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AUTOMATION FOR IMPROVED SAFETY IN ROADSIDE CONSTRUCTION
ABSTRACT

In this paper, it is investigated how different @gpof automation would affect the safety for
workers in asphalt paving. The risk for the workers road construction sites is consistently high in
comparison to the average risk of the working papoih. Automation has been suggested as an alitegnat
for improving the safety in roadside constructieswaming that removing workers will inherently elirate
the risk of them being injured. In this paper, fiwential for improving the safety using automatisn
analyzed in detail. By investigating accident stats and understanding the type of accidentsappéar,
several different automated functions for increasaf@ty are proposed and described. Based on bleaila
statistics, it is possible to estimate the safegpdiit, as the reduction in fatalities, for seveoélthe
proposed functions. The highest safety benefit didag achieved by automating the road traffic dgvin
through the work zones. This has the potentiakdicing the total number of road worker fatalitigth
over 30 %. In addition, it would decrease the nunmdfeoad traffic accidents in work zones. Autorpati
of construction machinery and dump-trucks alsothagotential to increase the safety.
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INTRODUCTION

The risk for workers on the road is consistentighhin comparison to the risk most other people
are exposed to when at work (Laborers’ Health aaf@tg Fund of North America, 1998). In a study from
the UK Highways Agency published in 2006, almost920f the responding road workers had been
injured due to a passing vehicle at some poinheirtcareer (MVA, 2006). It was further reportedtth
54 % had experienced a near miss. Apart from théoab risk for physical injury, the work on the tba
also has negative psychological effects on the arstkin 2011, the union of road workers in Sweden
published a report based on interviews with one@ighad road workers (SEKO, 2011). The report showed
that 72 % of the workers are occasionally worribdwd the safety when working on the road. Furtheemo
88 % of the respondents did not think the roadsuskowed sufficient respect for the constructionkers.

Automation has been suggested as a possible diterme how to improve the safety in roadside
construction (Haas & Kim, 2002; Skibniewski & Heiwdtson, 1990). The basic idea is that removing the
operators from dangerous areas eliminates theofithkem being injured. It is further known from ffia
research that about 90 % of the accidents are duiaeé human factor. Hence, by automation, the
corresponding accidents would be avoided. Remotfiegoperator implies that the entire task needseto
handled automatically. This can be separated frovergency based automation where the function takes
over control only in specific situations. This typifunctions is often referred to as active safafyctions.

The aim of this research is to investigate howedéht types of automation can increase the safety
in roadside construction. The main focus of thelgtis accidents in asphalt paving with risk for esev
injuries or fatalities. Furthermore, the scoop irgs only the safety of the workers and not the toatfic
(the traffic passing the construction site whichads part of the construction work).



OUTLINE OF THE STUDY

To give a general understanding of asphalt pavirgad the comprehension of safety issues the
first part of the paperdescription of the road construction sitdescribes an asphalt paving site. The
description is mainly based on participant obsémastudies carried out by one observer during 28id
2012. In total, four construction sites in Sweded ane in US were included in the study. The sitese
visited one to three times each depending on coditpland job duration. The sites where chosen teco
different types of paving such as parking lotsatuoads and motor ways. The site in US was indude
compare Swedish (European) paving with American.

In the second pargccident analysisan analysis of the safety is presented basedqualtative
and quantitative study. The qualitative study igfqgrened to get a deeper understanding of accidgrest
in asphalt paving and to be able to relate qudivitadata for general road works to asphalt pavifige
gualitative study included eight deep interviewshwsix subjects from Sweden and two from US. The
interviews were semi-structured and led by oneameber. The study further included three focus grou
discussions, two in Sweden and one in US includingtal 14 subjects. The focus group discussioesew
semi-structured and lead by one researcher. Thégatnple size was chosen to include a broad view o
expertise within the area of asphalt paving. Theaga included road workers, representatives from a
machine manufacturer, a retail organization, roadkveontractors and the road administration in Samed
The quantitative study is mainly based on earligblighed data from US and complemented with
unpublished accident data from a Swedish insuranogpany (AFA Insurance) and incident reports from
some of the major Swedish road work contractorsA®,ESKANSKA, SVEVIA). The AFA Insurance
data included in total 47 accidents reported fr@@3to June 2012 while the road contractor datuded
364 relevant incident and accident reports fromO2@l2012. In both cases, the received data wésein
form of accident and incident descriptions that twde individually analyzed and clustered.

In the third partautomation and safetyutomation concepts to increase the safety aseritted
and potential safety benefits are evaluated. Tfetyshenefit estimations are based on the quaivétatata
from the accident analysis.

DESCRIPTION OF THE ROAD CONSTRUCTION SITE

The aim of the asphalt paving zone is to createplace a layer of asphalt on a new or existingl.rdae
description is based on participant observatiodistudescribed ioutline of the studyA sketch of the
construction site is shown in Figure 1. The workésformed in three different zones, eving zonethe
delivery zoneand thecompaction zoneTogether they make up tleenstruction zoneln many cases, road
traffic is passing by close inteaffic zone

traffic zone

delivery zon paving zon compaction zor
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Figure 1 - Overall view of asphalt paving



In thedelivery zonethe trucks from the asphalt plant wait in lined&liver the asphalt. When its
turn comes, the truck reverses towards and dockisetpaver in thg@aving zoneThe paver then pushes
the truck while retrieving the asphalt in to itstevéal hopper. When the truck is empty, it leavies t
position and allows the next truck to dock to tleer. The material that enters the hopper is ti@msg
through the paver to the screed which is pulledirtztbthe machine. After the screed, an even layer of
asphalt is produced over the roadway. To achiegk guality, the material needs to be compressethen
compaction zoneone or more compactors, follows the paver andatpse in a predefined back and forth
pattern to achieve the desired density. In thdi¢rabne, road traffic passes the construction zone

There are a number of people involved in the pa@sthe construction site. Each truck has a
driver and each compactor has an operator. Ther paorally has three operators, one on top of the
machine while two screed operators travels on theesl or walks behind the machine. Apart from the
machine operators there are often several workatperform manual tasks on the ground.

When paving on existing roads, it is often the ctmset the road needs to stay open for traffic.
Therefore, road traffic are often passing by vdoge. Especially, the screed operator on the traftie of
the paver is always positioned in a potentiallygious spot close to the passing cars.

ACCIDENT ANALYSIS

Safety in regard to work zones includes both tlietgaf the passing traffic and the safety of the
workers. The road traffic safety aspect has beeesitigated by several researchers. In general, the
publications conclude that there is an increaseidant risk on a road stretch with ongoing road kvor
(Friberg, 2007; Tighe & McCabe, 2006). The most own accident type is collision, either with a
preceding vehicle which stopped for the construcione (rear-end collision) or in to fixed objeictshe
work zone (Elghamrawy, 2011; Mahoney et al., 20@}cessive speed has been pointed out as one
common reason for traffic accidents in road wokksberg, 2007; Tighe & McCabe, 2006).

Worker Safety

To get a detailed picture of the accident situafiorasphalt paving and an understanding why
accidents occur, a qualitative study was perforaeedescribed ioutline of the studyThe findings from
the qualitative study are then compared to avalabka about accidents in roadside construction.

Qualitative study

The subjects give a unified view of the risks thaist for the workers on the road. Therefore, the
material can be analyzed as a whole to give onerigéisn of the safety problem in asphalt paving.

When working on the road, there are threats fromh looitside the construction zone as well as
from within the zone. In asphalt paving, the raeadfic is often passing close to the workers ahtha
same time, machinery and trucks are operating mithé construction zone. This can lead to dangerous
situations and all subjects can recall seriousdemis or accidents that they or someone they kreove h
been involved in.

When focusing on severe accidents, it is obvioamfthe study that the road traffic is involved in
most accidents. The vehicles collide with différparts and actors in the construction zone. Méienhat
is items such as signposts or barriers designedditision, but on occasions, it is machines or kees. In
comparison to the operators in the machines, th&er® on the ground are unprotected. The consegasenc
of a vehicle striking a worker are therefore nolgnakevere. In most cases when a worker is struek, t
vehicle intrudes into the construction zone whéee dccidents occur. However, in asphalt pavingetier
not always a clear line between the zones wherevthigers should be and where the road traffic shoul
be. The subjects feel that the respect for construevorkers is low among the road traffic popwatiand



that people often drive with high speeds and ctodee workers. Trucks and buses are over-repredent
safety critical situations. This is partly explainey the size and that they need more space, andhhy
often have tight schedules that need to be kepttwten result in high speed.

Within the work zone, the compactors are pointedasuthe greatest threat for the workers. There
is an apparent risk to be “struck by” a compactbemw working in the compaction zone. The compactors
operate back and forth in the compaction zone aadidven towards the workers many times per dag |
moment of low attention there is risk for strikiegher a worker or the paver. The consequencedean
severe. There is also a risk of being “struck e asphalt dump-trucks in the delivery zone. Thekss
reverse towards the paver and a worker could helstor pinched between the vehicle and paver.
However, “struck by” truck accidents are not as omn as “struck by” compactor accidents. This can be
explained by the fact that there are normally |gssple in the delivery zone than in the compactione.

In the compaction zone, there are workers all .t In the delivery zone, there are only workens o
occasions and at those times this should be conuagni to the truck drivers.

Apart from “struck by” accidents, there are alsbenttypes of accidents that can have severe
consequences, for example, roll-over accidents. é¥ew this type of accident is uncommon in paving
since the ground is flat and well-prepared. Mosgfrent accidents are trip and falls that occueeitthen
entering/exiting the machine or on the ground. @tresequences here are generally less severe.

The conclusion of the qualitative study is thatsbeere accidents are “struck by” accidents and in
order of most common:
1. Worker “struck by” a road traffic vehicle. The majyg of the accidents occur when vehicles
intrude into the construction zone. Trucks and buse over-represented.
2. Worker “struck by” a compactor in the compactiomeo
3. Worker “struck by” a truck in the delivery zone.

Quantitative study

Two investigations based on fatal accidents at mmtstruction sites in the US using data from
the Bureau of Labor Statistics Census of Fatal @atianal Injuries (CFOI) have been conducted (Pegul
2004, 2010). They include the years 1995 to 20@Raatotal of 844 fatal accidents and the years 2603
2007 with 639 fatal accidents. The distributiontteé fatalities is seen in Figure 2a. For both pisjdhe
most common cause of death was “struck by vehiclenobile equipment” (includes machines) which
included 55 % of the fatalities. This supports twnclusion that “struck by” accidents are common in
roadside construction and also specifically in a#ppaving. The second largest cause was “highway o
non-highway incident” which includes all accidemtben the victim was operating a machine or vehicle
and is therefore quite wide. For example, this gae also includes fatalities during transportatvanich
did not occur at the actual construction site. Tém@aining categories are small and it can be dstedul
that, apart from “struck by” accidents, there ameide spread in the causes for fatal accidents.

The distribution between vehicles and machinesidsve in Figure 2b. It shows that 60 % of the
“struck by” accidents were due to the road traffibis is in line with the qualitative study but eegter
majority was expected. A possible explanation fois tcan be that the CFOI data are for all road
construction sites. In asphalt paving, the dumpkstand machinery have clearly specified taskszanés
which could lead to fewer accidents. Data speéifiasphalt paving were received from AFA Insuraase
described iroutline of the studyThe data contained 9 “struck by” accidents. Thesy few data indicate
that there is a rather even relationship betweel teaffic vehicles (4) and construction equipmE)t
accidents. An analysis of (unpublished) incidentadeeceived from Swedish road work contractors
described iroutline of the studghowed that 85 % of those reports involved a Vetifom the road traffic.
It could be the case that the many incidents witls,ctrucks and buses may lead to the conclusian th
there is the same relationship between the categaen looking at severe accidents. Howeverjghist
necessarily true. It is possible that road traifficidents are more often perceived as dangeroupaed
to, for example, compactor incidents since the dpeee higher and the driver unknown.



The CFOI data showed that trucks are more commenm ¢hrs in fatal accidents. In the data from
Swedish road contractors, 33 % of the road trafiigations involved trucks or buses. Given the eshadr
trucks and buses in the traffic population, thipmarts the conclusion from tlypialitative studythat trucks
and buses are over-represented in incidents aridemts. Moreover, the great majority of the incigen
included vehicles intruding the construction zofmhis supports the conclusion that most accidergs ar
within the construction zone which has also beewshin another study of CFOI data (Pratt et alQ1)0

The CFOI data shows that 2.6 % of the “struck kptalities are due to pavers and compactors.
Most of these accidents can be expected to becdoenipactors since the pavers normally move algout t
meters/minute. The data from AFA Insurance supfiost since there are three compactor accidents and
only one with a paver. According to CFOI data, 2dPthe fatalities are due to dump-trucks. Thesarg
are not consistent with the conclusion of the qatlie study where compactor accidents were more
common than dump-truck accidents. However, the Cigda are for all road construction. Asphalt paving
can be expected to have fewer truck accidents sheaelivery zone is very well defined and there a
normally no people within the zone. The conclusiam the qualitative study is supported by the data
from AFA insurance where four accidents with pat@spactors are included compared to one dump-
truck accident. It can therefore be expected thatnumber of “struck by” dump-truck accidents thetur
in asphalt paving should be smaller than the nurobéstruck-by” paver/compactor accidents.

Struck by
vehicle or
mobile
equipment
55 %
Others
Highway or non- 15.8%
highway incident Pavers/Compactors
22 % 26%
Figure 2a - Distribution of fatalities in roadside Figure 2b — Distribution of fatalities within “strk
construction by vehicle of mobile equipment”

AUTOMATION AND SAFETY

Based on the accident types in sectierident analysisthe effect of different safety of
automation concepts can be estimated. The anafsiwed that the most frequent severe accidents are
“struck by vehicle or mobile equipment”. This typkaccidents could be avoided by either full autbora
where the machine is controlled never to strikeoaker, or by active safety functions which intergehan
accident is imminent. A list of possible automatiohctions to remove “struck by’ accidents and
improving the safety in road works and asphalt pgére presented in Table 1.

Table 1: Automation for increased safety

Struck by Active safety function Fully automateadtion

Vehicle or mobile equipme - - Automation of manual tas

Road traffic vehicle - Emergency braking - Autonuaisiving through construction sites
Compacta - Emergencybraking - Automatedcompactiol

Dump-truck - Emergency braking - Automated dockingaver




The safety effect of the proposed functions in €ablis analyzed in the following paragraphs.
The safety benefit is calculated as the percentdgée fatalities that could have been avoided Hy t
specific function. For the calculations, the CF@tad(Pegula, 2004, 2010) and the distributionsigure
2a and b are used. For example, automating thetrafit driving through construction sites coubdoad
workers being hit by traffic. The possible benditcalculated as 55 % (“struck by” fatalities oditadl
fatalities) times 60.3 % (“struck by” road traffowt of all “struck by” accidents) resulting in 332 The
estimated benefit could only be achieved with daesysthat could handle all accidents in the categony
is therefore a maximum limit. The actual benefill @wepend on the performance of the developed syste
In worst case, incautious automation could actuddlgrease the safety by introducing new acciderts.
overview of the estimated safety benefits is shanwvitable 2. As can be expected, functions that cove
general road works (1-3 and 7) will have a muctheigsafety benefit than functions developed focBue
type of road works (4-6). However, the data fromAARsurance indicate that “struck by” compactor
accidents can make up as much as one third oftallck by” accidents in asphalt paving.

Table 2: Possible reduction in total number of roadstruction fatalities based on the CFOI data

Function Reduction in fatalities
1. Automation of manual tas >55%

2. Automated driving through construction site >083

3. Emergency braking for road traf 33%

4. Automated compaction <14%

5. Emergency braking for compact <14%

6. Automated docking <14%

7. Emergency braking for dump-trucks 12%

Automation of manual tasks

Automation of manual tasks to remove the workershenground would have a very high safety
benefit. At least all fatalities caused by “strubl¢” accidents (55 %) could potentially be avoided.
Moreover, by removing workers from the site, thep@sure to other accident types would also decrease
and the safety benefit can be expected to be hidpaer 55 %. However, the wide range of tasks that a
handled by the workers on the ground is very compteautomate. It would be possible to automate
specific tasks to reduce the number of workersherground with limited safety benefits.

Automated driving through construction site

Automating cars, trucks and buses to follow therddspath would prevent them from intruding
into the construction zone and striking peoplethis way, the 33 % “struck by” vehicle fatalitiesutd be
avoided. Additionally, a number of fatalities framther accidents where the vehicle strikes a mactine
dump-truck could be avoided. Moreover, the safetytfie road traffic would improve since the vetscle
would be controlled not only to avoid workers baydems and machines on the construction site.

The concept of automated driving through constonctsite was researched in the European
research project Highly Automated VEhicles for ligent transport (HAVEit) (Schrinner et al., 2010y
the project, a function called Automated AssistaimcRoadworks and Congestion (ARC) was developed
and demonstrated. The function handled both lodgial and lateral control when driving through work
zones. Apart from the control of the vehicle whids been proven and partly exists in many caradyre
today, for example, Adaptive Cruise Control, alsmenunication with the road works is needed. Thigety
of communication between vehicles and infrastrietoas been developed and demonstrated in several
research projects, and is believed to reach th&eham a near future. The possible biggest chabeiny
this type of system is the collaboration betweemynzartners which would be needed. Car, truck,dmnds



construction equipment manufacturers would haverdk together with road work contractors and road
authorities for the system to become reality.

An alternative to fully automating the road traffiould be to only automate the speed control. By
doing this, it would be possible to force the vésdo follow the legal speed. High speed has Ipeémed
out as a reason for many of the accidents. Moreogecidents in lower speed have less severe
consequences. Therefore, the safety benefit caxjiected to be high also if only automating theedpe

Emergency braking for road traffic

Automated emergency braking for pedestrians exisigremium passenger cars already today.
The safety benefits from this type of system wathigoretically be avoiding 33 % of all fatalities ang
road workers. However, the systems that exist t@taydeveloped to work in city environments anid it
unclear how well they will perform when enteringnare unstructured work site environment. Moreover,
the systems only work in low speeds.

Automated compaction

Automating compactors has the potential to redbeetdtal number of fatalities with less than
1.4 % as seen in Table 2. This includes the faalivhere a worker is struck by a compactor. Tiha®
been research towards automated compaction (Krstwiay et al., 1998). The developed function
AutoPave monitored the position of the compactat eaculated the desired path and real-time guiglanc
for the operator. Automatic control was not usetl imsed on such an algorithm it would be possible t
also take control over the speed and steering ®fntlachine. However, there is a major challenge to
introduce fully automated machines in an environmesere a failure could have such extreme
consequences as when operating close to roadtraffi

Emer gency intervention for compactors

In the same way as for automated compaction, emeygatervention for compactors would have
the potential to remove less than 1.4 % of thdifegs. Developing an emergency intervention fuoctior
compactors would be less complex than to autonetecdmpaction. However, the safety benefits can be
expected to be in the same region. Moreover, e bf functionality could be possible to move they
type of machinery with only minor modifications. @pared to fully automated functionality, it is
significantly easier to introduce emergency basgattionality on the machines.

Automated docking

The safety potential of automating dump-trucks wlobe removing 12 % of the road work
fatalities. However, the trucks are used in a wiglege of different work sites and it would be héwd
automate for all scenarios. Focusing the automdtiarards one area such as paving would dramatically
reduce the safety benefits. In asphalt pavingef@mple, the dump-trucks are involved in less aotisl
than compactors. Therefore, less than 1.4 % offdtedities can be expected to be handled if foausin
automation towards asphalt paving.

Emer gency braking for trucks

An emergency braking system for trucks would befulse general work areas. Therefore, the
system would have the potential to remove all ‘tdtfiby dump-truck fatalities which equals 12 % df a
fatalities among road workers. Such a system wdutthermore be easier to develop than automated
docking. Already today there exist safety systemgpriemium trucks that can automatically brake the
vehicle if a rear-end collision is imminent. Irethkame way as for compactors, it would be easigeptoy
emergency based than fully automated functionsuicks.



CONCLUSION

This paper shows that the most common severe axctgipe in asphalt paving is “struck by
vehicles or mobile equipment”. In most cases, 6@a%vorker is struck by a vehicle from the normaldo
traffic. Most of the accidents occur when a vehisléntruding into the construction zone and trueksl
buses are over represented. In the other “strutladgidents, the worker is struck by either a cootpaor
a dump-truck.

It is possible to increase the safety in asphalinmaby introducing either emergency based or
fully automated functionality. The largest safegnbfit would be achieved if the road traffic colld
automated when driving through the constructionkw®his could possibly remove 33 % of all fatakti@
the road worker population. This type of functiotyahas been demonstrated and could be developed.
However, realizing and deploying such a system doeled collaboration between several partners.

A high safety benefit could also be achieved byoititicing automated braking for trucks. Since
this function would work in any type of road wotkp to 12 % of all road work fatalities could be egfed
to be removed. Full automation for trucks would éndw be adapted to specific type of tasks and would
therefore have a lower safety benefit.

Compactors could be fully automated or equippedh&it emergency intervention system. This
would lead to considerably increased safety in al$gdaving. However, since compactors are only used
specific type of road works, the safety benefit thee total road worker population would be rathmal
compared to functions that can be deployed oveyjadl of road works.

It is possible to reduce the number of fatalitigsabtomating tasks that are handled manual by the
workers on the ground today. If there are no warlaer the ground, no workers can get struck by Vehic
or mobile equipment. However, there is a greatmityein the tasks handled by the workers and iuldo
be a major task to automate all the tasks. It wbelghossible to remove part of the workers by aatorg
parts of their tasks. This would decrease the axjosf workers to safety critical situations.
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