that
more L3 vehicles are involved in collisions where the PTW and the OV are travelling in
opposite directions, with the OV turning in front of the L3 vehicle (10.5% versus 6.0%). The
data shown in Figure 3.4 may be found in Annex C, Table C.4.
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Figure 3.4: PTW accident configuration by legal category

Findings on general accident characteristics

e There were 103 cases involving a fatality of either the rider or the passenger.

e L1 vehicles were over-represented in the accident sample when compared with the
exposure sample.

e More L1 vehicles were involved in accidents which took place in an urban area than L3

vehicles. (85.9% v. 62%).

54.3% of the PTW accidents took place at an intersection.

Passenger cars were the most frequent collision partner (60%).

72% of the accidents took place in urban areas.

A PTW was more likely to collide with a passenger car in an urban area than in a rural

area. (64.1% v. 46.7%).

e Due to the absence of comparable exposure data, it was not possible to determine if
any month, day of the week or time of day was a risk factor.
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4.0 Accident causation

At the end of each case investigation, the team decided on the primary accident
contributing factor of the accident. This was the human, vehicle or environmental factor
which the research team considered to have made the greatest contribution to the overall
outcome of the accident.

Table 4.1 provides a summary of the general categories of primary accident
contributing factor. Human factors were coded as the primary accident contributing factor
in approximately 87.5% of all cases (i.e., 37.1% + 50.4%, indicating that vehicle operators
are largely responsible for accident causation. A more detailed description of these
primary accident contributing cause factors appears in the next section of this report.
PTWs as vehicles were identified as the primary cause factor in six cases (less than 1% of
all cases). The environment was considered to be the primary accident contributing factor
in 7.7% of all cases.

Table 4.1: Primary accident contributing factor

Frequency | Percent
Human — PTW rider 341 37.1
Human — QV driver 464 50.4
Vehicle 6 0.7
Environmental 72 7.7
Other failure 37 4.1
Total 921 100.0

As noted above, the primary contributing factor for most PTW accidents is the
human. To understand the specific human causal factors better, a set of human failure
response codes was developed. If the primary accident cause factor was considered to be
a human factor, each research team was instructed to apply the most appropriate failure
coding for either the PTW rider or the OV driver. The failures were defined using the
following definitions (OECD, 2001):

Perception failure: The investigator determines through reconstruction analysis or
contributory factor analysis that the PTW rider or the OV driver failed to detect the
dangerous condition based upon the strategy that he was using to detect dangerous
conditions. For example; the OV driver fails to check his side view mirrors and moves into
adjacent lane, striking the PTW that was in the adjacent lane.

Comprehension failure: The investigator determines through reconstruction analysis or
contributory factor analysis that the PTW rider or OV driver perceived a dangerous
situation; however, they failed to comprehend the danger associated with that situation. An
example of a comprehension failure would be a rider who observes flashing police lights
travelling towards him; but fails to comprehend that the police official is going to turn
immediately in front of him.

Decision failure: The investigator determines through reconstruction analysis or
contributory factor analysis that the PTW rider or the OV driver failed to make the correct
decision to avoid the dangerous condition based upon his strategy. For example; the PTW
rider observes yellow caution lights and continues on same path of travel at same speed
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based on the PTW rider's decision to continue through the intersection. The PTW rider hits
the side of a passenger car moving perpendicular to direction of the PTW.

Reaction failure: The investigator determines through reconstruction analysis or
contributory factor analysis that the PTW rider or the OV driver had failed to react to the
dangerous condition, resulting in a continuation or faulty collision avoidance. For example;
the PTW rider observes small objects on the roadway and decides to continue on the
same path of travel. An accumulation of these small objects in the tyre of the PTW causes
the PTW rider to lose control of the PTW and crash.

The data presented in Figure 4.1 indicates that the most frequently reported primary
accident contributing factor was a perception failure on the part of the OV driver. Since this
reporting is for the OV driver, this data indicates that the primary contributing factor in
36.6% of all MAIDS cases was the inability of the OV driver to perceive the PTW or the
PTW rider. The next most frequently coded primary accident contributing factor was a
decision failure on the part of the PTW rider (13% of all cases). This corresponds to those
cases where the PTW rider failed to make the correct decision to avoid a dangerous
condition.

The next most frequently reported primary accident contributing factor was a
perception failure on the part of the PTW rider (12% of all cases). These were reported
cases in which the PTW rider did not perceive the dangerous situation and got involved in
the crash as a result of this lack of perception. A detailed description of the data shown in
Figure 4.1 may be found in Annex C, Table C.5.
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Figure 4.1: Detailed primary accident contributing factors
(Note: 6 cases of PTW technical failure were reported, 72 cases of environmental cause factor were
reported, and 37 cases of other human failure were reported)
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In addition to the primary accident contributing factor, each research team identified
up to four additional contributing factors for each accident. A contributing factor was
defined as any human, vehicle or environmental factor which the investigator considers to
have contributed to the overall outcome of the accident. Primary contributing factors were
not recoded as contributing factors; therefore, the factors presented below represent
contributing factors that were observed in addition to the primary contributing factor.

Table 4.2 indicates that the PTW rider was considered to be an additional
contributing factor in 43.7% of all contributing factors. The OV driver was also indicated as
an additional contributing factor in 28.6% of all contributing factors.

Table 4.2: Other accident contributing factors
(Note: Multiple responses could be made for each case)

Frequency | Percent

PTW rider 900 43.7
OV driver 589 28.6
PTW technical failure 32 1.6

OV technical failure 10 0.5
Environmental cause 300 14.6
Other 87 4.2
Unknown contributing factor 141 6.8
Total 2059 100.0

Human contributing factors

The evaluation of the human factor related accident cause factors required a
complete evaluation of the actions of the PTW rider and the OV driver during all phases of
the accident sequence. While some subjective assessment was required, investigators
were trained to integrate the results of the interviews into their analysis of the actions of
the PTW rider and the OV driver (if applicable). This procedure reduced the subjectivity of
the assessment and maximized the consistency in reporting between the different teams.
Investigators were also asked to evaluate the more subjective human factors issues (i.e.,
traffic strategies), in relation to the typical driving behaviours in their sampling area.

Table 4.3 provides information regarding the number of cases in which an attention
failure was considered to be a contributing factor to accident causation. An attention failure
was defined as any activity of the vehicle operator that distracted him or her from the
normal operations of the vehicle (PTW or OV), including the normal observation of traffic
both in front of and behind the vehicle operator. An example of a distraction would be to
turn attention from the roadway to focus upon something that is taking place at the side of
the roadway or someone that is standing at the side of the roadway. This loss of
concentration upon the riding or driving activity has the potential to reduce the reaction
time of the vehicle operator and thus reduce the amount of time available for collision
avoidance. It is obvious that a proper assessment of the presence of an attention failure
depends upon the interview skills of the investigator, since in most cases, the rider or OV
driver must admit to being distracted from normal vehicle operations.

The data presented indicates that PTW rider attention failure contributed to the
accident in 10.6% of all MAIDS cases (n=98). There were 29 cases in which it was
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unknown whether or not an attention failure contributed to accident causation. These
cases were most likely fatal cases where it was not possible to interview the PTW rider.

Table 4.3: Attention failure, including distractions and stress (PTW rider)

Frequency | Percent
Attention failure was present, but did not contribute to accident | 35 3.9
causation
Attention failure was present and contributed to accident causation | 98 10.6
No attention failure 759 82.4
Unknown if attention failure was present 29 3.1
Total 921 100.0

Table 4.4 indicates that more OV drivers experienced attention failure because it
was reported as a contributing factor in 18.4% of all cases involving an OV.

Table 4.4: Attention failure, including distractions and stress (OV driver)

Frequency | Percent
Attention failure was present, but did not contribute to accident | 31 4.0
causation
Attention failure was present and contributed to accident causation | 143 18.4
No OV, or no attention failure 552 71.0
Unknown if attention failure was present 52 6.6
Total 778 100.0

Table 4.5 reports on the number of cases in which a PTW rider traffic-scan error
contributed to the causation of the accident. A traffic-scan error was considered to be any
situation in which the rider did not observe or perceive oncoming traffic or traffic that may
have been entering the roadway from some other direction. PTW riders were not expected
to see through parked vehicles or around buildings; therefore, only normal traffic-scanning
was used as the reference for the determination of a traffic-scanning error. The data
indicates that a PTW rider traffic-scan error was reported in 27.7% of all cases involving an
OoVv.

Table 4.5: Traffic-scan error (PTW rider)

Frequency | Percent
Traffic-scan made no contribution to accident causation 478 51.9
Traffic-scan error was present and contributed to accident | 255 27.7
causation
Not applicable or no other traffic present 176 19.1
Unknown 12 1.3
Total 921 100.0

When compared to PTW riders, OV drivers were reported to have a much higher
frequency of traffic-scan related errors. Table 4.6 indicates that a traffic-scanning error
related to accident causation was reported in 62.9% of cases involving an OV.
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Table 4.6: Traffic-scan error (QV driver)

Frequency | Percent
Traffic-scan made no contribution to accident causation 205 26.3
Traffic-scan error was present and contributed to accident | 489 62.9
causation
Not applicable, no OV or no other traffic present 69 8.9
Unknown 15 1.9
Total 778 100.0

For each case, the presence of visual obstructions was considered along the pre-
crash path of both the PTW and the OV. Confirmation of the visual obstruction was done
by the on-scene photography along the pre-crash path of each vehicle. In some cases, the
visual obstruction was mobile (i.e., a moving truck), the investigator made every effort to
confirm its presence by corroboration with more than one accident witness.

Table 4.7 reports that approximately 26.4% of cases included some type of visual
obstruction for the PTW rider (i.e., 7.9% + 18.5%). The neglect of the visual obstruction
contributed to accident causation in 18.5% of cases. Table 4.8 reports a similar
percentage of cases which included a visual obstruction (i.e., 29.7%, 7.1% + 22.6%) and a
similar but higher percentage of cases in which the OV driver had neglected the visual
obstruction and this neglect contributed to the accident (i.e., 22.6%).

Table 4.7: Visual obstructions neglected (PTW rider)

Frequency | Percent
Visual obstructions were present but did not contribute to accident | 73 7.9
Visual obstructions present and contributed to accident 170 18.5
Not applicable, no visual obstructions 674 73.2
Unknown if visual obstruction was neglected by PTW rider 4 0.4
Total 921 100.0

Table 4.8: Visual obstructions neglected (OV driver)

Frequency | Percent

Visual obstructions were present but did not contribute to accident | 55 7.1
Visual obstructions present and contributed to accident 176 22.6
Not applicable, no visual obstructions 529 68.0
Unknown if visual obstruction was neglected by OV driver 18 2.3
Total 778 100.0

Based upon the accident reconstruction, investigators were able to determine if a
hazard was present and if that hazard had been detected prior to the collision. Temporary
traffic hazards were included in the evaluation and were defined as a danger or risk
present on a carriage way, excluding a roadway design or maintenance defect (OECD,
2001). Table 4.9 indicates that a total of 74 cases were identified where there was a
temporary hazard detection situation involved in the collision. In 65% of these cases (i.e.,
48 of the 74 cases), the PTW rider failed to detect the hazard and this failure contributed to
the accident causation.
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Table 4.9: Temporary traffic hazard detection failure (PTW rider)

Frequency | Percent
Temporary traffic hazard present, but did not contribute to accident | 26 2.8
causation
Temporary traffic hazard present and contributed to accident |48 5.2
causation
Not applicable, no temporary traffic hazard present 844 91.7
Unknown contribution 3 0.3
Total 921 100.0

Table 4.10 reports on the number of cases in which there was a temporary traffic

hazard detection failure on the part of the OV driver. Of the 54 cases involving a temporary
traffic hazard, the OV driver was considered to have failed to detect the hazard, thus
contributing to the accident, in 67% of those cases (i.e., 36 of 54 cases). There were 12
cases reported in which it was unknown whether or not a temporary traffic hazard had

contributed to the accident.

Table 4.10: Temporary traffic hazard detection failure (OV driver)

Frequency | Percent
Temporary traffic hazard present, but did not contribute to accident | 18 2.3
causation
Temporary traffic hazard present and contributed to accident | 36 4.6
causation
Not applicable, no temporary traffic hazard present 712 91.5
Unknown contribution 12 1.6
Total 778 100.0

Table 4.11 shows the number of cases in which a faulty traffic strategy was found
present and the number of cases in which the faulty traffic strategy contributed to the
accident causation. A faulty traffic strategy was considered to be present whenever the
PTW rider or the OV driver made a poor decision to perform a manoeuvre or movement.
The assessment of the decision was made by investigators who were experienced PTW
riders or OV drivers and based upon the general driving situations in the sampling area.
Examples of faulty traffic strategies are a failure to provide turning signals or following a
vehicle too closely, resulting in a rear-end collision.

The data in Table 4.11 indicates that there were 596 cases in which the PTW rider
was considered to have had some type of faulty traffic strategy (i.e., 299 + 297 cases). The
faulty traffic strategy was considered to have contributed to accident causation in

approximately half of the reported cases where a traffic strategy was required.

Table 4.11: Faulty traffic strategy (PTW rider)

Frequency | Percent
Traffic strategy made no contribution to accident causation 299 32.5
Traffic strategy contributed to accident causation 297 32.2
Not applicable, no other traffic present 322 35.0
Unknown if faulty traffic strategy was present 3 0.3
Total 921 100.0
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OV drivers were involved in approximately the same percentage of cases with a
faulty traffic strategy when compared to the PTW riders. Table 4.12 indicates that in 40.6%
of the cases collected, the OV driver’'s faulty traffic strategy contributed to the accident
causation.

Table 4.12: Faulty traffic strategy (OV driver)

Frequency | Percent
Traffic strategy made no contribution to accident causation 218 28.1
Traffic strategy contributed to accident causation 316 40.6
Not applicable, or no other traffic present 229 29.4
Unknown if faulty traffic strategy was present 15 1.9
Total 778 100.0

Table 4.13 provides the information regarding the distribution of PTW speed relative
to the surrounding traffic. This was based upon the accident reconstruction and interviews
of any witnesses to the accident. In 73.8% of the cases, the PTW was considered to be
travelling at a normal speed relative to the surrounding traffic or travelling in a condition
without any other traffic. In 18.0% of cases (n=166), the PTW rider was travelling at a
speed which was either above or below the surrounding traffic and this speed difference
was considered to be a contributing factor. In 74 other cases (8.1%), the PTW was
travelling at an unusual speed (i.e., higher or lower than surrounding traffic), yet this speed
difference made no contribution to accident causation.

Table 4.13: Speed compared to surrounding traffic (PTW)

L1 vehicles L3 vehicles Total
Frequenc Percent Frequenc Percent Frequency | Percent
QUENCY | of L1 QUENCY | of L3 quency

Speed  unusual - but  no | 5o 8.8 39 7.5 74 8.1
contribution
Speeo! difference contributed 57 14.3 109 20.8 166 18.0
to accident
No unusual speed or no | 5o 766 | 375 717|680 73.8
other traffic (not applicable)
Unknown 1 0.3 0 0.0 1 0.1
Total 398 100.0 523 100.0 921 100.0

Table 4.14 indicates the number of cases in which the OV was found to travelling at
a speed that was either higher or lower than the surrounding traffic. The data indicates that
there were 98 cases in which a speed difference was observed between the OVs and the
surrounding traffic. In 37 cases (4.8% of all cases with an OV); the speed difference did
contribute to the accident, but in 61 cases, this speed difference made no contribution.

Table 4.14: Speed compared to surrounding traffic (OV)

Frequency | Percent
Speed unusual but no contribution 61 7.8
Speed difference contributed to accident 37 4.8
No unusual speed or no other traffic (not applicable) 666 85.6
Unknown 14 1.8
Total 778 100.0
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Environmental contributing factors

Table 4.15 indicates the distribution of a roadway design defect as a contributing
factor for the PTW. A roadway design defect was considered to be a condition which
presented a danger to PTW riders based solely upon the design of the roadway. Some
examples include: failure to install signs to tell the PTW rider what to expect ahead, failure
to install reflectors on adjacent roadway structures (e.g., bridge barriers), a curve with
decreasing radius of curvature, any roadway with built-in view obstructions, an improper
angle for railway tracks relative to roadway, or an inadequate distance to merge lanes. The
lack of traffic controls at a given intersection was not considered to be a roadway design
defect.

During the accident reconstruction, any analysis regarding the presence of a
roadway design defect was done while considering how the roadway was intended for use
and how the roadway was currently used. Unique features of the accident (example: high
speed) were not to be taken into account when conducting this analysis and all roadway
design defects were considered relative to the pre-crash path of the PTW.

The data indicates that roadway design defects were present in 57 cases, but did
not contribute to the causation of the accident in 47% of those cases (i.e., 27 of the 57
cases). In 4 cases, the design defect was the precipitating event of the accident and in 7
cases the design defect was the primary contributing factor for accident causation. In the
19 remaining cases, the roadway design defect was a contributing factor to the accident.

Table 4.15: Roadway design defect (PTW)

Frequency Percent
Roadway design defect present but not a contributing factor 27 2.9
Roadway design defect was the precipitating event 4 0.4
Roadway design defect was the primary contributing factor 7 0.8
Roadway design defect was a contributing factor 19 2.1
Not applicable, no QV, or no roadway design defect present 864 93.8
Total 921 100.0

Table 4.16 provides information regarding the contribution of roadway design
defects along the OV pre-crash path. The number of reported cases that involved a
roadway design defect along the OV pre-crash path was found to be 62, higher than the
number reported along the PTW pre-crash path. The roadway design defect was found to
contribute to the accident in 42% of all reported cases involving a roadway design defect
(i.e., 26 of the 62 cases reporting a roadway design defect). The defect was considered to
be the precipitating event in 8 cases and was the primary contributing factor in another 6
cases (10% of all reported cases involving a roadway design defect). There were ten
cases in which it was unknown if there was a roadway design defect along the pre-crash
path of the OV.

This is a confidential draft document and is the property of ACEM - It is not to be copied or distributed without
the permission of ACEM - Avenue de la Joyeuse Entrée 1 — 1040 Brussels
tel. + 32 (2) 230 97 32 — acembike@acembike.org

Page 36




Table 4.16: Roadway design defect (OV)

Frequency Percent

Roadway design defect present but not a contributing factor 22 2.8
Roadway design defect was the precipitating event 8 1.0
Roadway design defect was the primary contributing factor 6 0.8
Roadway design defect was a contributing factor 26 3.4
Not applicable, or no roadway design defect present 706 90.7
Unknown 10 1.3
Total 778 100.0

Table 4.17 describes the presence and influence of roadway maintenance defects
as a contributing factor in accident causation for the PTW and PTW rider. A roadway
maintenance defect was considered to be any roadway condition that was in poor repair or
in need of repair. Examples of roadway maintenance defects would include potholes,
loose bitumen and poor roadway kerb structures. These maintenance defects were treated
and considered separately from those defects that would appear as a result of a roadway
hazard (e.g., something on the roadway) or debris due to construction activities (e.g.,
sand).

The data shows that there were 146 reported cases of roadway maintenance
defects. A maintenance defect was the precipitating event in 8 of those cases and was the
primary contributing factor or a contributing factor in 25 cases (17.1% of cases involving a
roadway maintenance defect). A roadway maintenance defect was reported as being
present in 113 cases (12.3%), but was not found to be a contributing factor in those cases.

Table 4.17: Roadway maintenance defect (PTW)

Freqguency Percent

Roadway maintenance defect present but not a contributing factor 113 12.3
Roadway maintenance defect was the precipitating event 8 0.9
Roadway maintenance defect was a contributing factor 6 0.6
Roadway maintenance defect was the primary contributing factor 19 2.1
Not applicable, no OV, or no roadway maintenance defect 774 84.0
Unknown 1 0.1
Total 921 100.0

There were 106 cases in which a roadway maintenance defect was reported for the
OV (see Table 4.18). The data indicates that a maintenance defect was present but was
not a contributing factor in 89.6% of those 106 cases. There was only one case in which a
maintenance defect was the precipitating event and ten cases in which it was the primary
contributing factor. The number of cases in which the roadway maintenance defect noted
for the OV contributed to the accident was found to be much less than the number of
cases in which the roadway maintenance defect noted for the PTW contributed to the
accident (11 cases for the OV versus 33 cases for PTW).
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Table 4.18: Roadway maintenance defect (OV)

Frequency Percent
Roadway maintenance defect present but not a contributing factor 95 12.2
Roadway maintenance defect was the precipitating event 1 0.1
Roadway maintenance defect was the primary contributing, factor 10 1.3
Not applicable, or no roadway maintenance defect 663 85.2
Unknown 9 1.2
Total 778 100.0

Table 4.19 shows the distribution of cases which report the presence of a traffic

hazard as a contributing factor for the PTW rider. A traffic hazard was considered to be a
temporary roadway obstruction or any object or material that was in the roadway as a
result of construction or roadway maintenance operations.

A total of 56 cases were reported to involve a traffic hazard. In 60% of those
reported cases, the traffic hazard contributed to the accident in some way, either as the
precipitating event (10 cases, 17.9% of reported cases involving a traffic hazard), as
primary contributing factor (6 cases, 10.7% of reported cases involving a traffic hazard) or

a contributing factor (18 cases, 32.1% of reported cases involving a traffic hazard).

Table 4.19: Traffic hazard, including construction and maintenance operations (PTW)

Frequency Percent

Temporary obstruction present but not a contributing factor 22 2.4
Temporary obstruction was the precipitating event 10 1.1
Temporary obstruction was the primary contributing factor 6 0.7
Temporary obstruction was a contributing factor 18 2.0
Not applicable, no OV, or no temporary traffic obstruction 864 93.7
Unknown 1 0.1
Total 921 100.0

The distribution of traffic hazards along the OV pre-crash pathway is presented in
Table 4.20. Forty-six traffic hazards were reported along the OV pre-crash path and 52.2%
of these reported traffic hazards did not contribute to the causation of the accident. A traffic
hazard did contribute to the accident in 13 cases (28.3% of reported cases involving a
traffic hazard) and was considered the precipitating event in 3 cases (6.5% of reported
cases of cases involving a traffic hazard). There were also 6 cases in which the traffic
hazard was considered to be the primary contributing factor to the causation of the
accident.

Table 4.20: Traffic hazard, including construction and maintenance operations (OV)

Frequency Percent

Temporary obstruction present but not a contributing factor 24 3.0
Temporary obstruction was the precipitating event 3 0.4
Temporary obstruction was the primary contributing factor 6 0.8
Temporary obstruction was a contributing factor 13 1.7
Not applicable, or no temporary traffic obstruction 722 92.8
Unknown 10 1.3
Total 778 100.0
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There were 14 cases in which the MAIDS investigators made the determination that
there was a traffic control defect or malfunction along the PTW rider’s pre-crash path (see
Table 4.21). A total of 29 cases included a traffic control defect or malfunction along the
PTW pre-crash path. In 5 cases, the traffic control defect or malfunction was the primary
contributing factor and in one case it was the precipitating event. There were an additional
8 cases where the traffic control defect or malfunction was a contributing factor in the

causation of the accident (27.6% of reported cases involving a traffic control defect).

Table 4.21: Traffic controls defect or malfunction (PTW)

Frequency Percent
Traffic control defect or malfunction present but not a contributing | 15 1.6
factor
Traffic control defect or malfunction was the precipitating event 1 0.1
Traffic control defect or malfunction was the primary contributing factor | 5 0.5
Traffic control defect or malfunction was a contributing factor 8 0.9
Not applicable, no OV, or no traffic control defection or malfunction 891 96.8
Unknown 1 0.1
Total 921 100.0

Table 4.22 presents the distribution of the reported traffic control defects or

malfunctions along the OV pre-crash path and the effect of those defects or malfunctions
upon accident causation. A total of 22 cases were reported to have included a traffic
control defect or malfunction along the OV pre-crash path. In ten of these cases, the
control defect or malfunction was a contributing factor and in another 2 cases, the traffic
control defect was reported as the primary contributing factor. There were no reported
cases in which the traffic control defect or malfunction along the OV pre-crash was the

precipitating event.

Table 4.22: Traffic controls defect or malfunction (OV)

Frequency Percent
Traffic control defect or malfunction present but not a contributing | 10 1.3
factor
Traffic control defect or malfunction was the primary contributing | 2 0.3
factor
Traffic control defect or malfunction was a contributing factor 10 1.3
Not applicable, or no traffic control defect or malfunction 747 96.0
Unknown 9 1.1
Total 778 100.0

Table 4.23 shows the effect of weather as a contributing factor for the PTW rider in
accidents collected during the MAIDS research project. The data presented indicates that
weather made no contribution to accident causation in 92.7% of MAIDS cases (854 cases)
and was the precipitating event in 7 cases (0.8% of all cases). The presence of severe rain
or the presence of snow or ice causing loss of control at the time of the accident would be
examples of weather acting as a precipitating event in a crash. If the weather condition
affected the driving or visibility conditions (e.g., severe rain limited visibility), causing a
collision due to the lack of visibility, then the weather would be considered to be a primary
contributing factor. There were 18 cases in which the weather was reported as being a
primary contributing factor for the PTW (2.0% of all cases). The weather was also reported
to contribute to accident causation in 42 cases (4.6% of all cases).
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Table 4.23: Weather-related problem (PTW)

Frequency lercent
Weather made no contribution to accident 854 92.6
Weather related problem was the precipitating event 7 0.8
Weather related problem was the primary contributing factor 18 2.0
Weather related problem was a contributing factor 42 4.6
Total 921 100.0

There were 26 reported cases in which weather-related problems contributed to the

accident causation with respect to the OV (see Table 4.24). In two cases, the weather-
related problem was coded as being the precipitating event and in four other cases, it was
coded as the primary contributing factor to accident causation. In the remaining twenty
cases, the weather was a contributing factor in the causation of the accident. There were
ten cases in which the role that weather played in accident causation relative to the OV

was unknown.

Table 4.24: Weather-related problem (OV)

Frequency | Percent
Weather made no contribution to accident 742 95.3
Weather related problem was the precipitating event 2 0.3
Weather related problem was the primary contributing factor 4 0.5
Weather related problem was a contributing factor 20 2.6
Unknown 10 1.3
Total 778 100.0

Vehicle contributing factors

Table 4.25 shows the frequency of accident-related PTW vehicle failures. A PTW

vehicle failure was reported for any case where a PTW component failed or didn’t function
correctly and this component failure or lack of function contributed to the accident. A total
of 47 cases were reported in which this occurred. There were an additional 8 cases
reported in which the investigators were unable to determine if a PTW failure had
occurred.

Table 4.25: PTW vehicle failure, accident cause related problem

Frequency | Percent
Yes 47 51
No 866 94.0
Unknown 8 0.9
Total 921 100.0

Table 4.26 presents a detailed description of the PTW vehicle failures identified in
Table 4.25. Seventy two percent of all PTW failures were related to the tyre or wheel and
most often this was reported as a tyre blowout or a tyre failure. There were eleven
reported cases of brake problems (1.2% of all cases).
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Table 4.26: Specific cause of PTW vehicle failure, accident cause related problem

Frequency | Percent

Tyre or wheel problem 34 3.7
Brake problem 11 1.2
Steering problem 1 0.1
Suspension problem 1 0.1

Not applicable, no PTW vehicle failure 866 94.0
Unknown 8 0.9
Total 921 100.0

Table 4.27 indicates that in 68.6% of all accidents, there was no fuel leakage noted
at any time during the crash sequence. Investigators were asked to record fuel leakage at
any time during the collision sequence, including the post-crash sequence where the PTW
could potentially be on its side. Some minor leakage (i.e., less than 50 ml) was noted in
23.5% of all reported cases and considerable leakage (i.e., more than 50 ml) was reported
in 6.5% of all cases.

Table 4.27: Fuel leakage

Frequency |Percent
None 632 68.6
Minor leakage 216 23.5
Considerable leakage 60 6.5
Unknown if fuel leakage was present 13 1.4
Total 921 100.0

During the collision sequence as well as during the post-crash collision sequence,
the PTW was often determined to be sliding on the roadway, which presents a significant
risk of fuel ignition due to metal to pavement contact. Table 4.28 indicates that fires were
noted in 10 reported cases or 1.1% of all accidents. Six of the reported fires occurred
during the crash while the remaining 4 cases were determined to be post-crash fires, i.e.,
they occurred after the primary impact to a PTW that had already sustained some type of
impact damage. It is important to note the fact that while there were 276 reported cases of
fuel leakage (i.e., 216 + 60), there were only 10 reported fires.

Table 4.28: Fire occurrence

Frequency |Percent
No 911 98.9
Yes 10 1.1
Total 921 100.0

Table 4.29 shows that there were four cases of OV failures were reported within the
MAIDS database. The data presented in Table 4.31 indicates that these failures were
related to either the tyre, wheel, brakes or electrical system.
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Table 4.29: Specific cause of OV failure, accident cause related problem

Frequency | Percent
Tyre or wheel problem 1 0.1
Brake problem 2 0.3
Electrical problem 1 0.1
Not applicable, no failure or no OV 749 96.3
Unknown 25 3.2
Total 778 100.0

Findings on accident causation

The main primary contributing factors were the PTW rider (37.1%) and the OV driver
(50.4%).

In 10.6% of all cases, PTW rider inattention was present and contributed to accident
causation.

In 36.6% of all cases, the primary contributing factor was a perception failure on the
part of the OV driver.

27.7% of PTW riders and 62.9% of OV drivers made a traffic-scan error which
contributed to the accident.

32.2% of PTW riders and 40.6% of OV drivers engaged in faulty traffic strategies which
contributed to the accident.

A difference in speed compared to the surrounding traffic was identified as a
contributing factor for PTWs in 18.0% of all cases and a contributing factor for the OV
in 4.8% of all cases.

The weather was a contributing factor or precipitating event for the PTW in 7.4% of
cases.

3.7% of cases involved a PTW tyre problem and 1.2% a brake problem.
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5.0 Vehicles

Vehicle characteristics

This section describes the factors related to the vehicles that were involved in the
accident. Upon notification of an accident, each investigating team was required to inspect
the accident vehicle within 24 hours of the crash. This confirmed the PTW manufacturer,
model and style for each vehicle recorded in the database. The inspection procedure also
allowed each team to obtain detailed vehicle information regarding the condition of the
vehicle at the time of the accident. Inspection procedures included a visual inspection of all
components as well as a mechanical inspection of the braking system, the engine/drive
train components and the steering system. The inspections were conducted by
investigators who were experienced in PTW maintenance issues; therefore, they were
often able to provide a subjective assessment of the vehicle’'s pre-crash condition (e.qg.,
condition of the braking system) and the effect that a given system might have had on the
accident outcome.

Figure 5.1 presents the PTW styles involved in the 921 MAIDS accidents. Scooters
were the most frequently reported PTW style, representing 38.4% of the cases collected
within the five sampling areas. The next most frequent PTW style was a conventional
street PTW (14.2% of all reported PTW styles). The presence of unknown PTW styles was
due to the fact that the PTW was not available for inspection, or had been damaged
beyond recognition. Note that the distribution of PTW styles is perhaps more typical of the
sampling areas than the whole (enlarged) European Union.

Figure 5.1 indicates the distribution of the different PTW styles within the accident
data and within the exposure data. The data indicates that 51 step-through PTWs were
reported in the accident data (5.5%) while 70 step-through PTWs were observed in the
exposure data. Statistical analysis revealed no significant difference between the accident
data and the exposure data. The data also indicates that 14.2% of all accident PTWs were
conventional street style PTWSs, but only 12.7% of the exposure population. A chi-square
statistical test showed that this PTW style was neither over- nor under-represented in the
accident data. However, the chi-square test comparing modified conventional street PTWs
in the accident data and exposure data was found to be significant (chi-square = 7.9,
p<0.005). This may be interpreted that within these sampling areas there is a greater risk
of being involved in an accident while operating a modified conventional street PTW? as
opposed to any other PTW style. The other PTW styles appear to be neither over nor
under-represented in the MAIDS accident data when compared to the exposure data (i.e.,
they were not found to be significantly different). The data shown in Figure 5.1 may be
found in Annex C, Table C.6.

% A modified conventional street PTW was defined as any conventional street PTW which had been modified
with aftermarket components (e.g., exhaust system, etc.).
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Figure 5.1: PTW style
[Note: 5 accident cases and 1 exposure data case are unknown]

When the data is analysed according to PTW legal category, it shows that most L1
vehicles are scooter style (73.0%). The most frequently reported L3 vehicle styles was the
sport style (24.1%) and conventional street style (19.9%). The data shown in Figure 5.2
may be found in Annex C, Table C.7.
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Figure 5.2: PTW style by legal category
(Note: 5 cases unknown)
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Table 5.1 presents the gross PTW mass distribution for the 921 MAIDS cases. PTW
gross vehicle mass was taken from the vehicle specification sheet published by the
manufacturer. The data indicates that PTWs with a gross vehicle mass under 100 kg
accounted for 42.7% of the accident population, but 38.5% of the exposure data
population. However, a chi-square test found no significant difference between the
accident data and the exposure data for PTWs weighing below 100 kg, indicating that
lighter PTWs are neither over nor under-represented in the accident data. Larger PTWSs
with a gross mass of between 201 and 250 kg were reported in 153 accident cases
(16.6%) and 195 exposure cases (21.1%). A chi-square test found no significant difference
between the accident data and the exposure data for PTWs weighing under 100 kg,
indicating that lighter PTWSs are neither over nor under-represented in the accident data.

Table 5.1: PTW gross mass

Accident data Exposure data

Frequency Percent |Frequency Percent
under 100 393 42.7 355 38.5
101 — 150 97 10.5 85 9.2
151 — 200 193 20.9 183 19.8
201 — 250 153 16.6 195 21.1
over 250 43 4.7 49 5.3
Unknown 42 4.6 56 6.1
Total 921 100.0 923 100.0

When the gross mass is analysed according to vehicle type, most L1 vehicles were
reported to have a gross mass of less than 100 kg (91.4%). The gross mass of the L3
vehicles was more widely distributed with the 66.2% of all L3 vehicles reporting a gross
mass being between 151 and 250 kg (i.e., 36.9% + 29.3%). 5.5% of L3 vehicles had a
gross mass below 100 kg.

Table 5.2: PTW gross mass by PTW legal category

L1 vehicles L3 vehicles Total
Frequency Percent Frequency Percent Frequency | Percent
of L1 of L3

Under 100 364 91.4 29 5.5 393 42.7
101 - 150 7 1.8 90 17.2 97 10.5
151 - 200 0 0.0 193 36.9 193 20.9
201 - 250 0 0.0 153 29.3 153 16.6
Over 250 0 0.0 43 8.2 43 4.7
Unknown 27 6.8 15 2.9 42 4.6
Total 398 100.0 523 100.0 921 100.0

Table 5.3 shows the distribution of engine displacement for the 921 cases. The

highest frequency category reported was under 50 cc (42.7% of all cases), followed by
bigger PTWs in the 501 to 750 cc category (22.4% of all cases). The large number of
under 50cc vehicles was related to the high percentage of L1 vehicles in the MAIDS
database. The data indicates that PTWs with engine displacement up to 50 cc accounted
for 42% of the accident data and 40% of the exposure data. There was no significant
difference between the accident data and the exposure data except for the over 1001 cc
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category which was found to be under-represented (i.e. had less risk), (chi-square = 6.2,
p<.013).

Table 5.3: Engine displacement

Accident data Exposure data

Frequency Percent Frequency Percent
up to 50 cc 394 42.7 367 39.8
51to0 125 cc 89 9.7 86 9.3
126 to 250 cc 37 4.0 32 3.5
251 to 500 cc 56 6.1 50 5.4
501 to 750 cc 206 22.4 193 20.9
751 to 1000 cc 80 8.7 107 11.6
1001 or more 58 6.3 88 9.5
Unknown 1 0.1 0.0 0.0
Total 921 100.0 923 100.0

Table 5.4 shows the distribution of engine displacement by PTW category. As
expected, the majority of L1 vehicles reported an engine displacement of 50cc or less (i.e.,
99.0%). The four cases of an L1 vehicle with engine displacement greater than 51 cc (i.e.,
between 51 cc and 125 cc) represent L1 vehicles which have been tampered with in order
to increase engine displacement.

The data presented in Table 5.4 also shows that the majority of L3 vehicles
reported an engine displacement of between 501 and 750 cc (39.3%). The next most
frequently reported L3 vehicle engine displacement was 51 to 125 cc (16.3% of all L3
vehicles).

Table 5.4: Engine displacement by PTW legal category

L1 vehicles L3 vehicles Total
Percent of Percent

Frequency L1 Frequency of L3 Frequency | Percent
up to 50 394 99.0 0 0.0 394 42.7
51 to 125 4 1.0 85 16.3 89 9.7
126 to 250 0 0.0 37 7.1 37 4.0
251 to 500 0 0.0 56 10.7 56 6.1
501 to 750 0 0.0 206 39.3 206 22.4
751 to 1000 0 0.0 80 15.3 80 8.7
1001 or more 0 0.0 58 11.1 58 6.3
Unknown 0 0.0 1 0.2 1 0.1
Total 398 100.0 523 100.0 921 100.0

Table 5.5 indicates the predominating PTW colour of the 921 cases. The main PTW
colour was determined from the view point of the OV whenever possible. For single vehicle
accidents, PTW colour was determined based upon a visual inspection of the vehicle.

This variable was coded for each case in order to identify any potential relationships
between PTW colour and conspicuity. The results indicate that the majority of PTWs were
black in colour, followed by red and blue. When compared with the exposure data, only the
white PTWs were found to be over-represented when compared to the accident data (p <
.05).
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Table 5.5: Predominating PTW colour

Accident data Exposure data

Frequency Percent Frequency Percent
White 65 7.1 44 4.8
Yellow 45 4.9 38 4.1
Black 228 24.8 213 23.1
Red 166 18.0 174 18.9
Blue 175 19.0 210 22.7
Green 54 5.9 61 6.6
Silver, grey 97 10.5 115 12.5
Orange 16 1.7 9 1.0
Brown, tan 13 1.4 2 0.2
Purple 26 2.8 24 2.6
Gold 1 0.1 6 0.7
Chrome, metallic 1 0.1 0 0.0
Other 4 0.4 0 0.0
Unknown / no dominating colour 30 3.3 27 2.8
Total 921 100.0 923 100.0

A summary of the different braking systems found on the 921 PTWs involved in this
research is presented in Table 5.6. The majority of the PTWs were reported as having a
conventional braking system that did not include either an anti-lock braking system (ABS)
or a combined braking system (CBS). Twenty of the accident involved PTWs were
reported as having a CBS braking system while four PTWs were reported as having an
ABS braking system. Only two accident case PTWs were reported as having both an ABS
and CBS braking system.

When compared to the exposure data there were only 4 reported cases of PTWs
with ABS in the MAIDS database while there were 22 reported cases of PTWs with ABS in
the exposure population. It was reported by the German team that some exposure data
sampling was done at rider group meetings where there was a high percentage of ABS
equipped PTWs (e.g. a BMW rider group meeting). For this reason, the validity of the
exposure data for this particular variable is questionable and no statistical comparison can
be made between the accident data and the exposure data.

Table 5.6: Brake system configuration

Accident data Exposure data

Frequency Percent Frequency Percent
No ABS, CBS 893 97.0 869 94.2
CBS only, no ABS 20 2.2 26 2.8
ABS 4 0.4 22 2.4
ABS and CBS 2 0.2 5 0.5
Unknown 2 0.2 1 0.1
Total 921 100.0 923 100.0

Collision dynamics

Each of the 921 accidents collected within the MAIDS research program were
reconstructed in order to determine the pre-crash, crash and post crash speeds and
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motions of all vehicles involved. This effort involved a review of the vehicle mechanical
factors, a review of the environment in which the accident took place, and a review of the
witness statements. A detailed analysis of all vehicles was then conducted in order to
determine the pre-crash and crash speeds of all vehicles. Conventional accident
reconstruction techniques were then applied to determine vehicle speeds and motions
during all phases of the accident. A summary of the results of these analyses is presented
in this section.

All investigators were trained to identify the precipitating event because this is the
most important moment in the accident sequence. The precipitating event is defined as the
“failure or manoeuvre that immediately led to the accident.” All calculations and motion
descriptions were then made relative to that precipitating event. For example, in a situation
where a bus is travelling in a direction opposite to the PTW and makes a left turn in front of
the PTW, the precipitating event would be that moment when the bus violates the right of
way of the PTW. Any motion of the PTW or the bus driver would be explained relative to
the precipitating event (i.e., the violation of the right of way).

Table 5.7 describes the PTW pre-crash motion prior to the precipitating event. In
67.4% of accidents, the PTWs were travelling in a straight line. The next most frequent
pre-crash motions were negotiating a bend at constant speed (12.1%, 111 of all cases),
and performing a passing manoeuvre on the left (5.8%, 53 of all cases).

Table 5.8 shows the pre-crash motion of the OV prior to the precipitating event.
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Table 5.7: PTW pre-crash motion prior to precipitating event

Frequency | Percent
Stopped in traffic, speed is zero 26 2.8
Moving in a straight line, constant speed 452 49.1
Moving in a straight line, throttle off 39 4.2
Moving in a straight line, braking 22 2.4
Moving in a straight line, accelerating 108 11.7
Turning right, constant speed 7 0.8
Turning right, throttle off 1 0.1
Turning right, accelerating 1 0.1
Turning left, constant speed 6 0.7
Turning left, throttle off 3 0.3
Turning left, braking 3 0.3
Turning left, accelerating 2 0.2
Stopped at roadside, or parked 1 0.1
Making Y-turn left 1 0.1
Changing lanes to left 9 1.0
Changing lanes to right 10 1.1
Merging to left 1 0.1
Entering traffic from right shoulder, median, or parked 2 0.2
Passing manoeuvre, passing on right 3 0.3
Passing manoeuvre, passing on left 53 5.8
Travelling wrong way, against opposing traffic 8 0.9
Stripe-riding, filtering forward between lanes, longitudinal motion 1 0.1
Filtering forward between lanes, both longitudinal and lateral | 3 0.3
motion
Collision avoidance manoeuvre to avoid a different collision 7 0.8
Negotiating a bend, constant speed 111 12.1
Negotiating a bend, throttle off 10 1.1
Negotiating a bend, braking 12 1.3
Negotiating a bend, accelerating 14 1.5
Other 5 0.5
Total 921 100.0
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Table 5.8: OV pre-crash motion prior to precipitating event

Frequency Percent

Stopped in traffic, speed is zero 130 16.8
Moving in a straight line, constant speed 217 28.0
Moving in a straight line, throttle off 60 7.7
Moving in a straight line, braking 99 12.8
Moving in a straight line, accelerating 62 8.0
Turning right, constant speed 5 0.6
Turning right, throttle off 5 0.6
Turning right, braking 8 1.0
Turning right, accelerating 7 0.9
Turning left, constant speed 29 3.7
Turning left, throttle off 8 1.0
Turning left, braking 13 1.7
Turning left, accelerating 31 4.0
Sopped at roadside, or parked 6 0.8
Backing up, in a straight line 1 0.1
Backing up, steering left 1 0.1
Backing up, steering right 6 0.8
Making U-turn left 12 1.5
Changing lanes to left 8 1.0
Changing lanes to right 2 0.3
Entering traffic from right shoulder, median, or parked 15 1.9
Entering traffic from left shoulder, median, or parked 2 0.3
Leaving traffic, turn out to right 2 0.3
Passing manoeuvre, passing on right 1 0.1
Passing manoeuvre, passing on left 10 1.3
Travelling wrong way, against opposing traffic 2 0.3
Other 21 2.7
Unknown 15 1.9
Total 778 100.0

Figure 5.3 indicates the distribution of the PTW travelling speed just prior to the
precipitating event. The greatest percentage of travelling speeds were between 30 km/h
and 60 km/h. This was expected since most of the accidents took place in an urban
environment, with typical roadway speed limits of 30 to 60 km/h. The data shown in Figure

5.4 may be found in Annex C, Table C.8.
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Figure 5.3: Comparison of travelling speed for fatal and non fatal cases (all accidents)

Figure 5.3 shows that there is a trend towards higher travelling speeds in PTW
accidents involving fatalities.

Figure 5.4 indicates the cumulative percentage distribution of the PTW travelling
speed for all accidents. The median travelling speed was found to be 49 km/h. The range
of travelling speeds was found to be between 0 km/h and 185 km/h.
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Figure 5.4: Travelling speed (all PTW accidents)

Table 5.9 shows the PTW travelling speed for single vehicle accidents. These are
accidents which do not involve an OV. The largest percentage of these accidents was
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found to have travelling speeds of between 40 km/h and 70 km/h, which is higher than the
travelling speeds for all PTW accidents. Twenty one percent of single vehicle accidents
were found to have travelling speeds of over 100 km/h.

Table 5.9: PTW travelling speed (single vehicle accidents)

Frequency | Percent

20 km/h 3 2.1
30 km/h 11 7.7
40 km/h 21 14.7
50 km/h 18 12.6
60 km/h 16 11.2
70 km/h 16 11.2
80 km/h 15 10.5
90 km/h 10 7.0
100 km/h or higher 31 21.7
Unknown 2 1.4
Total 143 100.0

Table 5.10 shows the PTW travelling speed for all PTW cases in which the single
vehicle accidents have been excluded. Over 65.3% of the accidents were found to have
travelling speeds between 30 km/h and 60 km/h. Only 6.3% of all accidents were reported
to have travelling speeds of 100 km/h or higher.

Table 5.10: PTW travelling speed (single vehicle accidents excluded)

Frequency | Percent

0 km/h 29 3.7
10 km/h 19 2.4
20 km/h 45 5.8
30 km/h 118 15.2
40 km/h 148 19.0
50 km/h 154 19.9
60 km/h 87 11.2
70 km/h 57 7.3
80 km/h 45 5.8
90 km/h 26 3.3
100 km/h or higher 49 6.3
Unknown 1 0.1
Total 778 100.0

Table 5.11 presents the distribution of OV travelling speeds. The data indicates that
the majority of OVs (i.e., 73.8%) were travelling at a speed of 40 km/h or less at the time of
the precipitating event. Twenty percent of all OVs were stationary at the time of the
precipitating event.
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Table 5.11: OV travelling speed

Frequency | Percent

0 km/h 143 18.4
10 km/h 118 15.2
20 km/h 133 17.1
30 km/h 95 12.2
40 km/h 85 10.9
50 km/h 64 8.2
60 km/h 42 5.4
70 km/h 21 2.7
80 km/h 18 2.3
90 km/h 11 1.4
100 km/h or higher 18 2.3
Unknown 30 3.9
Total 778 100.0

For all accidents involving an OV, the cumulative percentage distribution of the OV
travelling speed is presented in Figure 5.5. The data indicates that the range of OV
travelling speed is between 0 and 202 km/h. The median OV travelling speed was found to
be 16 km/h.
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Figure 5.5: OV travelling speed (all accidents)

As part of the detailed reconstruction of each accident, all investigators coded the
motion of the PTW immediately after the precipitating event and prior to the impact. Table
5.14 describes the distribution of these PTW pre-crash motions. The data indicate that
63.7% all accidents were travelling in a straight line after the precipitating event. Twenty
percent of the PTW riders were travelling in a straight line and braking.
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Table 5.12: PTW pre-crash motion after precipitating event

Frequency | Percent

Stopped in traffic, speed is zero 6 0.7
Moving in a straight line, constant speed 289 31.4
Moving in a straight line, throttle off 41 4.5
Moving in a straight line, braking 175 19.0
Moving in a straight line, accelerating 81 8.8
Turning right, constant speed 6 0.7
Turning right, throttle off 7 0.8
Turning right, braking 5 0.5
Turning right, accelerating 1 0.1
Turning left, constant speed 14 1.5
Turning left, throttle off 5 0.5
Turning left, braking 14 1.5
Turning left, accelerating 16 1.7
Stopped at roadside, or parked 1 0.1
Making U-turn left 1 0.1
Changing lanes to left 8 0.9
Changing lanes to right 13 1.4
Merging to left 2 0.2
Merging to right 2 0.2
Leaving traffic, turn out to right 2 0.2
Passing manoeuvre, passing on right 6 0.7
Passing manoeuvre, passing on left 56 6.1
Crossing opposing lanes of traffic 5 0.5
Travelling wrong way, against opposing traffic 9 1.0
Stripe-riding, filtering forward between lanes, longitudinal motion 1 0.1
Filtering between lanes, lateral motion, only 1 0.1
Filtering forward between lanes, both longitudinal and lateral motion | 3 0.3
Collision avoidance manoeuvre to avoid a different accident 8 0.9
Negotiating a bend, constant speed 54 5.9
Negotiating a bend, throttle off 22 2.4
Negotiating a bend, braking 29 3.1
Negotiating a bend, accelerating 9 1.0
Other 28 3.0
Unknown 1 0.1
Total 921 100.0

Figure 5.6 shows the line of sight to the OV as seen from the PTW rider at the time
of the precipitating event. The data shows that 90% of all OVs were in front of the PTW
rider at the time of the precipitating event (i.e., very few OVs appear to the sides or to the

rear of the PTW rider).
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Figure 5.6: PTW line of sight to OV
(Note: There are 5 cases in which the line of sight to the OV was unknown)

Table 5.13 shows the motions of the OV after the precipitating event. The data
indicates that 31.6% of OVs were turning left after the precipitating event.
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Table 5.13: OV pre-crash motion after precipitating event

Frequency Percent

Stopped in traffic, speed is zero 29 3.7
Moving in a straight line, constant speed 100 12.9
Moving in a straight line, throttle off 19 2.4
Moving in a straight line, braking 89 11.5
Moving in a straight line, accelerating 90 11.6
Turning right, constant speed 13 1.7
Turning right, throttle off 6 0.8
Turning right, braking 21 2.7
Turning right, accelerating 24 3.1
Turning left, constant speed 61 7.8
Turning left, throttle off 17 2.2
Turning left, braking 41 5.3
Turning left, accelerating 127 16.3
Stopped at roadside, or parked 1 0.1
Backing up, in a straight line 1 0.1
Backing up, steering left 3 0.4
Backing up, steering right 4 0.5
Making U-turn left 31 4.0
Making Y-turn left 4 0.5
Changing lanes to left 14 1.8
Changing lanes to right 9 1.2
Merging to left 1 0.1
Merging to right 1 0.1
Entering traffic from right shoulder, median, or parked 13 1.7
Entering traffic from left shoulder, median, or parked 2 0.3
Passing maneuver, passing on left 8 1.0
Crossing opposing lanes of traffic 1 0.1
Travelling wrong way, against opposing traffic 8 1.0
Other 25 3.2
Unknown 15 1.9
Total 778 100.0

The line of sight to the PTW as seen by the OV driver is presented in Figure 5.7.
The data indicates that the majority of PTWs appear in front of the OV at the time of the
precipitating event. Very few PTWSs appear to the sides of the OV.
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Figure 5.7: OV line of sight to PTW
(Note: there were 9 cases in which the line of sight to the PTW was not known)

Table 5.14 indicates the distribution of PTW impact speeds for all accidents. In
cases of single vehicle accidents, this represents the forward impact speed of the PTW at
the time the PTW either struck the ground or some other environmental object (e.g., lamp
post, etc.). In cases of PTW/OV collisions, the data represents the impact speed at the
time of the collision between the OV and the PTW.

The data indicates that 74.8% of PTW crashes occurred at speeds below 50 km/h.
Only 5.4% of impacts were at speeds of 100 km/h or higher.
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Table 5.14: PTW impact speed (all accidents)

Frequency | Percent

0 km/h 14 1.5
10 km/h 44 4.8
20 km/h 124 13.4
30 km/h 194 21.1
40 km/h 185 20.1
50 km/h 128 13.9
60 km/h 70 7.6
70 km/h 45 4.9
80 km/h 40 4.3
90 km/h 25 2.7
100 km/h or higher 50 5.4
Unknown 2 0.2
Total 921 100.0

Table 5.15 indicates the distribution of PTW impact speed for single vehicle
accidents. The data suggests that in general the impact speeds for single vehicle
accidents were higher than for accidents that involved an OV.

Table 5.15: PTW impact speed - single vehicle accidents only

Frequency | Percent

Under 10 km/h 1 0.7
10 km/h 2 1.4
20 km/h 7 4.9
30 km/h 29 20.1
40 km/h 13 9.1
50 km/h 28 19.7
60 km/h 17 11.9
70 km/h 9 6.3
80 km/h 8 5.6
90 km/h 9 6.3
100 km/h or higher 18 12.6
Unknown 2 1.4
Total 143 100.0

When single vehicle accidents are removed from the dataset, 78.3% of PTW impact
speeds were found to be below 50 km/h as shown in Table 5.16.
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Table 5.16: PTW impact speed (single vehicle accidents excluded)

Frequency | Percent

0 km/h 13 1.7
10 km/h 42 5.4
20 km/h 117 15.0
30 km/h 165 21.2
40 km/h 172 22.1
50 km/h 100 12.9
60 km/h 53 6.8
70 km/h 36 4.6
80 km/h 32 4.1
90 km/h 16 2.1
100 km/h or higher 32 4.1
Total 778 100.0

Table 5.17 shows the OV impact speed for all cases involving a collision with a
PTW. The data indicates that in 76.2% of all collisions that involve an OV, the impact
speed was 30 km/h or less.

Table 5.17: OV impact speed (all accidents)

Frequency | Percent

0 km/h 101 13.0
10 km/h 172 22.0
20 km/h 223 28.6
30 km/h 98 12.6
40 km/h 52 6.7
50 km/h 45 5.8
60 km/h 20 2.6
70 km/h 17 2.2
80 km/h 14 1.8
90 km/h 9 1.2
100 km/h or higher 14 1.8
Unknown 13 1.7
Total 778 100.0

To better understand the accident speed characteristics of different PTW types, the
data were divided into the L1 and L3 vehicle categories. Table 5.18 shows the
reconstructed speeds for all the L1 accidents. The median L1 travelling speed was found
to be less than 37 km/h. The range of L1 travelling speeds was between 0 km/h and 82
km/h. The median L1 impact speed was found to be 31.0 km/h and the average
confidence interval or accuracy value for impact speed was + or — 4 km/h.

The OV median travelling speed for L1 accidents was 24.0 km/h and the median
OV impact speed was 19.0 km/h. The standard deviation was quite high for both of these
values (i.e., 24.0 km/h and 20.8 km/h respectively) because of the wide variation in OV
travelling and impact speeds.
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Table 5.18: Travelling and impact speeds for L1 vehicle accidents

L1 wvehicle | L1 vehicle | OV .
. . . OV impact
travelling impact travelling
speed

speed speed speed
Number of cases 396 397 353 351
Average speed (km/h) 36.8 31.7 27.4 24.6
Median speed (km/h) 37.0 31.0 24.0 19.0
Standard deviation (+/- km/h) 15.1 14.3 24.1 20.8
Minimum speed (km/h) 0 0 0 0
Maximum speed (km/h) 82 82 122 122
Average confidence interval (+/- km/h) 4.5 4.1 3.3 4.1

(Note: All cases in which the speed was unknown have been removed from this analysis)

Table 5.19 shows the speed values for L3 vehicles. The data indicates that the
median travelling speed for L3 vehicles was 60 km/h with a median impact speed of 48.0
km/h. The range of L3 vehicle travelling speeds was between 0 km/h and 185 km/h and
the range of L3 vehicle impact speeds was between 0 km/h and 170 km/h.

The OV median travelling speed for the L3 category was 21.0 km/h whilst the
median impact speed was 20.0 km/h. Once again there was a high variability in the speed
computations (i.e., standard deviations of 27.5 km/h and 23.9 km/h respectively). The
minimum travelling and impact speeds were 0 km/h while the maximum travelling speed
was 202 km/h and the maximum impact speed was 175 km/h.

Table 5.19: Travelling and impact speeds for L3 vehicle accidents

L3 vehicle | L3 vehicle | OV .
; . , OV impact
travelling impact travelling
speed

speed speed speed
Number of cases 522 522 396 389
Average speed (km/h) 65.3 53.6 29.1 26.3
Median speed (km/h) 60.0 48.0 21.0 20.0
Standard deviation (+/- km/h) 30.8 29.4 27.5 23.9
Minimum speed (km/h) 0 0 0 0
Maximum speed (km/h) 185 170 202 175
Average confidence interval (+/- km/h) 6.6 6.6 4.5 3.7

(Note: All cases in which the speed was unknown have been removed from this analysis)

A comparison of the travelling speed and impact speed for all PTW categories
typically indicates a shift in the speed distribution. This means that in many cases, the
PTW rider made some attempt at collision avoidance by reducing the speed of the PTW
immediately prior to the impact.

In order to describe the collision configuration and the orientation of the PTW and
QV at the time of impact, the relative angle between the PTW and the OV was determined.
Figure 5.8 shows the coding convention.
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Figure 5.8: Relative heading angle

The relative heading angle represents the angle between the PTW and the OV at
the time of contact, expressed as a positive angle, clockwise from the vertical. It does not
incorporate any pre-crash motion of either vehicle. The convention for the identification of
the relative heading angle was the same as that used in ISO 13232 — Motorcycles — test
and analysis procedures for research evaluation of rider crash protective devices fitted to
motorcycles (ISO, 2002), where zero degrees corresponds to both vehicles being pointed
in the same direction.

Figure 5.9 shows the distribution of the relative heading angle at the time of impact
and that there was a wide diversity of PTW-OV impact configurations, as shown by the
wide range of equally distributed relative heading angles. The most frequent relative
heading angle was between 337.5 and 22.5 degrees (25.1% or 195 of all cases involving a
PTW and OV). The second most frequent relative heading angle was between 67.6 and
112.5 (16.8% or 131 cases).
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Figure 5.9: Distribution of relative heading angles for PTW to OV collisions

The in-depth analysis of each accident included a detailed reconstruction of all
collision avoidance manoeuvres attempted by the PTW rider and the OV driver. This
information was obtained by a detailed scene inspection (i.e., to identify skid marks), a
detailed vehicle inspection (i.e., to identify skid patches on tyres) and a complete interview
of all persons involved in the accident and persons who may have witnessed the accident.

Table 5.20 shows the distribution of these collision avoidance manoeuvres by the PTW
rider.

The data indicates that braking was a collision avoidance response performed
49.3% of the time (n=664). In other cases, the rider attempted to avoid the accident by
swerving (16.2% of all collision avoidance manoeuvres, n=218). Accelerating, using the
horn, flashing the headlamp, dragging the feet or jumping from the PTW was used as a
collision avoidance manoeuvre in very few cases.
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The data indicates that in almost one-third of all cases, the PTW rider did not
attempt to perform any collision avoidance manoeuvre. This may be due to a failure on the
part of the PTW rider and it may also be due to an inadequate amount of time available to
engage in any kind of collision avoidance. Further investigations of the accident dynamics
for each case would provide such information.

Table 5.20: Collision avoidance performed by PTW rider

(Note that frequency total > 921 because of multiple responses)
Frequency Percent

No collision avoidance attempted 362 26.9
Braking 664 49.3
Swerve 218 16.2
Accelerating 17 1.3
Use of horn, flashing headlamp 18 1.3
Drag feet, jump from PTW 9 0.7
Other 32 2.4
Unknown 26 1.9
Total 1346 100.0

As part of the accident reconstruction and scene inspection, the investigators were
often able to determine if there was some type of loss of control on the part of the PTW
rider during a collision avoidance manoeuvre. Table 5.21 provides the distribution of the
loss of control modes for all MAIDS cases. There was no loss of control reported in 68.1%
of all cases. When there was loss of control, it was mostly related to braking and a
subsequent change in vehicle dynamics (13.1% of all cases, 41.0% of all cases involving
loss of control).

Table 5.21: Loss of control mode (PTW rider)

Frequency | Percent

No loss of control 626 68.1
Capsize, or fall over 49 5.3
Braking slide-out, low side 94 10.2
Braking slide-out, high side 27 2.9
Cornering slide out, low side 27 2.9
Cornering slide out, high side 2 0.2
Ran wide on turn, ran off road, under cornering 45 4.9
Lost wheelie 1 0.1
Low speed wobble 4 0.4
High speed wobble 5 0.5
Weave, no pitch 1 0.1
Pitch weave, low speed 3 0.3
Pitch weave, high speed cornering 1 0.1
End-over, endo, reverse wheelie 6 0.7
Continuation, no control actions 7 0.8
Other 15 1.6
Unknown 8 0.9
Total 921 100.0
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Table 5.22 provides information regarding the different loss of control modes for
single vehicle accidents (i.e., an accident that only involved the PTW and PTW rider). The
physical inspection of the PTW identified scrape marks, skid patches and other evidence
for the reconstruction. From this inspection, a detailed vehicle dynamics analysis was
performed for each case and a complete understanding of the pre-crash vehicle dynamics
was generated.

As expected, running off the roadway was the most frequently reported loss of
control mode (34 cases, 23.4% of all single vehicle accidents). This was followed by cases
of braking slide-outs of the PTW (14.5% of all single vehicle cases) and PTW capsize
(10.3% of all single vehicle accidents).

Table 5.22: Loss of control mode (single vehicle accidents)

Frequency | Percent

No loss of control 25 17.2
Capsize, or fall over 15 10.3
Braking slide-out, low side 21 14.5
Braking slide-out, high side 4 2.8
Cornering slide out, low side 16 11.0
Cornering slide out, high side 2 1.4
Ran wide on turn, ran off road, under cornering 34 23.4
Lost wheelie 1 0.7
Low speed wobble 2 1.4
High speed wobble 3 2.1
Weave, no pitch 1 0.7
Pitch weave, low speed 2 1.4
Pitch weave, high speed cornering 1 0.7
End-over, endo, reverse wheelie 4 2.8
Continuation, no control actions 2 1.4
Other 8 5.5
Unknown 4 2.8
Total 145 100.0

Each investigator was required to determine the main reason for the failed collision
avoidance. This was requested because it is generally accepted that in certain accident
situations, there is simply not enough time available to complete any type of collision
avoidance manoeuvre. Table 5.23 shows that in 32.2% of the PTW cases and in 21.1 of
the OV cases, there was failed collision avoidance due to inadequate time available to
complete the collision avoidance action.
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Table 5.23: Reason for failed collision avoidance

PTW rider OV driver

Frequency | Percent | Frequency | Percent
Decision failure, wrong choice of evasive action 69 7.5 26 3.4
Reaction failure, poor execution of evasive action 41 45 9 1.2
?Caticcl)?]quate time available to complete avoidance 297 322 164 211
Loss of control in attempting collision avoidance 129 14.0 3 0.4
Other 6 0.7 6 0.8
Not applicable, no OV or no evasive action taken 362 39.3 545 70.1
Unknown 17 1.8 25 3.2
Total 921 100.0 778 100.0

The in-depth accident analysis included an evaluation of the rider’s familiarity with
the controls of the accident PTW. Table 5.24 indicates that in 3.7% of all MAIDS cases
(n=34) the investigators came to the conclusion that the PTW rider was not familiar with
the controls of the accident PTW.

Table 5.24: Control unfamiliarity (PTW rider)

Frequency | Percent
Yes 34 3.7
No 873 94.8
Unknown 14 1.5
Total 921 100.0

Table 5.25 presents the distribution of the collision avoidance manoeuvres
attempted and performed by the OV driver. The data indicates that in 537 accidents, there
was no collision avoidance manoeuvre attempted or performed by the OV driver. For those
cases where a collision avoidance manoeuvre was attempted, braking was the most
frequently reported manoeuvre, occurring in 23.6% of all collision avoidance manoeuvres
performed by the OV driver.

Table 5.25: Collision avoidance manoeuvre performed by OV driver

Frequency | Percent

No collision avoidance action 537 64.9
Braking 195 23.6
Swerve 71 8.6
Accelerating 6 0.7
Counter-steering 2 0.2
Cornering 0 0.0
Other 2 0.2
Unknown 15 1.8
Total 828 100.0

(Note that frequency total > 778 because of multiple responses)

The complete reconstruction of the accident included an analysis of the post-crash
motions of the PTW, the PTW rider, the PTW passenger and the OV. Table 5.26 indicates
that 43.6% of PTWs skidded and/or slid to rest from the point of impact.
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Table 5.26: Post crash motion of the PTW

Frequency [Percent

Stopped at point of impact (POI); point of rest (POR) and POI coincide 29 3.1
Stopped within 2 m of POI 103 11.2
Rolled on wheels from POI to POR 21 2.3
Rolled on wheels from POI, then impacted other object at POR 16 1.7
Vehicle rollover from POI to POR 4 0.4
Skidded, slid from POI to POR 401 43.6
Skidded, slid from POI, then impacted other object at POR 123 13.4
Vaulted above ride height from POI, then rolled to POR 5 0.5
Vaulted above ride height from POI, then slid to POR 38 4.1
Vaulted above ride height from POI, then impacted object at POR 7 0.8
Run over at POI 1 0.1
Run over, dragged from POI to POR 12 1.3
Caught by or landed on OV; carried to POR 11 1.2
Entrapped with OV (other than run over); POR same as OV POR 25 2.7
Vehicles did not separate; PORs are the same for both vehicles 16 1.7
Spun or yawed, sliding from POI to POR 27 2.9
Other 76 8.3
Unknown 6 0.7
Total 921 100.0

Table 5.27 indicates that many PTW riders tumbled, rolled, or slid from the point of
impact to the point of rest, with a small percentage impacting other objects at the point of
rest. The other object was often found to be a kerb, a fence or a lamppost, which represent

significant injury hazards to the PTW rider.

Table 5.27: Post crash motion, PTW rider motion

Frequency | Percent
Stopped at POI; POR and POI coincide 18 2.0
Stopped within 2 m of POI 78 8.5
Tumbled and rolled from POI to POR 116 12.6
Tumbled and rolled from POI, then impacted object at POR 11 1.2
Slid from POI to POR 154 16.8
Slid from POI, then impacted other object at POR 40 4.3
Vaulted above ride height from POI, then rolled to POR 80 8.7
Vaulted above ride height from POI, then slide to POR 110 11.9
Vaulted above ride height from POI, then impacted other object At POR 30 3.3
Run over at POI 2 0.2
Run over, dragged from POI to POR 5 0.5
Caught by or landed on OV; carried to POR 41 4.5
Entangled with OV; POR same as OV POR 13 1.4
Did not separate from PTW, rode from POI to POR; POR same as PTW | 98 10.6
POR
Hit and run, departed scene immediately after collision 11 1.2
Other 62 6.7
Unknown 52 5.6
Total 921 100.0

There were a total of 79 MAIDS cases that included a passenger. Table 5.28 shows
the post-crash passenger motion code. In 3.8% of cases, the passenger came to rest
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within 2 m of the point of impact. Many passengers tumbled, rolled and/or slid from the

point of impact to the point of rest.

Table 5.28: Post crash passenger motion code

Frequency | Percent

Stopped within 2 m of POI 3 3.8
Tumbled and rolled from POI to POR 4 5.1
Tumbled and rolled from POI, then impact. object at POR 2 2.5
Slid from POI to POR 6 7.6
Slid from POI, then impacted other object at POR 1 1.3
Vaulted above ride height from POI, then rolled to POR 3 3.8
Vaulted above ride height from POI, then slide to POR 5 6.3
Vaulted above ride height from POI, then impacted object at POR 1 1.3
Caught by or landed on OV; carried to POR 1 1.3
Entangled with OV; POR same as ov POR 1 1.3
Other 7 8.9
Unknown 45 56.8
Total 79 100.0

Table 5.29 shows the distribution of the post-crash motion of the OV. In 45.3% of
cases, the OV rolled on its wheels from the POI and then impacted another object at the
point of rest. This other object was most frequently found to be the kerb at the side of the
roadway. The next most frequently reported post-crash motion was rolling on the wheels

from the point of impact to the point of rest (16.7% of all cases).

Table 5.29: Post crash OV motion

Frequency | Percent

Stopped within 2 m of POI 72 9.3
Stopped at POI; POR and POI coincide 10 1.3
Rolled on wheels from POI to POR 131 16.7
Rolled on wheels from POI, then impacted other object at POR 353 45.3
Vehicle rollover from POI to POR 20 2.6
Skidded, slid from POI to POR 4 0.5
Skidded, slid from POI, then impacted other object at POR 72 9.3
Vaulted above ride height from POI, then rolled to POR 10 1.3
Vehicles did not separate; PORs are the same for both vehicles 27 3.5
Spun or yawed, sliding from POI to POR 11 1.4
Hit an