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1 Background
Deaths and injuries from road traffic crashes are a major and growing public health epidemic. Each year
1.3 million people die and a further 50 million are injured or permanently disabled in road crashes. Road
crashes are now the leading cause of death for children and young people aged between 10 and 24. The
burden of road crashes is comparable with malaria and tuberculosis and costs 1-3% of the world’s GDP.

In an effort to prevent road traffic deaths and injuries, the Bloomberg Philanthropies announced in
November 2009 a $125 million Global Road Safety Program in 10 countries1 (“RS10”) over 2010-2014
and formed a consortium of 62 partners to implement it. Under RS10, the Global Road Safety Facility
(“GRSF”) agreed to assess the infrastructure safety of key corridors in Russia through the
implementation of the International Road Assessment Program (iRAP) safety rating and countermeasure
evaluation tools. Mari El republic was chosen for the first assessment because the International Finance
Corporation (“IFC”) of the World Bank Group has an ongoing road asset preservation project with the
road administration (“Mariyskavtodor”) in Mari El Republic in the Russian Federation which includes
investment to improve road infrastructure safety.

The Director of Mariyskavtodor in a letter addressed to IFC dated 17th February, 2011 welcomed the
GRSF plans to fund an iRAP project and reaffirmed the commitment of Mariyskavdotor to take part of its
implementation arrangements by designating a technical working group.

This report provides an overview of the results produced in the project. Full results, including data
tables, interactive maps and download files, as well as data underpinning the analyses, are available in
the iRAP online software at www.irap.org.

iRAP would like to acknowledge the help and support it has received from Mariyskavdotor and the
Ministries of the Republic of Mari El in this project.

1 Brazil, Cambodia, China, Egypt, India, Kenya, Mexico, Russian Federation, Turkey and Vietnam
2 Global Road Safety Facility, WHO, GRSP,ASIRT,EMBARQ and John’s Hopkins University
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2 About iRAP
The International Road Assessment Programme is a UK registered charity (number 1140357) and  a not
for profit company limited by guarantee dedicated to saving lives through safer roads. It is  registered in
England & Wales under  company number 05476000 having its registered Office is 60 Trafalgar Square,
London, WC2N 5DS. iRAP works in partnership with government and non-government organisations to:

 inspect high-risk roads and develop Star Ratings and Safer Roads Investment Plans

 provide training, technology and support that will build and sustain national, regional and local

capability

 track road safety performance so that funding agencies can assess the benefits of their

investments.

iRAP uses globally consistent models to produce motor vehicle occupant, motorcyclist, pedestrian and
bicyclist Star Ratings and Safer Roads Investment Plans. The methodology for each of these is described
in

 Star Rating Roads for Safety: The iRAP Methodology.

 Safer Roads Investment Plans: The iRAP Methodology.

These reports are available for download at: http://www.irap.org/library.aspx.

Road Assessment Programmes (RAP) are now active in more than 50 countries throughout Europe, Asia
Pacific, North, Central and South America and Africa.

iRAP is financially supported by the FIA Foundation for the Automobile and Society. Projects receive
support from the World Bank Global Road Safety Facility, automobile associations, regional
development banks and donors.

National governments, automobile clubs and associations, charities, the motor industry and institutions
such as the European Commission also support RAPs in the developed world and encourage the transfer
of research and technology to iRAP.  In addition, many individuals donate their time and expertise to
support iRAP.

All correspondence and communication should be addressed to:

Brenda King, Company Secretary, iRAP, Worting House, Church Lane, Basingstoke, Hampshire, ENGLAND
RG23 8PX. brenda.king@irap.org
Tel:  +44 (0)1256 345598

To find out more about the iRAP, visit www.irap.org.
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3 Project Outline

3.1 Selection of Roads

The following roads were identified by Mariyskavtodor as the higher volume traffic roads where most
fatalities occurred. These roads were selected for analysis because remedial measures on these roads
would have the greatest impact on road safety.

Table 3.1 Mariyskavtodor road sections
Road Section Length
0000001 Yoshkar-Ola - Urzhum 131.6 km
0000002 Yoshkar-Ola - Kozmodemyansk - Cheboksary - part 1 109.7 km
0000002 Yoshkar-Ola - Kozmodemyansk - Cheboksary - part 2 31.8 km
0000003 Yoshkar-Ola - Sanchursk 30.7 km
0000004 Zvenigovo - Shelanger - Mork - part 1 30.6 km
0000004 Zvenigovo - Shelanger - Mork - part 2 56.5 km
0000005 Orshanka - Pektubaevo - New Toryal 57.9 km
0000006 Odobelyak - Kuzhener - Paranga 41.2 km
0000007 Lakes - Marino - Yurino 90.0 km
0000008 Sernur - New Toryal 25.0 km
0000009 Zvenigovo - Pomary 24.0 km
0000010 Pomary - Korkatovo 70.6 km
0000011 Urgaksh - Ronga - Mork 55.3 km
0000012 Mork - Unzhinsky - Paranga 67.2 km
0000013 Morki - Russian Kugunur 42.6 km
0000014 Cooyar - Sunny - Ronga 54.2 km
0004001 Red Bridge - Kilemary - Sharanga - part 1 31.1 km
0004001 Red Bridge - Kilemary - Sharanga - part 2 24.5 km
0005001 Kartukovo - Mikryakovo - Vasilsursk 15.3 km
0005002 Emeshevo - Paygusovo - Zasure 23.5 km
0006001 Podjezd k Kuzener - part 1 1.5 km
0006001 Podjezd k Kuzener - part 2 1.6 km
0007001 Eleev - Marie Turek - Lopovo 62.3 km
0009001 Bypass road section Mork-1 3.0 km
0017001 Koporuliha - Podgornoye - Voskresenskoe 8.9 km
0010001 Nursola - New Toryal 21.5 km
0010002 New Toryal - Nemda - Obalysh - Soviet 11.1 km
0014001 Sernur - Kazanskoye - Kuknur 43.8 km
0120002 Bypass road  Yoshkar-Ola 18.5 km
0303001 kokshaisk-krasnogorsiy 32.0 km
0910007 Bypass road settlement - New Toryal 11.4 km
1012021 Orshanka - Klyukin 5.0 km
1113001 Eleev - Paranga 15.6 km

Total 1250 km
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3.2 Data capture and Coding

The republic roads in Mari El had been ‘passportised’ by Mariyskavtodor in recent years using the
Titul2005 software of RosDorTech Project. This passportisation recorded road images and certain
statistics. iRAP was able to convert the RosDorTech data into a format suitable for iRAP coding using
purpose built software. Although the image files did not meet the specification (specifically field of
vision) normally required by iRAP, it was decided to use these images data and compensate through a
very thorough quality assurance of the coding with Mariyskavtodor. The image coding was conducted
by AMSS and other data was generated and coded by iRAP. Additional data such as traffic flow rates
and speeds, and countermeasure costs were supplied by Mariyskavtodor. Quality assessment was done
by iRAP in collaboration with Mariyskavtodor using iRAP online analysis tools in accordance with RAP
guidelines.  A number of data errors were discovered at this stage and corrected.

Figure 3.1 Examples of Star Ratings for car occupants

Since speed is one of the most important factors affecting road safety, and the Mariyskavtodor data was
historic, a spot speed survey was conducted by AMSS using hand held radar at 15 locations to validate
the speed data. This confirmed that the Mariyskavtodor historic data was valid.

0000001 - Yoshkar-Ola – Urzhum
Cars:

90km/h

No intersection

Poor delineation

Moderate curve

No paved shoulder

5 to 10m roadsides

0000001 - Yoshkar-Ola – Urzhum
Cars:

90km/h

Medium unpaved shoulder

No rumble strip

Hazardous roadside objects

5 to 10m median

Poor delineation
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3.3 Star Rating, and Safer Roads Investment Plan Analysis

In consultation with Mariyskavtodor, iRAP undertook Star Rating Analysis for different road users for the
Republic road network and developed a prioritized, multi-year Safer Roads Investment Plan using iRAP
tools and produce draft results and reports. This stage included training in the use of iRAP online tools
and all the analysis work was conducted online from the Mariyskavtodor office.  The proposed
countermeasures produced by the software at each location were checked together with
Mariyskavtodor by referring back to the original road image data and considering the practicality of the
countermeasure at the location.   A number of misinterpretations in the iRAP coding were discovered
and corrected at this stage. All the countermeasures were validated and agreed with Mariyskavtodor.

Further background to the methodology used by iRAP can be found in documents ‘Star Rating Roads for
Safety: The iRAP Methodology’ and ‘Safer Roads Investment Plans: The iRAP Methodology’ which are
available for download at: http://www.irap.org/library.aspx.
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4 Road Conditions

4.1 Traffic flow

The map below shows the roads that were assessed in the iRAP project and the traffic flows on those
roads. In the main the roads have flows below 2000 AADT which presents a challenge in terms of
generating economic returns on investment.  Only near Yoshkar-Ola is the traffic flow up around 15000
AADT.

Figure 4.1 Map of Mari El Republic Roads showing traffic flow rates
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4.2 Speed

Speed is an extremely important factor in road safety and as little as 10 km/h extra speed can drop a
road’s star rating by one star and double road accident risk. Spot checks were made at 15 locations to
check whether speed limits were representative of driven speeds.  These all showed that the 85%
percentile of the speed distribution was within 5kmph of the posted speed limit suggested a good level
of speed limit compliance.  The chart below shows the aggregate speed distributions for the checks at
both 60kmph and 90kmph speed limits.

Figure 4.1 Operating speed frequency distribution

Figure 4.2 Operating Speed Histogram
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4.3 Road features

Road features were assessed partly by coding from the visual image files collected during
‘passportisation’ and partly from road attributes contained in the ‘passportisation’ data. The following is
a summary of the condition of the roads for each of the road features included in the iRAP models. More
detailed reports on the road condition by individual road section are available in the iRAP online
software (www.iraptools.net).

Table 4.2 Condition reports for Mari El Republic Roads

Vehicles per day Length % Road condition Length %
< 1000 676.4 km 54 Good 537.7 km 43
1000 - 5000 489.3 km 39 Medium 525 km 42
5001 - 10000 33.1 km 3 Poor 187.5 km 15
10001 - 15000 21.5 km 2

Land Use Left Length %
Motorcycle percent Length % Undeveloped areas 1166.7 km 93
Not recorded 24.2 km 2 Development other than 39 km 3
0% 1223.3 km 98 residential or commercial
1% - 5% 2.6 km 0 Residential 41.6 km 3

Commercial 2.6 km 0
Bicycle Flow Length % Not Recorded 0.2 km 0
Not recorded / None 1181.3 km 95
Low 66.8 km 5 Land Use Right Length %
Medium 2 km 0 Undeveloped areas 1178.6 km 94

Development other than 34 km 3
Pedestrian flow - crossing Road Length % residential or commercial
Not recorded / None 1150.5 km 92 Residential 36.2 km 3
Low 64.4 km 5 Commercial 1.2 km 0
Medium 35.1 km 3 Not Recorded 0.1 km 0
High 0.1 km 0

Side friction Length %
Pedestrian flow - along Road Length % Low 1247.2 km 100
Not recorded / None 842.2 km 67 Medium 2.3 km 0
Low 317.3 km 25 High 0.6 km 0
Medium 57.6 km 5
High 33 km 3 Shoulder Rumble Strips Length %

No 1250.1 km 100
Area type Length %
Rural 1185 km 95 Pedestrian crossing facilities Sites

Semi-Urban 32.6 km 3
Unsignalised marked crossing with
refuge 3

Urban 32.5 km 3 Unsignalised marked crossing 104

without a refuge
Number of lanes in each direction Length % No facility 12212
One 1222.2 km 98
Two 17.1 km 1
Differs / Other 10.9 km 1
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One way / two way flow Length % Pedestrian crossing quality Sites
One way traffic 0.1 km 0 Adequate 107
Two way traffic 1250 km 100 Poor 12

Not applicable 12200
Speed Length %
<= 40km/h 18 km 1 Minor access point density Length %
50km/h 32.3 km 3 Low Density 49.6 km 4
60km/h 84.2 km 7 High Density 15.4 km 1
70km/h 27 km 2 Not Applicable 1185.2 km 95
80km/h 1.4 km 0
90km/h 1087.2 km 87 Roadside severity - left hand side Length %

Safety barrier 6.4 km 1
Lane width for lanes Length % Cut 2.2 km 0
Wide 641.5 km 51 Deep drainage ditches 2.7 km 0
Medium 496.8 km 40 Steep fill embankment slopes 0.3 km 0
Narrow 111.8 km 9 Distance to object 0-5 m 548.7 km 44

Distance to object 5-10 m 319.7 km 26
Paved shoulder width Length % Distance to object >10m 369.8 km 30
Paved 1< Width < 2.4m 8 km 1 Safety barrier concrete (CEN) 0.2 km 0
Paved 0< Width <= 1m 448.4 km 36
None 793.7 km 63 Roadside severity - right hand side Length %

Safety barrier 6.3 km 1
Unpaved shoulder width Length % Cut 1 km 0
Unpaved >= 2.4m 1.9 km 0 Deep drainage ditches 1.1 km 0
Unpaved 1< Width < 2.4m 441.7 km 35 Steep fill embankment slopes 0.2 km 0
Unpaved 0< Width<=1m 196.6 km 16 Distance to object 0-5 m 483.1 km 39
None 609.8 km 49 Distance to object 5-10 m 331 km 26

Distance to object >10m 427.1 km 34
Curvature Length % Cliff 0.1 km 0
Straight or gently curving 1133.9 km 91 Safety barrier concrete (CEN) 0.2 km 0
Moderate curvature 104.8 km 8
Sharp curve 10.9 km 1 Major intersection type Sites
Very sharp 0.5 km 0 Merge Lane 8

3-leg (unsignalised) right turn lane 8
Overtaking demand Length % 3-leg (unsignalised) no right turn lane 167
None 12.2 km 1 3-leg (signalised) no right turn lane 5
Low 16.6 km 1 4-leg (unsignalised) right turn lane 6
Medium 1155.6 km 92 4-leg (unsignalised) no right turn lane 64
High 65.8 km 5 4-leg (signalised) no right turn lane 2

Non-major junctions or driveways 602
Quality of curve Length % None 1144 km
Adequate 1226.8 km 98 Railway Crossing - Passive 5
Poor 23.2 km 2 Median Crossing Point - Poor condition 1

Median Crossing Point - Good condition 11
Delineation Length %
Adequate 925 km 74 Intersection quality Sites
Poor 325.1 km 26 Good 914

Poor 4
Not Applicable 1140 km
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Vertical alignment variation Length % Median Type Length %
Flat 1223.2 km 98 High quality barrier 0.5 km 0
Undulating / Rolling 26.8 km 2 Physical median width >20 m 0.5 km 0

Physical median width 10-20 m 0.6 km 0
Sidewalk Provision Left Length % Physical median width 5-10 m 1.8 km 0
Physical barrier 0.6 km 0 Physical median 1-5 m 8.5 km 1
Non-Physical separation >3 4.9 km 0 Central hatching 0.3 km 0
Non-Physical separation >1 <=3m 19.9 km 2 Centre line only 1237.7 km 99
Adjacent to traffic 10.7 km 1 One way road 0.1 km 0
None 1214 km 97

Major upgrade cost impact Length %
Sidewalk Provision Right Length % Low 1218.1 km 97
Physical barrier 0.2 km 0 Medium 24.9 km 2
Non-Physical separation >3 3.9 km 0 High 7.1 km 1
Non-Physical separation >1 <=3m 12.7 km 1
Adjacent to traffic 12.2 km 1 Roadworks Length %
None 1221.1 km 98 No roadworks 1249.6 km 100

4.4 Crash data

The following data on crashes and road fatalities was provided by Mariyskavtodor and used to calibrate
the fatality risk factors used in the computer modelling.

Table 4.3 Fatal crash data for 2008-2010

Year Total Pedestrians Bicycles Motorcycles Cars
2008 66 18 1 0 47
2009 53 24 5 0 24
2010 45 19 4 0 22

Figure 4.4 Crash distribution by month
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5 Star Ratings
iRAP Star Ratings are based on the road features listed in Section 5 and the degree to which they impact
the likelihood of crashes occurring and the severity of the crashes that do occur. The focus is on the
features which influence the most common and severe types of crash on roads for motor vehicles,
motorcyclists, pedestrians and bicyclists. They provide a simple and objective measure of the relative
level of risk associated with road infrastructure for an individual road user. 5-star (green) roads are the
safest while 1-star (black) roads are the least safe. Star Ratings are not assigned to roads where there is
very low use by that type of road user. For example, if no bicyclists use a section of road, then a bicyclist
Star Rating is not assigned to it.

The Star Ratings are based on Road Protection Scores (RPS). The iRAP models calculate an RPS at 100
metre intervals for each of the four road user types, based on relative risk factors for each of the road
attributes in Section 4. The scores are developed by combining relative risk factors using a multiplicative
model.  More information on risk factors, RPS and Star Ratings is available in iRAP (2009) Safer Roads
Investment Plans: The iRAP Methodology (see www.irap.org).

The overall Star Ratings for the roads assessed is shown in Tables x below and maps are presented for
the car and pedestrian ratings (cycles and motorcycles are a very small percentage of the traffic mix).

Table 5.1 Overall Star Ratings for Mari El Republic Roads

Star Rating

Vehicle
occupant 0% 4% 13% 76% 6% 0%

Pedestrian 0% 0% 32% 0% 0% 67%

In general a rating of 2 star would be regarded as poor in a developed country, even on a low volume
road, and a 1 star rating is a cause for concern. A 3 star rating is considered the minimum acceptable
rating in the more progressive countries. On high volume roads a 4 star rating is more normal and 5 star
rating is considered essential on high speed high volume roads such as motorways.  The start rating of
Mari El roads therefore indicates room for improvement.
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Investment Plans: The iRAP Methodology (see www.irap.org).

The overall Star Ratings for the roads assessed is shown in Tables x below and maps are presented for
the car and pedestrian ratings (cycles and motorcycles are a very small percentage of the traffic mix).

Table 5.1 Overall Star Ratings for Mari El Republic Roads

Star Rating

Vehicle
occupant 0% 4% 13% 76% 6% 0%

Pedestrian 0% 0% 32% 0% 0% 67%

In general a rating of 2 star would be regarded as poor in a developed country, even on a low volume
road, and a 1 star rating is a cause for concern. A 3 star rating is considered the minimum acceptable
rating in the more progressive countries. On high volume roads a 4 star rating is more normal and 5 star
rating is considered essential on high speed high volume roads such as motorways.  The start rating of
Mari El roads therefore indicates room for improvement.
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6 Safer Roads Investment Plan
iRAP considers 69 proven road improvement options to generate affordable and economically sound
Safer Road Investment Plans that will save lives. Road improvement options range from low-cost road
markings and pedestrian refuges to higher-cost intersection upgrades and full highway duplication.

Plans are developed in three key steps:

 Drawing on the Star Ratings and traffic volume data, estimated numbers of deaths and

serious injuries are distributed throughout the road network.

 For each 100 metre section of road, countermeasure options are tested for their potential to

reduce deaths and injuries. For example, a section of road that has a poor pedestrian Star

Rating and high pedestrian activity might be a candidate for a pedestrian refuge, pedestrian

crossing or signalised pedestrian crossing.

 Each countermeasure option is assessed against affordability and economic effectiveness

criteria. The economic benefit of a countermeasure (measured in terms of the economic

benefit of the deaths and serious injuries prevented) must, at a minimum, exceed the cost of

its construction and maintenance (that is, it must have a benefit cost ratio (BCR) greater than

one). In many circumstances, the ‘threshold’ BCR for a plan is lifted above one, which has

the effect of reducing the overall cost of the plan. This ensures that a plan that is affordable

for a country while still representing a positive investment return and responsible use of

public money can be generated.

The iRAP methodology assesses the economic incentive to invest in countermeasures by using an
economic cost of a road death and a serious injury. This approach is applied globally by iRAP and is
based on research undertaken by McMahon and Dahdah (2008). It is the approach preferred by the
World Bank Global Road Safety Facility for iRAP projects. The key equations used are:

 the economic cost of a death is estimated to be: 70 x Gross Domestic Product (GDP) per capita

(current price)

 the economic cost of a serious injury is estimated to be: 0.25 x economic cost of a death.

To calculate Net Present Costs and Benefits, a discount rate of 4% is used.

The methodology underpinning this process is available in Safer Roads Investment Plans: The iRAP

Methodology (www.irap.org/library.aspx).
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A summary of the countermeasure plan produced for Mari El Republic roads in presented in Table 6.1
below.  It shows that some $60.5m of investment in infrastructure improvements over a 20 year period
would be economically attractive.  This plan, if fully implemented, would save a total of 2345 lives and
serious injuries (‘KSI’) cumulatively over a 20 year period, equivalent to 10-12 fatalities in an average
year, which amounts to a 24% reduction in fatalities and serious injuries on these roads.

Table 6.1 Summary of 20 year Safer Roads Investment Plan

Countermeasure Type Length
KSI's Saved

(20 years)
Safety Benefit
US$ (20 years)

Estimated Cost
US$ (20 years)

Cost per
KSI saved US$

Program
BCR

Shoulder widening 605.2km 1 043 189 326 628 12 174 140 11 675 16
Duplication* 17.3km 606 110 006 434 14 909 276 24 607 7
Roadside Safety - Barriers 152.2km 262 47 545 439 14 020 752 53 541 3
Pedestrian Crossing 66 sites 97 17 567 368 775 359 8 013 23
Pedestrian Footpath 20.4km 62 11 318 432 862 886 13 842 13
Lane widening 26.6km 52 9 370 302 4 498 973 87 173 2
Central Hatching 10.9km 46 8 361 842 1 933 464 41 977 4
Intersection - grade separation* 2 sites 44 8 078 476 3 469 805 77 973 2
Road Surface Upgrade 17.6km 39 7 091 945 3 064 646 78 460 2
Railway Crossing 1 sites 33 5 931 688 49 287 1 509 120
Delineation 201.4km 30 5 440 163 1 417 096 47 300 4
Intersection - roundabout 3 sites 13 2 357 395 1 848 263 142 393 1
Median Barrier 2.0km 11 1 976 551 1 046 826 96 127 2
Rumble strip / flexi-post 0.3km 5 907 130 50 675 10 135 18
Intersection - right turn lanes 1 sites 2 303 321 289 808 173 538 1
Intersection - signalise 1 sites 1 156 947 59 144 68 772 3
Roadside Safety - Hazard Removal 0.1km 0.21 38 853 3 352 15 962 12
Total 2 345 425 778 914 60 473 752 25 788 7

In considering the recommendations from the computer analysis many practical considerations have to
be taken into account.  For example some major works such as grade separated intersections require
large amounts of land which may not be available and some recommendations such as duplication need
to be applied to whole sections of road and not just small lengths.  The recommendations marked with
an * were modified in the light of these considerations.  Also some of the minor works lacked materiality
needed for an investment programme. When taking these points into consideration the plan can be
naturally divided into five separate investment recommendations which can be considered separately.
These are summarized in the table below and detailed in the following sections of the report. In
compiling the main investment recommendations countermeasures that have small numbers of KSI
saved over the 20 year period have been removed.

Table 6.2 Main investment recommendations

Improvement Plan
KSI saved
(20 years)

Total cost, US$
(20 years) Cost per KSI, US$

Paved shoulder upgrade 1 043 12 171 138 11 669
Village improvements 204 3 451 002 16 917
Delineation on roads 8, 10, 12 & 14 25 1 115 672 44 627
Road 1 & 2 upgrade inside belt road 674 18 778 860 28 630
Roadside safety barriers 261 13 983 123 53 575
Total 2 207 49 499795 22 428



iRAP - Republic of Mari El – Bloomberg RS10 Project Report | 17

6.1 Paved shoulder improvement plan

Widening of the paved shoulders was recommended on 506km of the roads surveyed and had the best
impact in terms of cost per life and serious injury saved.

A paved shoulder provides an area where vehicles can either stop on the shoulder or safely travel back
into the traffic lane. An adequate shoulder width makes it easier for a driver to steer the vehicle back
onto the road at a shallower angle, reducing the chances that the driver will 'overcorrect' and travel into
oncoming traffic. A paved surface for the shoulder provides the better grip for vehicles compared to an
unpaved surface. When a vehicle leaves the road, and especially when this happens at high speed,
stopping and/or steering the vehicle back onto the road will be easier if the vehicle tyres are able to grip
the shoulder surface. However, it should be noted that shoulders that are too wide create a hazard if
they are used as an additional lane.

The benefits of a paved shoulder are:

 Reduce run-off-road and head-on crashes.

 Provision of a safe cycling space, and can be marked as bicycle lanes.

 Provision of structural support to the road pavement.

 Sealing can reduce height of the road surface and the height of the shoulder (Which can make it
easier for vehicles which have left the road to get back onto the road).

Figure 6.1 Conceptual paved shoulder implementation
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Figure 6.2 Map of paved shoulder improvements

Table 6.3 Paved shoulder improvement plan

Road Number Length
KSI Saved
(20 years)

Total cost, US$
(20 years)

Total Benefit US$
(20 years) BCR

0000001 10.5km 88 384 892 15 950 923 41
0000002 99.1km 346 2 529 720 62 892 035 25
0000003 17.3km 31 342 232 5 640 342 16
0000004 62.7km 107 1 159 822 19 349 807 17
0000005 13.8km 18 256 575 3 299 926 13
0000006 16.1km 15 296 977 2 768 239 9
0000007 47.3km 14 874 446 2 596 854 3
0000010 57.1km 119 1 039 089 21 551 967 21
0000011 11.8km 3 210 677 564 414 3
0000012 51.7km 32 955 359 5 791 488 6
0000013 32.6km 26 598 314 4 676 432 8
0000014 46.4km 45 858 656 8 101 103 9
0004001 45.7km 44 839 451 7 947 556 9
0005002 16.0km 19 294 969 3 384 910 11
0007001 17.0km 25 306 659 4 626 735 15
0009001 3.8km 17 69 128 3 022 199 44
0010001 20.5km 30 372 974 5 512 692 15
0010002 9.5km 10 167 896 1 825 192 11
0014001 18.9km 23 356 134 4 126 610 12
0303001 5.0km 4 186 305 648 066 3
0910007 1.0km 1 18 483 187 638 10
1012021 1.4km 26 52 380 4 771 959 91

Total 506.2 km 1 043 12 171 138 189 237 087 16
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6.2 Village protection improvement plan

Strong economic incentives were seen in the analysis to improve the protection of road users,
particularly pedestrians, where major roads pass through towns and villages. Beneficial village
protection improvements include improved signage, using central hatching to slow and direct traffic and
pedestrian facilities like footpaths and crossings. Villages where this is recommended are shown on the
map in figure 6.4 and the economics are presented in table 6.4.

Central hatching (or painted medians) increase the separation between traffic travelling in opposite
directions on undivided roads. This reduces the risk of head-on crashes and can be used to narrow wide
lanes to encourage lower speeds. Within villages and urban areas, central hatching provides some
protection to pedestrians crossing the road, and may be coupled with pedestrian crossing facilities, such
as refuge islands to provide added security. In addition, if the hatching is wide enough, it can contain a
turn lane. Where road rules permit driving on painted hatching, it is often used as an informal turn lane.

Pedestrian refuge islands are raised median islands that provide a location for pedestrians to safely wait
for a gap in the traffic so they can finish crossing the road. This makes crossing the road easier for
pedestrians by allowing them to cross in two stages and deal with one direction of traffic flow at a time.
They can be used where there is a demand for pedestrians to cross the road, but where the numbers of
pedestrians are not high enough to warrant a signalised pedestrian crossing

A footway next to the road, or a wide flat road shoulder, can prevent pedestrian crashes. The safety
benefits will be greatest if the footway is separated from the road (for example, by a drain, a grass verge
or a barrier)

Figure 6.3 Conceptual village protection implementation
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Figure 6.4 Map of village protection improvements

Table 6.4 Village protection improvement plan

Road Number
KSI Saved
(20 years)

Total cost, US$
(20 years)

Total Benefit US$
(20 years) BCR

0000001 56 525 472 10 328 237 20
0000002 71 496 081 12 944 703 26
0000003 1 18 704 115 093 6
0000004 25 793 449 4 541 495 6
0000005 7 428 040 1 168 456 3
0000006 1 35 269 112 833 3
0000008 2 89 953 308 268 3
0000009 11 143 911 1 843 104 13
0000010 10 143 816 1 831 771 13
0000014 5 52 684 847 184 16
0004001 1 23 847 165 615 7
0005002 1 40 898 222 739 5
0007001 3 71 541 471 195 7
0010001 4 260 883 821 590 3
0014001 2 103 882 393 991 4
0303001 1 23 847 254 571 11
1113001 3 198 725 548 545 3
Total 204 3 451 002 36 919 390 11
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6.3 Delineation and signage improvement plan

Several of the roads that were surveyed were not designated for road markings.  The analysis suggested
that a few of these non-delineated roads would benefit from delineation. These are listed with the
economics in table 6.5 below and figure 6.6 shows these road sections on a map.

Centre and edge delineation treatments help drivers judge their position on the road, and provide
advice about conditions ahead. Delineation treatments are particularly helpful where visibility can
become poor (for example, due to rain, fog or darkness) and on sharp bends.

There are many delineation treatments available, and these should be used in a consistent manner
along a route or road network.

Painted line marking is relatively in expensive. Centrelines can be used to discourage overtaking or
accidental ‘drifting' from the lane, particularly crashes related to driver fatigue. Edge lines help drivers
judge the alignment of the road ahead and can reduce run-off-road crashes. Line marking is also
effective at reducing shoulder damage, and therefore in reducing maintenance costs.

Guide posts assist the road user by indicating the alignment of the road ahead, especially at horizontal
and vertical curves. They can be equipped with reflectors, or painted with reflective paint, and so are
especially useful at night. They should not constitute a roadside hazard, and so should be constructed of
lightweight, frangible, durable material.

Chevron alignment markers can be installed along the outside of a bend to provide drivers with a better
view of the bend as they approach it, and to assist them in positioning the vehicle during the bend.

Warning signs inform drivers of the nature of a hazard they are approaching. For example, hazardous
bend signs placed on the approach to the bend can inform the driver of how the road alignment
changes.

Table 6.5 Delineation and signage improvement plan

Road Number Length
KSI Saved
(20 years)

Total cost, US$
(20 years)

Total Benefit US$
(20 years) BCR

0000008 9.5km 1 66 817 147 674 2
0000010 19.4km 3 137 422 591 232 4
0000012 53.2km 8 375 509 1 458 234 4
0000014 31.5km 4 222 208 663 496 3
0005002 26.0km 5 183 060 912 995 5
Total 1581km 25 1 115 672 4 564 606 4
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Figure 6.5 Conceptual delineation and signage implementation

Figure 6.6 Map of delineation and signage improvements



iRAP - Republic of Mari El – Bloomberg RS10 Project Report | 23

6.4 Roads 1&2 upgrade inside beltway plan

As already noted, traffic flows on roads 1 and 2 close to Yoskar Ola was significantly greater than
elsewhere on the network.  Sections of these roads have already been raised to dual carriageway
standard but the analysis found that there was an economic incentive to raise most of the road to dual
carriageway out as far as the beltway road and upgrade junctions to roundabouts or grade separated
intersections.

Road duplication or ‘dualling' involves upgrading a single carriageway road to a dual carriageway road by
building a second separate carriageway, usually alongside the first.

Road duplication provides a safety benefit through provision of a central median safety barrier or central
reservation, thereby reducing the chances of head-on crashes.

This is costly and requires a large amount of space. Because it is so costly, road duplication projects are
often carried out in a staged fashion, in order to make use of limited road funds. Duplication is typically
only economically viable at higher traffic flow levels

Median safety barriers physically separate opposing traffic streams and help stop vehicles travelling into
opposing traffic lanes. In addition, median barriers can be used to limit turning options for vehicles, and
shift these movements to safer locations, and on urban multi-lane roads they can be used to stop
pedestrians crossing the road at unsafe places.

Although iRAP analysis suggested two junctions be changed to grade separated, this was considered
impractical and hence the investment plan has been changed to use roundabouts.  This change reduced
investment cost by circa $2.24m but the benefit in terms of ksi saving is also reduced by 26.  However it
was also considered sensible to complete the duplication of roads 1&2 out as far as the beltway road
and this requires an extra 3km of dual carriageway over and above the iRAP recommendation.  This
addition adds $2.59m to the cost and 17ksi to the benefit.  The plan presented below is thus some
$0.35m more costly than the iRAP analysis and 9 lower in ksi saving.  Nevertheless the proposal as a
whole is still highly beneficial.
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Figure 6.7 Conceptual duplication implementation

Figure 6.8 Map of duplication improvements
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Table 6.6 Road 0000001 duplication improvement plan

Countermeasure Length / Sites
KSI Saved
(20 years)

Total cost, US$
(20 years)

Total Benefit US$
(20 years) BCR

Duplication 6.0km 196 5 159 610 35 605 948 7
Roundabout 2 sites 18 1 231 889 3 231 390 2

214 6 391 499 38 837 338 6

Table 6.7 Road 0000002 duplication improvement plan

Countermeasure Length / Sites
KSI Saved
(20 years)

Total cost, US$
(20 years)

Total Benefit US$
(20 years) BCR

Duplication 14.3km 427 12338074 77506575 6
Rail crossing upgrade 1 sites 33 49 287 5 931 688 120

460 12387361 83438263 6
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6.5 Roadside barrier improvement plan

The analysis recommended a significant programme of barrier improvements but did not rate the
economics as strong as for the other countermeasures mentioned above.  Nevertheless barrier
improvements would be worth pursuing if funds were available.

Roadside safety barriers are used to stop ‘out of control' vehicles from leaving the road and hitting
roadside hazards or rolling down slopes. They are designed to absorb the impact of the crash so that
injuries are minimized. There are three main types of safety barrier:

 Flexible barriers are often made from wire rope strung between removable posts. Flexible barriers

are the best option for minimizing injuries to vehicle occupants.

 Semi-rigid barriers are usually made from steel beams. These deflect less than flexible barriers

and so they can be located closer to the hazard when space is limited.

 Rigid barriers are usually made of concrete and do not deflect. Rigid barriers should be used only

where there is no room for deflection of a semi-rigid or flexible barrier.

Much of the benefit from the use of barriers comes from a reduction in crash severity. Although a crash
may still occur, it is likely to have a safer consequence than colliding with the object that the barrier is
protecting.

Figure 6.9 Conceptual roadside barrier implementation

.
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Figure 6.10 Map of roadside barrier improvements

Table 6.8 Roadside barrier improvement plan

Road Number Length
KSI Saved
(20 years)

Total cost, US$
(20 years)

Total Benefit US$
(20 years) BCR

0000001 22.4km 34 2 063 246 6 265 135 3
0000002 77.5km 146 7 139 616 26 443 026 4
0000003 5.8km 4 531 590 802 274 2
0000004 10.3km 32 944 405 5 818 262 6
0000009 1.8km 2 169 560 313 989 2
0000010 9.5km 19 874 575 3 405 378 4
0303001 22.8km 22 2 101 887 3 967 247 2
1012021 1.7km 2 158 244 464 970 3
Total 151.8km 261 13 983 123 47 480 281 3
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7 Implementation
It is recognised that Mari El Republic does not have the resources to implement everything that is
recommended and that phasing is necessary.  We therefore suggest initially the focus is on the highest
BCR projects, which are the ones that save the most lives for the least money.  Assuming an annual
spend of $5 million on these road safety investments we suggest the following phasing of
implementation. If more money is available then investment could of course be accelerated.

Table 7.1 Suggested implementation phasing

Year Countermeasures BCR
(20 year)

2012 Seal shoulders on roads 1,2,3,10,7001,1012021
Include roads 8,10,12 &14 in routine annual delineation

25

2013 Seal shoulders on roads 4,6,14001,5002,910007,14, 10001,4001,10002, 5, and 13
Design work on village footpath and crossings improvements (10% of cost)
Include roads 8,10,12 &14 in routine annual delineation

10

2014 Complete shoulder sealing programme and implement village crossing and
footpaths programme
Start design work on roads 1&2 major upgrade (5% of cost)
Include roads 8,10,12 &14 in routine annual delineation

8

2015-8 Phased implementation of junction redesign and dualing on roads 1&2 inside the
beltway over 4 years
Include roads 8,10,12 &14 in routine annual delineation

6

2019-
2021

Upgrade of roadside barriers
Include roads 8,10,12 &14 in routine annual delineation
Carry out other necessary minor works

3

However it may make more sense to do the village improvements at the same time as shoulder
improvements in which case we would suggest the priority roads for early treatment are 1, 2, 3, 10,
7001, 9001, and 1022021.

In interpreting the results of this report, it is important to recognise that iRAP is designed to provide a
network-level assessment of risk and cost-effective countermeasures. For this reason, implementation
of the proposals in this report will ideally include the following steps:

 local examination of proposed countermeasures (including a ‘value engineering’ type workshop

including all relevant stakeholders)

 preliminary scheme investigation studies

 detailed design and costing of each proposal, final evaluation and then construction.
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The detailed results of the project and online software that enabled the iRAP analyses to be undertaken
will be made available to stakeholders for further exploration and use.  The Road Safety Toolkit
(http://toolkit.irap.org) also provide guidance on the implementation of road safety countermeasures.
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