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Abstract

Incident Management (IM) entails the collectiomadasured aimed at clearing the road as soon aiblecster
an incident has occurred. The rationale behinddtbiimprove the safety of the different risk gregpound the
incident site, as well as to normalize the tradfieam as quickly as possible. In this paper, westigate the
effects of Incident Management on the safety dedént risk groups. To this end, an overview is enafithe
effects of an incident on the safety, by conductirigelphi. It is concluded that for all risk groyps incident
brings additional safety risks especially in thetfstages of an incident. The effects of the iicdial IM
measures were quantified and combined with thdteesfithe Delphi, leading to an overview of théeef of IM
combined with the risks of a secondary incident.

From this investigation it is concluded that IM leapositive effect on safety of all risk groups,
especially in the later stages of incident handlinghe first stages the risks are relatively higid the impacts
of IM are relatively low. Therefore a gap betwebka two exists there. This shows that in the fitsges of
incident handling, there is still room for improvent in the safety of certain risk groups.
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1. INTRODUCTION

A traffic incident is an unpredictable event whizdn cause extra delay to road users. Accidentakbosvns,
loss of cargo and calamities are examples of imtgd&Vhenever an incident occurs on the freewaydlsio has
an effect on the safety of the people near theerti In(1) it is shown that road users, victims of the inciglen
emergency services, and people living near thevigeare the most important risk groups who are segdo
additional risks when an incident occurs. By risk mvean the risk of being in a secondary incideze &ection
5.1). Incident Management (IM) is the policy thataugh a set of measures aims at reducing boteffaets on
the traffic flow conditions and the effects on s$gféy shortening the period needed to clear the @fter an
incident has happened. In the Netherlands, IM waisduced nationally in 1999. In terms of its origation,

IM is a collaboration between Rijkswaterstaat {fheéch Road Authority) and other emergency response
services such as the fire department, the polipaiment, ambulance services, salvagers, and imseira
companies. Together they set up new guidelinegeastdcols in order to shorten the time which isdezkto
clear the road after incidents.

In this paper, we quantify the impacts of the IMasres which are implemented in the Netherlands on
the safety of different risk groups. The main qiogsbf this paper is whether IM has had the intehgesitive
effect on the safety of the different risk groupsuand an incident. We investigated where and wivthds had
the most effect and where in the future the biggasts in safety can be realised by new policy.

First, an overview is made of the risks which adauifferent incident situations. Each incideottes
with additional safety risks, that is, the possipibf a new, secondary incident. Then, by quamiythe effects
of the different IM measures and summing them ipee phase of the incident, an overview is obtaioiedhere
(in time) IM has had its biggest effect, and whign@ most room for improvement lies. In other woidsyhat
phase of the incident the difference between #ieaf a secondary incident and the effect of INhislargest.

2. LITERATURE REVIEW

This section is divided into two parts. The firairpprovides insights in the international actastito increase
increasing safety for workers and motorists in viglareas in general. The second part shows thehDut
approach towards Incident Management.

2.1 Safety studies

The work falls in the general scope of the safétyath workers and motorists during exceptionalditions.
The situation of workers on the roadway workingaomadway is studied in case of engineering works.
most general work published by the Federal High#dministration is(2). It raises the awareness of the risks
that exist at work zone. It also lists possibiitte improve the safety situation: “traffic monitay and
management, providing traveler information, incideranagement, enhancing safety of both the roadamske
worker, increasing capacity, enforcement, trackind evaluation of contract incentives/disincentives
(performance-based contracting), and work zonenatar’ For special projects a discussion on sadgihe
work zone is started, for instance for the Recaietion of the 1-25/1-40 in 200@) or the construction on the
Lake Springfield Bridge in Illinoig4).

Planning the exact conditions is not possible lierworking site at incidents, which are unprediletddy nature.
However, also for the response to incidents pla@sr@ade; the least one can do is try to creatéeasgtaation
for both the workers and the motorists. For instaincConnecticut an overview is made of the poktés that
Intelligent Transport Systems give to improve tatety and to improve traffic flow when an incidemxicurs(s).
They summarize and assess the methods availablépmot carry out an extensive data analysis. Maay
authorities acknowledge the problem need for prapedent Management, and have plans that can éeuged
in case of an incident, for instance in Kentué&y

No measures can be put into place when the incidertt detected yet. Therefore there is curremtbearch
going on to reduce the time between the incidedttha (automatic) detection of the incident. Anrapée of
this can be found in Ossen et @), where the individual headways (rather than trgregate flow values) are
checked on consistency.

Our study focuses specifically on improving safatyncident sites. Rather than naming the postési(5), we
quantify the risks in different phases of the imeitl We do this by interviewing experts on thisjeah all with
a different background and based on their view uantjfy the risks.
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2.2 Incident Management in the Netherlands

In 2007 the Dutch Road Authority conducted researcthe effects of the IM-policy, especially on thaffic

flow around incidents and the safety of risk groapsund incident§l). This work combined the findings and

conclusions of earlier reports by the Road Autlyosithich will therefore not be discussed here. $hely was

mostly done by expert judgement without quantifmat The conclusions were the following.

e At this moment there is no conclusive material ¢ating the influence of IM on safety;

e ltis likely that thedecreasean congestion due to IM also decreases the rigleobndary incidents and thus
improves safety;

« It can also be argued that a better organizatienadrgency response to incidents (one of the gdadld)
significantly improves safety, as a result of tmagnand guidelines.

« Further research into this matter is necessarydardo get more reliable results.

3. INCIDENT MANAGEMENT

As explained in the introduction, the first IM pecf was executed nationally in the Netherland9®01 The
official goal of the policy is to clear the roadasckly as possible after an incident has happ€8ga@specially
taking into account the traffic safety, the intésesf the victims of the incident and controllifgetdamages. On
the scene of an incident however the safety oéthergency workers is rated higher than the sdnaif the
victims of the incident and (delay/safety) of thad user$9).

Studies have show(i0-13)that incidents and accidents also have a big impathe capacity of the
road and therefore often lead to congestion. Gletré sooner the road is cleared, the soonerdiffictflow
will normalize again. When traffic is in congestjdhe risks of a secondary incident, especiallhentail of the
traffic jam, are higher. This is mainly becausehaf speed differendd 4).

In coming up with new IM measures, the attentibthe policy makers was especially on the
organization, communication, and co-operation betwtae several IM partners (the parties which vtogether
on the site of an incident), and measures whichshibrten the incident handling time. Below (tab)ean
overview is given of the most important IM measures

TABLE 1 — The Incident Management measures used fdhis study

Measure Abbreviation
National Passenger car Regulatign ~ NPR Improvednizgion of the salvage process. A salvager
is send to the site immediately after the incidead been
detected, instead of the police investigating theason.
This results in a reduction of handling time ofriutes
(15, 16)

National Truck Regulation NTR A similar regulatitmthe NPR, but then for trucks ang
lorries. The reduction in handling time is 60 to 90
minutes(17)

Initial Safety Measures for ISMIM Safety measures for the emergency workerb@m to

Incidents on Motorways secure an incident situati¢h8). Results in a lower
probability of a secondary accident.

Coordination Team at Incident CTIS A coordination team is formed with membersubf

Sites emergency services to improve the organization and

communication on the scene of bigger accidentss. It
assumed that this results in a lower handling time
through more efficient work.

Red-Blue Booklet RBB Gives an overview of all taskshe emergency services
during the handling of incidents. It also statess th
questioning procedures used by emergency centrdls a
emergency workerd 9). This leads to more efficient
work.

Project IM+ IM+ This project gave the road inspestof Rijkswaterstaat
additional authorities around incidents. Regulatime
traffic flow around incidents is the most importamie,
which is a task for the police in normal situatiohbey
are in direct contact with the traffic control centalso
controlled by Rijkswaterstaat.
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4. RESEARCH APPROACH

In this section, we present the approach usedsrrélsearch to quantify the impacts of IM on taffafety in
case of an incident. The research was conducted asscenario-based approach. From these scettaios
impacts of IM are quantified subjectively in timedaspace.

4.1 Incident scenarios

For this research scenario-baseadpproach was chosen; the effects will be quadtifiging three distinct
incident scenarios. Scenarios are often usedghramalyses. In that way a limited number of chiaréstic
events is sufficient to cover all aspects of thabpgm. In this research, three characteristic mmiccenarios
were selected. By choosing the three scenariofutlgrét is possible to get a complete overviewadifpossible
risks around an incident location. The scenaries ar

e A car breaking down on the hard shoulder (scerBrio

* An accident on the main carriageway involving tveoscand blocking one lane (scenario 2);

* An accident involving dangerous chemicals (scendyio

The scenarios are increasingly involved in termgadéntial risks, population at risk and emergesenyices
involved. Scenario 1 only requires an emergencghiitewn services, whereas scenario 3 needs thevamweint
of large number of emergency responders.

To ensure that the experts were able to identifa thie situation at hand and provide as realistic
answers as possible, for each scenario a studysaigentified in which they are located. A freewsggment in
the middle of the Netherlands was selected, nathelyA28 around the city of Zwolle. The scenarioseve
placed in the study area in such a way, that tlexaat risk groups will have additional safety eskor
instance, scenario 3, an accident with dangeroemidals, is situated near an inhabited area. Ifrtiek was to
explode or hazardous gasses escape, the peopkgilivihe surrounding area will have additionaksafisks.
Figure 1 shows the incident scenarios in the studwg.

4.2 Risks in time and in space

The first goal of this study is to get an overviefathe potential impacts of an incident on safetyiine and

space. So, for each scenario, risks will be categdiin time and space.

A typical incident is divided into five phases,rétag from the incident happening to the normal@mabf the

traffic stream after the road is cleared ag&igure 2 shows these pha426) which are:

1. Detection phase this is the time between the incident occurring the incident being reported to the
emergency centre.

2. Response phasethe time needed for the emergency units to respbe time from the incident being
reported until the emergency units arriving ongbene.

3. First clearing phase- this is the time it takes the emergency unitsléar the main carriageway. The
incident is moved towards the hard shoulder asktyuis possible.

4. Second clearing phasethe time it takes to clear the hard shoulderwitid that the entire incident.

5. Normalization phase this is the phase from the emergency units fepthie scene until the normalization
of the traffic stream (towards conditions similattefore the incident occurred).

incident emergency services hard shoulder cleared
arrive
incident called in main carmageway traffic is normalised
cleared

detection | response first clearing | second clearing normalisation |

time

FIGURE 2 The time phases in an incident
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$

& e B 7 <
FIGURE 1 The different incident scenarios in the sidy area

Five risk groups were named, each of them popw@dtia surrounding area of an incident.
e The victims of the primary incident

e The emergency worker(s)

e The road user upstream of the incident

e The road user on the other side of the road

e The people living around the incident

Whenever an incident occurs, it has an effect erstfety of a number of these risk groups. Thekegrioups
are used to determine the group specific effectthaaverall effect of an incident on safety anelithpact of
IM measures on safety.

The victims of the primary incident and the emenyeworkers are staying in the middle of the road
during incidents, which increases the probabilfta gecondary crash. Road users on both sideg ob#d often
have to deal with congestion around incidg@ts). The difference in speed at the interface betweenath of
the traffic jam and uncongested traffic is a fadtwrthe probability of a secondary incidéh#t). And in big
accidents with hazardous materials also the pdiviohg in the surrounding area have additional safisks in
case of a fire or explosion on the road.
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5. INCIDENT MANAGEMENT AND RISKS

This section describes the approach used to detertiné safety impacts of incidents and IM. The go& see
where and when IM has had the most effect and wihete future the most gain in safety can be agisimed
by new policy. First, using an expert panel, tis&siaround three typical incident scenarios aratified. Then,
using these results, the impacts of the individiaimeasures are qualified subjectively, leadinghooverview
of the impact of IM. Combining the results of bo#isearches, we get an overview of the risks arannd
incident and the impact of IM. From these figuitds concluded that IM is most effective in theelastages of
the incident and is most effective for the emergemorkers.

5.1 Risks around incidents

Research has shown that quantification of the ms&stioned in the last section is not possibleabse the
available data on incidents and accidents is riatildd enough. So a subjective quantification sksiwas
made, which leads to an overview of relative riskBveen risk groups, scenarios and incident phases.

The best way to conduct this research was to forraxpert panel. The expert panel consisted oflpeop
who have an affiliation with safety and/or risksamd incidents. The diversity of the panel is intanot; not all
the members of the panel should for instance wodovernmental agencies. The panel members shthuld a
have their own connection to IM. For this reseasight panel members from different disciplinesever
selected.

The expert panel was questioned using a Delphi oddft?), were the experts individually answer
questions from the research leader on the matterifidividual answers are then averaged by tharelse
leader and if necessary another iteration roukbii®. This process is continued until a sufficeambunt of
consensus amongst the experts is reached. Intticig, she Delphi was done in one preliminary roand one
iteration round. For the three incident scenarée® (section 4.1), the experts had to name alllgegssks for
the risk groups, for every incident phase. Thisegdne experts a 5x5 matrix, where each cell reptesn
incident phase and a risk group for a distinctdeot scenario. They received three matrices (folh saenario
one) with in every column the time phases and emrdlws the risk groups.

Risk = probability of occurrence x consequences

For this study, risk is defined by the probabitifya secondary incident multiplied by the possible
consequences of a secondary incident. The conseggi@ane measured in injured victims. The iterataamd
was all about applying their knowledge about riskd safety to the previously determined risks @nititident
tables. They were asked to point out in everyafedlach table, what the most probable risks isfanthat risk
state a probability of occurrence and a magnitddeeoconsequences. For this, a scale from 1 wdOmade
for probability and consequences. The maximalirigkis study is thus 100, the minimal risk is 0.

As mentioned before, quantifying risks using apezkpanel is a subjective effort. Each experthiss
own interpretation of the given scales, althougterpretation of the scales was given (see fi@)r& he results
from the iteration round also showed this. Thers waelatively large spread in the answers of Kpegs. To
cancel out the influence of consistently largerl¢over) answers on the average, all answers frenexperts
were scaled to a row maximum (per risk group).rBerof each table, the scores were scaled to thénmuan of
that row. After that, the average score of all etpeas taken again.

After the scaling the results were presentedrieetlyraphs, one for each scenario. The graphs &how
each scenario, in which incident phase the risks sdcondary accident are the highest, for evekygtioup.
With that, an overview of the possible risks rasglfrom an incident is obtained.

a. 0 1 2 3 4 5 6 7 8 9 10
| | | | | ]
neglectible very small probability ~ small probability average probability large probability  certainty of occurence
b. 0 1 2 3 4 5 6 7 8 9 10
| | | | | ]
no victims a victim a few victims a number of victims a lot of victims disaster

FIGURE 3 Scales for probability of occurrence (a) ad for the consequences (b) of an incident
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5.2 Impact of Incident Management

Incident Management consists of organisational mreasfor dealing with incidents. Most of the measuwvere
introduced simultaneously, which makes it veryidift to quantify the effect of one single measdrierefore,
in this part of this study the effect of IM as aokhis qualified. This is achieved by looking at gocietal risk in
terms of victims, that is the damage society hasse a risk group is involved in an incident.He previous
section, risk was defined as the probability ofusoence times the consequences. In order to cédctila
societal risk, the risk has to be multiplied by tbtl exposure to the risk, so

Societal risk = risk x exposure = probability x sequences x exposure

This means that, in order to have a positive effecthe total damages to society (safety), an IMsuee has to
have a positive effect on the product of the tleleenents. The available IM measures have eitheffant on
the probability of occurrence or on the exposurgsis. None of the measures result in lowering the
consequences of an incident.

Since there are no statistics available on thisenanother approach was selected. There were som
statistics available on the effects of the indiabiM measure$15-17).However, these statistics are in terms of
the gaining of time (in the incident handling pregg or in terms of a change in capacity on thd.r8ame
relevant relations had to be analysed in ordeptérgm ‘a lower incident handling time’ to ‘a losstotal
damages’. We formulated the following statements:

* When the societal risk drops as a result of IM,Hd% had a positive effect on safety.

* Alower handling time has a positive effect on éxposure to risks for the victims and emergencykess,
and an even more positive result for the road ugeshiorter handling time of an incident obvoudégds
to shorter congestion time.. Dependent on ratiawéen the queue build-up rate and queue dischatge r
this time reduction can be larger than the reduadtichandling time. This shows that a shorter hiagdime
has a bigger effect on the exposure of road ukarsthat of emergency workers.

e Measures which as a result have a higher road tgpacresult in a shorter incident handling tinhayve a
positive effect on the risk exposure.

< A higher road capacity and a shorter incident hagdime have a positive effect on the risk of esalary
incident happening.

With these statements, changes in incident hantilimg and capacity can be translated into chanmgpsobably
of occurrence and exposure. This was done quatigtibecause the effects differ per risk groufne T
individual IM measures were analysed (table2).

TABLE 2 Effects of the individual IM measures on the probability and exposure

Abbreviation Effect on probability of occurrenge fétft on exposure to risks
NPR - positive
NTR - positive
ISMIM positive positive
CTIS positive positive
RBB - positive
IM+ positive negative

One typical incident was selected for analysingetfects of IM. We choose scenario 2, an accidarthe main
carriageway, because in this scenario all IM messsare operational. For this scenario a qualificatif effects
will be made per incident phase and per risk group.

The last step in the analysis is linking the effefdthe measure (table 2) to the risk group and the
incident phase. Keeping in mind in which phasesrt&idual IM measures are operational for thdetént
risk groups, an overview was made of the effecth@fmeasures. A scale was introduced te quahgfetfect
on exposure: 5 minutes loss in handling time eqamlsffect of +1. The effect on the probabilityoaturrence
was processed subjectively, keeping in mind theréig in table 2. This results in an overview ofithpacts of
IM per risk group and per time phase.
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5.3 Discrepancy between Incident Management and ks

The final step in this research was combining #saiits of sections 5.1 and 5.2. Here we have arvieve of
the risks around an incident on the one hand, araarview of how IM made the process of incidesmidiling
saver. When these results are combined (risksffext®), the following questions can be answered:

a. Where IM has had the most effect
b. If this has been useful for all risk groups
c. Where in the future the biggest gains in safetylmanealised by new policy.

In order to compare the results of both studiesctirrect results were selected. For the risksietbelts of
scenario 2 were used (the scenario where all IMsores are operational). These risks, togetherthéteffects
of IM, were then rescaled in order to compare #siits. The scaling was done to row maximum, whefans
that for each risk groups the maximum risk andatfigere made 1 and the rest of the results weledsta that
number.

6. RESULTS

In this section the results of the research arsgmted. In the first section, the results fromDiedphi method
with an expert panel are shown. In the secondagdiie effects of IM are qualified. In the lasttien of this
chapter, the results of both studies are combined.

6.1 Risks around incidents

The Delphi was conducted in one iteration round.dHathree scenarios, the experts gave their iavhe
effects of an incident on the safety of the fivakrgroups through the time phases of an incideflmg out
matrices.

The results of the Delphi method are shown in figdirin these figures, the horizontal axis reprissen
the time phases of the incident; the vertical agggesents the relative risk. The figure also shatat risk the
experts viewed as most important. Consider fomimsg the second clearing phase (the clearing onattte
shoulder) in scenario 1 (a breakdown on the haodldlr). The experts saw the risk of ‘a collisiothathe
safety zone’ as the major risk for the victimstof primary incident, and gave it a relative risl8d.

Note that (as explained in section 5.1), the resuéire rescaled. The scaled results showed no big
deviations from the original results, which ledte conclusion that the interpretation the expleatge of the
scales had no effect on the results. To better shewelative risks of the incident scenarios,dhiginal results
are presented here instead of the scaled results.

A number of observations can be made from the grapfigure 4. First of all, it shows that for &ltk
groups in all scenarios, an incident gives addéioizks. Only a certain risk groups is not presenthe scene
of the incident, the risks is equal to zero. Alseople living in the near surroundings of the iecidonly have
additional risks when there is an incident withdralpus materials (scenario 3). The graphs also shatv
bigger incidents involve bigger risks. The risksaafar breaking down are judged lower than thosmof
accident on the main carriageway.

Secondly, the figures show that for most risk gguhe largest risk of being in a secondary intide
are in the first stages of the incident (phasesdl2. These are the critical phases before thegamey services
arrive. This is especially risky for the victimstbe primary incident and the road users upstrefameaincident.
In the next phases, when the emergency servicesdraived, the risk of other risk groups are ttghbst,
namely for the emergency services and the road usethe side of the road. This is likely to bated with the
distraction of road users looking at the incidamd anwillingly adjusting their driving behaviour tbe situation.

9
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FIGURE 4 The relative risks for the scenarios peritme phase as determined by the expert panel
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6.2 Impacts of Incident Management

By connecting the effect IM measures have on hagdime, capacity and the probability of occurretica
certain risk group and incident phase, the totatalges to society were qualified. This resultedhanfigures
shown below. The figures show:

< Onthe horizontal axis the time phases of the #midon the vertical axis the different IM measures

e Per time phase, the most prominent risk (comingobthe Delphi method) is shown.

e The colored bars show how big the effect of IM Wwathe particular time phase. The colors are linted
certain degree of how big the effect was. Thisoisedby naming the effect of a measure subjectizay,
explained in section 5.2. The scale runs from +%t@nd is shown in figure 5. The value of thestere the
sum of the two last columns of the figure, whichresent the effect a certain measure has on thability
of occurrenceAC) and exposure to the riskE).

* Below each figure, the effects of the individualaseres are summed to get the total effect perpimase.

PBEE very positive effect

+4 clear positive effect

+3 positive effect

+2 moderate positive effect
+1 small positive effect

0 no noticable effect

-1 small negative effect

-2 moderate negative effect

negative effect
clear negative effect
very negative effect

B effect unknown

FIGURE 5 The scale of the qualitative effect of thé&M measures

Note that since for this part of the research @abnario 2 is used, the people living in the surding
area of the incident have no additional risks,df@e they will not be included in this part of tfesearch. The
results are shown in figure 6.

From these figures, some observations can be dlogeneral, the figures show that IM has had atiweséffect
on the safety of the risk groups. On the levelrofralividual measure, for some risk groups negatifects are
found, but the end result of IM is positive in jpllases of the incident where IM is active, as a@anlseen in the
last row of the graphs of figure 6.

Furthermore, the figures show that IM has had thgdst effect in the later stages of the incident.
fact this is logical. Because most IM measureoam@ganizational nature, these measures only tstiirig
effect when the emergency services have arrived.

Relatively the biggest effect of IM is seen in thearing stages for the emergency workers and the
victims of the primary incident, the people on sitene of the incident. This goes back one of tlasgret by
IM, to improve the safety of the incident location.

11
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Victims primary incident

incident phase detection phase response phase first clearing phasecondselearing phase  normalisation phase effects
identified risk(s) new accident new accident crash into safety zone crash into safety zonerash leaving locatio AC AE
collision w. passenger collision w. passenger death by injury death by injury
NPR/INTR | +3 +3 +3 0 +3
CTIS +2 +2 +1 +1
ISMIM +4 +4 +3 +1
RBB | +1 0 +1
IM+ +2 +2 | +2 0
|Total 0 +4 +11 +11 0
Emergency workers
incident phase detection phase response phase first clearing phasesecond clearing phase  normalisation phaseg effects
identified risk(s) no risks involved in an accident incident during workcrash into safety zone crash leaving locatjon| AC AE
crash into safety zone
NPR/INTR +3 +3 0 +3
CTIS +2 +2 +1 +1
ISMIM +4 +2 +1 +3 +1
RBB | +1 0 +1
IM+ +2 +2 | +2 0
|Total 0 +1 +11 +9 +1
Road users upstream
incident phase detection phase response phase first clearing phase  second clearing phase  normalisghase effects
identified risk(s secondary accident secondary accident secondaryeatcid secondary accident secondary accident AC AE
crash into safety zone crash into safety zone

NPR/INTR +4 +4 +4 0 +4
CTIS +1 +1 +1 0 +1
ISMIM +2 +2 +2 0 +2
RBB | +1 +1 +1 0 +1
IM+ | -1 -1 -1 +1 -2
|Total 0 +1 +7 +7 +7
Road users other side
incident phase detection phase response phase first clearing phasecondselearing phase  normalisation phase effects
identified risk(s) accident by viewers accident by viewers accident by viewers accident by viewers no risks

: ) . . AC AE

secondary accident secondary accident secondaryeatcid secondary accident

NPR/NTR +3 +3 +3 0 +3
CTIS +1 +1 +1 0 +1
ISMIM +2 +2 +2 0 +2
RBB | +1 +1 +1 0 +1
IM+ | +1 +1 +1 +1 0
|Total 0 +1 +8 +8 +8

FIGURE 6 The qualitative effects of the IM measureper scenario and time phase
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6.3 Discrepancy between Incident Management and Ks

In section 6.1 it was shown that the biggest rfekshe identified risk groups occur in the firshges of the
incident, whereas the previous section showedlihdtad the biggest effect in the later stages ohaident.
From these observations, the risks and effects e@rined in one figure. To this end, the resultisifboth
studies had to be put in the same scale for theme tffective in a combined figure. This was dametlie risks
and the effects of IM. Figure 7 shows how risks affdcts of IM were combined.

scale factor

scale factor

scale factor

scale factor

1,20
Emergency workers —e— Scaled risks
1,00 —&— Scaled effects ||
0,80
P 4
0,60
&
0,40 -
0,20 \
0,00 T T
detection response first clearing second clearing normalisation
1,20 .
Victims primary incident —e+— Scaled risks
1,00 ry o / \ —a— Scaled effects |
0,80
0,60 -
> .
0,40 /. \
0,20 \;
0,00 l/
detection response first clearing second clearing normalisation
1,20
Road users upstream —e— Scaled risks
1,00 *> ry L —a— Scaled effects ||
0,80 ~ ’\ —
L 4 *
0,60
0,40
0,20
50 / |
detection response first clearing second clearing normalisation
1,20
Road users other side —o— Scaled risks
1,00 . O\Z L —a— Scaled effects ||
0.80 %\
L 4 *
0,60 A
0,40 A
0,20 -
0,00 T T

detection

response

first clearing

second clearing normalisation

FIGURE 7 The risks as a result of an incident andhe effects of the IM measure in one figure
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For all risk groups, except for the emergency wiskthe effects of IM are the largest in the tirhages were
the risks are the smallest. For the emergency wetbkath curves are taking a similar shape. Thistadaat for
this risk group IM was effective; note that whentba scene of an incident, the safety of the enmengevorkers
is the first priority before the safety of the s and the road users.

For the other risk groups the figures show a fapace between the two curves, in other wordsther
exists a ‘safety gap’ in the first stages of anidant between the effects of IM and the risks séaondary
incident.

7. CONCLUSIONS

The goal of this paper is to find out which effeatident Management has the on the safety of tierdit risk
groups around an incident. Hereto, it was studiedtiat extent IM has been effective in time (throtoe
phases of the incident handling) and for diffemésk groups. Also from this research, an idea cinddormed
on where in the future new policy could realizeiggkr safety gain.

In the first place, the impacts of an incidentsafety were investigated. Our research showeddhat
all considered risk groups, an incident brings toidal safety risks. This especially holds for finst phases of
an incident. It also showed that the bigger thédenat is in terms of involved vehicles and emergeservices,
the bigger the additional safety risks are. Theepdipen showed that Incident Management has aiymsifect
on the safety around incident for all risk groupiis effect is most prominent in the later phadeb®@incident.
These are the phases of the incident handling wieemergency services are on the scene.

However, when the impact of IM through the phasfdacident handling is investigated, our research
shows that for most risk groups IM has been lefect¥e. Especially in the first phases of the diaeit, the risks
are high, while IM only appears to have a smakeiffin the later stages the opposite is seemjske of a
secondary incident are lower, whereas the effddfgl @re higher. We therefore conclude that addiio
measures are needed here to make the handlingidéims safer for all risk groups.

The goal of IM is to clear the road as soon asiptesafter an incident, especially taking into @att
the safety of the victims, the emergency workedsthe road users. On the scene, the first pritgithie safety
of the emergency workers, before the victims amdrttad users. From the results presented in ther fiiap
becomes clear that in this IM has been effectivacimeving its goals. For the emergency workeksnesiucing
effects of IM take place in the same phase asdhtified risks.

Future research should show weather other measanesffectively reduce the risk in the first ptease
and thus be a useful addition to IM. An exampleeDtheasures exist to improve the safety in thé diegges,
such as video-monitoring in combination with ingitidetection algorithm@&3) and dynamic signaling on
DRIPS.
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