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Executivesummary

Temporary mandatory speed restrictions are considered for road worksgimspeed road

to limit the risks posed to road users from specific traffic management features. Current
guidance recommends a speed reduction of 20mph for many traffic management features.
Where safe to do so, a change in the recommended speed reductatd bring about
potential benefitsto road usersin the form of improved journey times and increased
satisfaction

This report presents the findings from the -omad investigation of a 60mph speed
restriction on the A1(M) Leeming to Riporscheme. A60mph speed restriction was
implemented acrossboth carriagewayg betweenjunctions 50 and 51 within the road works.
The impacs of this change on driver behaviour, customer satisfact®echeme costs and
schemedelivery were monitored over aneightweekperiod.

Analysisof the data collected during this monitoring perigalded the following findings

Road users responded to the change in speed restriction by increasimgfpleed
average speeds at the trial location increageaim about48mph before the speed
restriction change,to 56mph after the speedrestriction change.This esulted in an
estimated journey time reduction ohpproximately52 seconds per road user.

This increase iaveragevehicle speedad a positivempact on the levels ofpeed
compliance show by road users compliance observed in the 60mph speed
restrictionwas higher than in the 50mph speeekstriction.

Some statistically significamariations in vehicle composition by lane were found
but these variations werarery small in dect size. As such, differences in vehicle
composition are unlikely to hawfectedvehicle speeds and speed compliance

The proportion of HG&&ngaged irclose followingsee Section 3.2.4) decreased due
to the change in speed restrictipmeducingby around11% on averageThe overall
amount of close following observed wésgely uraffected by the change in speed
restriction.

The number of incidentsrdad traffic collisions RTCsand breakdowns)vas too
small to enable statistical analyss.decreasan the number of incidents was seen
between the baseline and trial periodg the experimental locationbut there was
no statistical evidence to suggeghe change in speed restrictiomad a substantial
impact on the number of reported incidents observed at the scheme

Results from the workforce survey indicated tHal- NJi A O &rtelptighg af @BowLJ
both speed restrictions afféed safety were mixed, although most participariest
that neither speedrestriction affected their feelings of safetyOveral| the workforce
survey participantandicated that both the 50mph and 60mph speed restrictions
were about right in terms of safety.

Responses to the customer satisfaction survey showed that most participants did not
feel that either speed restriction or the lane widths affected their feelings of safety
or journey satisfaction. During both the baseline and trial periods, most partispan
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felt the speed restriction and lane widths were about right in terms of safety and
journey satisfaction.

Results from otheinvestigations undertaken by Highways EBng at the schemavere as
follows:

Customer audits concluded thall the speed restriton signage waslear and well
positioned in all cases. All the signage weasilyviewable, and all auditors were
aware of the speedestrictionsin place

These same audits alstiowedthat a couple of auditors wanted to see tf®mph
speedrestriction raised where the road was cleamwhilst other auditors seemed
satisfied with the 60mph speed restrictionalthough they could onlwtilise the
increased speedestrictionat certain times due to traffic

A review of 8 OAF f  YSRALl cehdadgddtitaNgedbdck ®as Pp@sitive
towards theincreased speed restrictioinom those drivers who noticed the change
These drivergxpressed desiréor 60mphto be implemented on other road work
stretches.

At the time of wriing, further investigations into the use of 60mph speed restrictions are
underway Findings from these additional investigations will be collated with ¢brrent
findingsin afinal projectreport.

11 2 MISL8
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1 Introduction

1.1 Background

Safety and aistomer satisfactin are critical components of Highwagsy 3 | Y RQ& QA & A
the future. As part of this vision, Highways England is committed to improkoag user
experience through road work®y ensuring that road works are implemented with
appropriate speed restrictits to minimise disruption for customers, whilst also ensuring

risk to road users and road workers is as low as reasopaatyical

Followingon from earlier investigationsinto varyingspeed restrictions within road works
consultation with stakeholderfrom across Highways England and the Supply Chiais,
project wasestablishedto support the safe implementation and monitoring of three new
trial scenarios. A key defining feature minyof these scenarios the trial implementation

of a 60mph speed restriction in road works with naremanewidth restrictions.

1.2 Contents of this report

This report summarises the findings from the-@ad trial ofa 60mph speed restriction
the A1(M) Leeming to Riposcheme duringate 2019

The investigationtook placeacrosstwo sections ofii K S & Otkafficyniaagementon
both the north bound and south bouncarriagewag. TRL \&s commissioned by Highways
England to monitor driver behaviour I¢mg with customer satisfaction and scheme
cost/delivery) to ensure thatthe safety of road users and road workemsas not
compromised by the increase in speesstrictionduringthe investigation

This report outlines the scheme and data collectroathod, presents the results from the
monitoring, summarises these findings and outlines the next steps required.

1.3 Study objectives

The key objectives of the research were to gather evidence of the imgdadtangingthe
speedrestrictionon the A1(M)Leeming to Riposcheme from 50mph to 60mpdn:

a) Lane distribution

b) Vehicle speeds

c) The number of norcompliant vehicles

d) The number of incidents

e) The levels of close followir(gehicle headway)
f) Customersatisfaction

g) Scheme delivery and cost

11 3 MISL8



—_—
Report for the orroad trials of ®mph on theA1(M) Leeming to Ripon I IQI_

2 Method

2.1 Overview of the scheme

Toreduce congestion and smooth the flow of traffic across this key strategic ,routeks
started inJuly2019on resurfacinghe southbound carriageway1(M)between Leeming to
Ripon The package of worlwas planned fortwo distinct phasesand sections with the
timeline for the work orsite running untiDecember2019.

A contraflow traffic management scenarion the northbound carriagewaywas choserio
investigateincreasing thespeedrestriction from 50mph to 60mphThe speedestriction
within the experimentalocation, north ofjunction 50 on the north bound carriagewawas
changedto 60mphfor both directiors of travel while the speedrestriction in the control
location(south of junction 5)on both carriagewaysemained at 70mph.

An overview of themonitoring locations used in the investigati@an be seen irfrigurel
below.

A1M

Experimental location Control location
NB — : — —
SB - e -

Jet 50 Jet 51

Figurel: Overview ofmonitoring locations used on thé1(M) Leeming toRiponscheme
investigation (NB=north bound; SB=south bound)

2.2 Monitoring approach

Theon-road investigationtook place between the 8 August 2019 andsNovember 2019

and sought tomonitor the effect of the change in speed restriction on driver behaviour and
customer satisfactioriThe monitoring covered two periodd KS Wol aSt Ay SQ Y2y A
during which the experimental monitoring locations retained a 50mph spesttictionand

GKS O2yiNRt 201 0A2Yy KIR y2 &LISSR NBadNRO
monitoring period in which the 60mph speerkdriction was implemented on the
experimental location while the control location remained with no speed restriction (see
Tablel).
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Tablel: Timelines for monitoringnvestigation

Traffic Control location Experimental
Description of activity Management (north of Junction location (north of
Phase 510 Junction 51)
8" Aug B
2019 Baseline monitoring 7 @
| |
234 Sep period Phase 3 v/
2019
234 Sep
2019 . .
8" Oct Traffic Managemenswitched from Phase 3 to Phase 3a
2019
8" Oct B
2019 . o . iy 2 @
| |
5 Nov Trial monitoring period Phase 3a (/ .
2019

Throughout the baseline and trial monitoring periods the number of lanes open to traffic
and the width of those lanes remained constant. The lane configurdtaatthe following
lane widths orthe north bound carriagewafor each direction of travel

A Lane 1: 3.25m
A Lane 2: 2.85m

The placement of the traffic managemevdriedduring the trial, with two phasesf contra-

flow traffic management plaack across different lengths of the carriageway between
junction50and 51¢ KS (g2 LIKI aSasyR I'WSKIea SPtok G So 200K Ay
of a contraflow system. These phases have been outlined wiffigure2 and Figure3

below. In total, six running lanesvere operational at the control locatignwith three lanes

for each direction of travedith the below lane widths

A Lane 1: 3.65m
A Lane 2: 3.70m
A Lane 3: 3.65m

Delineation betweeropposing traffic flowswvas provided by @aemporary vehicle restraint
system (VRS)ith a setbackdistanceof 600mm on both sidesDelineation between the
work zone and the carriageway was providedthg existingpermeantcentral reservation
stepped concreate barrier
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A J— M Speed restriction
Phase 3 '
Approach zone Lane-change zone  Contra-flow End-of-works zone
|
e

NB e - —_— —_—
SB R - -

Jet 50 Jet 51

End-of-works zone Works zone  Lane-change zone Approach zone
Speed restriction
Figure2: A1(M)Phase 3 scheme layout
1 M
A J— |\’| Speed restriction
Phase 3a ’
Approach zone Lane-change zone  Contra-flow End-of-works zone
—_—

NB —_— —_— — —_— —_—
SB —_— — —— -

Jet 50 Jet 51

|
End-of-works zone Works zone  Lane-change zone Approach zone

Speed restriction

Figure3: A1(M)Phase 3a scheme layout

The baselinemonitoring period coincided with phase 3 of the schemes work schedule
whereas thetrial monitoring period coincided with phase 3a.

The approach ohavingthe experimental monitoring location within the road works ati
control location outside the road workspresens someimportant limitationswhich should

be acknowledgedThere will be some differences imider behaviour between the control
and experimenthlocationsdue to the presence or absence of road works infrastructure.
Thishasbeenacknowledgedluring the data analysis and is furth@etailedin Sectior.

2.3 Rik assessment

As part of the proposed risk management approach and safety governance for the trialling
of 60mph speed restrictions within road works, a programme level safety risk assessment
was produced by TRL. Thissessment was informed by previous et onroad trials,
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simulator trials, and associated GI®4 risk assessmentt was used to feed ito the
schemespecific risk assessments carried out by participating schdfasiham & Glaze,
2019)

Prior to implementing the change in speed restrictippAmey Consultingcarried out a
schemespecificsafetyrisk assessment in line witihe GG104 standards. This assessment
examined the risks posed to affected parties from the change in speed restriction,
detailing requied mitigation measures to addrefise potential increase imisksposed from
the expectedincrease in vehicle speexs part of the investigation on th&l1(M)Leeming to
Riponscheme

This assessment concludedhat if the changein speed restriction was adopted, the
introduction of severalother mitigations must accompany this changPetails of these
additional mitigations are outlined within the following secti(th3.1).

In accordance with the safetgovernancerequirements outlined within GGL04, the
schemes existingroject safety controteview group (PSCRGgviewed the schemespecific
assessment. Tikled to a decision to trial a 60mph spesgktrictionfor four weeksbetween
junctions 50 and 51 on the north boundcarriageway(for both directionsof travel) from
November2019,

The PSCRG is acrdsdzy OG A2y f 3INRdzZL) GKIF G NBBaHiotg Wal T
risks are correctly identified, reviewed and managed appropriatelighways England,

2015) The groupmust comprise of principl and specialist members. Prinalpmembers
collectively determine decisions taken armhdorse evidence presented to the group.
Specialist members provide additional subject matter specialism experience to the group. A

list of required roles for each member type canfoeindin Appendix A

2.3.1 Schemespecific mitigations

Several additional mitigation@bove those already outlined within the programme level risk
assessmentwere identified as being required to manage risks as pafrtthe scheme
specific risk assessmernthese mitigations were implemesd at the scheme prior to the
start of the onroad investigationsndare outlined below.

2.3.1.1  Vehicle recovery

Suitable and adequate vehicle recovery provisiwwould be providedto ensure prompt

attendance to broken down vehiclelt wasexpectedthat providingprompt attendance to

broken down vehicleéwith the use of anmpact protection vehiclejvould mitigatethe risk

posed to road userszurthermore W3 4 S& Qk 9 YS NH S yAPSwere S€Githid t 2 A y (
the safety barrier to allow stricken vehicles/debris to be removed from a live lane

2.3.1.2  Variable message signs

Mobile Variable Message Signs (VM&Y)e positioned in advance of any change in speed
restriction to warn approaching road usgimey, 2019)
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2.3.1.3 Temporary traffic regulation order

In order to facilitate an immediate changing of the 60mph speed restriction to a 50mph
spedl restriction, a temporary traffic ordefior both a 50mph and 60mphpeed restriction
wasput in place(Amey, 2019)

2.3.1.4  Carriageway markings

Clear demarcation of lane markingssachievedby usingtemporary markings that comply
with characteristics setoutit KS / KAST | A3IKgl & 9y A4MEISSNNRA o/ |

A Minimum luminance cefficientunderdiffuse illumination 16@ncdimZlx?
A Minimum coefficientof retroreflected luminance in drweather 200 mcdmZlx?

A Minimum coefficientof retroreflected luminance in wet weathe35 mcdmZix?
(Amey, 2019)

Furthermore all studscomplied to ClasBRTZandlines to diagram 1012 .that were used in
conjunction witha temporary barrier system were 150mm wide

2.3.1.5 Speed enforcement

Prior to the investigation, average speed camera enforcement was in place across the
scheme, set with an appropriate enforcement threshold for the 50mph spesttiction.

For sections with a 60mph speed restriction this thresheéts changed to an appropriate
level for the new speed restriction. Equipment and suitable signage remained in place
throughout the course of the investigation.

2.3.1.6  Other scheme specificitigations
In addition to the above, the following mitigations were implemented

A Contraflow guidance and signage in accordance with Chapter 8 of the Traffic Signs
Manual

A  HGVs restricted thanel.

A The use oftemporary barrier specificationsuitable for ontaining higher speed
errant vehicles

A Manned works access poiswith the employment ofautomated intrusion systes

A Traffic management operatives and vehicle recovery operators réwgeworking
practices and method statements for use in associationhw@mph speed
restriction.

A Implementation of neasures to identify stricken/stranded vehicles

A Main contractor and temporary traffic management contractor suppuat
emergency services with ecall incident support

A Theprovisionof impact protection vehies to respond promptly to any requests for
support

11 8 MISL8
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A Signing to advise the travelling public of the potential for queuing traffic.

2.4  Safety reviews and abort process

During thetrial monitoring period, weekly safety reports were provided outlingfganges in
the average speed of vehicles during Hfémn: periods, the proportion of vehicles over the
posted speedestriction during freeflow periods and the proportion of vehicles ovéret
enforcement threshold during frebow periods. These weekly reported into an agreed
abort process. The details of thocessare outlined in the schemespecific safety risk
assessmentFigure4 below provides asummay.

Driver Behaviour Monitoring - Weekly Cycle

N

Data Data issued Reportissued

gathered to TRL by TRL

report*

Yes

No further Abortprocess
action implemented

No

Incident
Review Yes

details*

reported by
TSCO

*Review Group — Highways England Project Manager, Principal Contractor, Traffic Management
Supplier, Risk Contractor, Monitoring Consultant, Highways England Speed Trials Team.

Figure4: Abort process summary

Data from the radar units(outlined later in Sectior2.5.1) were issued weekly to TRL
(Tuesdaymornings)and the &fety Reportswere created andissued byTRL before the end
of the working dayA scheduled review call wasnductedthe following day (Vednesdayk
and during this call the review group discussed the reported safety proxiesaapdeekly
incidents. These review calls acted as the abort decision points outlined wkigare4
above.An emphasis was placed on any feedback from the Traffic yeamant Supplier and
work crews.

During the fousrweektrial monitoring period on both investigationsthe abort process was
not implementedat ary point.

IWCNB26Q 61 a RSTAYSR | & -minyfe avekd§eIspeéd ofgak SeNies acfoss the y S
carriageway was greater or equal to 40mph.

11 9 MISL8



—_—
Report for the orroad trials of ®mph on theA1(M) Leeming to Ripon I IQI_

2.5 Data collection and statistical comparisons

To achieve the objectives of this resear($ee Sectionl.3), severaldifferent data sources
were used:

A Radar data

A Incident data
A Survey data
A Workshop data

These data sources arahy statisticacomparisonsvhich weremade are outlined in more
detail inthe following sectionsSuitable statistical comparisons were undertaken only when
a sufficient sample of dataasavailable.

251 Radar data

Tomonitor speed, flow, headway and lane choice during the baseline angé&ialds two
temporary radar installatios wee installed at the scheme. Each radar installation was
capable of monitoring traffic on a single carriageway, dowrmtlevel of individual vehicles.
For each investigationtwo separate installationsvere used to monitorthe control and
experimentallocations.The radar data from the first four weekdé the baseline monitoring
period and all four weeksf the trial monitoring period wre analysed andire presented in
this report. The radar data from the last two weeks of the baseline monitoring penere
excluded from the analysis #%ere werelarge quantities of missing data.

25.1.1 Location of radar installations

Theradar installations were situatednothe side otheir respective carriagewayasithin the
work zoneThese positionare depicted irFigure5 below.

1 M
A1M Speed restriction
Phase 3 S
Approach zone Lane-change zone  Contra-flow End-of-works zone
|' i Radar unit
L]

NB e e I e
SB - - | -

Jet 50 "
Radar unit Jet 51

End-of-works zone Works zone  Lane-change zone Approach zone

Speed restriction
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Al1M
Phase 3a

Speed restriction

Approach zone Lane-change zone  Contra-flow End-of-works zone

T T o I ) Radar unit

[ ]
—
NB e e +
SB —— —— ‘+

Jet 30 Radar unit ‘ Jet 51

End-of-works zone Works zone  Lane-change zone Approach zone

Speed restriction

Figure5: Location of adar installations

251.2 Data collected

The radar installations provided data on vehicle flow, speed and headwayor each
carriageway and laneThese metrics were recordddr each vehicle passing the unit and
captured data on vehicle length which was used to classify vehicle.types

2.5.1.3 Data processing

Tounderstand the potential impact dhe speedrestrictionchange on vehicle speediata

on driver behavioumwere required for periods whedriverswere free to choose theiown
speed which required conditions with freeflowing traffic Therefore, riods with
congested traffiqwhen the average speed of vehicles in a lane across a minute was lower
than 40mph) were removed

This resulted inhe removalof approximatelyl.3% and).6%of the availabledatafrom the
north bound and south hand directionsrespectivelyin the experimental location; and 2.7%
of the available data from the south bound direction in the control location. No data was
removed from the north bound directioat the control location.

Toclassify vehicles by type,atfollowing definitions were used

A Car/LGV)R5ft)
A HGV $25ft)

2Headway was defined as the time separation between vehicles, measured from the front bumper of the first
vehicle to the front bumper of the following vehicle, averaged over-onieute intervals.
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2.5.1.4  Comparison of flow

It was essential to understand how vehicle flow changed between the baseline and trial
periods since ay changes in vehicle floeanaffectthe behaviour of road users araffect
their speed. The following comparisons were made:

1. A ®mparison of overall and daily average vehicle flows between the baseline and
trial periods at both experimental and control locations.

2. A omparison of average vetie flow split by vehicle class between the baseline and
trial periods.

3. A omparison of average vehicle flow composition by lane at the experimental
location.

The results of these comparisons are presentegeictions 3.2.1and3.3.1

2.5.1.5 Comparison of speed

The following comparisons weraade using theone-minute average speed dataottected
from the radars:

1. A omparison of average speed between the baseline and trial periods by monitoring
location

2. Comparison of average speed by lane between the baseline and trial patidde
experimental location

3. A comparison of average speed bghicle type between the baseline and trial
periods at the experimental location.

4. A comparison of compliance with the posted speedtriction between the baseline
and trial periods by monitoring location

The results of these comparisons are presentegeictions 3.2.2and 3.3.2

2.5.1.6  Comparison of congestion

Data collected duringperiods of congestion are removed from the comparisons of flow
and vehicle speed. This alled for the impact of the speedestriction change b be
explored, since comparisons were focused on fileev conditions wheredrivers hal free
choice of speed. Itwas however also important to understand the impact of the speed
restriction change on the levels of congestion seen at the schex®@mpariso of average
daily periods of congestion between the baseline and trial periods by monitoring location
was madeThe results of this comparison are presented@actions3.2.3and3.3.3

2.5.1.7  Comparison of close following

The following comparisons were made using the IVD collected from the radars:
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1. A comparison of closdollowing® between the baseline and trial periods by
monitoring location.

2. Comparison otlose followindoy vehicle typebetween the baseline and trial periods
at the experimental location.

The results of these comparisons are presentegeictions 3.2.4and3.3.4

2.5.1.8  Statistical comparisons

Appropriate statistical tests were used to test for significant differences between data
recorded during the baseline and trial periods (to determine if drivelndviour changed
following the implementation of thes0mph speedrestriction). Threetypes of statistical
tests were useddependingon the type of dataavailable

Chisquared testswere used to test for a difference in the distribution of categorical
data, for example to test for a difference in the distributionwahicle flowsbetween
the baseline and trial periods.

Analysis of Variance (ANOVA)was used to test for a difference in the mean
response between groups, for example to test for a differencthénaverage speed
between the baseline and trial periods.

Two-proportion z-tests were used to testfor a difference in proportions, for
example to test for a difference in percentage of vehicles close following.
wSadzZ 6a oSNBE OflaaAiAFTASR Ivalue Waslléss than (00 (af &
common standard in behavioural sciences). Thelpe is a measure of probability and a

value of less than 0.05 implies that any differences betweengtioeips being tested has a
less than 5% chance that the difference occurred at random.

It must be noted that when the sample size is extremely larget(asim this study), very

small differences could result in statistical significance. In such cases, an effect size is
calculated to measure the magnitude of the phenomenon or the degree of association
between two variables. Generally, an effect size e§lihan 0.2 denotes a small effect, 0.5 is

a medium effect and 0.8 denotes a large effect. Throughout the report, the effect size has
been reported if any resulis statistically significanto understand if the effect is due to

large sample sizes or aasirg relationship between two variables

25.2 Incident data

Throughout both the baseline and tliphases of the investigatiopmcidentswhich occurred
within the confines bthe scheme traffic managementere documented and collated by
the schem@& traffic management contractor.These logs identified the type of reported

31 @SKAOES st a RSTAYSR | dhers yas la §dp widessityan tWd®dedddSto he f £ 2 g A
vehicle in front.

11 13 MISL8



—_—
Report for the orroad trials of ®mph on theA1(M) Leeming to Ripon I IQI_

incidents (breakdownsnd road traffic collisiorysalong with the location of the incident
(carriageway and marker post numhemd the date it took place.

Comparisons of the number of incidsnbetween thefirst four weeks of theébaseline and
trial phase were madea summary of these data is presentedSection 3.4. The datafrom

the last two weeks oftte baseline monitoring period ave excluded from the analysias
there were large quantities of missingadar data

2.5.3 Workforce survey data

To provide further insight into the potentiampact of changing the speeéstriction at the
scheme from 50mph to 60mph, a workforce survey was condudtgthg theinvestigation
The surveyaimed tocapture insight from project managers, site wens and members of
the workforce who operate within the carriageway environment.

Comparison®f the survey responses between the baseline and trial periods are presented
in Section 3.6.

254 Customer satisfaction survey data

Throughout the orroad investigation surveys were used to colleghformation on the
impact of increasing the spea@striction on the satisfaction levels of road users travelling
through the scheme. These surveys were administered to individuals whadeatfied
themselves as havingravelled through the scheme duringither the baselineor trial
periods

Targeting of these individuals was achiewsihga social media advertisingampaignwith
individuals within a 6km radius oboth junctions 50 and 51 of the A1(M)beingtargetedto
take part in the studyThe adverts were also sharedth multiple special interest groups on
social media platformsThis approach ensudethe recruitment of individuals who regularly
drove the route over the duration of thevestigation

The surveysollected data on customer$feelings of safety affected by both the posted
speedrestriction and the width of the schem@ lanes. évels of journey satisfaction and
how they weke affected by the posted speed restrictiand the width of the lanewere ako
captured

Comparisons of theurvey responsebetween the baseline and trigleriodsare presented
in Section3.7.

255 Delivery and ost impacts

Tounderstand the impact of the change in speed restrictionthe schenS <delivery and

costs, a lessondearned workshop was held after the monitoring periduisd ended The

session sought to capture details oany impacts to the schemeassociated with
implementing the change in speed restriction. Attendees included the scReimighways
England Project Manager, PrindgiContractor, Traffic Management Supplid@raffic Officers,
Communications Managemnd Risk Contractor.

A summary of the findings of thveorkshopis presented irSection3.8.
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3 Results

3.1 Overview

This sectiorprovides an overview otthe findings from the ofroad trial and the impact of
the change in speed striction on

A Driver behaviour

Incidents and breakdowns

Journey times

Customer satisfaction

¢ KS

A
A
A Welfare of the workforce
A
A

Aa0KSYSQa RStAOSNE FyR 024l

The main findings are summarised ifable 2 below, with full results from thedetailed
analysigresented in the succeeding sections.

Table2: The key findings from the omoad trials of 60mphon the A1(M) Leemingo Ripon

scheme

North bound carriageway South bound carriageway

Vehicle flow

There was no statistically significant There was statisticallysignificant
difference inaveragevehicle flow difference in average vehicle flow
between the control and between the baseline and trial
experimental locations and between period at the experimental locatig
the baseline and trial period3here  with a small effect size of 0.06

was however, some irregularity There waslsosome irregularity
noticed during WeeR and Weeld of noticed during Week 2 and Week 4
the trial periodwherelarger flows of the trial period where larger
were observedThe reasons for these flows were observed. The reasons
increases are unknown. for these increases are unknown.

Vehicle speed

Thecompliance rates improved for all vehicles when the speed restrictio
was 60mph compared with 50mpfihe levels oEompliancealso improved
at the control location where the speed restriction remaingtthangedat
70mph; this is probably due to the changethe traffic management layout
between the two periods having an impact on driver behaviour.

There was minimal routine congestic There was minimal routine

Close following

at the schemeDuring both congestion at the scheme. During
Congestion monitoring periods 1.3%and 0%of both monitoring periods0.6% and
the total time was classified as 2.7% of the total time was classifie
congested at the experimentahd as congested at thexperimental
control locationsrespectively and control locations respectively.
During the baseline period the During the baseline period the

proportion of vehicles close following proportion of vehicles close
was36% at theexperimentallocation, following was35% at the
but slightly lower 27%) duringhe experimental location, but slightly

11
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North bound carriageway South bound carriageway

trial period Likewisethe proportion  lower (34%)duringthe trial period.
of HGVs engaged in close following Likewise, he proportion of HGVs
decreased from 8% duringhe engaged in close following
baseline periodto 21% during the decreased from 36% during the
trial period. Statistically significant baseline period, to 28% during the
differences were identified, but the trial period.Statistically significant
effect size was very small. differences were identified, but the
effect size was very small.
No safetyconcerns were raised by the scheme around the number of
reported incidentsduring the trial The number of incidents [RCsand
breakdowns) was too small to enable statistical analyidisre was
however,a decreasén the number of incidents between theabeline and
trial periods
Increasing the speed restriction from 50mph to 60mph decreased the
average journey time by arour secondger driver.
For this surveythere were 14 respaoses relating to the 50mph speed
restriction and32 responses relating to the 60mph speed restrictidiost
Workforce survey participants felt thatneither speedrestriction affected their feelings of
safety. Overall, the participants indicated that both the 50mph and 60mp
speed restrictions were about right in terms of safety.
For the customer satisfaction survedg responsesuring the baseline
period and 31 responses during the trial period were eligible for analysis
Customer Most participants did not feel that either speed restriction or the lane wid
satisfaction affected their feelings of safety or journey satisfaction. During both the
baseine and trial periods, most participants felt the speed restriction and
lane widths were about right in terms of safety and journey satisfaction.
Feedback from the scheme suggested that telivery of the work activities
wasaffectedby the 60mph speed restriction
An additional cost was incurred by the schetnémplement the trial othe
60mph speed restriction

Incidents and
breakdowns

Journey time

Scheme delivery

Scheme cost

3.2 North bound diver behaviour

This section presents the driveehaviour data collected on the north bound carriageway

3.21 Vehicle flow

Figure 6 shows the average daily vehicle flow across the baseline and trial monitoring
periods between the control and experimental monitoring locations on the north bound
carriageway of the AM).
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Figure6: Average daily vehicle flow by location and monitoring period

The average daily vehicle flow varied over the course of the investigation at both the control
and experimental locations. The control location had an average daily flow of 26,431 during
the baseline period and 34,492 during the trial period. The experiatéocation had lower
average daily flows of 23,256 during the baseline period and 30,033 during the trial period.
There was some irregularity noticed durikigeek 2 and Week 4 dhe trial periodwhere
larger flows were observed. The reasons for theseciages are unknown.

A chisquare test was conducted to test for statistically significant differences between the
average daily vehicle flow by monitoring period and location. The test found that there was
no statistically significant difference in fldvetween the control and experimental locations
and between the baseline and trial periods=038). This suggests that any changes in
average speed or compliance with the change in speed restriction may be attributed to
changes in driver behaviour rathdran changes in flow.

A comparison othe proportion ofHG\$ by monitoring location and period is presegtin
Figure7. This shows that the proportion of HGVs remaineds@nably constant at both
locations throughout the investigation. The average proportion of HGVs at the experimental
location was 15% of all traffic during the baseline period and 16% during the trial period.
The proportion of HGVs at the control periodsslightly higher throughout the trial with an
average of 21% during the baseline period and 24% during the trial period.
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W Experimental ™ Control
100%

90%
80%
70%
60%
50%

40%

Proportion of HGVs

30%

20%

10%

0%

Baseline

Monitoring period

Figure7: Proportion of HGVs by week and location

A two-proportion ztest indicated that thesmall difference in the HGV proportions at the
experimental location between the baseline and trial periods was statistically significant
(p<0.01). Tests also showed that there were significant differen¢ps0.0) in HGV
proportion between the control and experimental locations during both peridttswvever,

in both cases, the effect size was extremely small (0.02) and therdftsedifference is
unlikely to havehad a significanimpacted on driver behaviour.

The distribution of vehicles between Lane 1 and Lane 2 within the experimental location is
shown inTable3.

Table3: Distribution of vehicles by lae and monitoring period at the experimental

location
Monitoring period Vehicle type Lane 1 Lane 2
Baseline period All vehicles 61% 39%
Trial period All vehicles 57% 43%

The distribution of vehicles across thwo available lanesat the experimental location
changedslightlybetween the baseline and trial periods.

A chisquare test showed that the small variation in vehictistribution between the
baseline and trial periods at the experimental location was statistically signifipa0b)
but with a very small effect size of @.0

The proportions of each vehicle type in Lane 1 and Lane 2 within the experimental location
is shown inTable4.
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Table4: Composition of vehicle by lane and monitoring period at the experimental

location
Monitoring period Vehicle type Lane 1 Lane 2
Cars + LGVs 77% 96%
Baseline period
HGVs 23% 4%
Cars + LGVs 72% 99%
Trial period
HGVs 28% 1%

The vehicle composition of Lane 1 at the experimental location remained similar between
the baseline and trial periods. A efguare test showed that the small variation in vehicle
composition between the baseline and trial periods at the experimefdahtion was
statistically significantp<0.01) with esmalleffect size of 0.5.

Likewise, the composition of vehicles in Lane 2 remained reasonably constant between the
baseline and trial period#A chisquare test showed that there was a significant difference
(p<0.01), with ssmalleffect size of 0.9.

Taken together these resultsiggesthat the statisticalsignificance an be attributed tothe
large sample sizes rather tharaage difference irvehicle compositiolbetweenmonitoring
periods, as outlined earlier irfection 2.5.1.8 As such any changes identified in vehicle
speeds and speed complianege unlikely to have resulted frordifferences in vehicle
composition

3.2.2 Vehicle speed

To ensure that comparisonsf vehicle speed we not conflated bythe presence of small
numbers ofhigh-speedvehicles, theone-minute average speedlata were weighted by
vehicle flow. This ensudethat more weight was given todata from periodswhen the flow

was higher, compared to times when therewere fewer \ehicles(low flow), since averages
calculated from small numbers of vehicles may be more greatly biased by high speed
outliers.

Comparisons were made between control and experimental locatimnsaccount for
background factorgaside from the speed restriction change) which may have influenced
driver behaviour between thevo monitoring periods

Figure 8 shows the freelow average speedsat the control and experimental locations
across the two monitoring periods.
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Figure8: Freeflow average speed during the monitoring period by location

Freeflow average speed at the control location reduced from 67mph in the baselinedoe

to 62mph in the trial periodThis decrease in average speeds at the control locatidikely

due to the physical placement of traffic management varying during the trial. As outlined
earlier in Section 2, the traffic management was locdtedlose proximity to the radawunit
during thetrial periodin comparison to the baseline perio@ihismay have attributed to the
decrease in average speeds there wasa reduceddistance over whichdrivers could
transition fromthe 50mphto 70mphspeedrestriction.

At the experimental location, there was an increase in the -fte& average speed from
around 48mph in the baseline period to around 54mph in the trial period.

A statistical test (ANOVA) confirmed that there was a significant differencesérfléw
average speedk0.01) between the baseline and trial persodt the experimental locatign
explaining around 8% of the total varianceThere wasa significantdifferencein average

speedsbetweenbaseline and triaperiods at the control locatio (p<0.01) explaining about
97% of the total variance

The fee-flow average speeds by laage shown inTable5.

Table5: Freeflow average speed (mph) by monitoring period and lane at the
experimental location

Monitoring period Lane 1 Lane 2
Baseline period 47.9 49.4
Trial period 53.7 55.0

In both periods, speeds were higher in Lane 2 than in Laff@lle5 shows that the free
flow average speed in Lane 1 at the experimental location increased by 5.8mph between the
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baseline and trial periods and in Lane 2 there was increase of 5.6imptontrast the

average speedm all three lanesat the control locationdecreasedbetween the baseline
and trial perioc.

Figure9 shows thecomparison betweerthe average sped for carésLGVs and HGVs across
the monitoring periods at the experimental location.

B Car+LGY W HGVY

Y
[=]

(74}
(=]

Avergae speed (mph)

)
(=]

Baseline

Monitoring period

Figure9: Average speed by vehicle type at the experimental location

The freeflow average speed of HGVs during the baseline period was arounghg the
same as the free flow average speed of cars and LGVs. In the trial period, tHmree

average speed of HGVs increased to 53mph, while theffogeaverage speed of cars and
LGVs increased to 54mph.

To understand the compliance of road usessth the posted speed, dataere separated
into speed bins. Tése speedbins (G40, 4650, 5057, 5760, 6068, 68mph) allow for
vehicles to be identified as travellindgielow the speedrestriction, above the speed

restrictionbut below theenforcement limit andabove the enforcement limit (10% of speed
restriction+2mph)

Figurel0 and Figurell show the proportion of vehicles recorded in each speed bin across
the two monitoring periodst the experimental location

The grey bars show the proportion of vehicles travelling below the spestiction; the
orange bars showhe proportion of vehicles travelling above the spessbtriction but
below the enforcement threshold (10% of speedtrictior+2 mph); and theed bars show
vehicles travelling above the enforcement threshold.
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Figurel0: Proportion of vehicles in each speed bin during the baseline pel®dmph)at

Below

restriction

Proportion of vehicles

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

the experimental location

speed| | Above speedrestriction but below enforcement

0-40mph

limit

40-50mph 50-57mph 57-60mph
Speed bin

60-68mph

Above
limit

47%
26%
19%
4% 1%
/ —_

.

68+mph

enforcement

Figurell: Proportion of vehicles in each speed bituring the trial period (60mph)at the
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The proportion of vehicles travelling above the posted spesstiriction at the experimental
location changed considerably between the baseline and trial periods, dropping from 17% to
5%. Similarly, the proportion of vehicles travelling above the enforcgrhmit decreased

from 2% to 1% between the two periods.

When looking at the differences in the proportion of vehicles in each category (below speed
restriction, above speedrestriction but below enforcement threshold and above
enforcement threshold), twgproportion ztests showed that, for all three categories, the
proportion of vehicles in the category was significantly differgm0(01) between the
baseline and trial periods at thexperimental locationAdditionally, the three tests showed
mediumto smalleffect sizes of 044, 042 and 001, respectively.

Figurel2 and Figure13 showthe proportion of vehicles recorded in each speed bin across
the two monitoring periods at theontrol location.

Tounderstand the compliance of road users with the posted speed, data were separated
into speed bins. These speed bins4@® 40650, 5660, 60670, 7679, 79+mph) allow for
vehicles to be identified as travelling: below the spees$triction, above the speed
restrictionbut below the enforcement limit, and above the enforcement limit (10% of speed
restrictiorh2mph).

The grey bars show the proportion of vehicles travelling below the spestiction; the
orange bars show the proportion of vehicles travelliaigove the speedestriction but
below the enforcement threshold (10% of spemtrictionr+2 mph); and the red bars show
vehicles travelling above the enforcement threshold.

Below speedl | Above speedrestriction but below enforcementf Abowe enforcement
restriction limit limit

100%
90%
80%
70%
60%
50%

40%

35%
30% 30%
23%
20%
10% 10%
. = N
0% —

0-40mph 40-50mph 50-60mph 60-70mph 70-79mph 79+mph
Speed bin

Proportion of vehicles

Figurel2: Proportion of vehicles in each speed bin during the baseline period at the
control location
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Below speed’ | Above speedrestriction but below enforcementf@ Above  enforcement
restriction limit limit

100%
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80%
70%
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30%
20% 19%
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0% 0% ] =

0-40mph 40-50mph 50-60mph 60-70mph 70-79mph 79+mph
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Figurel3: Proportion of vehicles in each speed bin during ttr@&al period at the control
location

The proportion of vehicles in each speed bin changed between the baseline and trial periods
at the control location The percentage of vehicles above the speesktriction (40%)
reducedconsiderablywith 22% of vehicles driving over the speedtrictionduringthe trial
period. Again, this is probably due to thariation inthe placement otraffic management
relative to the radar positiomutlined earlier in this section.

Satistical tests showed that the proportion of vehicleseach of the three speed categories
were significantly differentpg<0.05) between the baseline and trial periosdith medium
effect sizeof 0.39. 0.25 and 0.29, respectively

Figurel4 and Figurel5 show the proportion ofcars and LGVR&he figures above repeated
but with HGVs excluded®corded in each speed bin across the two monitoring periods at
the experimental location
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Figurel4: Proportion ofcars and LGVs in each speed bin during the baseline period at the
experimental location
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Figurel5: Proportion ofcars and LGVs in each speed bin during the trial period at the
experimental location
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The proportion of cars and LGVs travelling above the posted spestdction at the
experimental location changed considerably between the baseline and trials periods,
dropping from 17% to 4%. Similarly, the proportion of vehicles travelling above the
enforcement limit decreased from 1% to 0% between the two periods.

When looking at the differences in the proportion of vehicles in each category (below speed
restriction, above speedrestriction but below enforcement threshold and above
enforcement threshal), two-proportion ztests showed that, for all three categories, the
proportion of vehicles in the category was significantly differgog0(01) between the
baseline and trial periods at the experimental locatidwalditionally,the three testsshowed

small to medium effect siz®of 044, 042 and 020, respectively.

Figurel6 and Figurel7 show the proportion oHGVgsecorded in each speed bin across the
two monitoring periods at th experimental location

Below speed| | Above speed-restriction but below enforcement@ Above enforcement
restriction limit limit
100%
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30%
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- I I I
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0-40mph 40-50mph 50-57mph 57-60mph 60-68mph 68+mph

Speed bin

Figurel6: Proportion of HGVs in each speed bin during the baseline period at the
experimental location
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Figurel?: Proportion of HGVs in each speed bin during the trial period at the
experimental location

The proportion of HGVs travelling above the posted spessriction at the experimental
location changed considerably between the baseline and trial periods, dropping from 17% to
7%. Similarly, the proportion of HGVs travelling above the enforcement limit decreased
from 6% to 3% between the two periods.

When looking at tk differences in the proportion of vehicles in each category (below speed
restriction, above speedrestriction but below enforcement threshold and above
enforcement threshold), twgproportion ztests showed that, for all three categories, the
proportion of vehicles in the category was significantly differepk@.01) between the
baseline and trial periods at the experimental locatidrhe effect sizes were 31, 027 and
0.14, respectively

In summary, the data shows that compliance rates improved for all vehicles when the speed
restriction was 60mph compared with 50mpfihe compliance at the control locatign
where the speed restriction remainednchangedat 70mph during both periods also
changed during the trial period however his was likely a result of he variation in
placement oftraffic managementelative to the position of the radar unit

3.2.3 Congestion

A check was conducted on the total duration of congestion observed during the
invedigation. At the experimental location, 1.3% of the total time across both monitoring
periods was classified as congested; defined as any period where thmionge averaged
speed of all vehicles in a lane was less than 40mph. At the control locatiéh,dd.the total
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time was classified as congestétdgurel8 outlines the averagspeeds pehour of the day,
by monitoring period and location.

This figure shows thaverage speed wagenerallyhigher during the night (between 22:00

and 06:00) and lower during the day at the experimental location. The opposite was seen at
the control location, with higher speeds being recorded in the evening (between 15:00 and
20:00) ad lower speeds recorded overnight. Although this was significant, the effect size
was relatively small. This pattern appears consistent across the baseline period at both
locations and during the trial period at the control location. During the trialqueat the
experimental location, however, the average speed was higher overall (as discussed in the
previous section).

As the hourly average speed did not fall below 40miplean be concluded that there was
minimal routine congestion at the scheme. A<lsuthe introduction of a 60mph speed
restriction did not appear to have an impact on the amount of congestion seen through the
scheme.

Figurel8: Averagehourly vehiclespeedby location and monitoring period

3.24 Close following

A vehtle was defined aengaging ifPOf 24 S T2 twasmRefddivayof fess thankK S NS
two second to the vehicle in front.This section presents comparisons of close following
between monitoring period and location; both for all vehicles and split by \eebiaks.

Figurel9 shows the proportion of total vehicles close following across the course of the trial
at both the control andexperimental locations.
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